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Foreword

Over the years I have had the pleasure of writing forewords for a number of books that I considered to be timely and to
fulfill important objectives. Without hesitation, I would say that Clinical Cardiology: Current Practice Guidelines, by D.G.
Katritsis, B.J. Gersh, and A.J. Camm, is the most outstanding book for which I have had the pleasure to write a foreword.
Further, this is probably the book that better serves the cardiovascular specialist in day-to-day practice than any other
written in the last two decades. This is not just a textbook; it is an extraordinary “toolkit” in the context of an evidence-
based cardiovascular practice in the midst of rapidly evolving scientific knowledge and guidelines.

Because of the need to integrate current knowledge on evidence-based cardiology, about three years ago, under the
auspices of the American Heart Association, we published a book that included the most recent guidelines by both the
ACCF/AHA and the ESC. I believe that such integration was a step forward for the practicing cardiologist; indeed, in a
“synopsis” fashion, this aspect is well served in Clinical Cardiology: Current Practice Guidelines. However, in the excel-
lent compendium of my colleagues, three new components are incorporated, which we can describe as the “jewel” of the
book: a very succinct definition, classification, pathophysiology, diagnosis, management, and need of specific clinical in-
vestigation (including genetics and molecular biology) of the various disease entities; a regularly updated online version
on the most recent developments; and, most importantly a “user friendly, at a glance” presentation. These additional three
components, that make Clinical Cardiology: Current Practice Guidelines so unique, deserve a brief description.

1) In regard to the various disease entities, general textbooks tend to employ, from definition to management, a
rather long and descriptive format. In contrast, Clinical Cardiology: Current Practice Guidelines consolidates many
of the topics, regardless of their complexity, from definition to management, in a clear, concise and instructive way,
intermixed with the most recent guidelines. Thus, over 600 easily accessible tables dissect and summarize the key
points of all the latest ACCF/AHA and ESC guidelines.

2) Rapidly evolving scientific knowledge, including the value of new diagnostic and management approaches and
their incorporation in practicing guidelines, makes it difficult for the cardiovascular specialist to be aware of the
latest clinical evidence-base. Written by three leading authorities in the field, its biannually updated online version
provides the solution.

3) Anovelty of this book is the “user-friendly, at glance” way of presentation that it makes it very useful to the practic-
ing cardiovascular specialist. Useful because of its combination of succinctness and clarity, the book is up to date
in every aspect of the cardiovascular science, and particularly on the most recent recommendations from both
sides of the Atlantic. Thus, these recommendations are summarized in tables derived from the guideline docu-
ments and incorporated in the appropriate diagnostic or management sections of the 85 comprehensive chapters.
For example, when confronted with complicated clinical issues that appear in everyday clinical practice (such as
modern antiplatelet therapy of ACS, differential diagnosis of wide complex tachycardia, or management of stable
CAD in view of COURAGE, FREEDOM or STICH) physicians consult general textbooks or, often several journal
articles, in order to obtain this information in a rather loose form. In contrast, Clinical Cardiology: Current Practice
Guidelines consolidates such topics in a summarized, succinct, and clear way.

This book is a tribute to the skill of the three editors who also served as the only authors. This limited, but unified and
hardworking internationally known authorship is, without doubt, a great part of the success. It is with great pleasure that
I pen these words to relate my enthusiasm for their work as a remarkable addition to the cardiovascular field.

Valentin Fuster
Physician-in-Chief, Mount Sinai Medical Center

Director, Mount Sinai Heart
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I[TANTEX ANOPQIIOI TOY EIAENAI OPETONTAI ®YZXEI
All humans by nature desire to know

Aristotle
The Metaphysics
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Prologue

The entire field of cardiovascular medicine has witnessed an era of rapid scientific progress, accompanied by continu-
ous technological and applied innovation. This occurs against a backdrop of increasing emphasis on the importance of
evidence-based practice, and rapid development of guidelines by major professional societies. The resultant expansion of
our body of knowledge by evidence-based recommendations interjects a new set of challenges for the practicing clinician
with ever-extensive clinical responsibilities.

In order to practice evidence-based medicine, information must be easily accessible and, more importantly, easily
retrievable when the need arises; this may not always be easy with the current pace of dissemination of knowledge. The
rationale for writing this book reflects exactly this need, both ours and that of our potential readers: to organize our
continually evolving knowledge on often diverse cardiology issues, in our environment of networked and facilitated com-
munication. In other words, to provide a clinical tool that can be used in everyday clinical practice as a concise guide to
what we know and, more importantly, what we do not know, and what we think we know. To quote Mark Twain, “what
gets us into trouble is not what we don’t know, it is what we know for sure that just ain’t so”

The prerequisites of informed clinical practice are: a satisfactory background of basic knowledge of disease entities,
remaining up-to-date on important clinical trials and emerging scientific evidence that shape current diagnosis and
therapy, and acquaintance with current practice guidelines from established professional societies such as the American
College of Cardiology Foundation/American Heart Association (ACCF/AHA) and the European Society of Cardiology
(ESC), among many others.

Each chapter of this book has therefore been structured around the following parts:

1. A clear definition and modern classification of disease entities, followed by updated, focused information on
recent developments on the epidemiology and pathophysiology of each condition. Recent original articles and
reviews from leading journals were consulted and a summary of the most relevant information is included. Special
care was taken not to omit the most recent information on medical genetics, an expanding and promising aspect.

2. A description of the clinical presentation of the disease, with instructions on necessary clinical investigations.
Clinical investigations are presented in the context of recent evidence that dictates their current value or obsoles-
cence. An effort has been made to include the very latest published knowledge on the clinical value of existing and
evolving tests, based on recent randomized clinical trials and guidelines by both ACCF/AHA and ESC.

3. Recommendations on management as derived from the most recent evidence available to the authors. Because
of the comprehensive nature of guidelines offered by learned societies, it was decided to provide the most recent
recommendations in a summarized, tabulated format. These are not readily accessible since overlapping guidelines
may appear on the same condition from different working groups, and updated documents are continually appear-
ing. Thus, all guideline documents and their updates published in the US and Europe were scrutinized and classi-
fied according to year of publication. The most recent recommendations were defined, extracted and tabulated. The
resulting tables provided in the book offer the most recent recommendations on each disease entity by both ACCF/
AHA and ESC. Where appropriate, new evidence that questions the validity of specific recommendations, as well
as the opinions of established experts, and other data, such as FDA alerts are included.

4. Practical advice on “what and why to do”. Therapies, drug doses and selection of procedures are presented in a
clear and user-friendly way.

5. Carefully chosen references. Major randomized clinical trials and seminal scientific studies that define evidence-
based practice are included for further reference. In addition, recent, scholarly reviews are provided, which to-
gether with the contents of the book should allow in-depth study of specific entities that may interest the individual
reader.

6. Presentation of all recent guidelines. Guidelines are referenced and presented separately in order to guide the
reader to the most recent publications by ACCF/AHA and ESC.

An inherent disadvantage of a medical textbook is inability to keep up-to-date with recent developments. To overcome
the problem, the online version of this book will be updated, initially on a 6-monthly basis.
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This book would have never been possible without the wholehearted support and commitment of Helen Liepman, our
Senior Editor at Oxford University Press. We are grateful for her acceptance of our view of a “next generation textbook”
We also thank Imogen Lowe, Mark Knowles, and Richard Martin of Oxford University Press. Their professionalism and
assistance throughout the production process is much appreciated.

Demosthenes G. Katritsis
Bernard J. Gersh
A.John Camm
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chronic kidney disease

cycle length

centimetre

cardiac magnetic resonance
cytomegalovirus

carbon dioxide

coarctation of the aorta

chronic obstructive pulmonary disease

continuous positive airway pressure
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CPET
CPVT

CrCl
CRP
CRT
CSNRT
CSM
CSS

CT
CTEPH

CTI
CUS
CVA
Cx

d

2D
3D
4D
Da
DAD
DAPT
DC
DCC
DCM
DES
DFT
dL
DNA
DSE
DTI
DVT
dyn
EAD
EBV
ECG
ECS
EHRA
ELISA
ELT
EMA
EP
EPS
ERA
ERO
ERS
ESC
ESR

cardiopulmonary exercise testing FA
catecholaminergic polymorphic ventricular FDA
tachycardia EDC
creatinine clearance FFR
C-reactive protein EMC
cardiac resynchronization therapy FIRM
corrected sinus nodal recovery time g
carotid sinus massage GAS
carotid sinus syndrome GDF
computed tomography GFR
chronic thromboembolic pulmonary hyper- GI
tension Gp
cavotricuspid isthmus CRACE
compression ultrasonography prs
cerebrovascular accident 0
circumflex Hn
day HBV
two-dimensional HOM
three-dimensional Het
four-dimensional eV
Dalton HDL
delayed after-depolarization HELLP
dual oral antiplatelet therapy
direct current HF
direct current cardioversion HIV
dilated cardiomyopathy HIT
drug-eluting stent HLA
defibrillator threshold H,O
decilitre HOCM
deoxyribonucleic acid HRS
dobutamine stress echocardiography HRV
direct thrombin inhibitor Hz
deep vein thrombosis IABP
dyne TART
early after-depolarization ICD
Epstein-Barr virus DC
electrocardiogram IE
elastic compression stocking IFDVT
European Heart Rhythm Association IHD
enzyme-linked immunosorbent assay ILR
endless loop tachycardia M
European Medicines Agency IMH
electrophysiology IMT
electrophysiological study INR
endothelin receptor antagonist I0CM
effective regurgitant orifice (area) IPAH
early repolarization syndrome ISDN
European Society of Cardiology U
erythrocyte sedimentation rate v
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Friedreich’s ataxia

Food and Drug Administration
familial dilated cardiomyopathy
fractional flow reserve

first medical contact

focal impulse and rotor modulation
gram

group A Streptococcus

growth differentiation factor
glomerular filtration rate
gastrointestinal

glycoprotein

Global Registry of Acute Coronary Event
grown-up congenital heart (disease)
hour

His-atrial

hepatitis B virus

hypertrophic cardiomyopathy
haematocrit

hepatitis C virus

high density lipoprotein
haemolysis, elevated liver enzymes, low plate-
let (count)

heart failure

human immunodeficiency virus
heparin-induced thrombocytopenia
human leucocyte antigen

water

hypertrophic obstructive cardiomyopathy
Heart Rhythm Society

heart rate variability

hertz

intra-aortic balloon pump
intra-atrial reentrant tachycardia
implantable cardioverter-defibrillator
idiopathic dilated cardiomyopathy
infective endocarditis

iliofemoral deep vein thrombosis
ischaemic heart disease

implantable loop recorder
intramuscular

intramural haematoma

intima-media thickness

international normalized ratio
iso-osmolar contrast media
idiopathic pulmonary arterial hypertension
isosorbide dinitrate

international unit

intravenous
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JVP

KCl
kDa
kg

kPa

LA
LAA
LAH
Ib
LBBB
LDL
LDL-C
LGE
LIMA
LMWH
LOCM
Lp(a)
LPH
LQTS
LVAD
LVEDD
LVEDP
LVEF
LVESD
LVH
LVNC
LVOT
LVOTO

MAT
MBC
MBG
MCT
MDCT
MDRD
MEN
mEq
METS
mg
mGy
MI
MIC

min

inferior vena cava

Joule

jugular venous pressure
potassium

potassium chloride

kilodalton

kilogram

kilometre

kilopascal

litre

left atrium

left atrial appendage

left anterior hemiblock

pound

left bundle branch block

low density lipoprotein

low density cholesterol

late gadolinium enhancement
left internal mammary artery
low molecular weight heparin
low osmolar contrast media
lipoprotein (a)

left posterior hemiblock

long QT syndrome

left ventricular assist device

left ventricular end-diastolic diameter
left ventricular end-diastolic pressure
left ventricular ejection fraction
left ventricular end-systolic diameter
left ventricular hypertrophy

left ventricular non-compaction

left ventricular outflow tract

left ventricular outflow tract obstruction

metre

multifocal atrial tachycardia

mitral balloon commissurotomy
myocardial blush grade
multidetector computed tomography
multidetector computed tomography
modification of diet in renal disease
multiple endocrine neoplasia
milliequivalent

metabolic equivalents

milligram

milligray

myocardial infarction

minimum inhibitory concentration

minute

pL
mL

pm

mmHg
mmol

pmol

mPAP
MPI
MPS
MRA

MRI
MRSA
ms

MS
mSv
mV
MVA
MVP
MVR
Na
NaCl
ng
NIPPV
NIV
NO
NSAID
NSTEMI
NSVT
NSTEACS
NTG
NYHA
OZ

OAC
od

OH
OPAT
OPCAB

0oz

PA
PAH
PaO,
PAPVC

PAU
PAWP
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microlitre

millilitre

micron

millimetre

millimetre mercury

millimole

micromole

month

mean pulmonary artery pressure
myocardial perfusion imaging
myocardial perfusion stress

magnetic resonance angiography; mineraloco-
rticoid receptor antagonist

magnetic resonance imaging
methicillin-resistant Staphylococcus aureus
millisecond

mitral stenosis

milliSievert

millivolt

mitral valve area

mitral valve prolapse

mitral valve replacement

sodium

sodium chloride

nanogram

non-invasive positive pressure ventilation
non-invasive ventilation

nitric oxide

non-steroidal anti-inflammatory drug
non-ST elevation myocardial infarction
non-sustained ventricular tachycardia
non-ST elevation acute coronary syndrome
nitroglycerin

New York Heart Association

oxygen

oral anticoagulant

once daily

orthostatic hypotension

outpatient parenteral antibiotic therapy
off-pump beating heart bypass surgery
ounce

probability

pulmonary artery

pulmonary artery hypertension

partial pressure of oxygen

partial anomalous pulmonary venous
connection

penetrating atherosclerotic ulcer

pulmonary artery wedge pressure
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PBV
PCC
PCDT

PCWP
PCI
PCR
PDA
PDE
PDE-5I
PE
PEEP
PES
PFO
pg

PH
PHV
PISA
PJRT

PMBV
PMC
po

PO
POTS
PPCM
PPM
PMT
PR

PV
PVARP

PVC
PVOD
PVR

percutaneous balloon valvuloplasty
prothrombin complex concentrate

pharmacomechanical catheter-directed
thrombolysis

pulmonary capillary wedge pressure
percutaneous coronary intervention
polymerase chain reaction

patent ductus arteriosus
phosphodiesterase
phosphodiesterase-5 inhibitor
pulmonary embolism

positive end-expiratory pressure
programmed electrical stimulation
patent foramen ovale

pictogram

pulmonary hypertension

prosthetic heart valve

proximal isovelocity surface area

permanent junctional reciprocating
tachycardia

percutaneous mitral balloon valvotomy
percutaneous mitral commissurotomy
oral route

partial pressure of oxygen

postural orthostatic tachycardia syndrome

post-partum cardiomyopathy
permanent pacemaker
pacemaker-mediated tachycardia
pulmonary regurgitation
pulmonary vein

post-ventricular pacing atrial refractory
period

premature ventricular contraction

pulmonary veno-occlusive disease

pulmonary vascular resistance; pulmonary

valve replacement

pulmonary flow

systemic flow

right atrium; rheumatoid arthritis
rapid antigen detection test

right anterior oblique
renin-angiotensin-aldosterone system
right bundle branch block

red blood cell

right coronary artery

restrictive cardiomyopathy
randomized controlled trial
radiofrequency; rheumatic fever

ribonucleic acid

rPA
RVSP
RV
RVEF
RVOT
RVOTO
RWPT
s
SAECG
SAM
Sa0,
SBP

SC
SCD
SCL
SDCT
SIHD
SLE
SND
SNP
SNRT
SOBOE
SPECT
SPERRI
sPESI
SpO
spp.
SQTS
SR

SSS
SSRI
STEMI
SVC
SVR
SVT
TAPSE
TAPVC

2

TAVI
TdP

tds
TEVAR
TGA
TIA
TIC
TIMI
TLR
Tnl
TNK-tPA
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right ventricular systolic pressure

right ventricle

right ventricular ejection fraction

right ventricular outflow tract

right ventricular outflow tract obstruction
R wave peak time

second

signal-averaged electrocardiogram
systolic anterior motion

oxygen saturation

systolic blood pressure

subcutaneous route

sudden cardiac death

sinus cycle length

standard definition computed tomography
stable ischaemic heart disease

systemic lupus erythematosus

sinus node dysfunction

single-nucleotide polymorphism

sinus nodal recovery time

shortness of breath on exertion

single photon emission computed tomography
shortest pre-excited RR interval
simplified pulmonary embolism severity index
saturation of peripheral oxygen

species

short QT syndrome

sinus rhythm

sick sinus syndrome

selective serotonin reuptake inhibitor

ST elevation myocardial elevation
superior vena cava

systemic vascular resistance
supraventricular tachycardia

tricuspid annular plane systolic excursion
total anomalous pulmonary venous connec-
tion

transcatheter aortic valve implantation
torsade de pointe

three times daily

thoracic endovascular aortic repair
transposition of great arteries

transient ischaemic attack
tachycardia-induced cardiomyopathy
thrombolysis in myocardial infarction
target lesion revascularization

troponin I

tenecteplase
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TnT troponin T VA ventricular arrhythmia
TOE transoesophageal echocardiogram VD valve disease
TOF tetralogy of Fallot VEGF vascular endothelial growth factor
tPA tissue plasminogen activator VF ventricular fibrillation
TR tricuspid regurgitation VHL von Hippel-Lindau
TS tricuspid stenosis VKA vitamin K antagonist
TTE transthoracic echocardiography VPB ventricular premature beat
TV tricuspid valve ViQ ventilation perfusion
TWA T wave alternans VSD ventral septal defect
U unit VT ventricular tachycardia
UA unstable angina VTE venous thromboembolism
UFH unfractionated heparin WBC white blood cell
ULN upper limit of normal WPW Wolff-Parkinson-White
URL upper reference limit WU Woods unit
USA United States of America y year
v volt
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ACC/AHA 2008 guidelines for the management of adults with
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disease (new version 2010). Eur Heart J. 2010;31:2915-57.
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ESC 2011 guidelines on pregnancy
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during pregnancy. Eur Heart J. 2011;32:3147-97.
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Chapter 1

GROWN-UP CONGENITAL HEART DISEASE: GENERAL PRINCIPLES

Grown-up congenital heart disease: general principles

Definition

Congenital heart disease refers to a defect in the structure
of the heart and great vessels, which is present at birth.

Epidemiology

Approximately 0.8% of the population is born with con-
genital heart disease. Up to 40% of them are cured spon-
taneously (mainly small VSDs) and, with current surgical
and interventional techniques, 85% survive into adult-
hood (grown-up congenital heart disease—GUCH)
(Table 1.1)."* According to data of the European Surveil-
lance of Congenital Abnormalities, the live birth preva-
lence of congenital heart disease is 7/1000 births.!

Survival after operation is better in patients without het-
erotaxy, i.e. randomized variation in the left-right asymme-
try of visceral organs that differs from complete situs solitus
and situs inversus. This is probably due to ciliary dysfunc-
tion that is associated with heterotaxy.” Adult congenital
heart disease comprises a population that is currently esti-
mated at one million in the USA and 1.2 million in Europe,
and admission rates in hospital are twice higher than in the
general population.®® In adults, VSD and ASD are the most
common defects (each of them approximately 20% of all
defects), followed by PDA and pulmonary valve stenosis.?

Aetiology

Environmental factors are rare: congenital rubella, ma-
ternal diabetes, paternal exposure to phthalates, maternal
smoking, alcohol and drug abuse, air pollutants, and pes-
ticides.?

Genetic factors Disruption at any point during cardiac
primary morphogenesis (i.e. ornation of the heart tube,
looping, septation, and resultant systemic and pulmonary
circulations) results in the large spectrum of congenital
heart defects. Genetic disorders responsible for these al-
terations can be classified into three types: chromosomal
disorders, single-gene disorders, and polygenic disorders.
Chromosomal disorders (5-8% of congenital heart dis-
ease patients), caused by absent or duplicated chromo-
somes, include trisomy 21 (Downs syndrome), 22qll
deletion (di George syndrome), and 45X deletion (Turner’s
syndrome). Recurrence risk in an offspring is that of the
chromosomal disorder.

Single-gene disorders (3% of congenital heart disease
patients) are caused by gene deletions, duplications, or

mutations. These disorders follow autosomal dominant,
autosomal recessive, or X-linked inheritance patterns.
Some examples are Holt-Oram syndrome, atrial septal
defect with conduction abnormalities, and supravalvular
aortic stenosis. Recurrence risk is high in first-degree rela-
tives of patients with these disorders.

Polygenic disorders result from environmental and
genetic factors.

Clinical problems in GUCH

Patients with complex lesions and/or complications should
be managed in experienced GUCH centres.” "’

Peripheral cyanosis may due to peripheral vasoconstric-
tion, polycythaemia, or poor cardiac output.

Central cyanosis (arterial saturation <85% or >5g reduced
haemoglobin) may be due to right to left shunting or re-
duced pulmonary flow. Differential cyanosis may be seen
with PDA and pulmonary hypertension or interrupted
aortic arch. In cyanosis from pulmonary causes, there is
an increase of PO, to, at least, >21 kPa (160 mmHg) after
breathing 100% O, for 5 min.

In patients with GUCH, cyanosis and chronic hypox-
aemia leads to marked erythrocytosis and, frequently, to
low platelet counts (<100 000), which may predispose
to bleeding. The absence of erythrocytosis (e.g. hae-
moglobin >17.0 g/dL) in such patients suggests a ‘rela-
tive anaemia. Phlebotomy should be undertaken with
haemoglobin >20 g/dL and Hct >65%, associated with
headache, increasing fatigue, or other symptoms of hy-
perviscosity in the absence of dehydration or anaemia
(ACC/AHA guidelines on GUCH 2008, Class I-C), under
careful volume replacement with normal saline. Multiple
phlebotomies result in iron deficiency that is associated
with impaired small-vessel blood flow and an increase in
the risk of reversible ischaemic neurological deficits and
stroke. The use of anticoagulation and antiplatelet agents
is controversial and should be confined to well-defined
indications.

Digital clubbing Apart from GUCH, it may be seen in
pulmonary malignancy, chronic infection, and primary
hypertrophic osteoarthropathy.

Renal function Sclerotic renal glomeruli leading to in-
creased creatinine levels, proteinuria, and hyperuricaemia.
Gallstones Increased breakdown of red cells results in in-
creased risk of calcium bilirubinate gallstones.
Hypertrophic osteoarthropathy with thickened periosteum
and scoliosis that may compromise pulmonary function.
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Table 1.1 Adult patients with congenital heart disease

Complex conditions

Eisenmenger syndrome
Double-outlet ventricle

Fontan procedure
Mitral atresia

Pulmonary atresia
Pulmonary vascular obstructive diseases

Single ventricle (double inlet or outlet, common or primitive)
Transposition of the great arteries

Tricuspid atresia

Truncus arteriosus/hemitruncus

Other rare complex conditions include abnormalities of atrioventricular
or ventriculoarterial connection, such as criss-cross heart, isomerism,
heterotaxy syndromes, and ventricular inversion.

Moderate conditions

Anomalous pulmonary venous drainage (partial or total)
Aortic valve disease (valvar, supravalvar, subvalvar)
Atrioventricular septal defects

Coarctation of the aorta

Coronary fistulae

Ebstein’s anomaly

Mitral valve disease

Patent ductus arteriosus

Pulmonary valve disease (valvar, supravalvar, subvalvar)
Pulmonary arteriovenous malformations

Sinus of Valsalva fistula/aneurysm

Tetralogy of Fallot

Ventricular septal defects

Simple conditions

Isolated aortic valve disease

Isolated mitral valve disease (not parachute valve or cleft leaflet)
Small patent ductus arteriosus

Mild pulmonary stenosis

Small ASD

Small VSD

1. Conditions may start acyanotic and become cyanotic with time:

Fallot's tetralogy, Ebstein’s anomaly, and left-to-right shunts, resulting in
Eisenmenger syndrome.

2. Cardiac dextroversion with situs solitus (i.e. normal position of viscera—
gastric bubble on the left) is associated with congenital defects (TGA mainly,
VSD, PS, tricuspid atresia) in 90% of cases. Dextrocardia with situs inversus
(gastric bubble on the right) carries a low incidence of congenital heart
disease, whereas situs inversus with levocardia is invariably associated with
complex congenital abnormalities.

Warnes CA, Liberthson R, Danielson GK, et al. Task force 1: the changing
profile of congenital heart disease in adult life. J Am Coll Cardiol
2001;37:1170-5.

Cerebrovascular events (embolic or haemorrhagic),
brain abscess, cognitive and psychological problems are
also common.

Atrial fibrillation is usually a late finding, and restoration
of sinus rhythm may be difficult.

Atrial tachycardia (usually macroreentrant) is often seen in
tetralogy of Fallot and following Fontan, Mustard, and Sen-

ning procedures. These arrhythmias can be treated with cath-
eter ablation, usually assisted by electroanatomic mapping.
Atrioventricular reentrant tachycardia (accessory path-
ways) in Ebstein’s anomaly and corrected transposition.
Sick sinus syndrome in ASD, post-operatively Fontan,
Mustard, Senning.

AV block in ASD, corrected transposition, VSD closure,
AVR.

Ventricular tachycardia Conditions with the greatest
known risk of late sudden cardiac death are tetralogy of
Fallot, d- or l-transposition, aortic stenosis, and univen-
tricular hearts.’

ICD is recommended to any patient who has had a
cardiac arrest or experienced an episode of haemody-
namically significant or sustained ventricular tachycardia.
Indications for ICD are discussed in detail in the chapter
on ventricular arrhythmias.

Imaging techniques and
investigations

Two- or three-dimensional echocardiography with
Doppler imaging and cardiac magnetic resonance have
now replaced cardiac catheterization as a diagnostic tool in
most patients with GUCH."

MRI is considered superior to echocardiography for:

¢ Quantification of RV volume and function, and PR

o Evaluation of the RVOT, RV-PA conduits, and great
vessels

# Tissue characterization (fibrosis, fat, iron, etc.).

CT is superior to MRI for:

¢ Collaterals, arteriovenous malformations, and
coronary anomalies
¢ Evaluation of intra- and extracardiac masses.

Haemodynamic assessment

Haemodynamic measurements of cardiac output and sys-
temic and pulmonary flow are derived by Doppler echocar-
diography that has replaced calculations by the Fick method.
However, verification of pressures by direct measurement at
cardiac catheterization is necessary for therapeutic deci-
sion-making in the presence of pulmonary hypertension
(>¥ of systemic pressure) and for angiographic delineation
of defects and selection of appropriate closure devices.

Pulmonaryvascular (arterial) resistance (PVR) = (PA pres-
sure-wedge pressure)/cardiac output (Normal range: 0.25-
1.5 Wood units (mmHg/L/min) or 20-120 dyn/s/cm®)

Systemic vascular (arterial) resistance (SVR) = (Ao
pressure—RA pressure)/cardiac output (Normal range: 9-20
Wood units (mmHg/L/min) or 700-1600 dyn/s/cm®)

If PVR is greater than two-thirds of SVR, vasodilat-
ing challenge, either acute in the catheter laboratory or
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chronic, with oxygen, nitric oxide, adenosine, epoproste-
nol, calcium channel blockers, endothelin antagonists, and
phosphodiesterase inhibitors, is indicated to investigate
the responsiveness of the pulmonary vascular bed. With
fixed values, irreversible damage and Eisenmenger syn-
drome have developed.

Pulmonary flow/systemic flow (Qp/Qs)—usually
derived by echocardiography.

According to the Fick method, Qp/Qs is calculated by
oximetry as:

Qp/Qs = (Ao saturation-mixed venous saturation) /
(PV-PA saturation), where

Mixed venous saturation = (3 x SVC saturation +
IVC saturation)/4

If PV saturation is not available, the value of 98 is used in-
stead.

Routine saturation run during catheterization for ex-
clusion of shunt involves blood sampling from: high SVC,
RA/SVC junction, high RA, mid-RA, low RA, IVC, RV
inflow, RV body, RV outflow, main PA, PV and LA if pos-
sible, LV, and Ao.

A step-up of saturation >10% indicates shunt.

Coronary angiography
Is indicated preoperatively in patients >40 years, post-
menopausal women, adults with multiple risk factors for
coronary artery disease, and children with suspicion of
congenital coronary anomalies.

Spirometry
There is a high prevalence of markedly abnormal forced

vital capacity (FVC) in patients with GUCH, and reduced
FVC is associated with increased mortality.?

Cardiopulmonary exercise testing

It provides strong prognostic information in adult patients
with congenital heart disease. Peak oxygen consump-
tion (VO,) is one of the best predictors of morbidity and
mortality.’*

Principles of management

General measures are presented in Table 1.2. Specific man-
agement is discussed in relevant chapters.

Permanent pacing and ICD

The most common indications for permanent pacemaker
implantation in children, adolescents, and patients with
congenital heart disease are symptomatic sinus brady-
cardia, the bradycardia-tachycardia syndromes, and

PRINCIPLES OF MANAGEMENT

Table 1.2 ESC 2010 GL on GUCH. Risk reduction strategies
in patients with cyanotic congenital heart disease

Prophylactic measures are the mainstay of care to
avoid complications. The following exposures/activities
should be avoided:

® Pregnancy

e Iron deficiency and anaemia (no routine, inappropriate
phlebotomies to maintain predetermined haemoglobin)

Dehydration

Infectious disease: annual influenza vaccination, pneumovax (every
5 years)

Cigarette smoking, recreational drug abuse including alcohol

Transvenous PM/ICD leads

Strenuous exercise

Acute exposure to heat (sauna, hot tub/shower)
Other risk reduction strategies include:
e Use of an air filter in an intravenous line to prevent air embolism

e Consultation of a GUCH cardiologist before administration of any
agent and performance of any surgical/interventional procedure

e Prompt therapy of upper respiratory tract infections
e Cautious use or avoidance of agents that impair renal function

e Contraceptive advice

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

advanced second- or third-degree AV block, either con-
genital or postsurgical.” Recommendations for ICD are
not, in general, different than that to other patients with
cardiac disease. Recommendations by ACCF/AHA/HRS
and ESC are presented in the chapters on bradyarrhyth-
mias (Chapters 63-65), SVT (Chapter 50), and ventricular
arrhythmias (Chapter 55).

Endocarditis prophylaxis

Prophylaxis is now indicated only in high-risk patients and
only before dental procedures that involve manipulation
of gingival tissue or the periapical region of teeth or per-
foration of the oral mucosa, or before vaginal delivery.” '°
Congenital conditions for which endocarditis prophylaxis
is recommended before the aforementioned procedures are
presented in Table 1.3. A detailed discussion and specific
recommendations is provided in the chapter on infective
endocarditis.

Non-cardiac surgery

Preoperative evaluation and surgery for patients with con-
genital heart disease should be performed in specializing
centres with experienced surgeons and cardiac anaesthe-
siologists. The ACC/AHA recommendations are provided
in Table 1.4.

najafidm
cardiology.blog.ir

5


http://cardiology.blog.ir/

6

GROWN-UP CONGENITAL HEART DISEASE: GENERAL PRINCIPLES

Table 1.3 ACC/AHA 2008 GL on GUCH

Recommendations for infective endocarditis (IE) prophylaxis in patients with adult congenital heart disease

Patients must be informed of their potential risk for IE and should be provided with the AHA information card with instructions for prophylaxis. I-B

When patients present with an unexplained febrile illness and potential IE, blood cultures should be drawn before antibiotic
treatment is initiated to avoid delay in diagnosis due to ‘culture-negative’ IE.

Transthoracic echocardiography (TTE) when the diagnosis of native-valve IE is suspected. I-B

Transoesophageal echocardiography if TTE windows are inadequate or equivocal, in the presence of a prosthetic valve or material or surgically
constructed shunt, in the presence of complex congenital cardiovascular anatomy, or to define possible complications of endocarditis.

Patients with evidence of IE should have early consultation with a surgeon with experience in adult congenital heart disease (ACHD)

because of the potential for rapid deterioration and concern about possible infection of prosthetic material.

Antibiotic prophylaxis before dental procedures that involve manipulation of gingival tissue or the periapical region of teeth or
perforation of the oral mucosa, in patients with CHD with the highest risk for adverse outcome from IE:

lla-B

a. Prosthetic cardiac valve or prosthetic material used for cardiac valve repair.

b. Previous IE.

¢. Unrepaired and palliated cyanotic CHD, including surgically constructed palliative shunts and conduits.

d. Completely repaired CHD with prosthetic materials, whether placed by surgery or by catheter intervention, during the first

6 months after the procedure.

e. Repaired CHD with residual defects at the site or adjacent to the site of a prosthetic patch or prosthetic device that inhibits

endothelialization.

Antibiotic prophylaxis against IE before vaginal delivery at the time of membrane rupture in select patients with the highest risk of

adverse outcomes:

lla-C

a. Prosthetic cardiac valve or prosthetic material used for cardiac valve repair.

b. Unrepaired and palliated cyanotic CHD, including surgically constructed palliative shunts and conduits.

Prophylaxis against IE is not recommended for non-dental procedures (such as oesophagogastroduodenoscopy or colonoscopy) in

the absence of active infection.

l-C

ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. J Am Coll Cardiol 2008; 52:e1-e121.

Risk factors of non-cardiac perioperative risk are:

# Cyanosis and/or pulmonary hypertension

o LVEF <35% and/or NYHA III or IV

o Prior Fontan procedure

# Complex congenital heart disease with heart failure,
severe left-sided obstructive lesions, malignant
arrhythmias, or the need for anticoagulation.

Exercise

Adults with congenital heart disease have subnormal exer-
cise tolerance. However, participation in regular exercise
is beneficial for fitness and psychological well-being.”* In
a recent statement, AHA recognized the importance of
physically active lifestyles to the health and well-being of
children and adults with congenital heart defects.'® There
is no evidence regarding whether or not there is a need to
restrict recreational physical activity among patients with
congenital heart defects, apart from those with rhythm
disorders. Counseling to encourage daily participation in
appropriate physical activity should be a core component
of every patient encounter. As a general recommenda-
tion, dynamic exercise is more suitable than static exer-
cise. Conditions that are not compatible with competitive
sports are:

Table 1.4 ACC/AHA 2008 GL on GUCH

Recommendations for non-cardiac surgery in
patients with adult congenital heart disease (ACHD)

Preoperative assessment with systemic arterial oximetry,
ECG, chest X-ray, TTE, and blood tests for full blood |-C
count and coagulation screen.

When possible, the preoperative evaluation and surgery
for ACHD patients should be performed in a regional

e ) A ) I-C
centre specializing in congenital cardiology, with
experienced surgeons and cardiac anaesthesiologists.
High-risk patient should be managed at centres for the care of
ACHD under all circumstances, unless the operative
intervention is an absolute emergency. High-risk categories:
a. Prior Fontan procedure. I-C
b. Severe pulmonary arterial hypertension. I-C
c. Cyanotic CHD. I-C
d. Complex CHD with residua, such as heart failure,
) . h I-C
valve disease, or the need for anticoagulation.
e. Patients with CHD and malignant arrhythmias. I-C

Consultation with ACHD experts regarding the
assessment of risk for patients with CHD who will I-C
undergo non-cardiac surgery.

Consultation with a cardiac anaesthesiologist for

moderate- and high-risk patients. -

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. / Am Coll Cardiol 2008; 52:e1-e121.
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Figure 1.1 Distribution of miscarriages, completed pregnancies (>20 weeks pregnancy duration), and elective abortions
for each congenital heart disease separately and the overall rates (from ESC 2011 guidelines on pregnancy).

ASD: atrial septal defect; AVSD: atrioventricular septal defect; AOS: aortic stenosis; CC-TGA: congenital corrected transposition of the great arteries;
coarctation: aortic coarctation; Ebstein: Ebstein’s anomaly; Eisenmenger: Eisenmenger syndrome; Fontan: patients after Fontan repair; PAVSD: pulmonary
atresia with ventricular septal defects; PS: pulmonary valve stenosis; TGA: complete transposition of the great arteries; TOF: tetralogy of Fallot; VSD: ventricular

septal defect.

ESC Guidelines on the management of cardiovascular diseases during pregnancy. Eur Heart J. 2011;32:3147-97

o Eisenmenger syndrome

¢ Pulmonary hypertension

o Univentricular heart physiology
# Ebsteins anomaly

o Transposition of great arteries

o Coronary artery anomalies.

Maximal exercise testing is contraindicated in all patients
with pulmonary hypertension.

Long-distance flights

Cyanotic patients should use only pressurized commer-
cial airplanes and should drink non-alcoholic and non-
caffeinated fluids frequently on long-distance flights to
avoid dehydration. Oxygen therapy, although often unnec-
essary, may be suggested for prolonged travel in cyanotic
patients. Similarly, residence at high altitude is detrimental
for patients with cyanosis.

Pregnancy

Generally, pregnancy is not recommended in Eisen-
menger syndrome. In women with congenital defects
not complicated by Eisenmenger syndrome, significant
pulmonary hypertension or Marfan’s syndrome (and Eh-
lers-Danlos or Loeys-Dietz syndromes) with aortic root
>40 mm, pregnancy can be tolerated (Figure 1.1). The
most prevalent cardiac complications during pregnancy

are arrhythmias, heart failure, and hypertensive complica-
tions. Risk factors are discussed in the chapter on preg-
nancy (miscellaneous topics).

The recurrence rate of congenital heart disease in
offspring ranges from 2% to 50% and is higher when the
mother, rather than the father, has congenital heart disease.
Diseases with a single-gene disorder and/or chromosomal

Table 1.5 ACC/AHA 2008 GL on GUCH

Recommendations for pregnancy and contraception

Consultation with an expert in adult congenital heart

disease (ACHD) before patients plan to become pregnant. -C

Patients with intracardiac right-to-left shunting should
have fastidious care taken of intravenous lines to avoid I-C
paradoxical air embolus.

Pre-pregnancy counselling is recommended for women
receiving chronic anticoagulation with warfarin.

Meticulous prophylaxis for deep venous thrombosis,
including early ambulation and compression stockings,
for all patients with an intracardiac right-to-left shunt.
Subcutaneous heparin or LMWH for prolonged bed rest.
Full anticoagulation for high-risk patients.

lla-C

The oestrogen-containing oral contraceptive pill

is not recommended in ACHD patients at risk of
thromboembolism, such as those with cyanosis related
to an intracardiac shunt, severe pulmonary arterial
hypertension (PAH), or Fontan repair.

l-C

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol 2008;52:e1-e121.
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Table 1.6 ESC 2011 GL on pregnancy

Recommendations for the management of congenital heart disease

Pre-pregnancy relief of stenosis (usually by balloon valvulotomy) in severe PV stenosis (peak Doppler gradient >64 mmHg). I-B

Follow-up should range from twice during pregnancy to monthly.

Symptomatic patients with Ebstein’s anomaly with cyanosis and/or heart failure should be treated before pregnancy or advised against

pregnancy.

Pre-pregnancy pulmonary valve replacement (bioprosthesis) in symptomatic women with marked dilatation of the RV due to severe

pulmonary regurgitation (PR).

Pre-pregnancy pulmonary valve replacement (bioprosthesis) in asymptomatic women with marked dilatation of the RV due to severe PR.
All women with a bicuspid aortic valve should undergo imaging of the ascending aorta before pregnancy, and surgery should be considered

when the aortic diameter is >50 mm.

Anticoagulation during pregnancy in Fontan patients.

Anticoagulation in pulmonary arterial hypertension (PAH) with suspicion of pulmonary embolism as the cause (or partly the cause) of

the pulmonary hypertension.

In patients who are already taking drug therapy for pulmonary arterial hypertension before becoming pregnant, continuation should

be considered after information about the teratogenic effects.

Women with pulmonary hypertension should be advised against pregnancy.
Women with an oxygen saturation <85% at rest should be advised against pregnancy.
Patients with TGA and a systemic RV with more than moderate impairment of RV function and/or severe TR should be advised against

pregnancy.

Fontan patients with depressed ventricular function and/or moderate to severe atrioventricular valvular regurgitation or with cyanosis

or with protein-losing enteropathy should be advised against pregnancy.

I-C

I-C

lla-C
lla-C
lla-C

lla-C

lla-C

II-C
lN-C

lN-C

lI-C

ESC Guidelines on the management of cardiovascular diseases during pregnancy. Eur Heart J. 2011;32:3147-97.

abnormalities are associated with a high recurrence rate.
In Marfan’s, Noonan’s, and Holt-Oram syndromes, there is
a 50% risk of recurrence. In VSD and ASD, the estimated
risk is 6-10%, in AS 8%, and in Fallot’s tetralogy 3%.

Oestrogen-only contraceptives potentially increase the

thrombotic risk and should be avoided.

The ACC/AH recommendations, as well as the ESC

guidelines on pregnancy,” are presented in Tables 1.5
and 1.6.
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Chapter 2

PATHOPHYSIOLOGY
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Ventricular septal defects

Definition and classification

The ventricular septum can be divided into two morpho-
logical components, the membranous septum and the
muscular septum. The membranous septum is small and
located at the base of the heart between the inlet and out-
let components of the muscular septum, behind the septal
leaflet of the tricuspid valve and below the right and non-
coronary cusps of the aortic valve. Defects that involve the
membranous septum are the most common VSD (70-80%)
and are called perimembranous, paramembranous, or
infracristal. Perimembranous defects may extend into
the adjacent muscular septum and, in this case, are called
perimembranous inlet, perimembranous muscular, and
perimembranous outlet (Figure 2.1)."2

The muscular septum can be divided into inlet, trabec-
ular, and infundibular components. Defects in the inlet
muscular septum, i.e. inferoposterior to the membranous
septum, are called inlet VSD (usually part of a complete
AV canal defect) (5%). A defect in the trabecular septum is
called muscular VSD if the defect is completely rimmed by
muscle (15-20%). Muscular VSDs may be multiple and can
be acquired after a septal myocardial infarction. Defects
in the infundibulum (5%) are called infundibular, outlet,
supracristal, conal, conoventricular, subpulmonary, or
doubly committed subarterial defects. Perimembranous
or infundibular VSDs are often associated with progressive
AR due to prolapse of an aortic cusp.

Epidemiology

VSD is the most common congenital heart defect after the
bicuspid aortic valve, occurring in 40% of all children with
congenital heart disease and with an estimated prevalence
of 5% in newborn babies.> With paternal VSD, the recur-
rence risk in an offspring is 2%. Maternal VSD has a recur-
rence risk of 6-10%.

Aetiology

The origins of VSD are not known, and as in most
cases of GUCH, they are most probably multifactorial
(see Chapter 1). Recently a locus on chromosome 10p15
was associated with familial ventricular aneurysms and
VSDs,? and mutations in the transcription factors TBX5
and GATA4 have been identified in familial cases of
VSD.? No direct genetic testing at this time for VSD exists.
Associated disorders are tetralogy of Fallot, AV canal, and
aortic coarctation.

Pathophysiology

The shunt volume in a VSD depends on the size of the
defect and the pulmonary vascular resistance. Without
pulmonary hypertension or obstruction to the right
ventricle, the direction of shunt is left to right, with de-
creased LV output and compensatory intravascular vol-
ume overload. Thus, pulmonary artery, left atrial, and left
ventricular volume overload develop. Moderate or large
VSDs result in the transmission of LV pressure to pulmo-
nary vascular bed with increased shear forces. This com-
bination of high volume and pressure contributes to the
development of irreversible pulmonary vascular disease.?
VSD is the most common cause of pulmonary hyperten-
sion. Eventually, the elevated pulmonary vascular resist-
ance becomes irreversible and leads to reversal of shunt
and cyanosis, and Eisenmenger syndrome develops. In
the setting of elevated pulmonary vascular resistance or
right ventricular obstruction resulting from muscle bun-
dles or pulmonary stenosis, the shunt volume is limited
and may be right to left, depending on the difference in
pressure.

Spontaneous closure Muscular or membranous VSDs can
undergo spontaneous closure, usually in the first years of
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Figure 2.1 Location of VSDs.
Minette MS, et al. Ventricular septal defects. Circulation. 2006;114:2190-7

life. Up to 90% of such defects close spontaneously by one
year of age.’

Presentation

Adults with small defects and normal pulmonary artery
pressure are generally asymptomatic. Patients with large
defects who survive to adulthood usually have left ven-
tricular failure or pulmonary hypertension with associated
RV failure.®

Physical examination

o Physical signs depend on the size of VSD.

+ Holosystolic (pansystolic) murmur, with or without a
thrill, with moderate or large defects. The grade of mur-
mur depends on the velocity of flow. Very small or large
defects with no shunt and defects with Eisenmenger
physiology and right-to-left shunt may not have a VSD
murmur. Muscular defects can be heard along the lower
left sternal border and may vary in intensity, as the defect
size changes with muscular contraction throughout sys-
tole. Infundibular defects close to the pulmonary valve
can be heard best at the left upper sternal border.

o Short, mid-diastolic apical rumble (increased mitral
flow) may be heard.

# Decrescendo murmur in the presence of AR.

# Cyanosis with clubbing and peripheral oedema due
to right-sided heart failure gradually appear.

Investigations

# ECG is normal in small VSD. With large defects, there
is LA and LV hypertrophy. When pulmonary hyper-
tension develops, there is right axis deviation and RV
hypertrophy.

Inlet

Membranous

ventricle

Left heart

¢ Chest radiography is normal with small VSDs. With
large defects, there is ‘shunt vascularity, i.e. well-vis-
ualized small pulmonary arteries in the periphery of
both lungs. When pulmonary hypertension develops,
there is marked enlargement of the proximal PAs,
rapid tapering of the peripheral arteries (pruning),
and oligaemic lung fields.

o Transthoracic or transoesophageal echocardiogra-
phy with colour flow mapping are used for quantifi-
cation of the shunt, assessment of pulmonary artery
pressure, distortion of the aortic valve, and obstruction
of the right ventricular outflow tract (double-chamber
RV). Three-dimensional echocardiography is useful
for defects that are difficult to evaluate by two-dimen-
sional imaging.

# Cardiac magnetic resonance is very useful with com-
plex associated lesions.

o Cardiac catheterization is no longer necessary.
However, it can be used to determine Qp/Qs by oxime-
try, and pulmonary artery pressure and resistance in
case of anticipated closure (Table 2.1). It can also assess
response to pulmonary vasodilators that can guide
therapy and evaluate coexistent AR, dual-chamber RV,
or multiple VSDs.

Therapy

Medical

Adult patients with small VSD without evidence of left
ventricular volume overload or AR do not require inter-
vention.” These patients, as well as patients who had VSD
repair, need surveillance for AR (perimembranous and in-
fundibular VSDs) and endocarditis. Endocarditis a lifelong
risk in unoperated patients, being six times higher than in
the normal population, but is primarily associated with
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Table 2.1 ACC/AHA 2008 GL on GUCH

PREGNANCY

Table 2.2 ACC/AHA 2008 GL on GUCH

Recommendations for cardiac catheterization

Cardiac catheterization to assess the operability of
adults with VSD and PAH should be performed in an I-C
ACHD regional centre in collaboration with experts.

In adults with VSD in whom non-invasive data are
inconclusive and further information is needed
for management. Data to be obtained include the
following:

a. Quantification of shunting. lla-B

o

. Assessment of pulmonary pressure and resistance
in patients with suspected PAH. Reversibility of PAH lla-B
should be tested with various vasodilators.

¢. Evaluation of other lesions, such as AR and double-

chambered right ventricle. fla-C
d. Determination of whether multiple VSDs are la-C
present before surgery.
e. Performance of coronary arteriography is indicated
) h : ! lla-C
in patients at risk for coronary artery disease.
f. VSD anatomy, especially if device closure is la-C

contemplated.

ACC/AHA 2008 guidelines for the management of adults with
congenital heart disease. / Am Coll Cardiol 2008;52:e1-e121.

the associated valve disease rather than the VSD itself.’
Routine endocarditis prophylaxis, however, is not recom-
mended any more for unrepaired VSDs. For closed VSDs,
prophylaxis is recommended for 6 months after the pro-
cedure.*? Instead, patients are advised on dental hygiene,
and the physician should be alert of suspicious symptoms
(see Chapter 1 and Chapter 79 on endocarditis). In adults
with inoperable VSDs with progressive/severe pulmonary
vascular disease, pulmonary vasodilator therapy may
be considered (ACC/AHA guidelines on GUCH 2008,
Class IIb-B).

Indications for closure

Indications are presented in Tables 2.2 and 2.3.%° Main
indications are:

¢ Qp/Qs>1.5

# History of endocarditis
# Progressive AR

# LV volume overload.

Contraindications for closure

Irreversible pulmonary arterial hypertension, i.e. PA pres-
sure >2/3 systemic pressure or PVR >2/3 SVR at baseline
or after oxygen or vasodilation.

Catheter closure

Currently, defect-specific devices are in the investigational
stage and have been used both for congenital and post-MI
VSD. They may interfere with AV or TV and carry a higher

Recommendations for Ventricular Septal Defect
Closure

Surgeons with training and expertise in CHD should

perform VSD closure operations. -C

Closure of VSD when there is a Qp/Qs >2.0 and clinical B

evidence of LV volume overload.

Closure of VSD with a history of endocarditis. I-C

Closure of VSD with net left-to-right shunting and PA la-B
pressure <2/3 systemic pressure and PVR <2/3 SVR.

Closure of VSD with net left-to-right shunting and Qp/ la-B
Qs >1.5 and LV systolic or diastolic failure.

Device closure of a muscular VSD may be considered,

especially if the VSD is remote from the tricuspid valve Ib-C
and the aorta, if the VSD is associated with severe left-

sided heart chamber enlargement, or if there is PAH.

VSD closure in severe irreversible PAH. -8

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. / Am Coll Cardiol 2008;52:e1-e121.

Table 2.3 ESC 2010 GL on GUCH

Indications for intervention in VSD

Surgical VSD closure in patients with symptoms
that can be attributed to L-R shunting through the
(residual) VSD and who have no severe pulmonary
vascular disease.

Surgical VSD closure in asymptomatic patients with
evidence of LV volume overload attributable to the I-C
VSD.

Surgical VSD closure in patients with a history of IE. lla-C

Surgery for patients with VSD-associated prolapse of

. . . lla-C
an aortic valve cusp, causing progressive AR.

Surgery for patients with VSD and PAH when there
is still net L-R shunt (Qp/Qs >1.5) present and PAP
or PVR are <2/3 of systemic values (baseline or when
challenged with vasodilators, preferably nitric oxide,
or after targeted PAH therapy).

lla-C

Surgery in Eisenmenger VSD and when exercise-

induced. li-C

Surgery if the VSD is small, not subarterial, does
not lead to LV volume overload or pulmonary I-C
hypertension, and if there is no history of IE.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

risk for AV block than surgical closure. Recent experience
with closure of perimembranous VSDs indicates a <1%
risk of complete AV block, which is comparable to that af-
ter surgical closure.!®!!

Pregnancy

Contraindicated in Eisenmerger syndrome.** Women with
large shunts and pulmonary arterial hypertension may
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have arrhythmias, LV dysfunction, and progression of pul-
monary hypertension. Combinations of epoprostenol and
sildenafil may improve outcome in pregnant women with
severe pulmonary hypertension who choose to continue
pregnancy (see also General principles).? The estimated
recurrence rate in the offspring is 6-10%.*
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Atrioventricular septal defects

Definitions and classification
of AVSDs

The primordial single atrium divides into right and left
sides by formation and fusion of the septum primum and
septum secundum. The septum primum grows from the
primordial atrial roof toward the endocardial cushions,
and the septum secundum grows from the ventrocranial
atrial wall on the right side of the septum primum.

o Atrioventricular septal defects (AV canal or endo-
cardial cushion defects) are complete (large VSD,
common AV junction, and common AV valve with
five leaflets) or partial (ostium primum ASD with a
common AV junction but two separate AV valves)
(Figure 3.1).%2

¢ Ostium primum defect at the lower part of the atrial
septum is a partial atrioventricular septal defect and
may, or may not, have a VSD component (15% of
ASDs).

¢ Ostium secundum defect involves the region of the
fossa ovalis (80%).

+ Sinusvenosus defect at the junction of the right atrium
and superior vena cava (5%).

o Coronary sinus septal defect (‘unroofed’ coronary
sinus) and inferior sinus venosus defect (at the junc-
tion of right atrium and inferior vena cava): very rare
(<1%).

+ Patent foramen ovale is the incomplete septal par-
tition (usually an oval-shaped window) at the point
where the septum secundum overlaps perforations of
the septum primum (i.e. the foramen secundum).

Complete AV canals rarely reach adulthood without
Eisenmenger syndrome. Partial AV canal defects (in-
cluding ostium primum ASD) are not uncommon in
adults.

Ostium primum ASD

Epidemiology
All kinds of ASD, in general, represent one-third of the
cases of congenital heart disease detected in adults.’

Aetiology

Approximately 40% of patients with Down’s syndrome
have an AV septal defect, usually complete. Primum ASD
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Figure 3.1 Anatomy of ASDs. A: superior sinus venosus ASD; B: secundum ASD; C: inferior sinus venosus ASD; D: ostium
primum ASD or partial AV septal defect; E, secundum ASD without posterior septal rim; F: coronary sinus ASD.
Webb G, et al. Atrial septal defects in the adult: recent progress and overview. Circulation. 2006;114:1645-53

may also be associated with di George, Ellis—van Creveld,
and Noonan’s syndromes. Gender distribution is equal for
ostium primum ASD. Adults with AV septal defects have
an approximate 3-10% risk of recurrence in their offspring
(excluding familial ASD and heart-hand syndromes with
autosomal dominant inheritance).*®

Pathophysiology

In ostium primum ASD, there is a cleft (trileaflet) mitral
valve and results in variable degrees of regurgitation."*
The shorter distance from the left AV valve annulus to
the left ventricular apex compared to that from the apex
to the aortic annulus, combined with the cleft mitral
valve, creates the characteristic ‘gooseneck’ deformity
that used to be a major diagnostic feature on left ven-
triculography. The elongation of the left ventricular out-
flow tract as well as the chordal attachments of the left
AV valve to the ventricular septum is the reason for the
development of LV outflow tract obstruction which may
occur even late after successful repair of the defect and
require reoperation. The abnormal AV junction affects
the AV conduction tissue, which, in turn, produces the
characteristic left axis deviation and predisposes these
patients to heart block. Most primum ASDs are relatively
large and lead to right heart dilation. Right atrial dilation
and stretching predisposes to the development of atrial
flutter and fibrillation. The pathophysiology of isolated
primum ASD is similar to that of a large secundum ASD
(see Chapter 4).

Presentation

Depending on the severity of dysfunction of the left AV
valve, adult patients with ostium primum ASD may

become symptomatic at a much younger age than patients
with other types of ASD.

Physical examination

Physical signs as in secundum ASD (see Chapter 4), but
there is usually an additional pansystolic murmur due
to MR (or TR). If there is also a ventricular defect, signs
resemble those found in large VSD with MR or TR. Cya-
nosis suggests pulmonary hypertension or pulmonary
stenosis.

Investigations

# Chest radiography in ostium primum ASD may be
normal; otherwise resembles that of secundum ASD.
Coexistent VSD usually is associated with cardiome-
galy and pulmonary plethora.

# ECG Long PR (unless if AF or flutter), left axis devia-
tion, RBBB with RV hypertrophy. Development of
right axis deviation in primum ASD suggests pulmo-
nary hypertension.

+ Echocardiography and cardiac magnetic resonance
have replaced angiography as the main diagnostic tool
for documentation of the type and size of the ASD,
direction of the shunt and pulmonary venous return.

+ Maximal exercise testing can be useful to document
exercise capacity in patients with symptoms that are
discrepant with clinical findings or to document
changes in oxygen saturation in patients with pulmo-
nary hypertension (Class ITa-C, ACC/AHA guidelines
on GUCH 2008).

# Cardiac catheterization is used only to assess pulmo-
nary hypertension and test vasoreactivity in patients
with repaired or unrepaired ASD.
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Therapy

Primary surgical repair is recommended for partial AV
canals, provided there is no irreversible pulmonary hyper-
tension (Tables 3.1 and 3.2). In cases of residual interatrial

Table 3.1 ACC/AHA 2008 GL on GUCH. Management of
atrioventricular septal defect (AVSD)

Recommendations for surgical therapy

Surgeons with training and expertise in CHD should

perform operations for AVSD. -
Surgical reoperation is recommended in adults
with previously repaired AVSD, with the following I-B

indications:

1. Left AV valve repair or replacement for
regurgitation or stenosis that causes symptoms,
atrial or ventricular arrhythmias, a progressive
increase in LV dimensions, or deterioration of LV
function.

2. LVOT obstruction with a mean gradient >50 mmHg
or peak instantaneous gradient >70 mmHg or a
gradient <50 mmHg in association with significant
mitral regurgitation or AR.

3. Residual/recurrent ASD or VSD with significant left-
to-right shunting.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol 2008;52:e1-e121.

Table 3.2 ESC 2010 GL on GUCH. Indications for
intervention in AVSD

Complete AVSD

Cardiac surgery in patients with Eisenmenger
physiology. In case of doubt, PVR testing is -
recommended.

Partial AVSD

Surgical closure in case of significant volume overload
of the RV.

AV valve regurgitation

Symptomatic patients with moderate to severe AV
valve regurgitation should undergo valve surgery, I-C
preferably AV valve repair.

Valve surgery for asymptomatic patients with

moderate or severe left-sided valve regurgitation and

LVESD >45 mm and/or impaired LV function (LVEF I-B
<60%) when other causes of LV dysfunction are

excluded.

Surgical repair in asymptomatic patients with
moderate or severe left-sided AV valve regurgitation
who have signs of volume overload of the LV and

a substrate of regurgitation that is very likely to be
amenable for surgical repair.

lla-C

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

or interventricular communications, endocardial pacing
causes an elevated risk of paradoxical emboli, and epicar-
dial pacing may be required.”

Endocarditis prophylaxis

It is recommended only in high-risk patients with repaired
ASDs. Revised indications are discussed in Chapter 1 and
Chapter 79 on endocarditis.

Pregnancy

It is well tolerated in the absence of severe pulmonary arte-
rial hypertension but with an increased risk of paradoxi-
cal embolus and stroke, arrhythmia, and heart failure (see
Introduction). All women with a history of AVSD should
be evaluated before conception to ensure that there are
no significant residual haemodynamic lesions that might
complicate the management of pregnancy. The issue of
pregnancy risk and preventive measures should be dis-
cussed with women with Down’s syndrome and their car-
egivers (Class I-C, ACC/AHA guidelines on GUCH 2008).
The recurrence risk of congenital defects is up to 11%, and
genetic counselling is necessary.”
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Chapter 4

ATRIAL SEPTAL DEFECTS

Atrial septal defects

Ostium secundum ASD

Epidemiology

Secundum ASDs account for approximately 7% of all con-
genital malformations. Females predominate (70%). Se-
cundum ASD is the most common cardiac manifestation
of Holt-Oram syndrome (triphalangeal thumbs, ASD, or
VSD) due to mutation of TBX5. Familial forms associated
with gene mutations are rare and usually coexist with con-
duction disturbances.

Pathophysiology

The pathophysiology of ASD is complex and multifacto-
rial." Conventionally, an ASD must be at least 10 mm in
diameter for a significant left-to-right shunt (although
most ASDs are not circular). A left-to-right atrial shunt is
considered significant when the Qp/Qs ratio is greater than
1.5 or if it causes dilation of the right heart chambers. The
RV is more compliant than the LV and, as a result, left atrial
blood is shunted to the right atrium, causing increased
pulmonary blood flow and dilatation of the pulmonary
arteries. However, as opposed to VSD, pulmonary hyper-
tension is uncommon, even with large defects, although,
when it develops, it results in pulmonary pressures that
approach systemic levels. It has been suggested that the
ASD may be an associated marker of pulmonary hyper-
tension but not necessarily causative. Once a patient has
reached adulthood with normal PA pressures he seldom
develops pulmonary hypertension later. Left ventricu-
lar hypertrophy and mitral stenosis increase left-to-right
shunting, whereas pulmonary stenosis, tricuspid stenosis,
and pulmonary hypertension reduce a left-to-right shunt
and may also cause a right-to-left shunt.

Presentation

Patients with small defects are asymptomatic. Patients with
moderate/large ASDs often have no symptoms until the
third of fifth decade of life despite substantial left-to-right
shunting. The age at which symptoms appear is variable and
not exclusively related to the size of the shunt. SOBOE is
the most common initial presenting symptom. Atrial fibril-
lation or flutter due to atrial dilatation occurs at >40 years
of age and is symptomatic. Eisenmenger syndrome occurs
rarely in adults with ASD (<10%, predominantly in
females).> Occasionally, a paradoxical embolus or transient
ischaemic attack may be the first clue to the presence of an
ASD. Rarely, cyanosis may be seen, especially with inferior

sinus venosus defects. Patients with unexplained RV volume
overload should be investigated to rule out obscure ASD,
partial anomalous venous connection, or coronary sinosep-
tal defect (ACC/AHA guidelines on GUCH 2008, I-C).

Physical examination

o The absence of clinical signs does not necessarily
exclude a haemodynamically important ASD.

+ Dilated pulmonary artery may be palpable in the
second left interspace.

+ Right ventricular lift may be felt on held expiration or
in the subxiphoid area on deep inspiration.

+ Soft systolic ejection murmur is heard at the upper
left sternal border (pulmonary flow).

¢ Wide and fixed split of S, the auscultatory hallmark
of an ASD, is not always present.

# Tricuspid diastolic rumble heard at the lower left
sternal border reflects a large shunt.

¢ Loud P, and tricuspid regurgitation may be heard
with pulmonary hypertension.

Investigations

# ECG SR, AF, or atrial flutter with right axis deviation
and RV hypertrophy (incomplete RBBB). Inverted P
waves in the inferior leads suggest an absent or deficient
sinus node, as may be seen in a sinus venosus defect.
First-degree heart block suggests a primum ASD but
may be seen in older patients with a secundum ASD.

¢ Chest radiography May be normal, even with signifi-
cant ASD. The central pulmonary arteries may also be
characteristically enlarged, with pulmonary plethora
and peripheral vascular pattern of shunt vascular-
ity (well-visualized small pulmonary arteries in the
periphery of both lungs).

# Transthoracic echocardiography The functional
importance of the defect can be estimated by the size
of the right atrium and ventricle, the presence/absence
of paradoxical septal motion (right ventricular volume
overload), ventricular septal orientation in diastole
(volume overload) and systole (pressure overload),
and an estimation of the shunt ratio. Pulmonary artery
systolic pressures may be estimated from the Doppler
velocity of tricuspid regurgitation.

+ Transoesophageal echocardiography may be
needed to confirm the type of ASD and to delineate
the pulmonary venous return, and to guide device
closure.
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# Cardiac magnetic resonance is the gold standard for LVEDP and left-to-right shunting. Efforts should be made

the assessment of right ventricular size and function to maintain SR (Table 4.1).
and pulmonary venous return. In patients who cannot

have an MRI, computed tomographic scanning and Closure indications

angiography can offer similar information. Indications for ostium secundum ASDs are presented in
o Cardiac catheterization Not necessary any more, Tables 4.1 and 4.2.>* Main indications for closure are:

unless to test vasoreactivity in pulmonary hyperten- ¢ Qp/Qs>1.5

sion. Oximetry is now rarely used for shunt detec- + RA/RV enlargement

tion and Qp/Qs calculation. Coronary angiography is o Paradoxical embolism.

needed preoperatively in patients >40 years old.

+ Maximal exercise testing may be useful to docu-
ment exercise capacity in patients with symptoms that
are discrepant with clinical findings or to document Closure contraindications

regardless of age.’

Device closure of significant secundum ASDs is beneficial

changes in oxygen saturation in patients with mild or ¢ Irreversible pulmonary arterial hypertension (see

moderate PAH (ACC/AHA 2008, IIa-C).

VSD). There have been case reports of such patients

being managed with intravenous epoprostenol or
Therapy oral bosentan in a way that ASD closure subsequently

Small defects (<1 cm) may be left alone, but some patients became possible.®
develop right heart dilation later in life due to increased ¢ Severe left ventricular dysfunction.

Table 4.1 ACC/AHA 2008 GL on GUCH. Management of ASD

Recommendations for medical therapy

Cardioversion after appropriate anticoagulation to attempt restoration of SR if AF occurs.

Rate control and anticoagulation if SR cannot be maintained by medical or interventional means.
Recommendations for interventional and surgical therapy

Percutaneous or surgical ASD closure for right atrial and RV enlargement with or without symptoms.

A sinus venosus, coronary sinus, or primum ASD should be repaired surgically rather than by percutaneous closure
Surgeons with training and expertise in CHD should perform operations for various ASD closures.

Surgical closure of secundum ASD when concomitant surgical repair/replacement of a tricuspid valve is considered or when the
anatomy of the defect precludes the use of a percutaneous device.

Percutaneous or surgical ASD closure for paradoxical embolism.
Percutaneous or surgical ASD closure for documented platypnoea orthodeoxia.

Percutaneous or surgical ASD closure with net left-to-right shunting and PA pressure <2/3 systemic levels, PVR <2/3 SVR, or when
responsive to either pulmonary vasodilator therapy or test occlusion.

Concomitant Maze procedure may be considered for atrial tachyarrhythmias.
Ireversible PAH and no evidence of a left-to-right shunt.
Recommendations for post-intervention follow-up

Early post-operative symptoms of undue fever, fatigue, vomiting, chest pain, or abdominal pain may represent post-pericardiotomy
syndrome with tamponade and should prompt immediate evaluation with echocardiography.

Annual clinical follow-up is recommended for patients post-operatively if their ASD was repaired as an adult and the following
conditions persist or develop:

a. Pulmonary arterial hypertension.

b. Atrial arrhythmias.

c. RV or LV dysfunction.

d. Coexisting valvular or other cardiac lesions.

Evaluation for possible device migration, erosion, or other complications is recommended for patients 3 months to 1 year after
device closure and periodically thereafter.

Device erosion, which may present with chest pain or syncope, should warrant urgent evaluation.

I-A
I-A

I-B
I-B
I-C

lla-C

lla-C
lla-B

Ib-C

Ib-C
-8

ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. J Am Coll Cardiol 2008;52:e1-e121.
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Table 4.2 ESC 2010 GL on GUCH

Indications for intervention in ASD

ASD closure, regardless of symptoms in significant shunt
(signs of RV volume overload) and PVR <5 WU.

Device closure for secundum ASD closure when
applicable.

Intervention for ASDs, regardless of size in patients with
suspicion of paradoxical embolism (exclusion of other
causes).

lla-C

Intervention for patients with PVR >5 WU, but <2/3
SVR or PAP <2/3 systemic pressure (baseline or when
challenged with vasodilators, preferably nitric oxide, or
after targeted PAH therapy), and evidence of net L-R
shunt (Qp/Qs >1.5).

Ib-C

ASD closure in patients with Eisenmenger physiology. IN-C

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

Device closure is the treatment of choice for secundum
ASDs.*»* Unsuitable anatomy includes inadequate atrial
septal rims to allow stable device deployment (<5 mm),
proximity of the defect to the AV valves, the coronary
sinus, or the vena cavae, and very large secundum ASD
(>35 mm). Complications are device embolization
(<1%) and cardiac perforation (<0.1%). Small residual
shunts seen on transoesophageal echocardiography after
the end of the procedure are of no clinical significance.
Late complications, such as mitral valve dysfunction,
obstruction of the pulmonary veins, and erosion or
perforation of the atrial wall or aorta, are very rare.
However, arrhythmia and neurologic events remain
long-term risks after ASD closure (device or surgical),
especially if the patient had pre-existing arrhythmia.”
After closure, aspirin and clopidogrel are prescribed for
6 to 12 months. Device erosion, which may present with
chest pain or syncope, should warrant urgent evaluation
(Table 4.1).

Surgical closure is required for patients with secundum
ASD, whose anatomy is unsuitable for device closure.
Perioperative mortality is <1%. Surgical repair, particu-
larly before the age of 25 years, has been shown to result
in normal long-term survival and reduce the incidence
of arrhythmias, such as atrial flutter and fibrillation and
RV failure and stroke.® Patients over the age of 40 re-
main at risk of atrial arrhythmias and systemic throm-
boembolism despite complete closure of the ASD, but
surgery is also preferable to medical treatment.”!* Age
and pre-procedure arrhythmia are risk factors for late
arrhythmia.’”

Endocarditis prophylaxis

It is not recommended for unrepaired ASDs. Revised in-
dications are discussed in Chpater 1 and Chapter 79 on
endocarditis.

PATENT FORAMEN OVALE

Pregnancy

It is well tolerated in the absence of severe pulmonary arte-
rial hypertension, with a small risk of paradoxical embolus
and stroke, arrhythmia, and heart failure (see Chapter 1).
Thus, in ASD diagnosed during pregnancy, closure can
be deferred for 6 months after delivery. For a secundum
defect, catheter device closure can be performed during
pregnancy, if necessary, with transoesophageal or intrac-
ardiac echocardiographic guidance. The recurrence rate in
offspring is estimated in 6-10%.’

Sinus venosus defect

Partial anomalous pulmonary venous return to the SVC
or the right atrium is very common with superior sinus
venosus defect (5-10% of all ASDs). Diagnosis is often
more difficult than for other forms of ASD, and catheter
closure is not possible. The inferior sinus venosus defect
near the IVC is very rare. Surgical closure is required for
patients with sinus venosus ASD. Indications for closure
are presented in Table 4.1.>*

Patent foramen ovale

The prevalence of a patent foramen ovale (PFO) ranges from
15-25% in autopsy studies to 20-40% with transoesophageal
echocardiography in patients with a history of cerebral events.
The average PFO size ranges from 1 to 19 mm but increases
with each decade of life; the mean diameter in the first decade
is 3.4 mm and in the tenth decade 5.8 mm." A common as-
sociation is atrial septal aneurysm where part, or all, of the
atrial septum shows aneurysmal dilatation, protruding into
either atria (prevalence 1-5%) for, at least, 15 mm during the
cardiorespiratory cycle. Under normal physiological condi-
tions, the left atrial pressure is higher than the right one and
pushes the thin septum primum against the septum secun-
dum and, except for very brief periods in each cardiac cycle,
seals the potential opening of the PFO. Actions, such as the
release of a Valsalva manoeuvre, can transiently reverse the
normal left-to-right pressure gradient and cause an exagger-
ated transient leftward shift of the free edge of the septum pri-
mum, with apparent enlargement of the orifice of the PFO.
Transoesophageal echocardiography can diagnose PFO by
injecting saline contrast, preferably in the femoral vein than
the upper extremities, and detect microbubbles in the left
atrium immediately after arriving in the right atrium. If bub-
bles appear in the left atrium before or >5 beats after they ap-
pear in the right atrium, then the possibility of an anomalous
venous connection to the left atrium or pulmonary arteriov-
enous malformations must be considered." PFO is a potential
risk factor for several clinical syndromes, including paradoxic
systemic embolism, such as ischaemic stroke, myocardial in-
farction, decompression sickness in divers, and possibly mi-
graine or Alzheimer’s disease."
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PFO and cryptogenic stroke

Approximately 25% to 50% of strokes are cryptogenic,
and there is evidence for association between a PFO and
cryptogenic stroke.''"* The size of the PFO and interatrial
shunt, the presence of an atrial septal aneurysm and Chiari
strands (congenital remnants of the right valve of the sinus
venosus), as well as the Eustachian valve that virtually ex-
tends the vena cava to the foramen ovale, may all contrib-
ute to the relative risk for stroke. Cryptogenic stroke due to
tiny emboli (a few millimeters in size) can form anywhere
in the venous system and occur with increasing frequency
after 50 years of age. Paradoxical embolism does not nec-
essarily require clinically apparent deep vein thrombosis
since thrombi may emerge from the inferior vena cava.
Still, however, a definitive causal relationship between
PFO and cryptogenic stroke has not been convincingly
established for the majority of affected patients, and con-
current aetiologies are identified for more than one-third
of recurrent ischaemic events in patients with cryptogenic
stroke." "> The annual risk of recurrent cryptogenic stroke,
with or without PFO, is estimated to be 6-8% without any
treatment. With either medical treatment or PFO closure,
the annual risk decreases to approximately 2-4%."" Atrial
septal aneurysm is found in 7-15% of stroke patients, and
the association also remains debatable.

PFO and migraine

There is accumulating evidence that migraine headaches
improve in selected patients who are subjected to PFO
closure. However, the only randomized trial to test this
hypothesis has failed to confirm it, and other studies have
found no association between migraine headaches and the
presence of PFO (MIST).'® Thus, closure of a PFO for mi-
graine is not yet considered standard medical practice.

Indications for PFO closure

The optimal therapy for prevention of recurrent stroke
or transient ischaemic attack in patients with cryptogenic
stroke and patent foramen ovale remains controversial
(Table 4.3). Treatment choices include medical therapy

Table 4.3 AHA/ASA 2011 GL. Recommendations for
patients with PFO

Antiplatelet therapy for patients with an ischemic stroke

or TIA and a PFO. lla-8
Insufficient data to establish whether anticoagulation

is equivalent or superior to aspirin for secondary stroke Ib-B
prevention in patients with PFO.

Insufficient data to make a recommendation regarding lb-C

PFO closure in patients with stroke and PFO.

Guidelines for the Prevention of Stroke in Patients With Stroke or Transient
Ischemic Attack: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. 2011,;42:227-276.

with antiplatelet agents or vitamin K antagonists or
percutaneous device closure. Percutaneous device closure
is now easy, and the simplest technique is with the Am-
platzer occluder. Complications include cardiac perfora-
tion or air embolization during implantation, induced
atrial fibrillation, non-specific malaise attributed to nickel
allergy, and puncture site problems. However, existing data
do not support a recommendation for PFO closure in pa-
tients with cryptogenic stroke or TIA and PFO. CLOSURE
I, the first randomized trial, has failed to detect any benefit
by PFO closure in these patients.”” A recent observational
study demonstrated a significant reduction of a composite
outcome of TIA, stroke, and peripheral embolism,' and a
meta-analysis indicated potential benefits, especially in the
elderly, patients with atrial septal aneurysm, and patients
with thrombophilia, following paradoxical embolism."”
It is not known whether failures of the CLOSURE I and
MIST trials can be attributed to failures of some of the de-
vices used.” Recently, results of two RCTs were reported. In
the RESPECT trial of 980 patients with prior cryptogenic
stroke, the intent-to-treat analysis did not achieve statisti-
cal significance (risk reduction 51%, p = 0.08), but the per-
protocol (risk reduction 63%, p = 0.03) and as-treated (risk
reduction 73%, p = 0.007) analyses did reach significance.!
In the PC trial, closing the PFO did not significantly re-
duce the primary composite endpoint of death from any
cause, non-fatal stroke, transient ischaemic attack (TIA),
and peripheral embolism (risk reduction 37%, p = 0.34) in
414 patients with prior cryptogenic stroke compared with
standard medical therapy.”

Currently, the labelled indication for PFO device clo-
sure is recurrent stroke in patients who had an event
despite treatment, or are not candidates for anticoagu-
lation.?» ** Closure is also recommended in the platyp-
noea orthodeoxia syndrome [dyspnoea (platypnoea)
and arterial desaturation in the upright position with
improvement in the supine position (orthodeoxia)] and,
probably, in divers for prevention of decompression ill-
ness.! The potential role of PFO in fat embolism follow-
ing long bone fracture is also investigated; the potential
value of preoperative closure in these patients remains to
be determined.”

References

1. Sommer R], et al. Pathophysiology of congenital heart dis-
ease in the adult: part i: shunt lesions. Circulation. 2008;117:
1090-9.

2. Brickner ME, et al. Congenital heart disease in adults. Sec-
ond of two parts. N Engl ] Med. 2000;342:334-42.

3. Baumgartner H, ef al. ESC guidelines for the management
of grown-up congenital heart disease (new version 2010).
Eur Heart J. 2010;31:2915-57.

4. Warnes CA, et al. ACC/AHA 2008 guidelines for the manage-
ment of adults with congenital heart disease: a report of the
American College of Cardiology/ American Heart Association

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

Task Forceon practiceguidelines (writingcommitteetodevelop
guidelines on the management of adults with congenital heart
disease). Developed in collaboration with the American Soci-
ety of Echocardiography, Heart Rhythm Society, International
Society for Adult Congenital Heart Disease, Society for Car-
diovascular Angiography and Interventions, and Society of
Thoracic Surgeons. ] Am Coll Cardiol. 2008;52:¢143-263.

5. Humenberger M, et al. Benefit of atrial septal defect closure
in adults: impact of age. Eur Heart J. 2011;32:553-60.

6. Webb G, et al. Atrial septal defects in the adult: recent
progress and overview. Circulation. 2006;114:1645-53.

7. Kutty S, et al. Long-term (5- to 20-year) outcomes after
transcatheter or surgical treatment of hemodynamically
significant isolated secundum atrial septal defect. Am J Car-
diol. 2012;109:1348-52.

8. Murphy JG, et al. Long-term outcome after surgical repair
of isolated atrial septal defect. Follow-up at 27 to 32 years. N
Engl ] Med. 1990;323:1645-50.

9. Attie F, et al. Surgical treatment for secundum atrial sep-
tal defects in patients >40 years old. A randomized clinical
trial. ] Am Coll Cardiol. 2001;38:2035-42.

10. Konstantinides S, et al. A comparison of surgical and medi-
cal therapy for atrial septal defect in adults. N Engl ] Med.
1995;333:469-73.

11. Kutty S, et al. Patent foramen ovale: the known and the to be
known. ] Am Coll Cardiol. 2012;59:1665-71.

12. Handke M, et al. Patent foramen ovale and cryptogenic
stroke in older patients. N Engl ] Med. 2007;357:2262-68.

13. Maron BA, et al. Paradoxical embolism. Circulation.
2010;122:1968-72.

14. Messe SR, et al. Practice parameter: recurrent stroke with
patent foramen ovale and atrial septal aneurysm: report of
the quality standards subcommittee of the American Acad-
emy of Neurology. Neurology. 2004;62:1042-50.

15. Mono ML, et al. Patent foramen ovale may be causal for the
first stroke but unrelated to subsequent ischemic events.
Stroke. 2011;42:2891-5.

Chapter 5

AETIOLOGY

16. Dowson A, etal. Migraineintervention with starflex technology
(MIST) trial: a prospective, multicenter, double-blind, sham-
controlled trial to evaluate the effectiveness of patent foramen
ovale closure with starflex septal repair implant to resolve re-
fractory migraine headache. Circulation. 2008;117:1397-404.

17. Furlan AJ, et al. Closure or medical therapy for cryp-
togenic stroke with patent foramen ovale. N Engl ] Med.
2012;366:991-9.

18. Wahl A, et al. Long-term propensity score-matched com-
parison of percutaneous closure of patent foramen ovale
with medical treatment after paradoxical embolism. Circu-
lation. 2012;125:803-12.

19. Agarwal S, et al. Meta-analysis of transcatheter closure ver-
sus medical therapy for patent foramen ovale in prevention
of recurrent neurological events after presumed paradoxi-
cal embolism. JACC Cardiovasc Interv. 2012;5:777-89.

20. Tobis J, et al. Percutaneous treatment of patent foramen
ovale and atrial septal defects. ] Am Coll Cardiol. 2012;60:
1722-32.

21. Carroll JD, et al, for the RESPECT Investigators. Closure
of patent foramen ovale versus medical therapy after cryp-
togenic stroke. N Engl ] Med. 2013;368:1092-1100.

22. Meier B, et al., for the PC Trial Investigators. Percutaneous
closure of patent foramen ovale in cryptogenic embolism.
N Engl ] Med. 2013;368:1083-91.

23. Guidelines for management of ischaemic stroke and transient
ischaemic attack 2008. Cerebrovasc Dis. 2008;25: 457-507.

24. Sacco RL, et al. Guidelines for prevention of stroke in patients
with ischemic stroke or transient ischemic attack: a statement
for healthcare professionals from the American Heart Asso-
ciation/American Stroke Association Council on Stroke: co-
sponsored by the Council on Cardiovascular Radiology and
Intervention: the American Academy of Neurology affirms
the value of this guideline. Circulation. 2006;113:€409-49.

25. Forteza AM, et al. Transcranial doppler detection of cere-
bral fat emboli and relation to paradoxical embolism: a pilot
study. Circulation. 2011;123:1947-52.

Patent ductus arteriosus

Definition

The patent ductus arteriosus (PDA) connects the proxi-
mal descending aorta to the roof of the main pulmonary
artery near the origin of the left pulmonary artery.! This
fetal structure normally closes spontaneously within the
first days after birth. It rarely closes after infancy.

Epidemiology

PDA accounts for approximately 10% of all congenital heart
disease in the adult with a 2:1 female to male ratio.

Aetiology

PDA occurs in genetic syndromes with chromosomal aber-
rations (such as trisomy 21 and 4p syndrome), single-gene
mutations (such as Carpenters syndrome and Holt-Oram
syndrome), and X-linked mutations (such as incontinentia
pigmenti). Although most cases of PDA are seemingly spo-
radic, many may be due to multifactorial inheritance. In a
family having one sibling with a PDA, there is a 3% chance of
a PDA in a subsequent offspring. Rubella infection during the
first trimester of pregnancy; children born in high altitude, and
prematurity are associated with a high incidence of PDA.!
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Pathophysiology and natural history

The shunt flow depends on the ductal resistance and the
pressure gradient between the aorta and the pulmonary
artery. Left-to-right shunting through the ductus arte-
riosus results in increased pulmonary fluid volume and
left atrial and ventricular volume overload. If the ductus
is large enough, the diastolic run-off may result in ‘steal’
phenomenon with impaired coronary perfusion. When
pulmonary vascular resistance approaches and exceeds
systemic vascular resistance, ductal shunting reverses and
becomes right-to-left, with eventual development of Eisen-
menger syndrome.? Patients with Eisenmenger syndrome
are cyanotic and typically have differential cyanosis (cya-
nosis and clubbing of the toes, but not the fingers, because
the right-to-left ductal shunting is distal to the subclavian
arteries). Cyanosis may be more profound when systemic
vascular resistance is elevated, such as in hot weather or af-
ter exercise. Infective endarteritis and aneurysm of ductus
arteriosus are the most common complications. Rarely, the
ductus arteriosus aneurysm may rupture or present with
symptoms of a thoracic mass, including hoarseness due to
left vocal cord paralysis from recurrent left laryngeal nerve
impingement and left bronchial obstruction. In previous
series, one-third of patients with unrepaired PDA died
of heart failure, pulmonary hypertension, or endarteritis
by the age of 40 years, and two-thirds died by the age of
60 years.?

Presentation

The clinical significance of the PDA depends on its size.
Patients may be completely asymptomatic with a heart
murmur or present due to exercise intolerance, endovas-
cular infection, or atrial fibrillation. Although most pa-
tients compensate well, even with a moderate left-to-right
shunt, and remain asymptomatic during childhood, they
may develop congestive heart failure or Eisenmenger syn-
drome in adulthood.

Physical examination

Patients with very small patent ductus have no abnor-
mal physical findings. A continuous murmur may be
heard.

In moderate or large ductus:

# Machinery murmur Continuous murmur in upper
left sternal border below the left clavicle. It is louder in
systole and may radiate into the back, and a thrill may
be present. S, may be inaudible.

o LV apex prominent and collapsing peripheral pulses.

# Pulmonaryejection clickand pulmonary regurgitation
appear as pulmonary hypertension (PAH) develops.

Investigations

¢ Chest radiograph may be normal or display cardi-
omegaly (LA and LV enlargement) with increased
pulmonary vascular markings. The main pulmonary
artery is enlarged, and, in older adults with pulmo-
nary hypertension, calcification of the ductus may be
evident.

¢ ECG Normal or AF, LV hypertrophy, and LA enlarge-
ment in patients with moderate or large ductus
shunts.

o Echocardiography Colour Doppler is used for detect-
ing the presence of a PDA and estimating the degree of
ductal shunting (Table 5.1). In patients with high pul-
monary vascular resistance and PDA with low veloc-
ity or right-to-left flow, the ductus arteriosus may be
very difficult to demonstrate. Findings, such as septal
flattening, unexplained right ventricular hypertrophy,
and high-velocity pulmonary regurgitation, should
prompt a thorough investigation for a PDA. Contrast
echocardiography may be helpful.

¢ Cardiac magnetic resonance useful in patients with
unusual PDA geometry and associated abnormalities
of the aortic arch. Computed tomography can assess
the degree of calcification which may be important if
surgical therapy is considered.

o Cardiac catheterization Diagnostic cardiac catheteri-
zation for uncomplicated PDA with adequate non-
invasive imaging, is not indicated (ACC/AHA 2008
III-B). Detailed assessment of the ductal anatomy by
angiography is essential for the selection of the proper
device size for transcatheter closure. In patients with
elevated pulmonary artery pressure, assessment of
pulmonary vascular resistance and its response to
vasodilating agents may be helpful in determining the
possibility of ductus closure.

Therapy

PDA is associated with various complications of
prematurity, and cyclo-oxygenase inhibitors, such as
high-dose ibuprofen, are the first-line intervention for
closure of the PDA.*

Indications for closure of PDA are presented in Tables 5.1
and 5.2. Routine closure of even small PDAs is now recom-
mended by most experts. The rationale is that endarteritis
of clinically silent PDA has been reported, and device clo-
sure is now effective and safe.>® Patients with PDA and pul-
monary vascular disease, who are considered unacceptable
candidates for definitive closure, may be managed with
pulmonary vasodilating agents, such as chronic oxygen,
PGIL, calcium channel blockers, endothelin antagonists,
and phosphodiesterase inhibitors. One strategy in such
patients is to accomplish partial closure of the ductus by
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Table 5.1 ACC/AHA 2008 GL on GUCH

Recommendations for medical therapy

Routine follow-up is recommended for patients with a

small PDA without evidence of left-sided heart volume

overload. Follow-up is recommended every 3 to 5 years I-C
for patients with a small PDA without evidence of left-

heart volume overload.

Endocarditis prophylaxis is not recommended for those

with a repaired PDA without residual shunt. li-C
Recommendations for closure of patent
ductus arteriosus
Closure of a PDA, either percutaneously or surgically, for:
a. Left atrial and/or LV enlargement or if PAH is present, I
or in the presence of net left-to-right shunting.
b. Prior endarteritis. I-C
Careful evaluation and consultation with ACHD
interventional cardiologists is recommended before
. ; : I-C
surgical closure is selected as the method of repair for
patients with a calcified PDA.
3. Surgical repair, by a surgeon experienced in CHD
surgery, is recommended when:
a. The PDA is too large for device closure. I-C
b. Distorted ductal anatomy precludes device closure 1B
(e.g. aneurysm or endarteritis).
Closure of asymptomatic small PDA by catheter device. lla-C
PDA closure in PAH with a net left-to-right shunt. lla-C
PDA closure in PAH and net right-to-left shunt. l-C

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol 2008;52:e1-e121.

Table 5.2 ESC 2010 GL on GUCH

Indications for intervention in PDA

PDA closure in patients with signs of LV volume
overload.

PDA closure in patients with pulmonary arterial
hypertension (PAH) but PAP <2/3 of systemic pressure I-C
or PVR <2/3 of SVR.

Device closure is the method of choice where
technically suitable.

PDA closure in patients with PAH and PAP >2/3 of

systemic pressure or PVR >2/3 of SVR but still net L-R

shunt (Qp/Qs >1.5) or when testing (preferably with lla-C
nitric oxide) or treatment demonstrates pulmonary

vascular reactivity.

Device closure of small PDAs with continuous murmur

(normal LV and PA pressure). lla-C
PDA closure should be avoided in silent duct (very e
small, no murmur).

PDA closure in PDA Eisenmenger and patients with lli-C

exercise-induced lower limb desaturation.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

THERAPY

surgery or transcatheter techniques to make it ‘restrictive]
but not completely closed, followed by long-term therapy
with pulmonary vasodilating agents. If, in follow-up, the
pulmonary vascular resistance decreases, then complete
closure may be considered.! Routine follow-up is recom-
mended for patients with a small PDA without evidence
of left-sided heart volume overload. Follow-up is recom-
mended every 3 to 5 years for patients with a small PDA
without evidence of left heart volume overload. (ACC/
AHA guidelines on GUCH 2008, I-C).

Transcatheter closure has become the treatment of choice
in children and adults, especially in cases of calcified ductus
arteriosus with increased pulmonary vascular resistance.
The most commonly used occluders are the Nit-Occlud coil
occlusion system and the Amplatzer duct occluder. Com-
plications of transcatheter closure, such as device emboliza-
tion of the patent ductus, are rare. Other rare complications
are flow disturbance in the proximal left pulmonary artery
or descending aorta from a protruding device, haemolysis
from high-velocity residual shunting, and infection.
Surgical repair remains the treatment of choice for the
rare very large ductus.

Infective endocarditis prophylaxis is not reccommended
any more for unrepaired PDAs. For closed PDAs, proph-
ylaxis is recommended for 6 months after the procedure
(see also Chapter 1).”#
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Chapter 6

Right ventricular outflow tract obstruction

Definitions and classification of RVOT
obstruction

Obstruction to the right ventricular outflow tract (RVOT)
in the adult patient can be either congenital or acquired.
Congenital obstruction can be at the pulmonary valve,
below the pulmonary valve, or above the valve. Below
the pulmonary valve, obstruction can be either at the in-
fundibular (as happens in Fallot) or the subinfundibular
level. Congenital pulmonary stenosis constitutes 10% of
the cases of congenital heart disease in adults.!

Valvular pulmonary stenosis

Obstruction of the RV outflow tract is valvular in 90% of
patients. Valvar pulmonary stenosis may be an isolated ab-
normality or in association with a VSD or Noonan’s syn-
drome (dysplastic pulmonary valve, facial dysmorphism,
cardiac defects, and variable cognitive deficits). The leaf-
lets are thin and pliant. In 10-15% of patients, the valve is
dysplastic and the leaflets thickened and immobile, com-
posed of myxomatous tissue."?

Presentation

Adults may be asymptomatic. With severe stenosis, exer-
cise intolerance, SOBOE, anginal pain, and syncope may
occur. Gradients >30 mmHg may deteriorate with ageing
and result in RV hypertrophy and eventually right heart
failure (elevated JVP, hepatic congestion, ascites, and pe-
ripheral oedema).

Physical examination

# RV heave and thrill may be present in moderate/
severe PS

+ S, widely split but moves normally with respiration

o Pulmonary ejection click

¢ Crescendo-decrescendo murmur increased by
inspiration.

Investigations

ECG may show right axis deviation and RV hypertrophy.
Chest radiography may show post-stenotic dilatation of
the main PA and diminished vascular markings.
Echocardiography reveals RV hypertrophy and paradoxi-
cal septal motion. Doppler mean gradients are considered
(Table 6.1).2

Table 6.1 Severity of PS

PV Area Peak gradient RV SP

Mild >1 cm? <50 mmHg <75 mmHg
Moderate ‘0.5—2 cm? ‘50—80 mmHg ‘75—100 mmHg
Severe ‘<O.5 cm? SSO mmHg ‘>1 00 mmHg

Brickner ME, et al. Congenital heart disease in adults. First of two parts. N
Engl J Med. 2000;342:256-63.

Cardiac catheterization is not necessary for diagnosis. It
may be used for accurate gradient assessment in patients
with echo peak gradients >36 mmHg for consideration of
balloon valvotomy (Class I-C, ACC/AHA 2008 on valve
disease).

Therapy

Asymptomatic patients with mild stenosis do not need
intervention (Tables 6.2 and 6.3) (see also Chapter 15 on
valve disease).* ® Balloon valvotomy is the treatment of
choice for symptomatic patients with less than moderate
PR and peak gradient >50 mmHg (mean >30 mmHg) or
asymptomatic patients with peak gradient >60 mmHg
(mean >40 mmHg). Surgical valvotomy or replacement
with a bioprosthetic valve is reserved for patients with
significant pulmonary regurgitation (PR) (an ominous
prognostic sign for subsequent RV dilation and failure) or
dysplastic valves unsuitable for balloon valvuloplasty. Rare
complications of balloon valvotomy are PR, pulmonary
oedema, cardiac perforation, AV block, and transient reac-
tive RVOT obstruction.

Subvalvular pulmonary stenosis

Usually occurs in association with tetralogy of Fallot (be-
fore or after surgery) or double-chambered RV.? In dou-
ble-chambered RV, a muscular band divides the RV into a
high-pressure proximal inflow portion and a low-pressure
distal outflow chamber. VSD or membranous subaortic
stenosis may also be present. When the obstruction is mild,
these patients may present with exercise intolerance and a
harsh systolic murmur as young adults. With more severe
obstruction and hypertrophy, ventricular arrhythmia, syn-
cope, and sudden cardiac death may be the first presenting
sign. Surgical muscle resection, with or without patching of
the outflow tract, is indicated in symptomatic patients with
peak Doppler gradient >60 mmHg (mean 40 mmHg).’
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Table 6.2 ACC/AHA 2008 GL on GUCH*

BRANCH PULMONARY ARTERY STENOSIS

Table 6.3 ESC 2010 GL on GUCH

Recommendations for intervention in patients with
valvular pulmonary stenosis

Balloon valvotomy for asymptomatic patients with a

domed pulmonary valve and a peak instantaneous

Doppler gradient >60 mmHg or a mean Doppler I-B
gradient >40 mmHg (in association with less than

moderate PR).

Balloon valvotomy for symptomatic patients with a

domed pulmonary valve and a peak instantaneous

Doppler gradient >50 mmHg or a mean Doppler I-C
gradient >30 mmHg (in association with less than

moderate PR).

Surgical therapy in severe PS and an associated
hypoplastic pulmonary annulus, severe pulmonary
regurgitation, subvalvular PS, or supravalvular PS.
Surgery is also preferred for most dysplastic
pulmonary valves and when there is associated severe
TR or the need for a surgical Maze procedure.

Surgeons with training and expertise in CHD should
perform operations for the RVOT and pulmonary valve.

Balloon valvotomy in asymptomatic patients with a
dysplastic pulmonary valve and a peak instantaneous
gradient by Doppler >60 mmHg or a mean Doppler
gradient >40 mmHg.

Ib-C

Balloon valvotomy in selected symptomatic patients
with a dysplastic pulmonary valve and peak
instantaneous gradient by Doppler >50 mmHg or a
mean Doppler gradient >30 mmHg.

Ib-C

Balloon valvotomy for asymptomatic patients with a
peak instantaneous gradient by Doppler <30 mmHg -
or <50 mmHg and normal cardiac output.

Balloon valvotomy is not recommended for

symptomatic patients with PS and severe PR. -C

* The ACC/AHA 2008 Guidelines on valve disease recommend balloon
valvotomy in adolescent and young adult patients with pulmonic stenosis
who have, at catheterization, an RV-to-pulmonary artery peak-to-peak
gradient >40 mmHg or >30 mmHg in the presence of exertional dyspnoea,
angina, syncope, or presyncope (I-C).

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

Supravalvar pulmonary stenosis

Supravalvar pulmonary stenosis can occur as an isolated
abnormality or in association with complex cardiac mal-
formations, such as Williams syndrome (infantile hyper-
calcaemia, elfin facies, and mental retardation), tetralogy
of Fallot, Noonan’s syndrome, and rubella or toxoplasmosis
infection during the first trimester of pregnancy.’ It may also
be the result of surgical scarring from operations, such as
pulmonary artery banding or arterial switch. Patients with
exercise intolerance or significant gradients are referred for
surgery. Stent-based valve implants are experimental.

Branch pulmonary artery stenosis

They may be isolated or multiple, as happens in Williams
and Noonan’s syndromes, congenital rubella, and Alagille

Indications for intervention in RVOT obstruction

Repair of RVOTO at any level, regardless of symptoms,
when Doppler peak gradient is >64 mmHg (peak

velocity >4m/s), provided that RV function is normal -C
and no valve substitute is required.
In valvular PS, balloon valvotomy should be the IC
intervention of choice.
In asymptomatic patients in whom balloon valvotomy
is ineffective and surgical valve replacement is the only

. ; I-C
option, surgery should be performed in the presence
of a systolic RVP >80 mmHg (TR velocity >4.3 m/s).
Intervention in patients with gradient <64 mmHg in la-C
the presence of:
e Symptoms related to PS, or
e Decreased RV function, or
e Double-chambered RV (which is usually

progressive), or

e |Important arrhythmias, or
¢ Right-to-left shunting via an ASD or VSD.
Repair in peripheral PS, regardless of symptoms, if
>50% diameter narrowing and RV systolic pressure la-C

>50 mmHg and/or lung perfusion abnormalities are
present.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

Table 6.4 ACC/AHA 2008 GL on GUCH

Recommendations for interventional therapy in the
management of branch and peripheral pulmonary
stenosis

Percutaneous interventional therapy for the

management of appropriate focal

branch and/or peripheral pulmonary artery stenosis with I-B
>50% diameter narrowing, elevated RV systolic pressure

>50 mmHg, and/or symptoms.

Surgeons with training and expertise in CHD should
perform operations for management of branch
pulmonary artery stenosis not anatomically amenable to
percutaneous interventional therapy.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

(intrahepatic cholestasis) and Keutel (cartilage calcifi-
cation and brachytelephalangia) syndromes.! Although
uncommon, the diagnosis of branch PA stenosis should al-
ways be considered in patients with a history of congenital
heart disease who present with symptoms of pulmonary
embolism, such as dyspnoea, fatigability, and segmental
lung ventilation-perfusion mismatches. Balloon and stent
angioplasty are used in isolated stenoses with >50% diam-
eter stenosis and RVSP >50 mmHg (Table 6.4).°
Double-chambered RV and RV to PA conduits may also
result in RVOT obstruction (Tables 6.5 to 6.7).
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Table 6.5 ACC/AHA 2008 GL on GUCH

Table 6.7 ESC 2010 GL on GUCH

Recommendations for reintervention in patients
with right ventricular-pulmonary artery conduit or
bioprosthetic pulmonary valve stenosis

Indications for intervention in patients with right
ventricular to pulmonary artery conduits

Surgeons with training and expertise in CHD should
perform operations for patients with severe pulmonary
prosthetic valve stenosis (peak gradient >50 mmHg) or
conduit regurgitation and any of the following:

a. Decreased exercise capacity.

b. Depressed RV function.

c. Atleast moderately enlarged RV end-diastolic size.
d. At least moderate TR.

Surgical or percutaneous therapy in symptomatic
patients with discrete with discrete RV-pulmonary
artery conduit obstructive lesions with >50% diameter
narrowing or when a bioprosthetic pulmonary valve
has a peak gradient by Doppler > 50mmHg or a mean
gradient >30 mmHg.

lla-C

Surgical or percutaneous therapy in asymptomatic
patients when a pulmonary bioprosthetic valve has a
peak Doppler gradient >50 mmHg.

lla-C

Surgical intervention preferable to percutaneous catheter
intervention when an associated Maze procedure is
being considered.

Ib-C

Surgery for symptomatic patients with RV systolic

pressure >60 mmHg (TR velocity >3.5 m/s; may be lower I-C
in case of reduced flow) and/or moderate/severe PR

Surgery for asymptomatic patients with severe RVOTO

and/or severe when at least one of the following criteria lla-C

is present:

e Decrease in exercise capacity (CPET).

e Progressive RV dilation.

e Progressive RV systolic dysfunction.

e Progressive TR (at least moderate).

e RV systolic pressure >80 mmHg (TR velocity >4.3 m/s).

e Sustained atrial/ventricular arrhythmias.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.
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Chapter 7

VALVULAR AORTIC STENOSIS (BICUSPID AORTIC VALVE)

Left ventricular outflow tract obstruction

Definitions and classification of LVOT
obstruction

Left ventricular outflow tract (LVOT) obstruction syn-
dromes include subvalvar AS, valvular AS, and supravalvu-
lar AS.! Aortic coarctation is also considered aform of LVOT
obstruction.” Obstruction can occur singly or at multiple
levels, as an isolated lesion, or in combination with septal
defects or conotruncal anomalies. LVOTOs are congenital
in the vast majority of individuals younger than 50 years,
although some variants of subaortic obstruction do exist.
For recommendations for the evaluation and management
of these patients, see also Chapter 15 on valve disease.

Valvular aortic stenosis
(bicuspid aortic valve)

Epidemiology

Bicuspid aortic valve (BAV) is the most common congenital
heart defect, with a prevalence estimated between 0.5% and
2%.? There is a male predominance of approximately 3:1. In
patients with symptomatic AS, younger than 65 years of age, a
bicuspid valve is the most common pathological finding.* Al-
though BAV is more likely due to mutations in different genes
with dissimilar patterns of inheritance, clinical studies have
reported a 9% prevalence of BAV in first-degree relatives of
patients and echocardiographic screening in first-degree rel-
atives is recommended.>® Associated abnormalities (20% of
patients with bicuspid valves) are coarctation and PDA. Aor-
tic root dilatation is also common. In addition, BAV is found
in several genetic syndromes involving left-sided obstructive
lesions, such as Shone’s syndrome (multiple left-sided lesions
of inflow and outflow obstruction, and parachute mitral
valve), Williams syndrome with supravalvular stenosis, and
Turner’s syndrome with coarctation of the aorta.

Pathophysiology

The morphologic patterns of the bileaflet valve vary accord-
ing to which commissures have fused, with the most com-
mon pattern involving fusion of the right and left cusps.
Dilatation of the thoracic aorta is associated with a bicuspid
valve and is attributed to structural abnormalities of the me-
dial layer of the aortic (and the pulmonary) wall, such as de-
creased fibrillin, elastin fragmentation, and apoptosis, rather
than to pure post-stenotic dilation. The bicuspid valve is not
stenotic at birth, but it is subjected to haemodynamic stress
that leads to thickening and calcification of the leaflets.

Presentation and natural history

Symptoms usually develop in adulthood due to haemody-
namically induced calcification of the valve. By the age of
50 years, 25-49% of patients will require surgery or suffer a
major cardiac event.”® AS, AR, aortic aneurysm or dissec-
tion, and endocarditis may occur.

Physical examination

Ejection click followed by murmur of AS and possibly
AR.

Investigations

Echocardiography The main task is to establish the di-
agnosis and exclude a tricuspid valve. The valve must be
visualized in systole in the short-axis view since, during
diastole, the raphe can make the valve appear trileaflet.
In diastole, the orifice has a characteristic ‘fish-mouthed’
appearance. Evidence of aortic dilation should be always
looked for in patients with a bicuspid valve. In asympto-
matic adolescents and young adults with a mean Dop-
pler gradient >30 mmHg or peak instantaneous gradient
>50 mmHg, yearly echocardiographic assessment is rec-
ommended (Class I-B, ACC/AHA 2008). All patients with
abicuspid aortic valve should have both the aortic root and
ascending thoracic aorta evaluated for evidence of aortic
dilatation (Class I-B, ACC/AHA 2010 on aortic disease).’

Transoesophageal echocardiography or cardiac mag-
netic resonance may be needed in case of uncertainty.
Exercise stress testing is useful in patients with a mean
Doppler gradient >30 mmHg or peak Doppler gradient
>50 mmHg if the patient is interested in athletic participa-
tion or if clinical findings differ from non-invasive meas-
urements (Class ITa-C, ACC/AHA 2008).

Dobutamine stress testing may be used in the evaluation
of amild aortic valve gradient in the face of low LV ejection
fraction and reduced cardiac output.

First-degree relatives of patients with a bicuspid aortic
valve should be evaluated for the presence of a bicuspid
aortic valve and asymptomatic thoracic aortic disease
(Class I-B, ACC/AHA 2008).

Therapy

Beta blockers in aortic root dilatation and ACE/ARB in
hypertension are useful. Statins may also be used to slow
the degenerative process (Table 7.1). Patients with moder-
ate AS (mean gradient at least 25 mmHg or peak at least
40 mmHg) should be restricted from competitive sports.’
Intervention is usually recommended in asymptomatic
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Table 7.1 ACC/AHA 2008 GL on GUCH. Medical therapy and intervention in AS

Recommendations for medical therapy

Treat systemic hypertension in patients with AS while monitoring diastolic blood pressure to avoid reducing coronary perfusion.
Beta blockers in patients with BAV and aortic root dilatation.

Long-term vasodilator therapy in patients with AR and systemic hypertension while carefully monitoring diastolic blood pressure to
avoid reducing coronary perfusion.

Statins in patients with risk factors for atherosclerosis with statins for slowing down degenerative changes in the aortic valve and
preventing atherosclerosis.

Vasodilator therapy is not indicated for long-term therapy in AR for the following:
a. The asymptomatic patient with only mild to moderate AR and normal LV function.

b. The asymptomatic patient with LV systolic dysfunction who is a candidate for AVR.

¢. The asymptomatic patient with either LV systolic function or mild to moderate LV diastolic dysfunction who is a candidate for AVR.

Recommendations for catheter interventions for adults with valvular aortic stenosis
Aortic balloon valvotomy in young adults without calcified aortic valves and no AR in:

a. Angina, syncope, dyspnoea on exertion, and peak-to-peak gradients at catheterization >50 mmHg.

b. ST or T wave abnormalities in the left precordial leads on ECG at rest or with exercise and a peak-to-peak catheter gradient >60 mmHg.

Aortic balloon valvotomy in asymptomatic adolescents or young adults with a peak-to-peak gradient on catheterization >50 mmHg
when the patient is interested in playing competitive sports or becoming pregnant.

Aortic balloon valvotomy may as a bridge to surgery in haemodynamically unstable adults or at high risk for AVR, or when AVR
cannot be performed due to co-morbidities.

In older adults, aortic balloon valvotomy is not recommended as an alternative to AVR (younger patients may be an exception).

Aortic balloon valvotomy in adolescents and young adults with a peak-to-peak gradient <40 mmHg without symptoms or ECG changes.

Recommendations for aortic valve repair/replacement and aortic root replacement
(see also Chapter 19 on AR and Chapters 70 and 71 on aortic diseases)

Aortic valvuloplasty, AVR, or Ross repair in patients with severe AS or chronic severe AR while they undergo cardiac surgery.
AVR for patients with severe AS and LV dysfunction (LVEF <50%).

AVR in adolescents or young adults with severe AR and:

a. Development of symptoms.

b. Development of persistent LV dysfunction (LVEF <50%) or progressive LV dilatation (LV end-diastolic diameter—4 standard
deviations above normal).

Surgery to repair or replace the ascending aorta in a patient with a BAV when the ascending aorta diameter is >5.0 cm or when
there is progressive dilation at a rate =5 mm per year.

AVR for asymptomatic patients with severe AR and normal systolic function (LVEF >50%) but with severe LV dilatation
(LV end-diastolic diameter >75 mm or end-systolic dimension >55 mm?¥*).

Surgical aortic valve repair or replacement in patients with moderate AS undergoing other cardiac or aortic root surgery.
AVR for asymptomatic patients with any of the following indications:

a. Severe AS and abnormal response to exercise.

b. Evidence of rapid progression of AS or AR.

¢. Mild AS while undergoing other cardiac surgery and evidence of a calcific aortic valve.

d. Extremely severe AS (aortic valve area <0.6 cm and/or mean Doppler systolic AV gradient >60 mmHg).

e. Moderate AR undergoing other cardiac surgery.

f. Severe AR with rapidly progressive LV dilation, end-diastolic dimension 70 mm or end-systolic dimension 50 mm, with declining
exercise tolerance or with abnormal haemodynamic response to exercise.

Surgical repair in adults with AS or AR and concomitant ascending aortic dilatation (ascending aorta diameter >4.5 cm) coexisting
with AS or AR.

Early surgical repair in adults with the following indications:

a. AS and a progressive increase in ascending aortic size.

b. Mild AR if valve-sparing aortic root replacement is being considered.

AVR for prevention of sudden death in asymptomatic adults with AS and without Class lla/llb indications for intervention.

AVR in asymptomatic patients with AR and normal LV size and function.

lla-C
lla-C

lla-C
llb-C
1II-B

II-B
l-C

lla-C

llb-C
l1-B
I1-B

I-C
I-C

IIb-B

Ib-C

-8
-8

* Consider lower threshold values for patients of small stature of either gender.
ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. / Am Coll Cardiol. 2008;52:e1-e121.
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Table 7.2 ESC 2010 GL on GUCH

Indications for intervention in AS

Valve replacement in severe AS and any valve-related
symptoms (AP, dyspnoea, syncope).

Valve replacement for asymptomatic patients with severe
AS when they develop symptoms during exercise testing.

Valve replacement regardless of symptoms, when systolic
LV dysfunction is present in severe AS (LVEF <50%), I-C
unless it is due to other causes.

Valve replacement regardless of symptoms, when
patients with severe AS undergo surgery of the I-C
ascending aorta or of another valve, or CABG.

Valve replacement regardless of symptoms, if the
ascending aorta is >50 mm (27.5 mm/m? BSA) and no
other indications for cardiac surgery are present.

lla-C

Valve replacement in asymptomatic patients with severe
AS when they present with a fall in blood pressure below
baseline during exercise testing.

lla-C

Valve replacement in asymptomatic patients with severe
AS and moderate to severe calcification and a rate of
peak velocity progression of >0.3 m/s/year

lla-C

Additional valve replacement in patients with moderate
AS undergoing CABG or surgery of the ascending aorta
or another valve.

lla-C

Valve replacement for severe AS with low gradient

(<40 mmHg) and LV dysfunction with contractile reserve. fla-C

Valve replacement in severe AS with low gradient
(<40 mmHg) and LV dysfunction without contractile
reserve.

Ib-C

Valve replacement in asymptomatic patients with severe
AS and excessive LV hypertrophy (215 mm), unless this is
due to hypertension.

Ib-C

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

patients with peak-to-peak gradients >60 mmHg at cath-
eterization or symptomatic patients with peak-to-peak
catheter gradients >50 mmHg. Valvuloplasty is the treat-
ment of choice in children and perhaps young adults with
BAV. Following successful valvuloplasty, sudden death is
extremely rare and exercise restriction is not recommend-
ed.’” The aortic root size should be taken into account:
aortic root size >5 c¢m indicates AVR and root replace-
ment, and changes in root size >0.5 cm/year are an in-
dication for root replacement (ACC/AHA 2008 GL on
valve disease, I-C). If the patient is undergoing surgery for
aortic valve disease, repair of the aortic root or replace-
ment of the ascending aorta is indicated if the diameter
of the aortic root or ascending aorta is greater than 4.5
cm (ACC/AHA 2008 GL on valve disease, I-C). The ACC/
AHA and ESC recommendations for management are
presented in Tables 7.1 and 7.2." ¢ For recommendations
on bicuspid aortic valve, see also Chapter 18 on AS and
Chapter 19 on AR.

SUBVALVULAR AORTIC STENOSIS

Subvalvular aortic stenosis

Subvalvular aortic stenosis comprises a spectrum of obstruc-
tive processes in the LV outflow tract that ranges from a dis-
crete subaortic membranous obstruction to a fibromuscular
tunnel-type obstruction to hypertrophic cardiomyopathy."
In patients with membranous obstruction, a thin fibrous
membrane of variable thickness and with a central lumen
stretches across the LV outflow tract from the septal surface
to the anterior leaflet of the mitral valve. In adults, as opposed
to children, progression of the obstruction and development
of AR is slow over time. With the tunnel-type obstruction, a
thick fibromuscular tubular narrowing diffusely reduces the
diameter of the outflow tract. This condition has to be dif-
ferentiated from hypertrophic cardiomyopathy. Aortic re-
gurgitation is present in 30-80% of patients and thought to
develop secondary to aortic valve damage caused by the high-
velocity subvalvular jet."? Surgery is offered when symptoms,
in the context of a peak gradient >50 mmHg or LV hypertro-
phy with reduced systolic function, develop (Tables 7.3 and
7.4). Survival is excellent after surgery for discrete subaortic
stenosis, but over time the LVOT gradient slowly increases,
mild AR is common, and reoperation for recurrent discrete
subaortic stenosis may be needed."* Myectomy does not show
additional advantages, and because it is associated with an
increased risk of complete heart block, it should not be per-
formed routinely.” Stress testing to determine exercise capa-
bility, symptoms, ECG changes or arrhythmias, or increase
in LVOT gradient is reasonable in the presence of otherwise

Table 7.3 ACC/AHA 2008 GL on GUCH

Recommendations for surgical intervention in
subaortic stenosis

Surgical intervention in subAS and a peak instantaneous
gradient of 50 mmHg or a mean gradient of 30 mmHg I-C
on echocardiography-Doppler.

Surgical intervention in subAS with <50 mmHg peak or
<30 mmHg mean gradient and progressive AR and an LV I-C
end-systolic diameter of 50 mm or LVEF <55%.

Surgical resection in patients with a mean gradient of

30 mmHg, but careful follow-up is required to detect lIb-C
progression of stenosis or AR.
Surgical resection may be considered for patients with
<50 mmHg peak gradient or <30 mmHg mean gradient lIb-C
in the following situations:
a. When LV hypertrophy is present.
b. When pregnancy is being planned.
¢. When the patient plans to engage in strenuous/
competitive sports.
Surgical intervention to prevent AR for patients with li-C

subAS and trivial LVOT obstruction or trivial to mild AR.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008;52:e1-e121.
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LEFT VENTRICULAR OUTFLOW TRACT OBSTRUCTION

Table 7.4 ESC 2010 GL on GUCH

Table 7.5 ACC/AHA 2008 GL on GUCH

Indications for intervention in subaortic stenosis

Surgery for symptomatic patients (spontaneous or on
exercise test) with a mean Doppler gradient 250 mmHg I-C
or severe AR.

Surgery in asymptomatic patients when:

o LVEF is <50% (gradient may be <50 mmHg due to

low flow). lla-C

e AR is severe and LVESD >50mm (or 25 mm/mC BSA) lla-C
and/or EF <50%.

e Mean Doppler gradient is 2550 mmHg and LVH marked. lla-C

e Mean Doppler gradient is 250 mmHg* and blood lIb-C
pressure response is abnormal on exercise testing.

e Mean Doppler gradient is 250 mmHg, LV normal, Ib-C
exercise testing normal, and surgical risk low.

e Progression of AR is documented, and AR becomes lIb-C

more than mild (to prevent further progression).

* Doppler-derived gradients may overestimate the obstruction and may need
confirmation by cardiac catheterization.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

equivocal indications for intervention (Class ITa-C, ACC/
AHA 2008). Lifelong cardiology follow-up is recommended
in all patients with subaortic stenosis. Patients without op-
eration should be subjected to yearly echocardiograms. Dis-
crete subaortic stenosis progresses very slowly in adulthood,
but patients with associated congenital lesions, particularly a
VSD, are at risk for faster disease progression and should be
monitored cautiously." In patients with isolated thin discrete
subaortic stenosis, transluminal balloon tearing of the mem-
brane is another option with good long-term results."

Supravalvular aortic stenosis

Rare condition usually associated with the Williams-Beuren
syndrome (neurodevelopmental disorder characterized by
connectivetissueand centralnervoussystemabnormalities)."
Isolated supravalvar aortic stenosis occurs at the level of the
sinotubular junction in 70% of patients with cardiovascular
manifestations. The supravalvar lesion may involve the en-
tire aortic root, the coronary arteries, and/or the aortic valve.
In children, it is felt to be a progressive disease, perhaps re-
lated to an inadequate growth of the supravalvar aortic root
and the sinotubular junction. However, progression of sub-
valvular AS in adulthood is rare.” Diffuse hypoplasia and PA
stenosis, coarctation of the aorta, and septal defects are other
associated conditions. TTE and/or TOE and either MRI or
CT should be performed to assess the anatomy of the LVOT,
aortic and mitral valve, the ascending aorta, and main and
branch pulmonary artery anatomy. Adults with a history or
presence of supraAS should be screened periodically for my-
ocardial ischaemia (Class I- C, ACC/AHA 2008). Due to the

Recommendations for interventional and surgical
therapy in supravalvar aortic stenosis

Operative intervention in supravalvular LVOT obstruction

(discrete or diffuse) with symptoms (i.e. angina, dyspnoea,

or syncope) and/or mean gradient >50 mmHg or peak I-B
instantaneous gradient by Doppler echocardiography

>70 mmHg.

Surgical repair in lesser degrees of supravalvular LVOT
obstruction and the following indications:

a. Symptoms (i.e. angina, dyspnoea, or syncope). I-B

b. LV hypertrophy. I-C

c. Desire for greater degrees of exercise or a planned IC
pregnancy.

d. LV systolic dysfunction. I-C

Interventions for coronary artery obstruction in patients
with supraAS should be performed in ACHD centres with I-C
demonstrated expertise.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. / Am Coll Cardiol. 2008;52:e1-e121.

Table 7.6 ESC 2010 GL on GUCH

Indications for intervention in supravalvar aortic
stenosis

Surgery for patients with symptoms (spontaneous or on

exercise test) and mean Doppler gradient 250 mmHg. -

Surgery for patients with mean Doppler gradient

<50 mmHg when they have:

e Symptoms attributable to obstruction (exertional I
dyspnoea, angina, syncope), and/or

o LV systolic dysfunction (without other explanation), I-C

e Severe LVH, attributable to obstruction (not related to e
hypertension),

e When surgery for significant coronary artery disease I
is required.

Repair in patients with mean Doppler gradient

>50 mmHg* but without symptoms, LV systolic Ib-C

dysfunction, LVH, or abnormal exercise test when the
surgical risk is low.

* Doppler-derived gradients may overestimate the obstruction and may need
confirmation by cardiac catheterization.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

potential of regression, surgery is recommended in the case
of symptoms in the context of a peak gradient >70 mmHg or
LV dysfunction (Tables 7.5 and 7.6).

Supravalvar AS, whether associated with Williams syn-
drome or non-syndromic, has a strong likelihood of being
an inherited disorder. Undetected family members may be
at risk for hypertension, coronary disease, or stroke; there-
fore, all available relatives should be screened (Class I- C,
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ACC/AHA 2008). Patients with significant obstruction,
coronary involvement, or aortic disease should be coun-
selled against pregnancy (Class I- C, ACC/AHA 2008).
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Coarctation of the aorta

Definitions

Aortic arch obstruction may be due to:

¢ Coarctation of theaorta (CoA), i.e. adiscrete obstruc-
tive lesion located just distal to the origin of the left
subclavian artery where the fetal ductus arteriosus
inserted into the aorta

o Tubular hypoplasia of some part of the aorta

o Aortic arch interruption.

Epidemiology

CoA is found in about 5-8% of patients with congeni-
tal heart disease and is 2-5 times more common in
males. Although most cases of CoA are sporadic, there
is clearly a genetic component with congenital heart

disease, occurring in, at least, 4% of offspring of women
with CoA. Linkage analysis studies suggest a genetic
susceptibility locus on chromosomes 2p23, 10q21,
and 16p12. CoA is also present in 12-17% of patients
with Turner’s syndrome who are at high risk of aortic
dissection.’

Pathophysiology and natural history

Obstruction of the aorta reduces flow to the juxta-
glomerular apparatus in the kidneys, with resultant in-
crease in vascular tone and intravascular volume. Thus,
significant hypertension in the upper body occurs, and collat-
eral circulation develops in the form of intracranial (circle of
Willis) and intercostal artery aneurysms. In adults, a bicuspid
aortic valve has been reported in 25-75% of patients with CoA.
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COARCTATION OF THE AORTA

In children, VSD, PDA, and mitral valve abnormalities are
also common. The average survival of the adult with unrepaired
coarctation is 35 years of age, with a 25% survival rate beyond
50 years of age.? Although the main cause of death in patients with
corrected coarctation is coronary artery disease, coarctation itself
does not predict for the development of coronary artery disease
after adjustment for other risk factors, such as ageing, associated
hypertension, hypercholesterolaemia, and diabetes mellitus.?

Presentation

In early age, CoA may lead to heart failure, but the adult
is usually asymptomatic. Rarely, headache, epistaxis,
dizziness, palpitations, and claudication are reported.
Diagnosis is suspected when hypertension is associated
with diminished or absent femoral pulses.

Physical examination

Patients with systemic arterial hypertension should have the
brachial and femoral pulses palpated simultaneously to assess
timing and amplitude evaluation to search for the ‘brachial-
femoral delay’ of significant aortic coarctation. Supine bilat-
eral arm (brachial artery) blood pressures and prone right or
left supine leg (popliteal artery) blood pressures should be
measured to search for differential pressure. There is differ-
ential systolic blood pressure (brachial-popliteal >10 mmHg)
and radial-femoral pulse delay, unless significant AR coex-
ists. The diastolic pressure is similar in arms and legs and,
therefore, a widened pulse is felt in the arms.
Auscultation may reveal:

o Interscapular systolic murmur
# Widespread crescendo-decrescendo systolic mur-
mur due to intercostal collaterals.

There may be also ‘corkscrew’ tortuosity of retinal arteries.

Investigations

Chestradiography maybe normal. Rib notching (unilateral
or bilateral) in 50% of cases. The typical ‘figure 3’ configura-
tion of the aorta may also be seen in the PA projection.
ECG may show LVH.

Echocardiography is useful, but MRA is the modality
of choice, particularly for post-intervention surveillance.
Every patient with coarctation (repaired or not) should
have cardiovascular MRI or CT scan for complete evalua-
tion of the thoracic aorta and intracranial vessels (Class I-B,
ACC/AHA 2008).

Therapy

The natural history of unrepaired CoA includes the devel-
opment of systemic hypertension. Most untreated patients
will die before 50 years of age, and the condition should
be diagnosed at a young age before hypertension develops.
Early detection and treatment of CoA is associated with

Table 8.1 ACC/AHA 2008 GL on GUCH

Recommendations for interventional and surgical
treatment of coarctation of the aorta in adults

Intervention for coarctation in: I-C
a. Peak-to-peak coarctation gradient > 20 mmHg.

b. Peak-to-peak coarctation gradient <20 mmHg in the
presence of anatomic imaging evidence of significant
coarctation with radiological evidence of significant
collateral flow.

Choice of percutaneous catheter intervention versus

surgical repair of native discrete coarctation should

be determined by consultation with a team of ACHD I-C
cardiologists, interventionalists, and surgeons at an

ACHD centre.

Percutaneous catheter intervention is indicated for
recurrent, discrete coarctation and a peak-to-peak I-B
gradient >20 mmHg.

Surgeons with training and expertise in CHD should
perform operations for previously repaired coarctation I-B
and the following indications:

a. Long recoarctation segment.
b. Concomitant hypoplasia of the aortic arch.

Stent placement for long-segment coarctation
(usefulness not well established, and long-term efficacy
and safety unknown).

Ib-C

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

Table 8.2 ESC 2010 GL on GUCH

Indications for intervention in coarctation of the aorta

Intervention in all patients with a non-invasive pressure

difference >20 mmHg between upper and lower limbs,

regardless of symptoms, but with upper limb hypertension I-C
(>140/90 mmHg in adults), pathological blood pressure

response during exercise, or significant LVH.

Intervention independent of the pressure gradient,
in hypertensive patients with >50% aortic narrowing

relative to the aortic diameter at the diaphragm level (on fla-C
CMR, CT, or invasive angiography).

Intervention independent of the pressure gradient

and presence of hypertension, in patients with >50% lIb-C

aortic narrowing relative to the aortic diameter at the
diaphragm level (on CMR, CT, or invasive angiography).

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

the best outcomes, although some patients will develop hy-
pertension despite repair.

Surgical or endovascular repair indications

Indications for repair are presented in Tables 8.1 and 8.2.
Main indications are:

o CoA gradient >20 mmHg

# Non-invasive pressure difference >20 mmHg between
upper and lower limb, with upper limb hypertension
(>140/90 mmHg)
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# Anatomic imaging evidence of significant coarctation
with collaterals.

Surgical repair

The surgical risk in simple CoA is <1%, but it increases sig-
nificantly beyond the age of 30-40 years and carries the risk
of spinal cord injury. Recoarctation, aneurysms, or pseu-
doaneurysms may occur in 10% of cases. When repair of
CoA is performed between the ages of 20 and 40 years, the
25-year survival is 75%; in patients over 40 years old, the
15-year survival is only 50%."

Endovascular repair

Covered stent deployment is increasingly the treatment of
choice for adults with comparable results with surgery,* but
long-term results are missing. Stenting appears to offer lower
acute complications compared with surgery patients or bal-
loon angioplasty but is more likely to require a planned re-
intervention.’ Percutaneous intervention (balloon or stent) is
particularly recommended for recoarctation.® Systemic hyper-
tension can occur after both surgical and endovascular repair
and may be due to residual or recurrent coarctation, but even
patients with a successful repair may develop hypertension.
Risk factors for subsequent hypertension include an older
age at the time of repair and higher blood pressure before the
time of repair. The pathophysiology of hypertension that oc-
curs after repair of coarctation of the aorta is not fully known.
Anatomical and functional changes in the arterial tree, such as
impaired elasticity and compliance and aortic stiffness, may
be involved. Post-repair surveillance for hypertension, endo-
carditis or arteritis, and rupture of berry or thoracic aneu-
rysms is necessary. Even if the coarctation repair appears to be
satisfactory, late post-operative thoracic aortic imaging should
be performed to assess for aortic dilatation or aneurysm for-
mation. Thus, lifelong cardiology follow-up is recommended
for all patients with aortic coarctation (repaired or not).

Chapter 9

EPIDEMIOLOGY

Pregnancy

It is allowed after repair. In unrepaired coarctation, resid-
ual significant hypertension, or aortic aneurysms, there is
an increased risk of aortic rupture.”
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Tetralogy of Fallot

Definition

Tetralogy of Fallot denotes a group of conditions char-
acterized by ventricular septal defect, overriding of the
aorta, right ventricular outflow obstruction, and right
ventricular hypertrophy.' It is the most common form
of cyanotic congenital heart disease. Despite the basi-
cally similar anatomy, these conditions are variable in

terms of pulmonary artery anatomy and associated ab-
normalities.

Epidemiology

About 3.5% of all infants born with a congenital heart
disease have tetralogy of Fallot, with males and females
being affected equally.! The risk of recurrence in siblings
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is about 2-3% if there are no other affected first-degree
relatives.

Aetiology

Approximately 15% of patients with Fallot have a deletion
of the q11 region of chromosome 22 (di George syndrome)
that has been associated with late-onset neuropsychiatric
disorders. Screening for 22q11 deletion should be offered
to all patients with Fallot since this mutation raises the risk
of recurrence in offspring to 50%. Right aortic arch (25%),
ASD (10%), and coronary artery anomalies (10%) are as-
sociated abnormalities.?

Pathophysiology

The ventricular septal defect is almost always large, ensur-
ing that the pressure is equal in the two ventricles. Since the
resistance to flow across the RV outflow tract is relatively
fixed, changes in systemic vascular resistance affect the
magnitude of right-to-left shunting. Most patients develop
increasing cyanosis during the first few weeks and months
of life. Severe cyanosis, recurrent hypercyanotic spells,
and squatting for reduction of cyanosis, through increase
in pulmonary flow and reduction of the shunt, are nowa-
days rare because usually infants undergo surgery at age of
3-6 months. Due to recent advances in the diagnosis and
surgical treatment, almost all those born with tetralogy of
Fallot are now expected to survive to adulthood.

Presentation

Survival to adult life is rare without palliation or correc-
tion, and only 11% reach 20 years of life.” These patients
are cyanotic with marked clubbing. Usually, patients with
repaired tetralogy are seen. Approximately 85% of patients
with a previous repair remain asymptomatic but with
reduced exercise ability and life expectancy (85% vs 92%
35-year survival, respectively).

Physical examination

# Unoperated patients
= RV heave and palpable thrill
= RVOT systolic ejection murmur (intensity and
duration inversely related to obstruction severity)
= Single A2 and diastolic murmur due to AR
o Patients with palliative surgery with systemic-to-
pulmonary arterial shunts
= Cyanosis with worsening of RVOT obstruction
and/or aortopulmonary shunt stenosis. Progressive
dilation of the aortic root may also occur.
+ Patients with anatomic repair
= PR or RVOT systolic ejection murmur
= Progressive dilation of the aortic root with aortic
ejection click and AR.

Investigations

# Chest radiography Normal-sized boot-shaped heart
(coeur en sabot) with prominence of the right heart
and and the apex lifted off the hemidiaphragm. Lung
fields are oligaemic, and the aortic arch may be on the
right side.

+ ECG Right axis deviation with RV and RA hypertophy
and RBBB, especially after anatomic repair. QRS width
(to >180 ms) reflects RV dilatation and is a risk factor
for VT.

& BNP levels correlate with end-diastolic RV dimen-
sions and PR severity.?

# Echocardiography is adequate for diagnosis before or
after operation, but the ideal method for assessing PR
is cardiac MRL

o Cardiac catheterization may be useful in cases of
pulmonary atresia, with major aortopulmonary
collaterals to delineate arterial supply to lungs or to
delineate coronary artery anatomy before reopera-
tion (Class I-B, ACC/AHA 2008).

Therapy

Anatomical repair is traditionally aimed at VSD clo-
sure and relief of RVOT obstruction (with resection
of the infundibulum and pulmonary valvotomy and,
if needed, RVOT or transannular patches). A mod-
ern approach is preservation of the pulmonary valve
and avoidance of ventriculotomy at the expense of
an accepted degree of RVOT obstruction.! Pallia-
tive systemic-to-pulmonary arterial shunts, such as
Blalock-Taussig (either subclavian to respective PA),
Waterston (back of ascending aorta to PA), or Potts
(descending aorta to left PA), are associated with long-
term complications, such as LV volume overload and
pulmonary hypertension and distortion of pulmonary
artery branches. They may still be offered today in the
context of a staged procedure.

Clinical problems of adults with repaired
tetralogy

Ventricular tachycardia, atrial macro re-entrant tachycar-
dia, and atrial fibrillation are frequent (14-20%) and appear
to be influenced more by left- than right-sided ventricular
function.* Ventricular arrhythmias can be detected with
Holter monitoring in up to 50% of patients with repaired te-
tralogy of Fallot. The incidence of sudden death in the adult
population with Fallot is approximately 2.5% per decade of
follow-up.® Patients with tetralogy of Fallot are the largest
subgroup of implantable cardioverter defibrillator recipients
with congenital heart disease. Significant PR (main predic-
tor), QRS >180 ms, NSVT on Holter, and inducible VT at
EPS, and older age repair have been identified as risk mark-
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ers for sudden death.”® Currently, ICDs are indicated for sec-
ondary prevention (previous cardiac arrest or sustained V'T).
Both RV and biventricular pacing might improve the intra-
ventricular dyssynchrony of right ventricular contraction.
Pulmonary regurgitation The degree of residual PR has
been related to the most severe adverse outcomes of pro-
gressive exercise intolerance, right heart failure, ventricu-
lar arrhythmia, and sudden death. Indications for surgery
are new-onset symptomatic sustained ventricular tachy-
cardia, exercise intolerance, and right heart failure. Pul-
monary valve replacement in adults with palliated Fallot
is a safe procedure, with a 93% 10-year survival.’ It leads
to stabilization of QRS duration and, in conjunction with
intraoperative cryoablation, to a decrease in the incidence
of pre-existing atrial and ventricular tachyarrhythmia.'
Percutaneous pulmonary valve replacement is now pos-
sible with no periprocedural mortality and low late mor-
tality."! Care must be taken during deployment to avoid
compression of coronary arteries, which might be adjacent
to the right ventricular outflow tract. Valve failure occurs
but usually can be treated by implantation of a second
valve. The major limitation of the technique is that it is
unsuitable for most patients with patch reconstruction of
the right ventricular outflow tract and those with a grossly
dilated native outflow tract.

Residual RVOT obstruction may require surgery, and
branch pulmonary stenosis, especially in the setting of
free pulmonary regurgitation, is treated by balloon dila-
tion with or without stent.

Aorticroot dilation is an increasingly recognized feature of
late post-operative tetralogy of Fallot and can lead to signif-
icant AR. Progressive AR and aortic root dilation >55 mm
are indications for surgery. However, although nearly one-
third of adults with repaired TOF have an aortic root diam-
eter 240 mm, the prevalence of a dilated aortic root, when
defined by an indexed ratio of observed to expected values,
is low, and moderate or severe AR is uncommon.'?

Indications for intervention after
repair

They are presented in Tables 9.1 and 9.2. Main indications
are:

# Severe symptomatic PR or PS

¢ Residual RVOT obstruction with gradient >50 mmHg
or RV/LV pressure ratio >0.7

o AR with LV dysfunction.

Participation in exercise

Full exercise activity should be encouraged for patients with
only minimal residual abnormalities. Sports should be avoided
by individuals with exercise-induced life-threatening arrhyth-
mias. In patients with high right ventricular pressure (>50%
of systemic values), severe pulmonary regurgitation with right

PREGNANCY

Table 9.1 ACC/AHA 2008 GL on GUCH. Tetralogy of Fallot

Recommendations for surgery for adults with previous
repair of tetralogy of Fallot

Surgeons with training and expertise in CHD should perform

operations in adults with previous repair of tetralogy of Fallot. -
Pulmonary valve replacement is indicated for severe PR and 1B
symptoms of decreased exercise tolerance.
The possibility of an anomalous LAD across the RVOT should I
be ascertained before operative intervention.
Pulmonary valve replacement in adults with previous
tetralogy of Fallot, severe PR, and any of the following:
a. Moderate to severe RV dysfunction. lla-B
b. Moderate to severe RV enlargement. lla-B
c. Development of symptomatic or sustained atrial and/or la-C
ventricular arrhythmias.
d. Moderate to severe TR. lla-C
Collaboration between ACHD surgeons and ACHD
interventional cardiologists to determine the most feasible lla-C
treatment for pulmonary artery stenosis.
Surgery in adults with prior repair of tetralogy of Fallot and
residual RVOT obstruction (valvular or subvalvular) and any
of the following indications:
a. Residual RVOT obstruction (valvular or subvalvular)
with peak instantaneous echocardiography gradient lla-C
>50 mmHg.
b. Residual RVOT obstruction (valvular or subvalvular) with la-C
RV/LV pressure ratio >0.7.
¢. Residual RVOT obstruction (valvular or subvalvular) with
progressive and/or severe dilatation of the right ventricle lla-C
with dysfunction.
d. Residual VSD with a left-to-right shunt >1.5:1. lla-B
e. Severe AR with associated symptoms or more than mild
. lla-C
LV dysfunction.
f. A combination of multiple residual lesions (e.g. VSD and
RVOT obstruction), leading to RV enlargement or reduced  lla-C

RV function.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

ventricular dilatation, or rhythm disturbances, restriction to
low dynamic and low static sport activities is advised.

Pregnancy

Before pregnancy, consultation with a geneticist is advis-
able. The risk is low in patients without substantial residual
obstruction across the right ventricular outflow tract, severe
pulmonary regurgitation, tricuspid regurgitation, and right
and left ventricular dysfunction.”'* The right ventricle is al-
ready compromised from previous surgery, and pregnancy
in these patients is associated with persisting midterm
dilatation of the subpulmonary ventricle. Thus, patients
with repaired tetralogy of Fallot and severe pulmonary re-
gurgitation should be considered for pulmonary valve re-
placement before becoming pregnant. Vaginal delivery is
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Table 9.2 ESC 2010 GL on GUCH

Indications for intervention after repair of tetralogy
of Fallot

Aortic valve replacement in patients with severe AR with
symptoms or signs of LV dysfunction.

PV replacement in symptomatic patients with severe
PR and/or stenosis (RVsystolic pressure >60 mmHg, TR I-C
velocity >3.5 m/s).

PV replacement in asymptomatic patients with severe PR and/
or PS when at least one of the following criteria is present:

lla-C
e Decrease in objective exercise capacity.

e Progressive RV dilation.

e Progressive RV systolic dysfunction.

e Progressive TR (at least moderate).

e RVOTO with RV systolic pressure >80 mmHg (TR velocity
>4.3 m/s).

e Sustained atrial/ventricular arrhythmias.

VSD closure in patients with residual VSD and significant
LV volume overload or if the patient is undergoing
pulmonary valve surgery

lla-C

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

the recommended mode of delivery for most women with
tetralogy of Fallot. If right ventricular failure occurs during
pregnancy, delivery should be considered before term. The
estimated recurrence rate in the offspring is 3%.°
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Transposition of great arteries

Definitions and classification of TGA

Morphological right andleft ventricles refer to the anatomic
characteristics of the chambers and not their positions.!
Atrioventricular discordance Inappropriate connections
of the morphological right atrium to the morphological
left ventricle and morphological left atrium to right
ventricle.

Ventriculoarterial discordance The pulmonary artery
arises from a morphological left ventricle, and the aorta
arises from a morphological right ventricle.

Complete or d-transposition of great arteries (TGA) de-
notes that the aorta arises from the morphological right
ventricle, and the pulmonary artery arises from the mor-
phological left ventricle (i.e. there is ventriculoarterial
discordance).
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Normal

Figure 10.1 Anatomy of I-TGA.

Warnes CA. Transposition of the great arteries. Circulation. 2006;114:2699-709.

In congenitally ‘corrected’ or I-TGA, there are inap-
propriate connections of the morphological right atrium
to the morphological left ventricle and morphological left
atrium to right ventricle (atrioventricular discordance and
ventriculoarterial discordance) (Figure 10.1).

Complete TGA (d-TGA)

Anatomy and pathophysiology

d-TGA refers to the normal rightward (dextro) bend of the
embryonic heart tube and indicates that the inflow por-
tion of the right ventricle is to the right of the morphologi-
cal left ventricle. The aorta arises from the morphological
right ventricle, and the pulmonary artery arises from the
morphological left ventricle. The aorta also tends to be on
the right and anterior, and the great arteries are parallel,
rather than crossing as they do in the normal heart. Be-
cause the systemic and pulmonary circulations run in par-
allel, there has to be a communication between them, such
as VSD, ASD, or PDA. Without intervention, the mortality
rate is 90% by 6 months of age.!

Epidemiology
d-TGA accounts for 5% of all forms of congenital

heart disease and is one of the most common cyanotic
defects.?

Clinical problems and therapy in adults

Adult patients with TGA have survived due to previous
repair. Their condition depends on the mode of operation
performed.

COMPLETE TGA (D-TGA)

Congenitally-corrected
transposition

JKA{}/

Atrial switch (Senning and Mustard
operations)

Atrial switch or atrial baffle procedures are the Senning
(creation of an atrial baffle from autologous tissue to direct
the venous return to the contralateral atrioventricular (AV)
valve and ventricle) or Mustard (excision of the atrial septum
and creation of the baffle with synthetic material) operations.
These operations leave the morphological RV to support the
systemic circulation, and RV failure and TR are common.
Atrial arrhythmias (a marker of sudden death), sinus nodal
dysfunction, pulmonary hypertension, and atrial baffle
obstruction are problems encountered in adulthood.

Rastelli operation

When d-TGA coexists with a large subaortic VSD and PS,
the Rastelli procedure may be used. A patch is placed to
direct flow from the LV to the aorta through the VSD; the
PV is oversewn, and continuity between RV and PV is es-
tablished through a valve conduit. This operation has the
advantage that the LV supports systemic circulation, but
conduit degeneration and atrial arrhythmias are com-
mon and sudden death may occur.

Arterial switch

The modern surgical approach is arterial switch that re-
stores normal anatomy of circulation. Arterial switch in-
volves transection of the great arteries above the sinuses
and restoration of their anatomic sites (i.e. the aorta to LV
outflow tract if normal, and the pulmonary artery anterior
to the aorta to the morphological right ventricle).® This
operation is performed in the first weeks of life or later as
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a two-stage procedure with PA banding, in the absence of
PV stenosis, to ‘train’ the LV in higher pressures. Late arte-
rial switch after ‘training’ of the LV with a PV band can also
be performed in young patients with previous atrial switch
operations and failing RV. This strategy has the theoreti-
cal advantage of relieving the haemodynamic burden on
the RV and tricuspid valve, potentially improving surgical
results and longevity. Long-term and arrhythmia-free sur-
vival is excellent after arterial switch operation, and most

patients maintain normal systolic function and exercise
capacity.! Complications include chronotropic incom-
petence, and dilatation of the neoaortic root with AR,
branch pulmonary stenosis, PR, and coronary stenoses.
The effect of ACE inhibitors on RV function is debated,
but they may be indicated in symptomatic patients with
RV dysfunction.®

The ACC/AHA and ESC recommendations are pre-
sented in Tables 10.1 to 10.3.

Table 10.1 ACC/AHA 2008 GL on GUCH. Dextro-transposition

Recommendations for interventional catheterization for adults with dextro-transposition of the great arteries

Interventional catheterization of the adult with d-TGA can be performed in centres with expertise. I-C

For adults with d-TGA after atrial baffle procedure (Mustard or Senning), interventional catheterization to assist in:

a. Occlusion of baffle leak.

lla-B

b. Dilation or stenting of superior vena cava or inferior vena cava pathway obstruction.

c. Dilation or stenting of pulmonary venous pathway obstruction.

For adults with d-TGA after ASO, interventional catheterization to assist in dilation or stenting of supravalvular and branch

pulmonary artery stenosis.

For adults with d-TGA, VSD, and PS, after Rastelli type repair, interventional catheterization to assist in:

lla-B

lla-C

a. Dilation with or without stent implantation of conduit obstruction (RV pressure >50% of systemic levels or peak-to-peak
gradient >30 mmHg (these indications may be lessened in the setting of RV dysfunction).

b. Device closure of residual VSD.

Recommendations for surgical interventions after atrial baffle procedure (Mustard, Senning)

Surgeons with training and expertise in CHD should perform operations in patients with d-TGA and: I-B

a. Moderate to severe systemic (morphological tricuspid) AV valve regurgitation without significant ventricular dysfunction.

b. Baffle leak with left-to-right shunt >1.5:1, right-to-left shunt with arterial desaturation at rest or with exercise,
symptoms, and progressive ventricular enlargement that is not amenable to device intervention.

¢. Superior vena cava or inferior vena cava obstruction not amenable to percutaneous treatment.

d. Pulmonary venous pathway obstruction not amenable to percutaneous intervention.

e. Symptomatic severe subpulmonary stenosis.

Recommendations for surgical interventions after arterial switch operation

Surgery in patients after arterial switch operation (ASO) with the following indications: I-C

a. RVOT obstruction peak-to-peak gradient >50 mmHg or right ventricle/left ventricle pressure ratio >0.7, not amenable or
responsive to percutaneous treatment; lesser degrees of obstruction if pregnancy is planned, greater degrees of exercise

are desired, or concomitant severe pulmonary regurgitation is present.

b. Coronary artery abnormality with myocardial ischaemia not amenable to percutaneous intervention.

c. Severe neoaortic valve regurgitation.

d. Severe neoaortic root dilatation (>55 mm) after ASO.

Recommendations for surgical interventions after Rastelli procedure

Reoperation for conduit and/or valve replacement after Rastelli repair of d-TGA with: I-C

a. Conduit obstruction peak-to-peak gradient >50 mmHg.

b. RV/LV pressure ratio >0.7 (level of evidence: C).

. Lesser degrees of conduit obstruction if pregnancy is being planned or greater degrees of exercise are desired.

d. Subaortic (baffle) obstruction (mean gradient >50 mmHg).

e. Lesser degrees of subaortic baffle obstruction if LV hypertrophy is present, pregnancy is being planned, or greater degrees of exercise are desired.

(continued)
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Table 10.1 (continued)

f. Presence of concomitant severe AR.

Reoperation for conduit regurgitation after Rastelli repair of d-TGA in patients with severe conduit regurgitation and:
a. Symptoms or declining exercise tolerance.

b. Severely depressed RV function.

c. Severe RV enlargement.

d. Development/progression of atrial or ventricular arrhythmias.

e. More than moderate TR.

Collaboration between surgeons and interventional cardiologists, which may include preoperative stenting, intraoperative
stenting, or intraoperative patch angioplasty, with or without conduit replacements, to determine the most feasible treatment for
pulmonary artery stenosis.

Surgical closure of residual VSD in adults after Rastelli repair of d-TGA with:
a. Qp/Qs >1.5:1.

b. Systolic pulmonary artery pressure >50 mmHg.

. Increasing LV size from volume overload.

d. Decreasing RV function from pressure overload.

e. RVOT obstruction (peak instantaneous gradient >50 mmHg).

Pulmonary artery pressure <2/3 of systemic pressure or PVR <2/3 of systemic vascular resistance, with a net left-to-right shunt of
1.5:1, or a decrease in pulmonary artery pressure with pulmonary vasodilators (oxygen, nitric oxide, or prostaglandins).

Surgery after Rastelli repair of d-TGA in adults with branch pulmonary artery stenosis not amenable to percutaneous treatment.

In the presence of a residual intracardiac shunt or significant systemic venous obstruction, permanent pacing, if indicated, should
be performed with epicardial leads.

Concomitant Maze procedure for atrial tachyarrhythmias in adults with d-TGA requiring reoperation for any reason.

ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. / Am Coll Cardiol. 2008;52:e1-e121.

Table 10.2 ESC 2010 GL on GUCH. Indications for intervention in transposition of the great arteries after atrial switch

Indications for surgical intervention

Valve repair or replacement in patients with severe symptomatic systemic (tricuspid) AV valve regurgitation without significant
ventricular dysfunction (RVEF >45%).

Significant systemic ventricular dysfunction, with or without TR, should be treated conservatively or, eventually, with cardiac
transplantation.

Surgery for LVOTO if symptomatic or if LV function deteriorates.

Surgical repair in symptomatic pulmonary venous obstruction (catheter intervention rarely possible).
Surgery for symptomatic patients with baffle stenosis not amenable to catheter intervention.
Surgery for symptomatic patients with baffle leaks not amenable to stenting.

Valve repair or replacement for severe asymptomatic systemic (tricuspid) AV valve regurgitation without significant ventricular
dysfunction (RVEF >45%).

Pulmonary artery banding in adult patients to create septal shift, or as left ventricular training with subsequent arterial switch, is
currently experimental and should be avoided.

Indications for catheter intervention

Stenting in symptomatic patients with baffle stenosis.

Stenting (covered) or device closure in symptomatic patients with baffle leaks and substantial cyanosis at rest or during exercise.
Stenting (covered) or device closure in patients with baffle leaks and symptoms due to L-R shunt.

Stenting (covered) or device closure in asymptomatic patients with baffle leaks with substantial ventricular volume overload due to
L-R shunt.

Stenting in asymptomatic patients with baffle stenosis who require a pacemaker.

Stenting in other asymptomatic patients with baffle stenosis.

I-C
I-C
I-C
I-C
lla-C

l-C

I-C

I-C

I-C
lla-C
lla-C
Ib-C

ESC Guidelines for the management of grown-up congenital heart disease (new version 2010). Eur Heart J. 2010;31:2915-57.
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Table 10.3 ESC 2010 GL on GUCH

Indications for intervention in transposition of the
great arteries after arterial switch

Stenting or surgery (depending on substrate) for I-C
coronary artery stenosis causing ischaemia.

Surgical repair of RVOTO in symptomatic patients with  I-C
RV systolic pressure >60 mmHg (TR velocity >3.5 m/s).

Surgical repair of RVOTO, regardless of symptoms, I-C
when RV dysfunction develops (RVP may then be lower).
Surgical repair in asymptomatic patients with RVOTO lla-C
and systolic RVP >80 mmHg (TR velocity >4.3 m/s).

Aortic root surgery when the (neo-) aortic root is lla-C
>55 mm, providing average adult stature.

Stenting or surgery (depending on substrate) for lla-C

peripheral PS, regardless of symptoms, if >50%
diameter narrowing and RV systolic pressure >50 mmHg
and/or lung perfusion abnormalities are present.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

Pregnancy

Pregnancy can be tolerated by successfully operated pa-
tients in the presence of reasonable RV function, but it
carries a risk of heart failure. The risk of congenital heart
defect in the offspring is <5%. Most patients need endocar-
ditis prophylaxis, unless they have had an arterial switch
procedure and have no residual valve dysfunction or out-
flow tract disturbance.>®

Congenitally corrected transposition
(I-TGA)

Anatomy and pathophysiology

There are inappropriate connections of the morphological
right atrium to the morphological left ventricle and mor-
phological left atrium to right ventricle. The right atrium
enters the left ventricle, which gives rise to the pulmonary
artery, and the left atrium enters the right ventricle, which
gives rise to the aorta. The aorta is usually anterior and to
the left, and the tricuspid valve always enters a morpho-
logical RV. Thus, the circulation continues in the appro-
priate direction but flows through the wrong ventricles. It
is also called 1-TGA since the morphological right ventri-
cle is on the left of the morphological left ventricle.!

Associated anomalies

A VSD occurs in 70% of patients, usually in the perimem-
branous location.

Pulmonary stenosis occurs in 40% of patients and is
commonly subvalvular, either due to an aneurysm of the
membranous septum or due to fibrous tissue or ring in the
subvalvular area. Associated valvar pulmonary stenosis
also occurs.

Abnormalities of the TV, especially inferior displace-
ment resembling Ebstein’s anomaly, occur in up to 70% of
patients.

Due to the displacement of the AV node and His bundle,
complete AV block occurs at 2% per year. Tricuspid valve
or VSD surgery may also precipitate heart block.

Epidemiology
1-TGA is a rare anomaly and comprises <1% of all forms of
congenital heart disease.

Presentation

Patients may present for the first time in adulthood, and
the diagnosis is often overlooked. Some patients may be
relatively normal from a functional standpoint, and sur-
vival to the eighth decade has been reported in the absence
of associated anomalies. Failure of the systemic ventricle is
much more common earlier in life, usually with concomi-
tant tricuspid regurgitation.

Physical findings
Physical signs are those of:

o Systemic ventricular (RV) failure
o Left AV valve regurgitation
¢ Complete AV block and SVT or AF.

The cause of systemic ventricular failure is not established.
Perfusion of the systemic ventricle by a single coronary ar-
tery (RCA) as well as systemic AV valve regurgitation are
probably responsible.

Investigations

Chest radiograph With mesocardia or levocardia, the
diagnosis may be suspected from the chest radiograph
(Figure 10.2). The vascular pedicle appears abnormally
straight because the normal arterial relationships are lost.
The ascending aorta is not visible on the right side, and
the convexities from the descending aortic knob and pul-
monary artery are absent on the left side. I-TGA is one
of the most common anomalies associated with dextro-
cardia and should be suspected when there is abdominal
situs solitus (gastric bubble on the left) and dextrocardia
(Figure 10.2).

ECG The ECG may resemble inferior myocardial inf-
arction, with Q waves in the right precordial leads and ab-
sent Q waves in the left precordial leads. Various degrees of
AV block may be present.

Echocardiography can be difficult, particularly with
mesocardia or dextrocardia. Subcostal imaging facilitates
detection of atrial situs and position of the cardiac apex
and thus determines the presence or absence of dextro-
cardia or mesocardia. The morphological RV is on the
patient’s left (I-loop) and has prominent trabeculations. A
high parasternal short-axis view may show the abnormal
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Figure 10.2 Chest X-rays in I-TGA.

Warnes CA. Transposition of the great arteries. Circulation. 2006;114:2699-709.

arterial relationships, with the aorta usually anterior and
to the left of the pulmonary artery.

Therapy

ACE inhibitors may be beneficial in symptomatic only
patients with RV dysfunction.®

Surgical repair

Various procedures have been used in adult patients but
with rather disappointing results (up to 67% 10-year
survival).” The current approach is a double switch, i.e. a
two-stage procedure with PA banding, in the absence of
PV stenosis, to ‘train’ the LV in higher pressures. A ve-
nous switch (either Mustard or Senning) and, in those
with normal LVOT, an arterial switch can be performed
later. If a large VSD is present, the Rastelli procedure may
be used. Concomitant tricuspid valve surgery can also
be performed, if necessary. LV failure, AR, and atrial ar-
rhythmias are common problems with this approach, the
long-term results of which are unknown. Patients with
corrected transposition should be scrutinized for the
presence of systemic atrioventricular valve regurgitation.
Valve replacement should be considered before systemic
ventricular EF falls below 40% or the subpulmonary ven-
tricular systolic pressure exceeds 50 mmHg (Tables 10.4
and 10.5).2%°

Table 10.4 ACC/AHA 2008 GL on GUCH

Patients with congenitally corrected transposition
of the great arteries: recommendations for surgical
intervention

Surgeons with training and expertise in CHD should
perform operations for patients with CCTGA for:

a. Unrepaired CCTGA and severe AV valve
regurgitation.

b. Anatomic repair with atrial and arterial level switch/
Rastelli repair in cases in which the left ventricle is
functioning at systemic pressures.

[a]

. Simple VSD closure when the VSD is not favourable
for left ventricle-to-aorta baffling or is restrictive.

o

. LV-to-pulmonary artery conduit in rare cases with
LV dysfunction and severe LV outflow obstruction.

m

. Evidence of moderate or progressive systemic AV
valve regurgitation.

—

. Conduit obstruction with systemic or nearly
systemic RV pressures and/or RV dysfunction after
anatomic repair.

. Conduit obstruction and systemic or suprasystemic
LV pressures in a patient with non-anatomic
correction.

«

>

. Moderate or severe AR/neo-AR and onset of
ventricular dysfunction or progressive ventricular
dilatation.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. / Am Coll Cardiol. 2008;52:e1-e121.
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Table 10.5 ESC 2010 GL on GUCH

Indications for intervention in congenitaly corrected
transposition of the great arteries

Systemic AV valve (tricuspid valve) surgery for severe
regurgitation before systemic (subaortic) ventricular lla-C
function deteriorates (before RVEF <45%).

Anatomic repair (atrial switch + arterial switch or Rastelli
when feasible in case of non-restrictive VSD) may be Ilb-C
considered when LV is functioning at systemic pressure.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

Pregnancy

Systemic ventricular ejection fraction <40% or significant
systemic AV valve regurgitation are contraindications for
pregnancy. Otherwise, pregnancy can be tolerated in most
women with 1-TGA, but careful evaluation is mandatory.
Most patients require endocarditis prophylaxis, unless they
have no valvular dysfunction, outflow obstruction, or VSD.>¢
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Ebstein's anomaly

Definition

Ebstein’s anomaly is a malformation of the tricuspid valve,
with apical displacement of the septal and posterior leaflets
from the atrioventricular ring, resulting in a reduction in
size of the right ventricle."? There are no cords to suspend
the leaflets, so they arise from the cavity of the ventricle and
are attached to its wall. The anomaly results in right ven-
tricular dysplasia, with dilatation and dyskinesis of the atri-
alized right ventricle. Thus, the disease is characterized by:

o Adherence of the septal and posterior leaflets to the
underlying myocardium

& Downward (apical) displacement of the functional
annulus

# Dilation of the ‘atrialized’ portion of the right ventri-
cle, with various degrees of hypertrophy and thinning
of the wall

# Redundancy, fenestrations, and tethering of the ante-
rior leaflet

# Dilation of the right atrioventricular junction (true
tricuspid annulus).

Epidemiology

It represents 1% of all congenital heart disease. Associated
cardiac malformations are ASD (80%), left ventricular
fibrosis, and ventricular non-compaction.

Presentation

Ebstein’s anomaly has an extremely variable natural his-
tory and prognosis. Adults usually present with exercise
intolerance and varying degrees of dyspnoea and cyanosis
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and/or supraventricular tachycardia. Paradoxical emboli-
zation, brain abscess, and sudden death may occur. Pa-
tients with Ebstein’s anomaly who reach late adolescence
and adulthood often have a good outcome.’

Physical examination

¢ S and S, are widely split

¢ S orS, usually present

# Systolic murmur of TR

o Hepatomegaly due to right heart failure may be
present.

Investigations

The ECG shows enlarged P waves, prolonged PR inter-
val, and complete or incomplete RBBB. The QRS dura-
tion is a marker of RV enlargement and dysfunction.
QRS fractionation is associated with a greater atrialized
RV volume. A preserved surface ECG identifies a sub-
set of patients with Ebstein anomaly with mild morpho-
logical and functional abnormalities and better clinical

A sdie e i ~di~
Figure 11.1 Ebstein’s anomaly. Example of an echocardiogram (4-chamber view, apex down) of a patient with severe
Ebstein’s anomaly, showing a grossly displaced septal leaflet (arrow). The anterior leaflet is severely tethered and nearly
immobile. The functional right ventricle (RV) is small.

ARV indicates atrialized right ventricle; LA, left atrium; LV, left ventricle; and RA, right atrium. Attenhofer Jost CH, et al. Ebstein’s anomaly. Circulation.
2007;115:277-85.

THERAPY

profile. * Arrhythmias are very common and represent
AVRT (6-30% of patients have right lateral or poster-
oseptal accessory pathways), intra-atrial reentry, atrial
flutter, or AVNRT.” Wolff-Parkinson-White syndrome
with overt ventricular pre-excitation is seen in 60% of pa-
tients presenting with arrhythmias. In patients without
pre-excitation, the absence of RBBB is a strong predictor
of accessory pathways.

Chest radiography reveals cardiomegaly in severe cases.
A cardiothoracic ratio >0.65 carries a poor prognosis.
Two-dimensional echocardiography is essential to estab-
lish the diagnosis and guide management (Figure 11.1).
Three-dimensional echocardiography and magnetic
resonance imaging also provide precise anatomical and
functional assessment of the tricuspid valves and the right
ventricle.

Therapy

Anticoagulation with warfarin is recommended for
patients with Ebstein’s anomaly with a history of para-
doxical embolus or AF (Class I-C, ACC/AHA 2008).
Surgery is recommended in symptomatic patients or in

=
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EBSTEIN'S ANOMALY

Table 11.1 ACC/AHA 2008 GL on GUCH. Ebstein’s anomaly

Recommendations for surgical interventions

Surgeons with training and expertise in CHD should perform tricuspid valve repair or replacement with concomitant closure of an

ASD, when present, for patients with Ebstein’s anomaly and:
a. Symptoms or deteriorating exercise capacity.

b. Cyanosis (oxygen saturation <90%).

c. Paradoxical embolism.

d. Progressive cardiomegaly on chest X-ray.

e. Progressive RV dilation or reduction of RV systolic function.

Surgeons with training and expertise in CHD should perform concomitant arrhythmia surgery in patients with Ebstein’s anomaly and:
a. Appearance/progression of atrial and/or ventricular arrhythmias not amenable to percutaneous treatment. I-B
b. Ventricular pre-excitation not successfully treated in the electrophysiology laboratory.

Surgical repair or replacement of the tricuspid valve in adults with Ebstein’s anomaly with:

a. Symptoms, deteriorating exercise capacity, or NYHA Il or IV.

b. Severe TR after repair with progressive RV dilation, reduction of RV systolic function, or appearance/progression of atrial and/or

ventricular arrhythmias.

. Bioprosthetic tricuspid valve dysfunction with significant mixed regurgitation and stenosis.
d. Predominant bioprosthetic valve stenosis (mean gradient >12-15 mmHg).
e. Operation can be considered earlier with lesser degrees of bioprosthetic stenosis, with symptoms or decreased exercise tolerance.

ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

Table 11.2 ESC 2010 GL on GUCH

Indications for interventions in Ebstein’s anomaly

Surgical repair in patients with more than moderate
TR and symptoms (NYHA class >II or arrhythmias)
or deteriorating exercise capacity measured by
cardiopulmonary exercise testing.

Surgical ASD/PFO closure at the time of valve repair if
tricuspid valve surgery is indicated.

Surgical repair, regardless of symptoms, in patients with
progressive right heart dilation or reduction of RV systolic
function and/or progressive cardiomegaly on chest X-ray.

lla-C

Indications for catheter intervention

Patients with relevant arrhythmias should undergo
electrophysiologic testing, followed by ablation
therapy, if feasible, or surgical treatment of the
arrhythmias in the case of planned heart surgery.

Isolated device closure of ASD/PFO in the case of
documented systemic embolism, probably caused by
paradoxical embolism.

lla-C

If cyanosis (oxygen saturation at rest <90%) is the
leading problem, isolated device closure of ASD/PFO
may be considered but requires careful evaluation
before intervention.

Ib-C

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

the presence of cyanosis (O, saturation <90%), progres-
sive RV dilatation, severe TR, or paradoxical embolism
(Tables 11.1 and 11.2).%7 Surgical treatment is now fea-
sible at specializing centers, with biventricular or univ-
entricular tricuspid repair or tricuspid valve replacement
with a bioprosthesis. Mortality is now <2.5%, with late
death rate over 7 years of 7.6%.>® Catheter ablation of ac-
cessory pathways is difficult, with 80% success rate and
up to 40% recurrence rate,’ and surgical ablation may be
needed. Intra-atrial reentry and cavotricuspid isthmus
flutter may also occur.

Pregnancy

Acyanotic patients with good RV tolerate pregnancy well,
although there is an increased risk of RV failure, arrhyth-
mia, and pardoxical embolism.
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Chapter 12

CORONARY FISTULAS

Anomalous PV connections, AV malformations,

coronary and LV abnormalities

Total anomalous pulmonary venous
connection (TAPV()

In TAPVC, all four pulmonary veins drain into systemic
veins or the right atrium, with or without pulmonary ve-
nous obstruction. Systemic and pulmonary venous blood
mix in the right atrium. A VSD or an ASD allows flow to
the left atrium, and a PDA may be present. Diagnosis of
most patients occurs in early infancy.

Connections have been classified into supracardiac (the
four pulmonary veins drain via a common vein into the
right superior vena cava, left superior vena cava, or their
tributaries), cardiac (the pulmonary veins connect directly
to the right heart, e.g. coronary sinus or directly to the right
atrium), infradiaphragmatic (the common pulmonary
vein is anterior to the oesophagus through the diaphragm
to connect to the portal venous system), and mixed (the
right and left pulmonary veins drain to different sites, e.g.
left pulmonary veins into the left vertical vein to the left
innominate, right pulmonary veins directly into the right
atrium or coronary sinus). The degree of cyanosis in the
neonate depends on the degree of venous obstruction and
the size of the ASD.

Without surgery, up to 90% of patients die within the
first year of life. Surgical mortality in experienced centres
is <10%, and 3-year survival exceeds 85%.' Most patients
survive surgery without late cardiovascular problem mani-
festations. An increased incidence of neurodevelopmental
difficulties has been reported, and there is a risk for recur-
rent pulmonary vein stenosis or anastomosis at the anasto-
mosis site between the common pulmonary vein and the left
atrium. Post-operative pulmonary vein obstruction may oc-
cur in patients with hypoplastic/stenotic pulmonary veins.!

Partial anomalous pulmonary venous
connection (PAPVC)

Part, or all, of one lung drains into systemic veins or the
right atrium. Sinus venosus defects have PAPVC from the
right upper and middle lobe pulmonary veins to the SVC.
PAPVC to the IVC (scimitar syndrome) may be associ-
ated with a hypoplastic right lung, pulmonary sequestra-
tion, and ASD. Signs and symptoms resemble those of a
secundum ASD. Surgical correction is indicated in the
presence of RV overload.?

Pulmonary arteriovenous
malformations

They are abnormal connections between branches of
the pulmonary arterial and pulmonary venous system.
They are usually part of the hereditary haemorrhagic te-
langiectasia syndrome, an autosomal dominant disorder,
but may also occur as isolated or multiple defects second-
ary to trauma or infection.’ They may create a pulmonary
right-to-left shunt because the desaturated blood bypasses
the oxygenation mechanisms at the alveolar level. In the
presence of clinical cyanosis, transcatheter embolization is
the treatment of choice. Surgical lung resections are rarely
required.

Congenital coronary anomalies

Congenital anomalous origin of the coronary arteries may
occur in 1-5% of all coronary angiograms performed, with
0.15% of them having the highest-risk lesions of the left
coronary artery arising from the right sinus of Valsalva.’
Anomalous origination of the left coronary artery from the
right sinus is consistently related to sudden death (59% of
cases), which follows exercise in 81% of events. Coronary
anomalies account for approximately 15% of sudden car-
diac deaths in athletes (potentially due to torsion or com-
pression of the proximal coronary artery, exercise-induced
compression, vasospasm, or ischaemic or scar-induced
ventricular arrhythmia).* In 80% of autopsies in athletes
with sudden cardiac death and anomalous coronary artery
origins, the affected coronary artery coursed between the
aorta and the pulmonary artery.>* Treatment is necessary
in these high-risk cases as described in Table 12.1. Myocar-
dial bridges (intramyocardial course of the coronary) with
systolic compression occurs in 1% of coronary angiograms
and requires treatment when causing ischaemia.* CABG
is the treatment of choice, although stents have also been
successfully tried.

Coronary fistulas

Communications between the coronary arteries and the
cardiac chambers (coronary-cameral fistulas) or low-
pressure veins (coronary arteriovenous malformations)
are, most often, congenital in nature (usually to RV, RA, or

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

ANOMALOUS PV CONNECTIONS, AV MALFORMATIONS, CORONARY AND LV ABNORMALITIES

Table 12.1 ACC/AHA 2008 on GUCH

Table 12.2 ACC/AHA 2008 on GUCH

Recommendations for congenital coronary
anomalies of ectopic arterial origin

The evaluation of unexplained aborted sudden cardiac

death or unexplained life-threatening arrhythmia,

coronary ischaemic symptoms, or LV dysfunction I-B
should include assessment of coronary artery origins

and course.

CT or magnetic resonance angiography as the initial
screening method.

Surgical coronary revascularization with:
a. Anomalous left main coronary artery coursing
between the aorta and pulmonary artery.*
b. Documented coronary ischaemia due to coronary
compression (when coursing between the great I-B
arteries or in intramural fashion).
¢. Anomalous origin of the right coronary artery
between aorta and pulmonary artery with evidence
of ischaemia.*

Surgical coronary revascularization in documented
vascular wall hypoplasia, coronary compression, or
documented obstruction to coronary flow, regardless
of inability to document coronary ischaemia.

lla-C

Delineation of potential mechanisms of flow
restriction via intravascular ultrasound in patients with
documented anomalous coronary artery origin from
the opposite sinus.

lla-C

Surgical coronary revascularization in anomalous LAD

coursing between the aorta and pulmonary artery.* llo-C

Recommendations for anomalous left coronary
artery from the pulmonary artery

Reconstruction of a dual coronary artery supply
should be performed by surgeons with training and I-C
expertise in CHD.

For adult survivors of ALCAPA repair, clinical
evaluation with echocardiography and non-invasive I-C
stress testing is indicated every 3 to 5 years.

* These recommendations for surgery in adults have also been adopted by
the ACCF/AHA/SCAI 2011 Guidelines on CABG.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008; 52:e1-e121.

PAs).> They also may be acquired secondary to trauma or
from invasive cardiac procedures, such as pacemaker im-
plantation, endomyocardial biopsy, coronary artery bypass
grafting, or coronary angiography. With larger fistulas, a
diastolic run-off may occur, drawing blood away from the
normal coronary pathway with a widened pulse pressure
and a coronary steal, thus creating a left-to-right or left-
to-left shunt. Most coronary artery fistulas are small, and
patients are asymptomatic. A continuous murmur may be
audible at the left lower sternal border. Small coronary fis-
tulas in children tend to grow with age and may cause clini-
cal symptoms, such as angina or congestive heart failure,
and, rarely, endocarditis or fistula rupture in up to 60% of

Recommendations for coronary arteriovenous fistula

The origin of a continuous murmur should be defined
by echocardiography, MRI, CT angiography, or cardiac I-C
catheterization.

A large coronary arteriovenous fistula (CAVF), regardless
of symptomatology, should be closed via either a
transcatheter or surgical route after delineation of its
course and its potential to fully obliterate the fistula.

A small to moderate CAVF, in the presence of

documented myocardial ischaemia, arrhythmia,

otherwise unexplained ventricular systolic or diastolic

dysfunction or enlargement, or endarteritis, should be I-C
closed via either a transcatheter or surgical approach

after delineation of its course and its potential to fully

obliterate the fistula.

Clinical follow-up with echocardiography every 3 to

5 years for patients with small, asymptomatic CAVF to
exclude development of symptoms or arrhythmias or
progression of size or chamber enlargement.

lla-C

Patients with small, asymptomatic CAVF should not

undergo closure of CAVF. li-C

Recommendations for management strategies of
coronary arteriovenous fistula

Surgeons with training and expertise in CHD should
perform operations for management of patients with I-C
CAVFE.

Transcatheter closure of CAVF should be performed only

. - o |-
in centres with expertise in such procedures. ¢

Transcatheter delineation of CAVF course and access to
distal drainage should be performed in all patients with I-C
audible continuous murmur and recognition of CAVF.

ACC/AHA 2008 guidelines for the management of adults with congenital
heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

older patients. Large, haemodynamically significant fistu-
las can be closed electively, either by surgery on a beating
heart from the epicardial surface or through transcatheter
occlusion techniques (Table 12.2).

Left ventricular protrusions

Congenital left ventricular outpouchings include diver-
ticula, aneurysms, and hernias and can be seen in up to
0.8% of patients undergoing cardiac catheterization and
found to have normal coronary arteries.® Diverticula
have a thick wall, made up of histologically normal heart
wall tissue, and are connected to the main left ventricular
chamber through a narrow neck, whereas aneurysms are
thin-walled, fibrotic, and non-contractile and have a wide
communication with the main chamber. Cardiac hernias
are defined as myocardium protruding through a pericar-
dial defect. Left ventricular protrusions can be a source of
embolic stroke.
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The Fontan patient

Definition

The Fontan operation is a generic term for a group of op-
erations that redirect the systemic venous return to the
pulmonary arteries without passing through a subpulmo-
nary ventricle."? The classic Fontan consisted of a valved
conduit between the right atrium and pulmonary artery. It
was subsequently modified to a direct anastomosis of the
right atrium to a divided pulmonary artery (Figure 13.1A).
The intracardiac lateral tunnel consists of an end-to-side
anastomosis of the superior vena cava to the undivided
right pulmonary artery and a composite intra-atrial tunnel
that uses the right atrial lateral wall and prosthetic mate-
rial to channel inferior vena caval flow to the pulmonary
artery (Figure 13.1B). The ‘extracardiac’ variant of the total
cavopulmonary connection Fontan consists of directing
inferior vena caval flow to the pulmonary artery by means
of an external conduit (Figure 13.1C).?

Pathophysiology

Fontan is usually offered to patients with single-ventricle
physiology, i.e. a functionally single ventricle, or when biv-
entricular repair is not feasible. The following conditions
are treated with a Fontan: tricuspid atresia, hypoplastic
left heart syndrome, double-inlet ventricle, and isomer-
ism (complex abnormalities of visceral and atrial situs).
Thus, nowadays, the so-called Fontan physiology consists
of staged approaches that eventually end up in a single
functional ventricle that maintains both the systemic and
the passive pulmonary circulation. Symptoms develop
when the single functional ventricle fails. The 12-year sur-
vival after various types of operation is 70%." Extracardiac

conduit total cavopulmonary connection and lack of clini-
cal arrhythmia or right heart failure are good prognostic
signs, whereas exercise intolerance is not associated with
long-term mortality.* Considerable mortality is still ob-
served during the first years of life among patients with sin-
gle ventricle. In patients with a functionally univentricular
heart undergoing the Fontan procedure, RV dominance is
the most important risk factor for death but only before
bidirectional superior cavopulmonary anastomosis.’

Clinical problems

Patients present with classic right heart failure. There is
a non-pulsatile high JVP (10 cm), with single S2 and a
murmur only if subaortic obstruction or significant sys-
temic AV valve regurgitation. Oedema and ascites may
be seen as a sign of protein-losing enteropathy. Other
problems are: Arrhythmias due to post-op atrial scar-
ring: intra-atrial reentrant tachycardia, atrial flutter, and
fibrillation. The most frequent of these is intra-atrial reen-
trant tachycardia, particularly seen with atrio-pulmonary
connections. With modern techniques, its incidence has
been reduced to 7%.° Sick sinus syndrome and AV block,
thromboembolic complications, and progressive AV valve
deterioration may also occur. Obstruction of the Fontan
connection or the pulmonary artery branches are being
dealt with by stent-based transcatheter pulmonary valve
implantation. These patients need attention in experienced
GUCH centres.”*

Therapy

Recommendations are presented in Tables 13.1 and 13.2.
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46 | THE FONTAN PATIENT

Figure 13.1 Variations of Fontan surgery. A, The modified classic Fontan. B, The intracardiac lateral tunnel Fontan. C, The

extracardiac.
Khairy P, Poirier N. Is the extracardiac conduit the preferred fontan approach for patients with univentricular hearts?: the extracardiac conduit is not the
preferred fontan approach for patients with univentricular hearts. Circulation. 2012;126:2516-25

Table 13.1 ESC 2010 GL on GUCH

Special considerations and indications for intervention in univentricular hearts

Only well-selected patients after careful evaluation (low pulmonary vascular resistances, adequate function of the AV valve(s),

preserved ventricular function) should be considered candidates for a Fontan operation. fla-C
PA banding or tightening of a previously placed band in patients with increased pulmonary blood flow (unlikely at adult age). . lla-C
Bidirectional Glenn shunt in patients with severe cyanosis, with decreased pulmonary blood flow without elevated PVR. . lla-C
Heart transplantation and heart-lung transplantation when there is no conventional surgical option in patients with poor clinical . lla-C
status.

ESC Guidelines for the management of grown-up congenital heart disease (new version 2010). Eur Heart J. 2010,31:2915-57.

Table 13.2 ACC/AHA 2008 GL on GUCH. Recommendations for patients with prior Fontan repair

Recommendations for medical therapy

Warfarin with a documented atrial shunt, atrial thrombus, atrial arrhythmias, or a thromboembolic event. I-C
ACE inhibitors and diuretics for SV dysfunction. . IIa.-C
Recommendations for surgery for adults with prior Fontan repair

Surgeons with training and expertise in CHD should perform operations on patients with prior Fontan repair for single-ventricle I

physiology.

Reoperation after Fontan is indicated for :

a. Unintended residual ASD that results in right-to-left shunt with symptoms and/or cyanosis not amenable to transcatheter
closure.

b. Haemodynamically significant residual systemic artery-to-pulmonary artery shunt, residual surgical shunt, or residual ventricle-
to-pulmonary artery connection not amenable to transcatheter closure.

c. Moderate to severe systemic AV valve regurgitation.
d. Significant (>30 mmHg peak-to-peak) subaortic obstruction. I-C
e. Fontan pathway obstruction.
f. Development of venous collateral channels or pulmonary arteriovenous malformation not amenable to transcatheter
management.
g. Pulmonary venous obstruction.
h. Rhythm abnormalities, such as complete AV block or sick sinus syndrome, that require epicardial pacemaker insertion.

. Creation or closure of a fenestration not amenable to transcatheter intervention.

(continued)
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Table 13.2 (continued)

PATHOPHYSIOLOGY

Recommendations for evaluation and follow-up after Fontan procedure

Reoperation for Fontan conversion (i.e. revision of an atriopulmonary connection to an intracardiac lateral tunnel, intra-atrial

conduit, or extracardiac conduit) for recurrent AF or flutter without haemodynamically significant anatomic abnormalities. A lla-C
concomitant Maze procedure should also be performed.

Heart transplantation for severe SV dysfunction or protein-losing enteropathy. llb-C
Recommendations for electrophysiology testing/pacing issues in single-ventricle physiology and fter

Fontan procedure

Electrophysiological studies in adults with Fontan physiology should be performed at centres with expertise in the management of I

such patients.

New-onset atrial tachyarrhythmias should prompt a comprehensive non-invasive imaging evaluation to identify associated atrial/ e

baffle thrombus, anatomic abnormalities of the Fontan pathway, or ventricular dysfunction.

There is high risk of symptomatic intra-atrial reentrant tachycardia (IART) in adult patients. This can cause serious haemodynamic

compromise and contribute to atrial thrombus formation. Treatment is often difficult, and consultation with an electrophysiologist I-C

who is experienced with CHD is recommended.

ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. J Am Coll Cardiol. 2008;52:e1-e121.
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Eisenmenger syndrome

Definition

Eisenmenger syndrome results when elevated pulmonary
vascular resistance becomes irreversible and leads to a
reversal of shunt, desaturation, cyanosis, and secondary
erythrocytosis.'

Pathophysiology

With long-standing left-to-right shunting, exposure of the
pulmonary artery system to high pressure and increased

flow leads to progressive arteriolar medial hypertrophy,
intimal proliferation and fibrosis, and obliteration of pul-
monary arterioles and capillaries. These changes are re-
versible, but more advanced morphologic changes, such as
occlusion of small arterioles, plexiform lesions, and necro-
tizing arteritis, are irreversible. The precise pathophysio-
logical mechanisms for this are not completely understood,
but there is evidence that microvascular injury stimulates
production of growth factors and enzymes that result in
intimal proliferation and medial hypertrophy. Endothelial
dysfunction and platelet activation may also play a role in
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EISENMENGER SYNDROME

Table 14.1 ACC/AHA 2008 GL on GUCH

Recommendations for medical therapy of Eisenmenger physiology

Avoidance of :

a. Pregnancy. I-B
b. Dehydration. I-C
¢. Moderate and severe strenuous exercise, particularly isometric exercise. I-C
d. Acute exposure to excessive heat (e.g. hot tub or sauna). I-C
e. Chronic high altitude exposure, (particularly at an elevation >5000 feet above sea level). I-C
f. Iron deficiency. I-B
Prompt therapy for arrhythmias and infections. I-C
Haemoglobin, platelet count, iron stores, creatinine, and uric acid should be assessed at least yearly. I-C
Assessment of digital oximetry, both with and without supplemental oxygen therapy, at least yearly. The presence of oxygen- I
responsive hypoxaemia should be investigated further.
Exclusion of air bubbles in intravenous tubing during treatment. I-C
Non-cardiac surgery and cardiac catheterization should be performed only in centres with expertise. In emergent situations, I
consultation with designated caregivers should be performed.
All medications should undergo rigorous review for the potential to change systemic blood pressure, loading conditions, la-C
intravascular shunting, and renal or hepatic flow or function.
Pulmonary vasodilator therapy can be beneficial because of the potential for improved quality of life. lla-C
Recommendations for reproduction
Patients and their partners should be counseled about the absolute avoidance of pregnancy and educated regarding safe and B
appropriate methods of contraception.
Women with CHD and pulmonary hypertension (CHD-PAH) who become pregnant should:
a. Receive individualized counselling from cardiovascular and obstetric experts. I-C
b. Undergo the earliest possible pregnancy termination.
Surgical sterilization carries some operative risk for women with CHD-PAH but is a safer option than pregnancy. I-C
Pregnancy termination in the last two trimesters of pregnancy poses a high risk to the mother. It may be reasonable, however,

. S . - - ) llb-C
after the risks of termination are balanced against the risks of continuation of the pregnancy.
Pregnancy in women with CHD-PAH, especially those with Eisenmenger physiology, should be absolutely avoided in view of the I8
high risk of maternal mortality.
The use of single barrier contraception alone in women with CHD-PAH is not recommended, owing to the frequency of failure. lN-C
QOestrogen-containing contraceptives should be avoided. NI-C

ACC/AHA 2008 guidelines for the management of adults with congenital heart disease. J Am Coll Cardiol. 2008;52:e1-e121.

the obliteration of pulmonary arterioles. When pulmonary
vascular resistance approaches and exceeds systemic vas-
cular resistance, shunting reverses and becomes right-to-
left and cyanosis appears.

Clinical problems

Adult patients with Eisenmenger syndrome have a bet-
ter haemodynamic profile and life expectancy compared
to patients with idiopathic pulmonary arterial hyperten-
sion but poorer quality of life. Patients present with fa-
tigue, SOBOE, palpitations. Symptoms of hyperviscosity
(headaches, visual disturbances, dizziness, paraesthe-
siae), secondary polycythaemia and iron deficiency,
gallstones, and gouty arthritis develop, and patients are
at risk for both bleeding and thrombosis. Symptomatic

hypertrophic osteoarthropathy, haemoptysis, cerebrov-
ascular accidents, pulmonary artery thrombosis, and
brain abscess may also be seen. Death is sudden due to ar-
rhythmias or heart failure, but some patients die of massive
haemoptysis, brain abscess, or stroke.

Physical examination

Patients are cyanotic with clubbing, but there may be no
murmur during systole or diastole because shunting may
be minimal.

¢ VwavesinJVP
¢ RV parasternal heave
= S,andloud P,
= High-frequency diastolic decrescendo murmur
of PR
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= Holosystolic murmur of TR

= Peripheral oedema may be present late in the
course of disease when right ventricular dysfunc-
tion is present.

Investigations

ECG shows RV hypertophy.

Chest radiography reveals prominent central PAs with
decreased vascular markings (pruning) of the peripheral
vessels. Cardiomegaly may be seen in patients with ASD.
Echocardiography reveals RV pressure overload and pul-
monary hypertension. Demonstration of shunting may be
difficult with Doppler imaging because of the low velocity
of the jet and often requires contrast echocardiography. RV
dysfunction, as measured by tricuspid annular plane systo-
lic excursion, and right atrial area and pressure are asso-
ciated with worse outcomes in patients with Eisenmenger
syndrome.>?

Cardiac catheterization is mandatory for assessing the
severity and potential reversibility of pulmonary vascular
disease. PA pressure >2/3 of Ao pressure or PVR >2/3 of
SVR (approximately 7 Wood units) that do not respond
to vasodilators, such as oxygen, nitric oxide, adenosine, or
epoprostenol, indicate irreversible pulmonary damage that
does not allow intervention. The value of lung biopsy is not
proven.

Therapy

The patient with Eisenmenger syndrome needs care in spe-
cialized centres. In general, intense exercise and acute heat
exposure, as in hot tubs or saunas, are avoided. Annual
influenza vaccination and Pneumovax every 5 years are
recommended. Pregnancy in patients with Eisenmenger
syndrome is not recommended, owing to excessive ma-
ternal and fetal mortality, and should be strongly discour-
aged.

Long-term oxygen administration for 12-15 h/day may
improve symptoms but not survival. Diuretics should be
used with caution to avoid dehydration. Calcium channel
blockers may increase the right-to-left shunt. The use of
anticoagulation is controversial and should be consid-
ered only if additional indications exist. Phlebotomy with
isovolumic replacement should be reserved for moderate
to severe hyperviscosity syndromes (haematocrit >65%).
Vasodilator therapy is an important adjunct to manage-
ment and can provide functional improvement. The dual
endothelin receptor antagonist bosentan has been shown
to improve haemodynamics and exercise capacity, and
perhaps survival, and is currently recommended to all pa-
tients by the ESC guidelines. The phosphodiesterase type
V inhibitor sildenafil that raises cGMP levels may improve
functional class, oxygen saturation, and haemodynamics.

THERAPY

Table 14.2 ESC 2010 GL on GUCH

Recommendations for targeted pulmonary
hypertension therapy in congenital heart disease

Targeted PAH therapy in CHD should only be

performed in specialized centres. -

The endothelin receptor antagonist (ERA) bosentan
should be initiated in WHO functional class IlI* I-B
patients with Eisenmenger syndrome.

Other ERAs, phosphodiesterase type 5 inhibitors, and

prostanoids in WHO functional class Ill* patients with lla-C
Eisenmenger syndrome.

Combination therapy may be considered in WHO

functional class llic patients with Eisenmenger llb-C
syndrome.

The use of calcium channel blockers should be ll-C

avoided in patients with Eisenmenger syndrome.

* Although recent data support the use of ERAs, such as bosentan,
also in WHO functional class Il in patients with idiopathic PAH and PAH
associated with connective tissue diseases, such data are currently not
available for Eisenmenger patients. Because of marked differences in
the natural history between these groups, the results cannot simply be
applied to congenital patients, and further studies are required before
recommendations.

ESC Guidelines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915-57.

Beneficial effects of the single endothelin receptor antago-
nist sitaxsentan, and prostacyclin and prostacyclin ana-
logs have also been reported. Heart-lung transplantation
is a therapeutic option. Recommendations for pulmonary
hypertension and Eisenmenger syndrome are presented in
Tables 14.1 and 14.2.4°
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Chapter 15

CARDIAC AUSCULTATION

General principles

Epidemiology

The prevalence of any valve disease in the general popula-
tion in the USA is 2.5%, and increases with age, from 0.7%
in persons 18-44 year-old to 13.2% in those >75years.! Data
are provided by epidemiological studies such as the CARDIA
(Coronary ArteryRisk Development in Young Adults), ARIC
(Atherosclerosis Risk in Communities), and CHS (Cardio-
vascular Health Study), as well as the Olmsted County com-
munity study. Survival of participants in those studies with
valve disease is 79% at 5 years compared with 93% in par-
ticipants without valve disease.? Approximately 0.4% have
aortic stenosis (AS), 0.5% aortic regurgitation (AR), 0.1%
mitral stenosis (MS), and 1.7% mitral regurgitation (MR).2
In Europe data are collected by the EuroHeart Survey among
patients with established valve disease. Prevalence is AS 43%,
MR 31.5%, AR 13.3%, and MS 12.1%.?

Cardiac auscultation

Heart sounds

First sound (S)) is due to simultaneous MV and TV
closure.

o Loud: MS, hyperkinetic states, short PR <160 ms
o Soft: long PR (>200 ms), severe MS, LV dysfunction
¢ Widely split: RBBB.

Second sound (S,) is due to AV followed by PV closure.
Splitting normally increases with inspiration. A loud P,
suggests pulmonary hypertension.

# Single: AS or PS

+ Widely split: RBBB, MR

« Fixed splitting: ASD

o Reversed splitting: LBBB, AS, hypertrophic cardio-
myopathy (HCM), RV pacing.

Third sound (S,) is pathological over the age of 30 years.
Probably due to rapid LV filling. Audible in LV failure, se-
vere MR, VSD. A high-pitched S, may be heard in restric-
tive cardiomyopathy and pericardial constriction.

Fourth sound (S,) corresponds to atrial contraction and
is produced at end-diastole before S,. It can be heard in
conditions with LVH or after acute ML

Ejection sound Bicuspid AV or PS.

Mid-systolic (non-ejection) click Mitral valve prolapse
(MVP).

Opening snap MS, rarely TS, Ebstein’s anomaly.

Murmurs

Murmurs are produced by turbulent blood flow, and are
described according to their location, intensity, timing, fre-
quency, and radiation (Tables 15.1 to 15.3 and Figure 15.1).
Innocent murmurs are due to pulmonary flow and can be
heard in children, pregnancy, and high-flow states, such
as hyperthyroidism and anaemia. They are heard over the
left sternal edge and are ejection systolic, and there are
no added sounds or thrill. The cervical venous hum is a
continuous murmur, common in children and typically re-
duced by turning the head laterally or bending the elbows
back. The mammary soufflé is a continuous murmur that
may be heard in pregnancy.

Dynamic auscultation manoeuvres may help bedside di-
agnosis of systolic murmurs (Table 15.2).** Murmurs orig-
inating within the right-sided chambers of the heart can
be differentiated from all other murmurs by augmentation
of their intensity with inspiration and diminution with
expiration. The murmur of hypertrophic cardiomyopathy
is distinguished from all other systolic murmurs by an in-
crease in intensity with the Valsalva manoeuvre and dur-
ing squatting-to-standing, and by a decrease in intensity
during standing-to-squatting action, passive leg elevation,
and handgrip. The murmurs of MR and VSD have simi-
lar responses but can be differentiated from other systolic
murmurs by augmentation of their intensity with handgrip
and during transient arterial occlusion.*

Table 15.1 Heart murmurs

Systolic

Early Acute MR, VSD, TR.

Mid-systolic AS (valvular, supra- or subvalvular), AR, HCM,
PS (valvular, supra- or subvalvular), ASD.

Late systolic MR due to MVP or chordal rupture, TR.

Pansystolic MR, TR, VSD.

Diastolic

Early AR (valvular or due to dilation of the ring,
bicuspid AV), PR (valvular or due to dilation of
the ring, congenital).

Mid-diastolic MS, Carey Coombs, VSD, PDA, ASD, TR, AR.

Late diastolic Presystolic accentuation of MS, Austin Flint.

Continuous

Coronary or intercostal AV fistula or anomalous left coronary artery,
PDA, ruptured sinus of Valsalva aneurysm, ASD, cervical venous hum,
mammary soufflé of pregnancy.
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Table 15.2 ACC/AHA 2008 GL on valve disease

Interventions used to alter the intensity of cardiac
murmurs

Respiration

Right-sided murmurs generally increase with inspiration. Left-sided
murmurs usually are louder during expiration.

Valsalva manoeuvre

Most murmurs decrease in length and intensity. Two exceptions are the
systolic murmur of HCM, which usually becomes much louder, and that
of MVP, which becomes longer and often louder. After release of the
Valsalva, right-sided murmurs tend to return to baseline intensity earlier
than left-sided murmurs.

Exercise

Murmurs caused by blood flow across normal or obstructed valves (e.g. PS
and MS) become louder with both isotonic and isometric (handgrip) exercise.

Murmurs of MR, VSD, and AR also increase with handgrip exercise.
Positional changes

With standing, most murmurs diminish, two exceptions being the murmur
of HCM, which becomes louder, and that of MVP, which lengthens and
often is intensified. With brisk squatting, most murmurs become louder,
but those of HCM and MVP usually soften and may disappear. Passive leg
raising usually produces the same results as brisk squatting.

Post-ventricular premature beat or atrial fibrillation

Murmurs originating at normal or stenotic semilunar valves increase in
intensity during the cardiac cycle after a VPB or in the beat after a long
cycle length. In AF, by contrast, systolic murmurs due to atrioventricular
valve regurgitation do not change, diminish (papillary muscle
dysfunction), or become shorter (MVP).

Pharmacological interventions

During the initial relative hypotension after amyl nitrite inhalation, murmurs
of MR, VSD, and AR decrease, whereas murmurs of AS increase because

of increased stroke volume. During the later tachycardia phase, murmurs
of MS and right-sided lesions also increase. This intervention may thus
distinguish the murmur of the Austin Flint phenomenon from that of MS.
The response in MVP often is biphasic (softer, then louder than control).

Transient arterial occlusion

Transient external compression of both arms by bilateral cuff inflation
to 20 mmHg greater than peak systolic pressure augments the
murmurs of MR, VSD, and AR, but not murmurs due to other causes.

AF indicates atrial fibrillation; AR, aortic regurgitation; AS, aortic
stenosis; HCM, hypertrophic cardiomyopathy; MR, mitral regurgitation;
MS, mitral stenosis; MVP, mitral valve prolapse; PS, pulmonic stenosis;
VPB, ventricular premature beat; and VSD, ventricular septal defect.

ACC/AHA guidelines on valve disease 2008 focused update incorporated into
the ACC/AHA 2006 guidelines for the management of patients with valvular
heart disease. J Am Coll Cardiol. 2008;52:e1-142.

Coronary angiography

Indications are presented in Tables 15.3 and 15.4.° They are
also discussed in individual chapters (see also Chapter 84).

Endocarditis prophylaxis

Prophylaxis is now indicated only in high-risk patients
(i.e. patients with prosthetic cardiac valves or prosthetic
material used for cardiac valve repair, patients with pre-

Table 15.3 ESC 2012 GL on VD. Management of coronary
artery disease in patients with valvular heart disease

Diagnosis of coronary artery disease

Coronary angiography? is recommended before valve

surgery in patients with severe valvular heart disease

and any of the following:

o History of coronary artery disease

Suspected myocardial ischaemia® I-C
Left ventricular systolic dysfunction

In men aged over 40 years and post-menopausal

women

>1 cardiovascular risk factor.

Coronary angiography is recommended in the
evaluation of secondary mitral regurgitation.

Indications for myocardial revascularization

CABG is recommended in patients with a primary
indication for aortic/mitral valve surgery and coronary I-C
artery diameter stenosis >70%.¢

CABG should be considered in patients with a primary
indication for aortic/mitral valve surgery and coronary
artery diameter stenosis >50-70%.

lla-C

@ Multi-slice computed tomography may be used to exclude coronary artery
disease in patients who are at low risk of atherosclerosis.

b Chest pain, abnormal non-invasive testing.

©>50% can be considered for left main stenosis.

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.

vious infective endocarditis, and cardiac transplant re-
cipients with valve regurgitation due to a structurally
abnormal valve) and only before dental procedures that
involve manipulation of gingival tissue or the periapical
region of teeth or perforation of the oral mucosa and be-
fore vaginal delivery. Prophylaxis against infective endo-
carditis is not recommended for non-dental procedures
(such as transoesophageal echocardiogram, oesoph-
agogastroduodenoscopy, or colonoscopy) in the absence
of active infection. In patients with unoperated valve dis-
ease, prophylaxis is not recommended any more for any
procedure. For a detailed discussion see Chapter 79 on
infective endocarditis.

Pregnancy

Valvular lesions associated with high maternal and/or fetal
risk during pregnancy are (see also Chapter 84):”

o MS with NYHA functional class II-IV symptoms

o Severe AS with or without symptoms

# AR or MR with NYHA functional class III-IV symptoms

o Severe pulmonary hypertension (pulmonary pres-
sure >2/3 of systemic pressures) or LV dysfunction
(LVEF <40%)

o Mechanical prosthetic valve requiring anticoagulation

& Marfans syndrome with or without aortic regurgitation.

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

PREGNANCY
Cardiac murmur
[
v v v
Systolic murmur Diastolic murmur Continuous murmur

|
v v

Mid-systolic, e Early systolic
grade 2 or e Mid-systolic,
less (see text) grade 3 or more

e Late systolic

* Holosystolic Echocardiography |<7

v

Asymptomatic and Symptomatic or . e \/enous hum
no associated other signs of Catheterization e Mammary soufflé
findings cardiac disease* and angiography of pregnancy

if appropriate

No further
work-up

Figure 15.1 ACC/AHA 2008 guidelines on VD. Strategy for evaluating heart murmurs

* If an electrocardiogram or chest X-ray has been obtained and is abnormal, echocardiography is indicated.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:e1-142

Table 15.4 ACC/AHA 2008 GL on VD. Diagnosis of coronary artery disease

Coronary angiography before valve surgery (including infective endocarditis) or mitral balloon commissurotomy in patients with chest
pain, other objective evidence of ischaemia, decreased LV systolic function, history of CAD, or coronary risk factors (including age).
Patients undergoing MBC need not undergo coronary angiography solely on the basis of coronary risk factors.

Coronary angiography in patients with apparently mild to moderate valvular heart disease but with progressive angina (Canadian Heart
Association >II'), objective evidence of ischaemia, decreased LV systolic function, or overt congestive heart failure.

Coronary angiography performed before valve surgery in men aged 35 years or older, premenopausal women aged 35 years or older who
have coronary risk factors, and post-menopausal women.

Coronary angiography can be deferred for patients having emergency valve surgery for acute valve regurgitation, aortic root disease, or
infective endocarditis.

Coronary angiography for patients undergoing catheterization to confirm the severity of valve lesions before valve surgery without
pre-existing evidence of CAD, multiple coronary risk factors, or advanced age.

Coronary angiography in young patients undergoing non-emergency valve surgery when no further haemodynamic assessment by
catheterization is deemed necessary and there are no coronary risk factors, history of CAD, or evidence of ischaemia.

Coronary angiography before valve surgery in severely haemodynamically unstable patients.

lla-C
IIb-C
IN-C

l-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:e1-142.

Valve disease in pregnancy is also discussed in chapterson 4. Lembo NJ, et al. Bedside diagnosis of systolic murmurs.

specific valve diseases. N Engl] Med. 1988;318:1572-8

5. Ma I, et al. Name that murmur—eponyms for the astute
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Mitral stenosis

Epidemiology

Mitral stenosis (MS) is highly prevalent in develop-
ing countries because of its association with rheumatic
fever (6/1000 children in India vs 0.5/1000 in developed
countries) but is also seen in developed countries where
patients are of increased age."” In developed countries, the
prevalence of MS detected by echocardiography is about
0.1-0.2%.* Although the attack rate for rheumatic fever
is roughly equal among genders, MS is 2 to 3 times more
common in women.

Aetiology

Rheumatic fever is the main cause of MS, although less
than 60% of affected patients provide a relevant history."?
The M protein antigen held in common between the heart
and group A haemolytic Streptococcus results in an au-
toimmune attack of the heart in response to streptococcal
infection. The rheumatic process leads to inflammation
of endocardium, myocardium, and pericardium, but the
disease affects mainly the endocardium. Persistent in-
flammatory valve damage results in gradual progression
that is strongly associated with repeated episodes of rheu-
matic fever. In the western world, symptoms of MS usu-
ally appear after 15 to 20 years following the rheumatic
fever attack. Degenerative causes may be identified in
up to 12.5% in developed countries.* In 6-8% of patients
with severe mitral annular calcification, who are often
elderly or dialysis-dependent, calcium encroaching into
the valve leaflets causes mitral stenosis. Other rare causes
are congenital MS (Lutembacher syndrome when
combined with ASD, mucopolysaccharidoses, Fabry’s
disease, systemic lupus erythematosus, rheumatoid
arthritis, anorectic drugs, and disorders associated with
abnormal serotonin metabolism (carcinoid and methy-
sergide treatment).’

Pathophysiology and natural history

The main features are leaflet thickening and calcification
with chordal shortening and fusion.*? Patients usually have
a dilated and stiff LA and may develop systolic and diastolic
LV dysfunction. Procoagulation abnormalities are com-
mon. The normal mitral valve area is 4-5 cm?, and a gradi-
ent is rare, unless the valve is less than 2 cm®. The valve area
narrows gradually by 0.1-0.3 cm? per year, and symptoms
start when the mitral valve area becomes less than 1.5 cm?.
Pulmonary ooedema may develop with valve areas <1 cm?
(Table 16.1). Patients with pulmonary ooedema rarely have
severe pulmonary arterial hypertension whereas those
with severe hypertension (pulmonary vascular resistance
>6-8 Wood units) seem to present with right heart failure
rather than pulmonary oedema. The 10-year survival of
untreated patients presenting with MS is 50-60%, depend-
ing on symptoms at presentation. Death in neglected cases
is mainly due to heart failure or systemic embolism.

Table 16.1 Classification of MS

ACC/AHA 2008 GL on valve disease. Classification of the
severity of mitral valve stenosis in adults

Mild Moderate  Severe
Mean gradient (mmHg) <5 5-10 >10
PA systolic pressure (mmHg) <30 30-50 >50
Valve area (cm?) >1.5 1-1.5 <1

ESC 2012 Guidelines on valve disease. Definition of
severe mitral stenosis

Valve area <1 cm?2.

Mean gradient >10 mmHg (in patients with sinus rhythm, to be
interpreted according to heart rate).

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

ESC guidelines on the management of valvular heart disease (version
2012). European Heart Journal 2012;33:2451-2496

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

Presentation

Patients usually present with SOBOE or fatigue. Later
symptoms include haemoptysis (pulmonary ooedema
or bronchial vein rupture), chest pain, and systemic
embolism. The enlarged left atrium may impinge on the
left recurrent laryngeal nerve, causing hoarseness (Ort-
ner’s syndrome). Atrial fibrillation occurs in approxi-
mately 50% of patients with mitral stenosis, precipitates
such symptoms, greatly increases the risk of systemic em-
bolization, and reduces cardiac output and exercise capac-
ity. Pulmonary arterial hypertension is reversible and
resolves after intervention. Moderate to severe tricuspid
regurgitation is seen in up to a third of patients with mi-
tral stenosis and may not be improved with valvuloplasty
and, if severe, requires ring annuloplasty at time of mitral
surgery. It usually results from RV dilation and, if severe,
requires ring annuloplasty at time of mitral surgery. Rheu-
matic AR is associated with MS that may blunt the presen-
tation of AR due to reduced cardiac output.

Physical examination

Mitral facies with plethoric bluish cheeks with
telangiectases are now rarely seen.

o A diastolic thrill may be palpated in the left lateral
decubitus position.

o Increased intensity of the S, because the transmitral
gradient holds the mitral valve open for all of dias-
tole so that ventricular systole closes the mitral valve
from a long moment arm. In advanced disease, S, may
become soft.

# Mitral valve opening snap The distance from S, is a
measure of MS severity. An S, opening snap interval
<0.08 s usually indicates severe disease.

# A low-pitched mitral rumble follows the opening
snap. Presystolic accentuation of the murmur audible
in normal sinus rhythm or during long RR intervals in
atrial fibrillation indicates tight stenosis.

¢ A high-pitched blowing murmur (Graham Steell) may
be heard at the cardiac base. Although this murmur is
thought to represent the PR of pulmonary hyperten-
sion, in reality, it is more often due to concomitant AR.

o Pulse pressure may also be reduced in advanced
disease.

o Elevated JVP, TR, hepatomegaly, ascites, and
peripheral oedema may be found in severe pulmo-
nary hypertension and RV failure.

& P, increased in pulmonary hypertension.

Investigations

ECG Left atrial enlargement (P wave >0.12 s in lead II) and
RV hypertrophy, often with AE

THERAPY

Chest radiography Left atrial enlargement and, in long-
standing MS, pulmonary congestion and pulmonary ar-
terial hypertension. Interstitial oedema is manifested as
Kerley A lines (dense, short, horizontal lines at the costo-
phrenic angles) or Kerley B lines (straight, dense lines to-
wards the hilum).
Echocardiography is used to exclude conditions that
mimic mitral stenosis (atrial myxoma, tricuspid stenosis,
ball-valve thrombus, or ASD), calculate valve area, assess
mitral regurgitation, and provide information about suit-
ability for percutaneous balloon valvuloplasty (PBV).
Stenosis severity is determined by:
Planimetry The most reliable method to calculate valve
area is planimetry with 2D or 3D echocardiography. 2D
echocardiography underestimates the severity of mi-
tral stenosis, especially moderate to severe disease and
underestimates the extent of commissural splitting by
PBV.
Doppler-derived pressure half-time Valve area is given by
the empirical formula 220/PHT (Figures 16.1 and 16.2).
This method is affected by left ventricular chamber com-
pliance and heart rate.
Transoesophageal echocardiography provides an
improved image of the commissural anatomy and
calcification and allows detection of left atrial ap-
pendage thrombus and calculation of the echo score
(Table 16.2).
Exercise or dobutamine stress echocardiography is
needed for patients with inconclusive symptoms or haemo-
dynamics.
Cardiac catheterization is rarely needed, with imaging
methods now available (echo, cardiac CT and MRI). It
is indicated when the non-invasive tests are inconclusive
to resolve the issue of stenosis severity and evaluate MR
(Table 16.3). Cardiac output and transvalvular gradient
measurements are used to calculate valve area with the
Gorlin formula to reassess stenosis severity (Figure 16.3).
It may also be used to assess the response of PA and LA
pressures to exercise or to assess the cause of pulmonary
arterial hypertension when it is inproportional to MS
severity.®
Coronary angiography is indicated only in patients with
evidence of myocardial ischaemia (Tables 15.3 and 15.4 in
Chapter 15 on general principles).

Therapy
Medical

Diuretics and beta blockers or rate-slowing calcium chan-
nel blockers (e.g. diltiazem) are the mainstay for control of
heart rate. The role of statins in slowing progression of MS
is under investigation.

Anticoagulation is indicated in AF or prior embolic event
or left atrial thrombus (Table 16.4).°
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Figure 16.1 Pressure half-time is the time taken for the pressure to halve from the peak value. It is the same as the time
for peak velocity to decrease to a velocity equal to the peak velocity divided by the square root of 2 (= 1.4).

RR interval

Tachycardia increases the gradient,
shortens A2-OS interval, and reduces
the atrial contributions to left ventricular
filling (red);consequently, severe disease
shows high pan-diastolic gradient of
mitral inflow.

Normal

T Left atrial pressure

Left ventricle pressure

Severe

. 800+ Mitral valve gradient
Across normal valves, gradient is low 10 mmH
(green). With mitral stenosis, especially 700 ® 20 mmHg °
with exercise in tight disease, the early | ¥ g 4 ® 30 mmHg
dip can be exaggerated (pale green) £ 500 40 mmHg ° °
because of diastolic suction during =
restricted inflow, which helps left L2 400 L4 °
ventricular filling; this diastolic suction % 3004 [ ] [
can also pull in the IVS and might @ ° L4
affect left ventricular function. a 200+ $ °
100 s
0 T T T T T T T
0.5 1.0 1.5 2.0 2.5 3.0 4.0

Mitral valve area (cm?)

)

Mitral valve area can be
estimated from the rate
of decline of the E wave
in native valves that have
not had previous
interventions.

For any given valve area,
mitral gradient varies in
proportion with (mitral flow
in diastole)? and inversely
with time in diastole.

The graph estimates the effect
of increased flow in gradients
and symptoms in mitral stenosis.
Even moderate disease can
become symtomatic in high
flow conditions like pregnancy
or anaemia. Similarly, a small
increase in flow can increase
the gradient substantially in a
severely stenotic valve.

Figure 16.2 Physiology of severity of mitral stenosis. Gradient between left atrium and left ventricle is shown as normal to
very low (green), moderate (black), and severe (red). Arrows indicate the extent of gradient towards the end of diastole.

A2-0S, A2 to opening snap interval; IVS, interventricular septum.
Chandrashekhar Y, et al. Mitral stenosis. Lancet. 2009;374:1271-83.
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Table 16.2 Wilkins echocardiographic mitral valve score

THERAPY

Grade  Mobility Subvalvular thickening Thickening Calcification

1 Highly mobile valve with only Minimal thickening just below Leaflets near normal in A single area of increased
leaflet tips restricted the mitral leaflets thickness (4 to 5 mm) echo brightness

2 Leaflet mid- and base portions Thickening of chordal Midleaflets normal, Scattered areas of brightness
have normal mobility structures extending up to one-  considerable thickening of confined to leaflet margins

third of the chordal length margins (5 to 8 mm)

3 Valve continues to move Thickening extending to the Thickening extending through  Brightness extending into the
forward in diastole, mainly distal third of the chords the entire leaflet (5-8 mm) mid-portions of the leaflets
from the base

4 No or minimal forward Extensive thickening and Considerable thickening of all  Extensive brightness

movement of the leaflets in
diastole

shortening of all chordal
structures extending down to
the papillary muscles

leaflet tissue (>8-10 mm)

throughout much of the
leaflet tissue

Wilkins GT, et al. Br Heart J. 1988;60:299-308.

Table 16.3 ACC AHA 2008 GL on valve disease

Indications for invasive haemodynamic evaluation

Cardiac catheterization for assessment of severity of MS when non-invasive tests are inconclusive or when there is discrepancy between

non-invasive tests and clinical findings regarding severity of MS.

Catheterization, including left ventriculography (to evaluate severity of MR), for patients with MS is indicated when there is a discrepancy

between the Doppler-derived mean gradient and valve area.

Cardiac catheterization to assess the haemodynamic response of pulmonary artery and left atrial pressures to exercise when clinical

symptoms and resting haemodynamics are discordant.

Cardiac catheterization to assess the cause of severe pulmonary arterial hypertension when out of proportion to severity of MS as

determined by non-invasive testing.

Diagnostic cardiac catheterization is not recommended to assess the MV haemodynamics when 2D and Doppler echocardiographic data

are concordant with clinical findings.

lla-C

lla-C

l-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. / Am Coll
Cardiol. 2008;52:e1-142.
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Figure 16.3 Calculation of mitral valve area (MVA) in the catheter laboratory.

MVA = mitral valve flow (mL/s)/31\ mean mitral gradient (mmHg).
Mitral valve flow = angiographic cardiac output (mL/min)/diastolic filling period (s/min). 31 is the Gorlin constant, assuming LVEDP of 5 mmHg.
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Systemic embolization may occur in 10-20% of patients
with MS, even in the absence of left atrial thrombi. Retro-
spective studies indicate a 4-15-fold decrease in the inci-
dence of embolic events with anticoagulation.®

AF develops in 30-40% of patients and is associated
with a poorer prognosis (10-year survival 25% compared
to 46% in SR). Pharmaceutical or electrical cardioversion
is recommended after transoesophageal exclusion of left

Table 16.4 ACC/AHA 2008 GL on valve disease

Medical therapy: prevention of systemic embolization

Anticoagulation in patients with MS and AF (paroxysmal, I-B

persistent, or permanent).

Anticoagulation in patients with MS and a prior embolic event, I-B

even in sinus rhythm.

Anticoagulation in patients with MS with left atrial thrombus. I-B

Anticoagulation for asymptomatic patients with severe MS and  1lb-B
left atrial dimension =55 mm by echocardiography.

Anticoagulation for patients with severe MS, an enlarged left lIb-C

atrium, and spontaneous contrast on echocardiography.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

Table 16.5 ACC/AHA 2008 GL on valve disease

Indications for percutaneous mitral balloon
valvotomy (PMBV)

Symptomatic patients (NYHA I, Ill, or IV), with moderate [-A
or severe MS and valve morphology favourable for

percutaneous mitral balloon valvotomy in the absence of left

atrial thrombus or moderate to severe MR.

Asymptomatic patients with moderate or severe MS and I-C
valve morphology that is favourable for PMBV, who have

pulmonary hypertension (PA systolic pressure >50 mmHg at

rest or >60 mmHg with exercise) in the absence of left atrial
thrombus or moderate to severe MR.

Patients with moderate or severe MS who have a non-pliable lla-C
calcified valve, are in NYHA Ill-IV, and are not candidates or

at high risk for surgery.

Asymptomatic patients with moderate or severe MS and Ib-C
valve morphology favourable for PMBV who have new onset
of AF in the absence of left atrial thrombus or moderate to

severe MR.

Symptomatic patients (NYHA II, 1ll, or IV) with MV area llb-C
>1.5 cm? and evidence of significant MS (PA systolic pressure
>60 mmHg, PA wedge pressure 225 mmHg, or mean MV

gradient >15 mmHg during exercise).

PMBV as an alternative to surgery for patients with moderate IIb-C

or severe MS who have a non-pliable calcified valve and are
in NYHA [I-IV.

Patients with mild MS. -C

Patients with moderate to severe MR or left atrial thrombus. N-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

appendix thrombi or following 3 weeks of warfarin under
IV heparin. Warfarin is continued after cardioversion for,
at least, one month or indefinitely, if indicated.

Interventional/surgical

Aswith all valvular heart disease, no randomized trials have
been performed to ascertain the best timing of interven-
tion. Recommendations are based on observational data.®”

Percutaneous mitral balloon valvotomy (PMBYV), or
commisurotomy (PMC) improves survival, especially in
patients with NYHA class III or IV (Tables 16.5 to 16.7,
and Figures 16.4 to 16.7). The technique is as effective as
open valvotomy and more effective than closed valvoto-
my.® Nearly half of all patients who undergo percutaneous

Table 16.6 ESC 2012 GL on valve disease

Indications for percutaneous mitral commissurotomy
(PMC) in mitral stenosis with valve area <1.5 cm?

Symptomatic patients with favourable characteristics* for PMC.  I-B

Symptomatic patients with contraindication or high risk for I-C
surgery.

As initial treatment in symptomatic patients with unfavourable  lla-C
anatomy but favourable clinical characteristics.

Asymptomatic patients without unfavourable characteristics lla-C

and:

High thromboembolic risk (previous history of embolism), dense
spontaneous contrast in the left atrium, recent or paroxysmal AF, and/
or high risk of haemodynamic decompensation (systolic pulmonary
pressure >50 mmHg at rest, need for major non-cardiac surgery, desire
of pregnancy

* Unfavourable characteristics for percutaneous mitral commissurotomy can
be defined by the presence of several of the following characteristics:
Clinical characteristics: old age, history of commissurotomy, NYHA class IV,
permanent atrial fibrillation, severe pulmonary hypertension.

Anatomical characteristics: echo score >8, Cormier score 3 (calcification of
mitral valve of any extent, as assessed by fluoroscopy), very small mitral valve
area, severe tricuspid regurgitation.

ESC Guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.

Table 16.7 ESC 2012 GL on valve disease

Contraindications to percutaneous mitral
commissurotomy

Mitral valve area >1.5 cm?.

Left atrial thrombus.

More than mild MR.

Severe or bicommissural calcification.

Absence of commissural fusion.

Severe concomitant aortic valve disease or severe combined TS and TR.

Concomitant coronary artery disease requiring bypass surgery.

ESC Guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.
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THERAPY

Mitral stenosis

!

History, physical exam, CXR, ECG, 2D echo/Doppler |

Other diagnosis

Symptoms?

Asymptomatic

v v

Moderate or
severe stenosis*
MVA <1.5cm?

Mild stenosis
MVA >1.5cm?

Yearly follow-up
History, physical exam,
CXR, ECG

T NoT

Valve morphology
favourable for PMBV?

Exercise

PASP > 60 mmHg or
PAWP > 25 mmHg

Poor exercise tolerance or

'

Symptomatic
(see Figures 16.5
and 16.6)
Yes#
Class |
Consider
PMBV

Class ]

Exclude LA clot,
3+ to 4+ MR

No No

Yes

Class Ilb

Yes

Figure 16.4 ACC/AHA 2008 GL on valve disease. Management strategy for patients with mitral stenosis.

* There may be variability in the measurement of mitral valve area (MVA), and the mean transmitral gradients, pulmonary artery wedge pressure (PAWP),
and pulmonary artery systolic pressure (PP) should also be taken into consideration.

t There is controversy as to whether patients with severe mitral stenosis (MVA <1.0 cm?) and severe pulmonary hypertension (pulmonary artery pressure
>60 mmHg) should undergo percutaneous mitral balloon valvotomy (PMBV) or mitral valve replacement to prevent right ventricular failure.

$ Assuming no other cause for pulmonary hypertension is present.

AF indicates atrial fibrillation; CXR, chest X-ray; ECG, electrocardiogram; echo, echocardiography; LA, left atrial; MR, mitral regurgitation; and

2D, two-dimensional.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:e1-142

mitral commissurotomy remain free from cardiovascular
death or surgery at 20 years, and 25% of them need a re-
peat preocedure.’ Successful PMBYV is usually defined as a
post-procedure mitral valve area of >1.5 cm? with no more
than moderate mitral regurgitation. Suitability for PMBV
is determined by valve morphology and the amount of mi-
tral regurgitation present. The Wilkins score (Table 16.2)
is the most widely used echo score and gives a rough guide
to the suitability of the valve morphology for PMBV. This
scoring system assigns a point value from 1 to 4 for each

of (1) valve calcification, (2) leaflet mobility, (3) leaflet
thickening, and (4) disease of the subvalvular apparatus.
In general, patients with a score of <8-9, with no calcifi-
cation and less than moderate mitral regurgitation, have
the best outcomes, although many patients have benefited
from PMBV despite higher valve scores. Patients with fa-
vourable morphology have more than 90% procedural
success, very low occurrence of complications (<2%), and
acceptably low frequency of re-stenosis on follow-up. Pro-
cedural mortality is nowadays <1% and is mainly due to
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Symptomatic mitral stenosis
NYHA Functional Class Il

'

| History, physical exam, CXR, ECG, 2D echo/Doppler |

—

Mild stenosis .
MVA > 1.5cm?

Exercise

PASP > 60 mmHg
PAWP > 25 mmHg
MVG > 15 mmHg

No Yes

Valve morphology
favourable for PMBV?

Yearly
follow-up

v

Moderate or
severe stenosis*
MVA < 1.5cm?

Valve morphology
favourable for PMBV?

No

Yes
Severe PH
PAP > 60-80 mmHg
Yes No

No Yes
Class IIb
Consider Class lla
PMBV

6-month
follow-up Exclude LA clot, 1 Consider f6-”month

3+ to 4+ MR | ollow-up

commissurotomy
or MVR

Figure 16.5 ACC/AHA 2008 GL on valve disease. Management strategy for patients with mitral stenosis and mild

symptoms.

* There may be variability in the measurement of mitral valve area (MVA), and the mean transmitral gradient, pulmonary artery wedge pressure (PAWP), and

pulmonary artery systolic pressure (PP) should also be taken into consideration.

t There is controversy as to whether patients with severe mitral stenosis (MVA <1.0 cm?) and severe pulmonary hypertension (PH; PP >60-80 mmHg) should
undergo percutaneous mitral balloon valvotomy (PMBV) or mitral valve replacement to prevent right ventricular failure.

CXR indicates chest X-ray; ECG, electrocardiogram; echo, echocardiography; LA, left atrial; MR, mitral regurgitation; MVG, mean mitral valve pressure gradient;
NYHA, New York Heart Association; PAP, pulmonary artery pressure; and 2D, two-dimensional.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J/ Am Coll

Cardiol. 2008;52:e1-142

tamponade or severe mitral regurgitation. Complications
include severe mitral regurgitation (2-10%, although 25%
of patients increase severity by one grade), most often due
to non-commissural tear, urgent surgery (<1%), haemo-
pericardium (0.5-12%), embolism (0.5-5%), and residual
ASD (<5%). Re-stenosis can often be treated with repeat
PMBY, but results are poorer than those after the first in-
tervention. Recently, a benefit of PMBV was demonstrated
in asymptomatic patients with moderate MS (<1.5 m*) and
suitable morphology, even in the absence of other conven-
tional indication for intervention.'

Open valvotomyisattractive in cases unsuitable for PMBV;
it allows conservation of the native valve and allows con-
trolled reconstruction of the valves and simultaneous
tricuspid valve repair or mitral valve replacement, if nec-
essary. The risk of surgery is 1-3%.° Patients with mitral
stenosis and severe tricuspid regurgitation do better with
surgical repair than with PMBV.

Mitral valve replacement with preservation of the subval-
var apparatus is the treatment of choice in elderly patients
with anatomy that is unfavourable for other options
(Table 16.8). Patient prosthesis mismatch and prosthesis
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Symptomatic mitral stenosis
NYHA Functional Class -1V

'

| History, physical exam, CXR, ECG, 2D echo/Doppler |

—

Mild stenosis
MVA > 1.5cm?

Exercise

PASP > 60 mmHg
PAWP > 25 mmHg
MVG > 15 mmHg

No Yes

No®

Look for
other causes

No®

Mitral valve repair
or
MVR

Class Ilb

v

Moderate or .
severe stenosis
MVA < 1.5cm?

Valve morphology
favourable for PMBV?

Yes

High-risk
surgical candidate?

Class 1|

Consider
Yes Class lla PMBY
Exclude LA clot,
3+ to 4+ MR

Figure 16.6 ACC/AHA 2008 GL on valve disease. Management strategy for patients with mitral stenosis and moderate to

severe symptoms.

* There may be variability in the measurement of mitral valve area (MVA), and the mean transmitral gradient, pulmonary artery wedge pressure (PAWP), and

pulmonary artery systolic pressure (PP) should also be taken into consideration.

T It is controversial as to which patients with less favourable valve morphology should undergo percutaneous mitral balloon valvotomy (PMBV) rather than

mitral valve surgery (see text).

CXR, chest X-ray; ECG, electrocardiography;echo, echocardiography; LA, left atrial; MR, mitral regurgitation; MVG, mean mitral valve pressure gradient; MVR,
mitral valve replacement; NYHA, New York Heart Association; and 2D, two-dimensional.
ACC/AHA guidelines on valve disease 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular

heart disease. J Am Coll Cardiol. 2008;52:e1-142.

stenosis due to ingrowth of pannus are the main problems.
The operative risk is <5% in the absence of other co-mor-
bidities but may reach 20% in the elderly with pulmonary
hypertension.® The choice of prosthesis is based on patient
age and the risk of anticoagulation (see Chapter 22 on pros-
thetic valves). Congenital MS is rare. Surgery is indicated
with a mean MV gradient >10 mmHg in the presence of
symptoms or a PA pressure >50 mmHg (Table 16.9). Con-
comitantsurgical ablation withamodification ofthe MAZE
oralternative procedures may be needed in the case of drug-
refractory AE!

Transcatheter transapical mitral valve-in-valve implanta-
tion for dysfunctional biological mitral prosthesis is also a
recent possibility."

Non-cardiac surgery

In asymptomatic patients with significant MS and a systo-
lic pulmonary artery pressure <50 mmHg, non-cardiac
surgery can be performed safely.” In symptomatic patients
or in patients with systolic pulmonary artery pressure
>50 mmHg, percutaneous mitral commissurotomy should
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MS <1.5 cm?

Symptoms

Cl to PMC

Cl or high risk
for surgery

Unfavourable
anatomical
characteristics®

Favourable
anatomical
characteristics®

4

Unfavourable
clinical

Favourable
clinical

characteristics® | | characteristics®

High risk of embolism of
haemodynamic decompensation

Exercise testing

| Symptoms | |Nosymptoms|

Cl to or unfavourable
characteristics
for PMC

Figure 16.7 ESC 2012 GL on valve disease. Management of clinically significant mitral stenosis.

Cl, contraindication; MS, mitral stenosis; PMC, percutaneous mitral commissurotomy.

a: See Table 16.6.

b: Surgical commissurotomy may be considered by experienced surgical teams or in patients with contraindications to percutaneous mitral commissurotomy.
ESC Guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496.

be attempted before non-cardiac surgery if it is high-risk.
If valve replacement is needed, the decision should be in-
dividualized.

Pregnancy

Mitral stenosis in pregnancy is associated with substan-
tial morbidity (including pulmonary oedema), even in

asymptomatic or minimally symptomatic patients with
mild to moderate disease (mitral valve area 1-1-5 cm?).
Indications for intervention are the occurrence of severe
symptoms (NYHA class ITI/IV or pulmonary oedema) that
are refractory to medical treatment. PBV is the treatment
of choice (ITa-C, ESC 2011 GL on pregnancy).”* Beta block-
ers can be given for pulmonary hypertension and diuretics
can be added if symptoms persist (I-C, ESC 2011 GL on
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Table 16.8 ACC/AHA 2008 GL on valve disease

Indications for surgery for mitral stenosis

MV surgery (repair if possible) in patients with symptomatic I-B
(NYHA IlI-IV) moderate or severe MS when:

1) Percutaneous mitral balloon valvotomy (PMBV) is unavailable,

2) PMBV is contraindicated because of left atrial thrombus
despite anticoagulation or because concomitant moderate to
severe MR is present, or

3) The valve morphology is not favourable for PMBV in a patient
with acceptable operative risk.

Symptomatic patients with moderate to severe MS, who also I-C
have moderate to severe MR, should receive MV replacement,
unless valve repair is possible at the time of surgery.

MV replacement for patients with severe MS and severe lla-C
pulmonary hypertension (PA systolic pressure >60 mmHg) with

NYHA I-Il symptoms who are not considered candidates for
percutaneous mitral balloon valvotomy or surgical MV repair.

MV repair for asymptomatic patients with moderate or severe  llb-C
MS who have had recurrent embolic events while receiving

adequate anticoagulation and who have valve morphology

favourable for repair.

MV repair for MS in patients with mild MS. -C

Closed commissurotomy in patients undergoing MV repair IN-C
(open commissurotomy is the preferred approach).

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

Table 16.9 ACC/AHA 2008 GL on valve disease

Indications for surgery in congenital mitral stenosis

Adolescent or young adult with congenital MS, and:

Symptoms (NYHA Il or IV) and mean MV gradient >10 mmHg I-C
on Doppler echocardiography.

Mild symptoms (NYHA 1) and mean MV gradient >10 mmHg lla-C
on Doppler.

PA systolic pressure 250 mmHg and a mean MV gradient lla-C
>10 mmHg.
New-onset AF or multiple systemic emboli while receiving lIb-C

adequate anticoagulation.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

PREGNANCY ‘ 65

pregnancy). Therapeutic anticoagulation is recommended
in the case of atrial fibrillation, left atrial thrombosis, or
prior embolism (I-C, ESC 2011 GL on preganancy).
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Chapter 17

Mitral regurgitation

Classification

Mechanisms of MR are classified as functional (mitral
valve is structurally normal, and disease results from valve
deformation caused by ventricular or atrial remodelling)
or organic (intrinsic valve lesions) (Table 17.1).!

Epidemiology

Although a trivial form of this valve disease is often seen in
healthy people, moderate or severe MR is the most frequent
valve disease in the USA and is the second most common
form of valvular heart disease (after aortic stenosis) need-
ing surgery in Europe.>* Degenerative changes and pro-
lapse might be non-familial or genetically transmitted as
an autosomal trait or X chromosome-linked. The preva-
lence of moderate or severe MR in the general population
in the USA is estimated 1.6% (0.5% in age 18-44 years to
9.3% in 275 years).” The prevalence of mitral valve pro-
lapse is approximately 2.4% and half of them have maximal
leaflet thickness of at least 5 mm.”

Aetiology

Mitral regurgitation (MR) may result from disorders of the
valve leaflets or the mitral apparatus. The main causes in the
western world are degenerative disease (60-70% of cases)
and ischaemic mitral regurgitation (20%) usually due to an
inferior infarction involving the inferolateral and the pos-
teromedial papillary muscle.! Degenerative disease is rarely
due to annular calcification. Mitral valve prolapse, is de-
fined on echocardiography as systolic atrial displacement of
the mitral valve such that it extends above a saddle-shaped

Table 17.1 Types of MR according to Carpentier classification

annulus by a minimum of 2 mm. It is the most common
functional abnormality associated with degenerative mi-
tral valve disease, resulting from both leaflet redundancy
and chordal elongation, and often overdiagnosed. Patients
with typical Barlow’s syndrome (initial description of mi-
tral valve prolapse) have diffuse, generalized thickening and
billowing of the leaflets whereas in those with fibroelastic
dysplasia, the disease is localized to isolated regions of the
valve.®” The chordae tendineae may be elongated and prone
to rupture. Mitral valve prolapse may be detected in 2% of the
population and can be an inheritable condition, linked to a
marker on chromosome 16.% Less common causes are rheu-
matic disease (2-5% in western countries but the leading
cause in developing countries), endocarditis (2-5%), car-
diomyopathies, congenital anomalies, carcinoid disease,
systemic lupus erythematosus (Libman-Sacks), anorec-
tic drugs, and atrial fibrillation. Acute MI (45% of acute
MR cases), endocarditis (28%), chordal or papillary muscle
rupture (26%) or dysfunction due to ischaemia, acute rheu-
matic carditis, myocarditis, Takotsubo cardiomyopathy, and
prosthetic valve dysfunction may lead to acute MR.?

Pathophysiology and natural history

In acute MR, the unprepared left atrium and left ventri-
cle cannot accommodate the regurgitant volume, which
causes large v waves in the left atrium and results in pulmo-
nary congestion. Patients with chronic MR and preserved
LV function may tolerate the marked increase in volume
better, whereas patients with impaired ventricular function
may quickly decompensate with acute worsening of MR.
In chronic cases, the adaptive changes to volume overload
include LV dilatation and eccentric hypertrophy and left atrial

Organic

Functional

Type I* Type I

Type llla* Type I*/Type llib*

Non-ischaemic Endocarditis (perforation);
degenerative (annular
calcification), congenital

(cleft leaflet)

flail leaflets);

Ischaemic Ruptured PM

Degenerative (billowing/

endocarditis (ruptured
chordae); traumatic
(ruptured chord/PM);
rheumatic (acute RH)

Rheumatic (chronic RF);
iatrogenic (radiation/
drug); inflammatory (lupus/
anticardiolipin, eosinophilic
endocardial disease,
endomyocardial fibrosis)

Cardiomyopathy;
myocarditis; left
ventricular; dysfunction
(any cause)

- Functional ischaemic

MR, mitral regurgitation; PM, papillary muscle; RF, rheumatic fever.* Mechanism involves normal leaflet movement. + Mechanism involves excessive valve

movement. # Restricted valve movement, llla in diastole, Ilib in systole.

Carpentier A. Cardiac valve surgery—the “French Correction”. J Thor Cardiovasc Surg. 1983; 86: 323-37.
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enlargement that allows accommodation of the regurgitant
volume at a lower pressure. Regurgitant fractions <40% may
be tolerated indefinitely. The LV ejection fraction in chronic
MR is usually greater than normal because of the increase in
preload and the afterload-reducing effect of ejection into the
low-impedance left atrium. Thus, LV dysfunction in severe
MR is defined as LVEF <60% or an elevated end-systolic di-
mension (>40 mm by ACC/AHA and >45 mm by ESC). Ad-
vanced myocardial dysfunction may occur while LV ejection
fraction appears normal. Ventricular dysfunction should be
suspected when end-systolic dimensions are large but is often
masked by alarge ejection volume and is revealed after surgi-
cal elimination of mitral regurgitation, with a post-operative
average immediate ejection fraction drop of about 10%. In
patients with organic mitral regurgitation, RV function im-
pairment is frequent (30%), constitutes a predictor of post-
operative cardiovascular survival, and depends weakly on
pulmonary artery systolic pressure but mainly on left ven-
tricular remodeling and septal function.” Thus, biventricu-
lar impairment is a powerful predictor of both cardiovascular
and overall survival. The risk of AF and heart failure increases
with severity of MR. Patients with severe MR usually develop
symptoms within the next 6 to 10 years and have an increased
risk for sudden death. The rate of death from cardiovascular
causes among asymptomatic patients with, at least, moder-
ate mitral regurgitation or an LVEF <50% exceeds 3% per
year.''""* Patients with severe MR and flail leaflets have an
annual mortality of 6-7%, and, in 10 years, 90% of them are
dead or require MV operation.

The prognosis of mitral valve prolapse is benign in the ab-
sence of moderate to severe MR, LVEF <50%, and thickened
mitral leaflets (>5 mm), with survival similar to that of people
without prolapse.®” Infective endocarditis (100 cases per 100
000 patient-years of follow-up), spontaneous chordal rupture,
and sudden death are higher than in the general population.
In the presence of flail leaflets, the rate of infective endocarditis
is 1.5% per year and that of sudden death 1.8% per year.” Fi-
brin emboli, as well as the increased incidence of mitral valve
prolapse in Von Willebrand’s disease and other coagulopa-
thies, are responsible for visual symptoms with involvement
of the ophthalmic or posterior cerebral circulation. MR of
mitral valve prolapse that is purely mid-late systolic has more
benign consequences and outcomes than holosystolic MR."*
Recently, a subset of patients with prolapse who experienced
life threatening ventricular arrhythmias was desdcribed. This
phenotype is characterized by bileaflet MVP, female sex, and
frequent complex ventricular ectopy including PVC of outflow
tract alternating with papillary muscle/fascicular origin."®

Presentation

Acute MR Patients who develop acute severe MR usu-
ally present with symptomatic heart failure because their
ventricles are ill prepared to accept the sudden increase in

INVESTIGATIONS

volume load. Some patients may present solely with new-
onset dyspnoea, without evidence of impending cardio-
vascular collapse, and may be misdiagnosed.

Chronic MR The patient may be entirely asymptomatic,
even during vigorous exercise, or present with dyspnoea.

Physical examination

Acute MR Physical examination of the precordium may be
misleading because a normal-sized left ventricle does not
produce a hyperdynamic apical impulse.

# The systolic murmur of MR may not be holosystolic
and may even be absent.

o A third heart sound or early diastolic flow rumble
may be the only abnormal physical finding.

Chronic MR

+ Displaced apical impulse in severe MR

¢ Soft S, and widely split S,

# Late systolic murmur in MVP or papillary muscle
dysfunction

# Mid-systolic click and perhaps TR in the presence of
MVP

+ Holosystolic murmur in chordal rupture and flail
leaflet. The radiation of the murmur follows the direc-
tion of the regurgitant jet. With a flail posterior leaflet, the
murmur radiates anteriorly and may mimic aortic ste-
nosis whereas a murmur associated with a flail anterior
leaflet radiates to the back.

¢ A diastolic rumble and S, may be present and does
not necessarily indicate LV dysfunction.

¢ Loud P, due to pulmonary venous hypertension indi-
cates advanced disease.

Investigations

Chest radiography Cardiomegaly due to LV and left atrial
enlargement in chronic MR. Kerley B lines and interstitial
oedema can be seen in acute MR or progressive LV failure.
Predominant MS is suggested by mild cardiomegaly and
significant changes in the lung fields. A unilateral pattern
that is found in 2% of cases of pulmonary oedema, usu-
ally of the right upper lobe, is always associated with severe
functional or organic MR.*® This entity should be differen-
tiated from lobar pneumonia.

Electrocardiography Left atrial enlargement and atrial fi-
brillation. Left ventricular enlargement in approximately
30% of patients and RV hypertrophy in 15%. AF is associ-
ated with increased mortality."”

Transthoracic echocardiography demonstrates the dis-
ruption of the MV but may underestimate lesion sever-
ity by inadequate imaging of the colour flow jet. Thus, if
there is normal or hyperdynamic systolic function of the
left ventricle on echocardiography in a patient with acute
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heart failure, the suspicion of severe MR should be raised.
Quantitative assessment of regurgitation is feasible by
quantitative Doppler, based on mitral and aortic stroke
volumes, or quantitative 2D echo, based on left ventricu-
lar volumes, or flow convergence analysis with colour flow
imaging proximal to the regurgitant orifice (PISA, proxi-
mal isovelocity surface area method) (Tables 17.2 and 17.3,
and Figure 17.1). Measures of effective regurgitant orifice
area (ERO) and regurgitant volume can be inaccurate in
acute MR, particularly in the context of tachycardia. As-
sessment of mid- or late MR in the context of mitral leaflet
prolapse may also be misleading because jet area and ERO
by flow convergence appear similar to those of holosystolic
MR. 3D measurement of vena contracta area and regur-
gitant volume is superior to 2D methods.'® 3-D analysis of
the annular shape has also been shown prognostically sig-
nificant; flattening of the annular saddle (normal) shape is
associated with progressive leaflet billowing and increased
chordal rupture.”

Transoesophageal echocardiography can more accu-
rately assess the colour flow jet and direct successful surgi-
cal repair (Class I-B, ACC/AHA guidelines on valve disease
2008), particularly in acute MR.

Exercise testing, with or without Doppler assessment,
before and after exercise in symptomatic patients in
whom there is a discrepancy between symptoms and

resting measures of LV function and pulmonary artery
pressure. It is very helpful in identifying patients who
develop pulmonary hypertension (>60 mmHg) with ex-
ercise.

Cardiac catheterization is indicated when the non-in-
vasive tests are inconclusive to resolve the severity of MR
(Table 17.4).

Coronary angiography is necessary before surgery in the
haemodynamically stable patient over 40 years of age or
with risk factors or clinical suspicion of coronary artery
disease (Tables 15.3 and 15.4 in Chapter 15 on general
principles). LV angiography at the RAO projection allows
visualization and quantification of the regurgitant jet, but
the method depends on the amount of contrast injected
and the size of the LA.

Cardiac magnetic resonance provides accurate measure-
ment of regurgitant flow and LV volumes and is an emerg-
ing modality of increasing significance.

Biomarkers, such as B-natriuretic peptide, are related to func-
tional class, but their value for risk stratification is limited.

Therapy

Anticoagulation for the symptomatic patients with mitral
valve prolapse is presented in Table 17.5.

Table 17.2 ACC/AHA 2008 GL on valve disease. Criteria for severity of MR

Mild

Moderate

Severe

Specific signs

Angiographic grade 1+ 2+

Colour Doppler jet area Small, central jet

(<4 cm? or <20% LA area)

Signs of MR greater than mild
but less than severe MR

3-4+

Vena contracta width >0.7 cm, with
large central MR jet (area >40% of LA
area) or with a wall-impinging jet of any
size, swirling in LA

Doppler vena contracta width (cm) <0.3 0.3-0.69 >0.70
Quantitative (cath or echo)

RVol (mL per beat) <30 30-59 >60

RF (%) <30 30-49 >50

ERO (cm?) <0.20 0.20-0.39 20.40
Additional essential criteria

LA size Enlarged
LV size Enlarged

RVol, regurgitant volume; RF, regurgitant fraction; ERO, effective regurgitant orifice area; CW, continuous wave.
Colour flow jets are composed of three distinct segments: the proximal flow convergence zone (the area of flow acceleration into the orifice), the vena
contracta (the narrowest and highest velocity central flow region of the jet), and the jet itself distal to the orifice.

Jet and vena contracta estimations at a Nyquist limit of 50-60 cm/s.

Large flow convergence defined as flow convergence radius >0.9 cm for central jets, with a baseline shift at a Nyquist of 40 cm/s. Cut-offs for eccentric jets are

higher and should be angled correctly.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. / Am Coll

Cardiol. 2008;52:e1-142.
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Table 17.3 ESC 2012 GL on VD. Echocardiographic criteria
for definition of severe MR

Qualitative

Valve morphology Flail leaflet/ruptured papillary

muscle/large coaptation defect

Very large central jet or eccentric jet
adhering, swirling, and reaching the
posterior wall of the left atrium

Colour flow regurgitant jet

CW signal of regurgitant jet
Other

Dense/triangular
. .Large flow convergénce zone?
Semi-quantitative B .
Vena contracta width (mm) . 27 (>8 for biplane)b.

Upstream vein flow< Systolic pulmonary vein flow reversal

Inflow E wave dominant 21.5 m/s¢
Other HTVI mitral/TVI aortic.>1 4
Quantitative R .

.P.rimary secondarye
EROA (mm?) é40 220
RVol (ml/beat) £60 §3O
+ enlargement of cardiac Lv LA .

chambers/vessels

a: At a Nyquist limit of 50-60 cm/s.

b: For average between apical four- and two-chamber views.

¢: Unless other reasons for systolic blunting (atrial fibrillation, elevated atrial
pressure).

d: In the absence of other causes of elevated left atrial pressure and of mitral
stenosis.

e: Different thresholds are used in secondary MR where an EROA >20mm?
and regurgitant volume >30 mL identify a subset of patients at increased risk
of cardiac events.

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.

Acute MR

Medical therapy is aimed at stabilizing haemodynam-
ics in preparation for surgical repair or MV replacement
(usually with endocarditis). Nitroprusside in the normo-
tensive patient and dopamine with or without nitroprus-
side in hypotension are administered. Aortic balloon
counterpulsation increases forward output and mean
arterial pressure while diminishing regurgitant volume
and LV filling pressure and can also be used. MV repair
or replacement, combined with CABG for papillary mus-
cle rupture-induced MR, can now be offered, with <10%
mortality.” Surgical mortality for endocarditis-induced
acute MR is 10-20%. The prognosis of patients with is-
chaemic cardiogenic shock is inversely related to the
degree of MR and also argues for aggressive revasculari-
zation when feasible.”
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/"'_'_ 1000_'_""'\\

Peak MR flow rate = 27 12 x Va x (angle/180°)
EROA = peak MR flow rate/peak velocity of MR Jet

Figure 17.1 Schematic example of the proximal isovelocity
surface area (PISA) method. Left, the colour Doppler
baseline is shifted downward (in the direction of the mitral
regurgitation (MR) jet) until the proximal convergence zone
(middle) appears hemispheric. The aliasing velocity (Va)

is used to calculate peak regurgitant flow rate from the
formula, where r is the radius from the blue-red alias line
to the orifice. Note that this formula assumes that peak
flow rate from the PISA radius occurs at the same time as
peak velocity of the MR jet by continuous wave Doppler.

If the proximal flow convergence does not occur over a
flat (180°) plane, angle correction must be used (right).

It is important to shift the baseline in the direction of the
MR jet, not to merely lower the aliasing velocity. It is also
important to turn off variance, which makes the red-blue
alias line easier to identify.

EROA indicates effective regurgitant orifice area.
Grayburn PA,et al. Quantitation of mitral regurgitation. Circulation.
2012;126:2005-17.

Table 17.4 ACC/AHA 2008 GL on VD

Indications for cardiac catheterization

Left ventriculography and haemodynamic measurements
when non-invasive tests are inconclusive regarding severity I-C
of MR, LV function, or the need for surgery.

Haemodynamic measurements when pulmonary artery

pressure is out of proportion to the severity of MR, as

assessed by non-invasive testing, or when there is a I-C
discrepancy between clinical and non-invasive findings

regarding severity of MR.

Coronary angiography is indicated before MV repair or MV
replacement in patients at risk for CAD.

Left ventriculography and haemodynamic measurements
are not indicated in patients in whom valve surgery is not 1-C
contemplated.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.
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Table 17.5 ACC/AHA 2008 GL on VD

Table 17.6 ACC/AHA 2008 GL on VD

Evaluation and management of the symptomatic
patient with mitral valve prolapse

Aspirin therapy (75-325 mg/day) for symptomatic patients
who experience cerebral transient ischaemic attacks.

In AF, warfarin therapy for patients aged >65 or those with
hypertension, MR murmur, or a history of heart failure.

Aspirin therapy (75-325 mg/day) for patients with AF who
are <65 years old and have no history of MR, hypertension, I-C
or heart failure.

In patients with a history of stroke, warfarin for patients with
MR, AF, or left atrial thrombus.

Warfarin for patients with a history of stroke who

do not have MR, AF, or left atrial thrombus if there is
echocardiographic evidence of thickening (=5 mm) and/or
redundancy of the valve leaflets.

lla-C

In patients with a history of stroke, aspirin if there is

no MR, AF, left atrial thrombus, or echocardiographic
evidence of thickening (=5 mm) or redundancy of the valve
leaflets.

lla-C

Warfarin for patients with transient ischaemic attacks despite

aspirin therapy. fla-C

Aspirin (75-325 mg/day) for patients with a history of stroke

who have contraindications to anticoagulants. lla-8

Aspirin (75-325 mag/day) for patients in sinus rhythm with

echocardiographic evidence of high-risk MVP. flo-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease.
JAm Coll Cardiol. 2008;52:e1-142.

Table 17.7 ESC 2012 GL on valve disaese

Indications for mitral valve operation

Symptomatic patient with acute severe MR. I-B

Patients with chronic severe MR and NYHA I, Ill, or IV symptoms
in the absence of severe LV dysfunction (LVEF <30%) and/or end- I-B
systolic dimension >55 mm).

Asymptomatic patients with chronic severe MR and mild to
moderate LV dysfunction, LVEF 30-60%, and/or end-systolic I-B
dimension 240 mm.

MV repair preferable to replacement and patients should be

referred to surgical centres experienced in MV repair. -C

MV repair in experienced centres for asymptomatic patients with

chronic severe MR with preserved LV function (LVEF >60% and end- la-B
systolic dimension <40 mm) in whom the likelihood of successful

repair without residual MR is greater than 90%.

MV surgery for asymptomatic patients with chronic severe MR, lla-C

preserved LV function, and new-onset AF.

MV surgery for asymptomatic patients with chronic severe MR,
preserved LV function, and pulmonary hypertension (PA systolic lla-C
pressure >50 mmHg at rest or >60 mmHg with exercise).

MV surgery for patients with chronic severe MR due to a primary
abnormality of the mitral apparatus and NYHA III-V symptoms

and severe LV dysfunction (LVEF <30%) and/or end-systolic lla-C
dimension >55 mm) in whom MV repair is highly likely.

MV repair for patients with chronic severe secondary MR due

to severe LV dysfunction (LVEF <30%) who have persistent e

NYHA IlI-IV symptoms despite optimal therapy for heart failure,
including biventricular pacing.

MV surgery for asymptomatic patients with MR and preserved
LV function (LVEF >60% and end-systolic dimension <40 mm)in 1lI-C
whom significant doubt about the feasibility of repair exists.

Isolated MV for patients with mild or moderate MR. IN-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease.
J Am Coll Cardiol. 2008;52:e1-142.

Indications for surgery in severe primary mitral regurgitation

Mitral repair is preferred when expected to be durable. I-C
Symptomatic patients with LVEF >30% and ESD <55 mm. I-B
Asymptomatic patients with LV dysfunction (ESD >45 mm and/or LVEF <60%). I-C
Asymptomatic patients with preserved LV function and new-onset AF or pulmonary hypertension (systolic pulmonary artery pressure la-C
>50 mmHg at rest).

Asymptomatic patients with preserved LV function, high likelihood of durable repair, and low risk for surgery and flail leaflet, and LVESD =40 mm. lla-C
Patients with severe LV dysfunction (LVEF <30% and/or LVESD >55 mm) and/or refractory to medical therapy with high likelihood of la-C
durable repair and low co-morbidity.

Patients with severe LV dysfunction (LVEF <30% and/or ESD >55 mm) refractory to medical therapy with low likelihood of repair and low lIb-C
co-morbidity.

Asymptomatic patients with preserved LV function, high likelihood of durable repair, low surgical risk and: I1b-C

Left atrial dilatation (volume index 260mL/m? BSA) and sinus rhythm, or

Pulmonary hypertension on exercise (systolic PA pressure >60 mmHg at exercise).

* Lower values can be considered for patients of small stature.

ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496.
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Chronic severe mitral regurgitation

Clinical evaluation + echo

Reevaluation
No Yes

v : ) }
; LV dysfunction
NormEaF' %fggd'on EF <0.60 EF >0.30 EF >0.30 and/or
ESD <4d mm and/or ESD <55 mm ESD >55 mm
ESD >40 mm
v Class |
New-onset AF? Chordal preservation
Pulmonary HT? likely?
Ye MV repair Ve
€ Class lla If not possible, Class lla €
MVR

No

4

No
MV repair
likely?*

No

Clinical eval

every 6 mo

Echo every
6 mo

<«

Medical therapy

Figure 17.2 ACC/AHA 2008 Management strategy for patients with chronic severe mitral regurgitation.

* Mitral valve (MV) repair may be performed in asymptomatic patients with normal left ventricular (LV) function if performed by an experienced surgical team

and if the likelihood of successful MV repair is greater than 90%.

AF indicates atrial fibrillation; echo, echocardiography; EF, ejection fraction; ESD, end-systolic dimension; eval, evaluation; HT, hypertension; and MVR, mitral

valve replacement.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:e1-142

Chronic MR

Medical therapy is aimed at reducing the afterload and
pulmonary congestion with ACE/ARB and diuretics. Beta
blockers in MR may increase LVEDD and were thought to
be contraindicated, but recent evidence indicated benefi-
cial reverse remodeling, especially in functional MR but
also in degenerative disease.?! They are also recommended
in patients with MVP, no severe MR, and palpitations. As-
pirin (75-325 mg od) or warfarin in non-responders is rec-
ommended for patients with MVP and TIAs.?

Surgery is mainly recommended for (Tables 17.6 and 17.7,
and Figures 17.2 and 17.3):*>%

+ Symptomatic patients with severe MR and preserved
LV function (i.e. LVEF >30% and LVEDD <55 mm)

+ Asymptomatic patients with severe MR and mild
to moderate LV dysfunction (LVEF 30-60% and/or
LVESD >40-45 mm) or development of AF or PA
hypertension (>50 mmHg)

# Mitral valve repair is also recommended for asympto-
matic patients with severe MR and well-preserved LV
function (LVEF >60% and LVESD <40 mm) and/or
pulmonary hypertension

Concomitant coronary artery disease should be treated
with CABG at time of MV operation (I-A for stenosis
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4
LVEF <60% or

LVESD 245 mm
LVEF >30%

New onset of AF or
SPAP >50 mmHg

Refractory to
medical therapy

4
Durable valve
repair is likely and
low co-morbidity

High likelihood of
durable repair, low
surgical risk, and
presence of risk
factors?

A A A

Surgery Extended HF Medical
(repair whenever possible) treatment therapy

Figure 17.3 ESC 2012 Management of severe organic MR.

BSA, body surface area; SPAP, systolic pulmonary arterial pressure.

a: When there is a high likelihood of durable valve repair at a low risk, valve repair should be considered (llaC) in patients with flail leaflet and LVESD 240 mm;
valve repair may be considered (IIbC) if one of the following is present: LA volume 260 mL/mC BSA and sinus rhythm or pulmonary hypertension on exercise
(SPAP =60 mmHg).

b: Extended HF management includes the following: cardiac resynchronization therapy: ventricular assist devices; cardiac restraint devices; heart

transplantation.
ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

>70% or Ila-C for stenosis 50-70%, ESC 2010 guideline on
revascularization).

Although the issue is controversial,”* most retrospec-
tive studies support early repair, particularly in the con-
text of organic MR*? and before the establishment of
pulmonary hypertension.”” These patients should be re-
ferred to centres with known expertise and a greater than
90% likelihood of successful repair. A watchful waiting
approach should probably be preferred if the likelihood
of a high-quality repair is low and in the presence of high
surgical risk and/or low probability of a durable repair,
which is typically the case in elderly patients with relevant
co-morbidities and/or complex valve lesions.?

However, in a recent analysis of the Medicare database,
elderly patients (=75 years) who underwent repair had a
life expectancy similar to that of the age- and sex-matched
US population.”” Operative mortality for patients who
underwent repair was 3.9% compared with 8.9% for re-
placement. Thus, an approach of earlier identification and
surgical referral than that recommended by current guide-
lines should be probably considered regardless of age.
MYV repair is recommended over MV replacement (Ta-
ble 17.8).3%3! Calcified mitral annulus, rheumatic disease, and
involvement of the anterior leaflet diminish the likelihood
of repair. In experienced centres, reoperation after 10 years
is necessary in 5% of patients with repaired posterior leaflet
prolapse and 10% of those with anterior leaflet repair. MV
repair for degenerative MR restores life span to normal ex-

Table 17.8 ACC/AHA 2008 GL on VD

Recommendations for myxomatous mitral valve

MV repair when anatomically possible for patients with severe I-B
degenerative MR. Patients should be referred to surgeons who
are expert in repair.

Patients who have undergone successful MV repair should:

Continue to receive antibiotics as indicated for endocarditis ~ I-C
prophylaxis.

Continue to receive long-term anticoagulation with warfarin. ~ 1-B

Undergo 2D and Doppler echocardiography before I-C
discharge or at the first post-operative outpatient visit.

Tricuspid valve repair is beneficial for severe TR in patients with I-B
MV disease that requires MV surgery.

THERAPY

cept in patients with symptoms at rest and impaired left ven-
tricular function. Advanced age and complex mitral valve
pathologies increased the risk of late recurrent MR.*> When
repair is not feasible, MV replacement with preservation of
the subvalvar apparatus is preferred. The choice of prosthesis
is based on patient age and the risk of anticoagulation (see
Chapter 22 on prosthetic valves). Concomitant coronary ar-
tery disease should be treated with CABG at time of mitral
valve operation (I-A for stenosis >70% or Ila-C for stenosis
50-70%-ESC 2010 GL on revascularization).

Functional MR

Functional is defined as secondary MR due to cardiomy-
opathies or chronic ischaemic heart disease. The prognosis
of these patients is worse than other kinds of MR, and the
role of surgery is controversial.** Recently, an analysis of the
STICH trial cohort suggested potentially improved survival
when MV repair with an annuloplasty ring was added to
CABG in ischaemic patients with LVEF <35% and moderate
to severe MR.* Two small RCTs have addressed this issue
and detected improved exercise capacity and LV remodel-
ling but no change in 1-year™ or 5-year*® mortality. Although
CABG may improve MR in some patients,” moderate is-
chaemic mitral regurgitation does not reliably resolve,*® and
development of significant MR may be actually seen follow-
ing isolated CABG.* Cardiac resynchronization therapy is
a potential therapeutic option in heart failure patients with
moderate-severe functional MR and high risk for surgery.*’
Recommendations for surgery are given in Table 17.9.

Table 17.9 Surgery in functional MR

ESC 2012 GL on valve disease. Indications for surgery in
chronic secondary mitral regurgitation

Patients with severe MR, undergoing CABG, and LVEF >30%. |-C

Patients with moderate MR undergoing CABG.? lla-C
Symptomatic patients with severe MR, LVEF <30%, option for lla-C
revascularization, and evidence for viability.

Patients with severe MR, LVEF >30%, refractory to medical IIb-C

therapy (including CRT if indicated), and low co-morbidity,

when revascularization is not indicated.

1: The thresholds for severity (EROA 220 mm?; RVol >30 mL) differ
from that of primary MR and are based on the prognostic value
of these thresholds to predict poor outcome.

2: When exercise echocardiography is feasible, the development

Oral anticoagulation for the first 3 months after MV repair. lla-C of dyspnoea and increased severity of MR associated with
: - pulmonary hypertension are further incentives to surgery.
Iéon)g—tern;_treftmﬁnthwnh |OVdV-dOSE aspirin <7f5_|1l\;|)3 mg per q lla-C ESC guidelines on the management of valvular heart disease (version
ay) In patients who have undergone successtul VIV repair an 2012). European Heart Journal 2012;33:2451-2496.
remain in sinus rhythm. S 5
- lonlasty for mid TR in oatients underdor lonc ACCF/AHA 2011 on CABG. Indications for surgery in
ricuspid annuiop asty Tor mild 1R In patients undergoing & chronic ischaemic mitral regurgitation
MV repair when there is pulmonary hypertension or tricuspid
annular dilatation. Concomitant mitral valve repair or replacement at the time of I-B
: : i CABG. In patients undergoing CABG who have severe ischaemic
Maze procedure may be considered at the time of M repair in llb-8 mitral valve regurgitation not likely to resolve with revascularization.
patients with a history of AF. ; : . ;
Concomitant mitral valve repair or replacement at the time lla-B
ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 of CABG, in patients undergoing CABG who have moderate
quidelines for the management of patients with valvular heart disease. ischaemic mitral valve regurgitation not likely to resolve with
JAm Coll Cardiol. 2008;52:e1-142. revascularization.
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Recommendations for surgery in (rare) congenital MR
are given in Table 17.10.
Percutaneous techniques for MR, such as edge-to-edge
anterior and posterior leaflet attachment with a clip and
coronary sinus cinching, are under investigation.*’*** The
EVEREST II randomized controlled trial failed to show con-
vincing benefits of the Mitraclip technique in comparison
with surgical repair in all-comers with severe MR. However,
subsequent analysis of outcomes in higher risk subjects (pre-
dicted surgical mortality >12%) within the trial compared
with registry controls receiving medical therapy alone sug-
gested a possible role for percutaneous treatment.*

Transcatheter transapical mitral valve-in-valve implanta- ~ 10-
tion for dysfunctional biological mitral prosthesis is also a
recent possibility.*® 1
Table 17.10 ACCF/AHA 2008 on VD
Indications for surgery in severe congenital MR 12.
MV surgery in symptomatic adolescent or young adult with I-C
severe congenital MR and NYHA Il or IV symptoms or LV 13
systolic dysfunction (EF <0.60). :
MV repair in experienced surgical centres in the lla-B
asymptomatic adolescent or young adult with severe 14
congenital MR with preserved LV systolic function if the :
likelihood of successful repair without residual MR is >90%.
The effectiveness of MV surgery is not well established in I1b-C
asymptomatic adolescent or young adult patients with severe 1
congenital MR and preserved LV systolic function in whom 5.
valve replacement is highly likely.
ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am 16
Coll Cardiol. 2008;52:e1-142. .
Non-cardiac surgery 17.
In patients with AR or MR, if LV dysfunction is severe
(EF <30%), non-cardiac surgery should only be performed, 18-
if strictly necessary, after optimization of medical therapy
for HE* 19.
Pregnancy
Patients with severe mitral regurgitation and symptoms 20
or impaired ventricular function or ventricular dilatation ’
should be treated surgically pre-pregnancy (I-C, ESC 2011
GL on pregnancy).
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Aortic stenosis

Epidemiology

Aortic stenosis (AS) is the most prevalent form of cardio-
vascular disease in the western world after hypertension,
coronary artery disease, and mitral valve disease.” It is
the most common form of valvular heart disease needing
surgery in Europe.? Aortic sclerosis, defined as irregular

valve thickening without obstruction to LV outflow, is
present in about 25% of adults over 65 years of age and
is associated with clinical factors, such as age, sex, hy-
pertension, smoking, serum low-density lipoprotein and
lipoprotein(a) levels, and diabetes mellitus.>* The preva-
lence of moderate or severe aortic stenosis in patients
>7% years old is 2.8%.'
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Aetiology

The most common cause of AS in adults is calcification
of a normal trileaflet or congenital bicuspid valve.* The
disease process is characterized by lipid accumulation,
inflammation, and calcification, with many similarities to
atherosclerosis.* However, the pathophysiological proc-
esses in calcific AS are locally determined and regulated.®
Rheumatic AS, due to fusion of the commissures with scar-
ring and eventual calcification of the cusps, is less common
in developed countries and is invariably accompanied by
mitral valve disease. In the young, AS is due to congeni-
tal malformations, such as bicuspid aortic valve, discrete
subvalvular obstruction, or supravalvular stenosis (see
Chapter 7). Calcific valvular disease is known to cluster
within families, and recently the CHARGE Extracoronary
Calcium Working Group reported one single nucleotide
polymorphism in the lipoprotein(a) locus that is associ-
ated with aortic valve calcification.®

Pathophysiology and natural history

Inflammation, fibrosis, and calcification contribute to the
development of AS.* Metabolic syndrome is an independ-
ent predictor of AS progression, especially in younger pa-
tients.” The calcific disease progresses gradually over many
years from the base of the cusps to the leaflets, eventually
causing a reduction in leaflet motion and effective valve
area without commissural fusion. The LV adapts to the ob-
struction by increasing wall thickness while maintaining
normal chamber size. The consequent concentric hypertro-
phy is a compensatory mechanism to normalize the LV wall
stress. As a result of increased wall thickness and dimin-
ished compliance of the chamber, LV end-diastolic pressure
increases without chamber dilatation. LV systolic function
is usually preserved, and cardiac output is maintained for
many years. If LV systolic dysfunction is present, it usually
improves after aortic valve replacement (AVR). Irreversible
LV dysfunction is possible but cannot be easily diagnosed
by preoperative imaging. Once even moderate stenosis is
present (jet velocity >3.0 m/s), the average rate of progres-
sion is an increase in mean pressure gradient of 7 mmHg
per year, and a decrease in valve area of 0.1 cm? per year.®
Most patients with AV velocity of 4 m/s become sympto-
matic within the next 5 years and carry a 1% risk of sudden
death per year.” Asymptomatic patients with very severe
aortic stenosis (jet velocity >5 m/s) have a poor prognosis,
with a high event rate (75% at 3 years have AVR or die) and
a risk of rapid functional deterioration.'” Impaired platelet
function and decreased levels of Von Willebrand factor de-
velop with severe disease and predispose to epistaxis and
ecchymosis.”

Severe aortic stenosis is defined as an effective orifice
area (valve area) <Icm? (0.6 cm?*/m? BSA) in the context

of a mean transvalvular gradient 240 mmHg (Table 18.1).
However, gradients are a squared function of flow as ex-
pressed by the stroke volume, and even a modest decrease
of flow may lead to an important reduction in gradient,
even in the presence of a severe stenosis. Thus, there has
been a tendency to characterize severe aortic stenosis in
terms of flow and gradient."

Low-flow/low-gradient severe AS is defined as orifice
area <1 cm? and mean gradient <40 mmHg, in the con-
text of a reduced stroke volume (indexed stroke volume
<35 mL/m?) probably due to reduced systemic arterial
compliance and intrinsic myocardial dysfunction.'>* This
pattern is seen in 5-10% of patients with severe AS, and
20-30% of them have pseudosevere AS.

Pseudosevere AS is defined as a final aortic valve area
>1.2 cm?, mean transaortic pressure gradient <40 mmHg,
and >20% increase in stroke volume (flow or contractile
reserve) at peak dobutamine infusion (see Diagnosis).'>"
Most of these patients have a depressed LV function and
a dilated LV due to afterload mismatch and/or ischaemic
heart disease.

Low-flow, low-gradient severe AS with normal LVEF or
paradoxical low-flow, low-gradient severe AS is charac-
terized by an orifice area <1 cm? a mean aortic pressure
gradient <40 mmHg, an indexed LV stroke volume <35 mL/
m? but a preserved LVEF (=50%).""* This pattern is seen
in at least 10% of patients with severe AS, and the discrep-
ancy between LVEF and stroke volume is attributed to high
global afterload and restricted physiology with pronounced
concentric remodelling and myocardial fibrosis that are
mainly reflected in impaired longitudinal function.

Presentation

Patients, even with severe AS, may be asymptomatic. Usu-
ally with progression of stenosis severity, SOBOE or heart
failure (50%), angina (35%), and syncope (15%) appear.
Once symptoms develop, AVR is needed because the aver-
age survival is only 2 to 3 years, with an increased risk of
sudden death. Table 18.1 presents the differential diagnosis
of LVOT obstruction.

Physical examination

o Slow arterial pulse (pulsus parvus et tardus) in severe
AS. May not be present with AR, in hypertension, or in
the elderly due to rigid vasculature.

¢ Prominent a waves in JVP in severe AS (reduced RV
compliance due to hypertrophy of the interventricular
septum. The v wave may be prominent if there is RV
failure.

# Soft S, and single S, (late or absent A))

& S, (vigorous atrial contraction) indicates severe AS.
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Table 18.1 ACC/AHA 2008 GL on valve disease. Factors that differentiate the various causes of left ventricular outflow

tract obstruction

Factor Valvular Supravalvular Discrete subvalvular Obstructive HCM
Valve calcification Common after age 40y No No No

Dilated ascending aorta Common after age 40 y Rare Rare Rare

PP after VPB Increased Increased Increased Decreased

Valsalva effect on SM Decreased Decreased Decreased Increased

Murmur of AR Common after age 40y Rare Sometimes No

Fourth heart sound (S,) If severe Uncommon Uncommon Common
Paradoxical splitting Sometimes* No No Rather common”
Ejection click Most (unless valve calcified) No No Uncommon or none
Maximal thrill and murmur 2nd RIS 1st RIS 2nd RIS 4th LIS

Carotid pulse Normal to anacrotic* Unequal Normal to anacrotic Brisk, jerky, systolic

(parvus et tardus)

rebound

* Depends on severity.

AR indicates aortic regurgitation; HCM, hypertrophic cardiomyopathy; LIS, left intercostal space; PP, pulse pressure; RIS, right intercostal space; SM, systolic

murmur; and VPB, ventricular premature beat.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:1-142.

o A thrill may be present.

o Hyperdynamic LV suggests concomitant MR or AR.

¢ Crescendo-decrescendo systolic murmur along the
left sternal border that radiates to the upper right ster-
nal border and the carotids. It may also radiate to the
LV apex (the Gallavardin phenomenon) and may be
mistaken for MR.

o The intensity of the murmur does not correspond to
the severity of AS.

+ Diastolic murmur if AR is also present.

# Systolic ejection click in young patients with bicuspid
valve.

Investigations

ECG LV hypertrophy. Left atrial enlargement in severe AS
and AF in <15% of patients. Various degrees of AV and
intraventricular block may be seen.

Chest radiography Usually normal. Cardiomegaly is a
late feature in AS, and calcification is a universal finding,
but rarely visible on chest X-ray. The proximal ascending
aorta may be dilated, particularly in patients with bicuspid
valves.

Echocardiography is the standard imaging procedure.
Two-dimensional echocardiography puts the diagnosis
and usually identifies a bicuspid valve. Doming of the aor-
tic leaflets due to asymmetry and restriction is often seen
in young patients with bicuspid aortic valves. Doppler
echocardiography allows quantification of jet velocity, pres-
sure gradient derived as 4 X (jet velocity)?, and valve area
(Table 18.2). An annual increase in jet velocity >0.3 m/s

or a decrease in valve area >0.1 cm? indicates rapid hemo-
dynamic progression.’* All patients with mean gradients
>30 mmHg or peak >50 mm Hg should be followed with
yearly echocardiograms (Class I-C, ACC/AHA guidelines
on valve disease 2008). In patients with mixed AS and AR,
peak aortic jet velocity reflects both stenosis and regurgita-
tion and represents a useful predictive parameter.'®
Doppler-derived gradients tend to be higher and ef-
fective orifice area lower compared to those derived by
cardiac catheterization. This is because the blood flow
contracts to pass through the stenotic orifice, and a por-
tion of the potential energy of the blood (i.e. pressure) is
converted into kinetic energy (i.e. velocity), thus resulting
in a pressure drop and acceleration of flow. Downstream
of the vena contracta (i.e. the effective orifice area), a large
part of the kinetic energy is irreversibly dissipated as heat
because of flow turbulences. The remaining portion of the
kinetic energy that is reconverted back to potential energy
represents the so-called ‘pressure recovery’ (Figure 18.1)."”
This can be accounted for by calculating the Energy Loss
Index (ELI). (ELI=[EOA x A, / A,- EOA]/BSA, where
EOA=effective orifice area by conventional echocardiog-
raphy, A W= the cross sectional area of the aorta measured
at 1em downstrteam of the sinotunular junction, and BSA
the body surface area). In asymptomatic patients with
inconsistent grading of stenosis andobtained by cath-
erization, and provides additional prognostic information
independently of aortic gradient.'
Aortic sclerosis is characterized by focal areas of valve
thickening, typically located in the leaflet centre, with com-
missural sparing and normal leaflet mobility. Jet velocity
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Table 18.2 Classification of AS

ACC/AHA 2008 GL on valve disease. Severity of AS

AV Area (cm?) Mean gradient (mmHg) Jet velocity (m/s)
Mild <15 <25 <3

Moderate 1-15 2540 34

Severe :<1 (<0.6 cm?/m?) :>4O :>4

ESC 2012 GL on valve disease. Definition of severe AS

Valve area (cm?) .<1 0

Indexed valve area (cm?/m? BSA) :<O.6

Mean gradient (mmHg) (in patients with normal cardiac output/ >40

transvalvular flow)

Maximum jet velocity (m/s) (in patients with normal cardiac output/ >4.0
transvalvular flow)

Velocity ratio .<O.25

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. / Am Coll
Cardiol. 2008;52:e1-142.
ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal. 2012;33:2451-2496

PATIENT #1 PATIENT #2

N Puor

Pwor 185 mmHg

170 mmHg \ Ly
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.............. Wi
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Figure 18.1 The phenomenon of pressure recovery in aortic stenosis. Schematic representation of flow and blood pressure
across the left ventricular outflow tract (PLVOT), aortic valve, and ascending aorta (AA) during systole in two theoretical
patients having the same stroke volume (80 mL) and valve effective orifice area (EOA; 0.9 cm?) but different sizes of ascending
aorta (2.0 cm diameter in patient 1 vs 4.0 cm in patient 2). The maximum pressure gradient recorded at vena contracta
(APmax, i.e. the mean gradient measured by Doppler) is the same in the two patients, but patient 1, with the small aorta,

has a large amount of pressure recovery (PR) downstream of the valve whereas patient 2 has minimal pressure recovery.
Consequently, the net ‘irreversible’ gradient (APnet, i.e. measured by catheter), and thus the left ventricular systolic pressure, is
significantly higher in patient 2 than in patient 1.

LVOT indicates left ventricular outflow tract.

Pibarot P, et al. Energy Loss Index in Aortic Stenosis: Fluid Mechanics Concept to Clinical Application. Circulation. 2013,127:1101-1104
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in aortic sclerosis is <2.5 m/s. Diffuse leaflet thickening is
not seen in aortic sclerosis, being suggestive of normal age-
ing changes, significant AS, or imaging artefact. In AS, the
aortic valve is usually thickened and calcified, with limited
excursion and a reduced aortic valve area.

Low-dose dobutamine haemodynamic measurements or
exercise echocardiography is useful in cases of low-flow/
low-gradient severe AS in order to differentiate patients
with anatomically severe AS from those with pseudosevere
AS (ACC/AHA guidelines on valve disease 2008, IIa-C/B).
Dobutamine (5-20 microgram/kg/min) in AS with LV dys-
function and gradient <40 mmHg produces an increment
in stroke volume (>20%) and valve area (>1 cm? and/or an
increase 20.3 cm?*) but no change in gradient, in haemo-
dynamically non-significant stenosis (pseudosevere AS).
In significant AS, the valve area remains unchanged (or in-
creases <0.2 cm? but remains <1 cm?) whereas the gradient
and stroke volume increase (mean gradient >40 mmHg).
In ambiguous response, calculation of the projected orifice
area that would have occurred at a standardized flow rate of
250 mL/s may be useful (TOPAS trial)."” Patients who fail to
show at least 20% stroke volume increase with dobutamine
(lack of the so-called contractile or, more accurately, flow
reserve) have a poor prognosis with either medical or
surgical therapy,”” but this finding may not necessarily
preclude consideration of AVR or TAVL.?

In paradoxical low-flow, low-gradient severe AS, detailed
echocardiographic examination to avoid miscalculation
of the stroke volume, evaluation of the systemic arterial
compliance and valvuloarterial impedance (Z,,), and in-
terpretation of findings in the context of peripheral blood
pressure are recommended.” Impaired longitudinal func-
tion, i.e. lower basal longitudinal strain and tissue velocities
and mitral plane excursion, is assessed by speckle-tracking
echocardiography.”’ Reduced stroke volume index (<35
mL/m?*) and impaired longitudinal strain and lower tissue
velocities and mitral plane excursion are markers of worse
prognosis.

Plasma BNP A high value (>550 pg/mL) is a powerful pre-
dictor of mortality in patients with low-flow/low-gradient
AS, regardless of medical or surgical treatment or the pres-
ence and/or absence of flow reserve.”

Treadmill exercise testing (closely supervised) is no
longer contraindicated in asymptomatic AS* and may be
considered to elicit exercise-induced symptoms and abnor-
mal blood pressure responses (ACC/AHA guidelines on
valve disease 2008, IIb-B). Development of symptoms or
a hypotensive response are predictors of sudden death and
indicate the need of valve replacement. Exercise testing is
contraindicated in symptomatic AS. Truly severe AS shows
only small changes in valve area (increase <0.2 cm? and re-
maining <1 cm?), with increasing flow rate but a significant
increase in gradients (mean gradient >40 mmHg), whereas
pseudosevere AS shows a marked increase in valve area but

THERAPY

Table 18.3 ACC/AHA 2008 GL on valve disease

Indications for cardiac catheterization

Coronary angiography before AVR in patients with AS at risk
for CAD.

Cardiac catheterization for assessment of severity of AS in
symptomatic patients when non-invasive tests are inconclusive
or when there is a discrepancy between non-invasive tests and
clinical findings regarding severity of AS.

Coronary angiography before AVR in patients with AS for
whom a pulmonary autograft (Ross procedure) is contemplated
and if the origin of the coronary arteries was not identified by
non-invasive technique.

I-C

Cardiac catheterization for haemodynamic measurements is

not recommended for the assessment of severity of AS before

AVR when non-invasive tests are adequate and concordant -
with clinical findings or for the assessment of LV function and

severity of AS in asymptomatic patients.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease.
JAm Coll Cardiol. 2008;52:e1-142.

only minor changes in gradients. In addition, this test may
detect the presence of flow reserve, which has favourable
prognostic implications.

Computed tomography is useful for the assessment of
aortic root dilatation. In addition, it can be used in Tow-
flow/low-gradient’ AS. A calcium score of >1651 U has
been found 93% sensitive and 75% specific in the identifi-
cation of patients with truly severe AS.*

Cardiac magnetic resonance allows anatomic measure-
ment of the valve area and estimation of jet velocity and
stroke volume (especially in paradoxical low-flow, low-
gradient AS).

Cardiac catheterization may be necessary for assessment
of the gradient in the case of inconclusive non-invasive
tests results (Table 18.3). Dobutamine can also be used to
identify low-flow/low-gradient AS.

Coronary angiography is necessary before surgery in
patients with risk factors or clinical suspicion of coro-
nary artery disease (Table 18.3 and Tables 15.3 and 15.4
in Chapter 15) and occasionally before a Ross procedure
to identify the origins of the coronaries.

Therapy

Medical therapy consists of exercise restriction and cau-
tious use of diuretics and ACE/ARB that may delay pro-
gression of AS.” Vasodilators can cause an increase in
cardiac output that helps offset the drop in systemic vas-
cular resistance, even in severe AS.? Initial evidence about
the beneficial effect of statins in reducing progression of
AS has not been verified.”” Osteoporotic and antifibrotic
therapies are also under consideration.*
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AVR is indicated in symptomatic patients with severe AS,
even in the presence of LVEF <35%, unless this is due to
previous myocardial infarctions (Tables 18.4 and 18.5,
Figures 18.2 to 18.4).%* Recent evidence suggests that
AVR may be advisable in asymptomatic patients with
severe AS.'0%

Surgical risk can be estimated by online risk calculators
from the Society of Thoracic Surgeons (http://www.sts.org/
quality-research-patient-safety/quality/risk-calculator-
and-models/risk-calculator) or the European System for
Cardiac Operative Risk Evaluation (EuroSCORE; http://
www.euroscore.org). The STS score tends to underestimate
risk for AVR whereas the logistic EuroSCORE overesti-
mates risk for isolated valve surgery.” According to the
STS National Database, the operative mortality for isolated
AVR has declined from 3.4% in 2002 to 2.6% today in the
USA (http://www.sts.org/sites/default/files/documents/20
112ndHarvestExecutiveSummary.pdf).

Long-term survival after surgical aortic valve replace-
ment in the elderly is excellent, although patients with a
high (=10) STS perioperative risk of mortality and those
with certain co-morbidities (lung disease and renal failure,
particularly dialysis-dependent renal failure) carry a par-
ticularly poor long-term prognosis.*

Patients with low-flow/low-gradient severe AS have poor
prognosis, with medical therapy (survival rates <50% at 3-year
follow-up)."* Operative risk is 22-33% in those with no flow

Table 18.4 ACC/AHA 2008GL on valve disease

Indications for aortic valve replacement

Symptomatic patients with severe AS. I-B
Patients with severe AS undergoing cardiac surgery I-C
Severe AS and LV systolic dysfunction (LVEF <0.50). I-C
Patients with moderate AS undergoing CABG or surgery on lla-B
the aorta or other heart valves.

Asymptomatic patients with severe AS and abnormal IIb-C
response to exercise (e.g. development of symptoms or

asymptomatic hypotension).

Severe asymptomatic AS if there is a high likelihood of rapid IIb-C
progression (age, calcification, and CAD) or if surgery might

be delayed at the time of symptom onset.

Patients undergoing CABG who have mild AS when there is IIb-C
evidence, such as moderate to severe valve calcification, that
progression may be rapid.

Asymptomatic patients with extremely severe AS (aortic valve IIb-C
area <0.6 cm?, mean gradient >60mmHg, and jet velocity

>5.0 m/s) when the patient’s expected operative mortality

is<1%.

AVR for prevention of sudden death in asymptomatic I1-B

patients with AS who have none of the findings listed under
Class lla/llb.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

reserve (increase in stroke volume <20% with dobutamine)
but 5-8% in the presence of preserved flow reserve.* The role
of TAVI in these patients is under investigation.

Patients with low-flow/low-gradient pseudosevere AS
have a 5-year survival under medical therapy better than
patients with true severe AS.”!

The prognosis of patients with paradoxical low-flow,
low-gradient severe AS is controversial. It has been
reported to be worse than those with high-gradient se-

Table 18.5 ESC 2012 GL on valve disease

Indications for aortic valve replacement in aortic stenosis

Patients with severe AS and symptoms related to AS. I-B

Patients with severe AS undergoing coronary artery bypass I-C
surgery, surgery of the ascending aorta or on another valve.

Asymptomatic patients with severe AS and systolic LV I-C
dysfunction (LVEF <50%) not due to other cause.

Asymptomatic patients with severe AS and abnormal I-C
exercise test showing symptoms on exercise related to AS

AVR in high-risk patients with severe symptomatic AS who lla-B
are suitable for TAVI but in whom surgery is favoured by
a 'heart team’, based on the individual risk profile and

anatomic suitability.

Asymptomatic patients with severe AS and abnormal lla-C

exercise test showing fall in blood pressure below baseline.

Patients with moderate AS* undergoing coronary artery bypass lla-C

surgery, surgery of the ascending aorta or another valve.

Symptomatic patients with low-flow, low-gradient lla-C
(<40 mmHg) AS with normal EF only after careful

confirmation of severe AS.**

Symptomatic patients with severe AS, low-flow, low-gradient lla-C

with reduced EF, and evidence of flow (contractile) reserve.

Asymptomatic patients, with normal EF and none of the above  Ila-C
mentioned exercise test abnormalities, if the surgical risk is low,
and one or more of the following findings is present:
o Very severe AS defined by a peak transvalvular velocity >5.5
m/s or,
o Severe valve calcification and a rate of peak transvalvular
velocity progression >0.3 m/s per year.

Symptomatic patients with severe AS low-flow, low-gradient llb-C

and LV dysfunction without flow (contractile) reserve.

Asymptomatic patients with severe AS, normal EF, and none of lIb-C
the above mentioned exercise test abnormalities, if surgical risk
is low, and one or more of the following findings is present:
o Markedly elevated natriuretic peptide levels confirmed by
repeated measurements and without other explanations
o Increase of mean pressure gradient with exercise by
>20 mmHg

o Excessive LV hypertrophy in the absence of hypertension.

* Moderate AS is defined as valve area 1.0-1.5 cm? (0.6 cm?/m?-0.9 cm?/m?
BSA) or mean aortic gradient 25-40 mmHg in the presence of normal flow
conditions. However, clinical judgement is required.

** Patients with a small valve area, but low gradient despite preserved LVEF,
explanations for this finding (other than the presence of severe AS) are
frequent and must be carefully excluded.

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.
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Severe aortic stenosis
Vmax greater than 4 m/s
AVA less than 1.0 cm?2
Mean gradient >40 mmHg

Undergoing CABG

Re-evaluation

or other heart surgery?

Symptoms?

Yes Equivocal

A
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LV ejection fraction |
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1l BP
Less than 0.50 Normal
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Yes Severe valve calcification,
rapid progression, and/or
expected delays in surgery
[Class 1] [ Class I] [Class lIb] [ Class I] [Class IIb] No
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Aortic valve replacement
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Clinical follow-up, patient education, |
risk factor modification, annual echo

Figure 18.2 ACC/AHA 2008 GL on valve disease. Management of severe AS.
ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:e1-142

vere AS or those with moderate AS and improve with
surgery,” but, in the SEAS study, outcome was similar
to that of patients with moderate stenosis.”® Patients
with paradoxical low-flow/low-gradient severe AS can
be managed medically with serial (6-12 months) clini-
cal and echocardiographic evaluations. Patients who
develop symptoms on exercise, and particularly those
with stroke volume index <35mL/m?, should be referred
for surgery.* A proposed management scheme of pa-
tients with low-gradient severe AS is presented in Fig-
ure 18.5.%

The choice of prosthesis is based on patient age and
the risk of anticoagulation (see Chapter 22 on pros-
thetic valves). Indications for concomitant CABG are
presented in Tables 18.6 and 18.7. Recommendations of
ACC/AHA for congenital AS are presented in Table 18.8
(see also Chapter 7 on LVOT obstruction). Concomitant
coronary artery disease should be treated with CABG at
time of aortic valve operation (I-A for stenosis >70% or
ITa-C for stenosis 50-70%; ESC 2010 Guideline on revas-
cularization).

TAVI

Percutaneous implantation of bioprosthetic valves is evolv-
ing fast, with very promising results in selected inoperable
patients.** Inoperable patients were initially defined as
those with STS score>10 orlogistic EuroSCORE>20%, and
now as judged by a team of surgeons and cardiologists. The
Edwards SAPIEN valve system (Edwards Lifesciences Inc,
Irvine, CA) is a trileaflet bovine pericardial valve mounted
on a cobalt chromium stent frame (Figure 18.6). The Cor-
eValve system (Medtronic, Minneapolis, MN) is a trileaflet
porcine pericardial valve mounted in a self-expanding niti-
nol stent (Figure 18.6). Other devices are also under study
(Portico by St Jude). The devices are usually implanted by
a transfemoral retrograde approach; the alternatives are a
subclavian or trans-aortic approach. The transapical ap-
proach is also an option but carries a high complication
rate.”” Procedural complications, including death (6-7%
with overall 30-day mortality of approximately 9%), stroke
(1-3%), renal failure (2.5-5%), coronary occlusion (1%),
and valve embolization (1%), are not significantly differ-
ent between Sapien and CoreValve).>*~* Significant AR
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Severe AS@
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Presence of risk factors® and
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H—©&
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Figure 18.3 ESC 2012 GL on valve disease. Management of severe As.

AS = aortic stenosis; AVR = aortic valve replacement; BSA = body surface area; LVEF = left ventricular ejection fraction; Med Rx = medical therapy; TAVI =
transcatheter aortic valve implantation. a: See Table 18.2 for definition of severe AS. b: Surgery should be considered (llaC) if one of the following is present:
peak velocity >5.5m/s; severe valve calcification + peak velocity progression 0.3 m/s/year. Surgery may be considered (IIbC) if one of the following is present:
markedly elevated natriuretic peptide levels; mean gradient increase with exercise >20 mmHg; excessive LV hypertrophy. c: The decision should be made by the

‘heart team’ according to individual clinical characteristics and anatomy.

ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496

(grade 23) occurs in 5% but moderate regurgitation may
be seen in up to 24% of patients.* Vascular complications
are higher with the Sapien valves that required 22 or 24
French delivery systems (22% vs 11%).** There is a higher
incidence of the need for permanent pacing with the Cor-
eValve (25% vs 5%), and probably LBBB that may occur in
up to 40% of patients.*~*>* The prognostic significance of
LBBB following surgical valve replacement is adverse, but

controversial after TAVL. It has been identified as an in-
dependent predictor of mortality following SAPIEN (51%
vs 12%)," but not CoreValve implantation.” The reported
1-year mortality in TAVT patients is 20%, similar to that of
high-risk patients subjected to surgical AVR (18%).%03541-43
Two-year mortality is probably similar (33.9 vs 35%)%,
and long-term (5 years) results have detected a valve fail-
ure rate of 3.4%.%
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Severe AS and need for elective non-cardiac surgery
Symptoms

v

<«

Yes
|Risk of non-cardiac surgery’l
Low-moderate
Patient risk Patient risk
for AVR for AVR

High

Non-cardiac
surgery
under strict
monitoring

AVR before
non-cardiac
surgery

Non-cardiac surgery
under strict monitoring
Consider BAV/TAVI'

Non-cardiac
surgery

Figure 18.4 ESC 2012 GL on valve disease. Management of severe aortic stenosis and elective non-cardiac surgery
according to patient characteristics and the type of surgery.

AS = aortic stenosis; AVR = aortic valve replacement; BAV = balloon aortic valvuloplasty; TAVI = transcatheter aortic valve implantation. a: Classification into
three groups according to the risk of cardiac complications (30-day death and myocardial infarction) for non-cardiac surgery (high risk >5%; intermediate risk
1-5%; low risk <1%) b: Non-cardiac surgery performed only if strictly needed. The choice between balloon aortic valvuloplasty and transcatheter aortic valve
implantation should take into account patient life expectancy.

ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496
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Figure 18.5 A proposed management scheme for patients with low gradient severe AS.
Tandon A, et al. Imaging of low-gradient severe aortic stenosis. / Am Coll Cardiol Img.2013;6:184-195
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Table 18.6 CABG at time of AVR

Table 18.8 ACC/AHA 2008 GL on valve disease

ACC/AHA GL on valve disease. Treatment of coronary
artery disease at the time of aortic valve replacement*

CABG for patients undergoing AVR with significant stenosis of

major coronary arteries. (270% reduction in luminal diameter). -C
Use of the LIMA for LAD stenosis 250-70% during AVR. lla-C
CABG in patients undergoing AVR with moderate coronary lla-C

stenosis (50-70% reduction in luminal diameter).

ESC 2010 GL on revascularization. Recommendations

for combined valve surgery and coronary artery bypass

grafting

CABG in patients with a primary indication for aortic/mitral
. . I-C

valve surgery and coronary artery diameter stenosis >70%.

CABG in patients with a primary indication for aortic/mitral

valve surgery and coronary artery diameter stenosis 50-70%. lla-C

* Also adopted by ACCF/AHA 2011 on CABG.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

ESC/EACTS Guidelines on myocardial revascularization. The Task Force on ESC
Guidelines on myocardial revascularization. Eur Heart J. 2010;31:2501-55

Table 18.7 AVR at time of CABG

ACC/AHA 2008 GL on valve disease. Aortic valve
replacement in patients undergoing coronary artery
bypass surgery*

AVR during CABG in patients with severe AS who meet the

criteria for valve replacement. -C

AVR in patients undergoing CABG who have moderate AS la-B
(mean gradient 30-50 mmHg or Doppler velocity 3-4m/s).

AVR in patients undergoing CABG who have mild AS (mean

gradient <30 mmHg or Doppler velocity <3 m/s) when there lIb-C

is evidence, such as moderate-severe valve calcification, that
progression may be rapid.

ESC 2010 GL on revascularization. Recommendations
for combined valve surgery and coronary artery bypass
grafting

Aortic valve surgery in patients with a primary indication

for CABG and moderate aortic stenosis (mean gradient
30-50 mmHg or Doppler velocity 3—-4 m/s or heavily calcified
aortic valve, even when Doppler velocity 2.5-3 m/s).

lla-C

* Also adopted by ACCF/AHA 2011 on CABG.

ACC/AHA guidelines on valve disease 2008 focused update incorporated into
the ACC/AHA 2006 guidelines for the management of patients with valvular
heart disease. J Am Coll Cardiol. 2008;52:e1-142.

ESC/EACTS Guidelines on myocardial revascularization The Task Force ESC
Guidelines on myocardial revascularization. Eur Heart J. 2010;31:2501-55

In the only randomized trial published so far and which
used the SAPIEN, TAVI offered better survival than
medical therapy in inoperable patients (PARTNER B).*
Two-year mortality was 43.3% vs 68%, P <001, albeit at
an increased risk of stroke (6.7% vs 1.7%, P = 0.02 in the
first 30 days and 2.2% vs 0.6%, P = 0.16 beyond 30 days).*
Inoperable patients were defined as patients with a >50%
risk of mortality or irreversible morbidity as judged by two
surgeons and one cardiologist. The STS score was 11.2 +
5.8, but other factors, such as porcelain aorta, chest wall
deformities, COPD, and frailty, were also considered. In

Indications for aortic balloon valvotomy in adolescents
and young adults with congenital (usually bicuspid) AS
(see also LVOT obstruction in GUCH)

Adolescent or young adult patient with angina, syncope, or
dyspnoea on exertion and a catheterization peak LV to peak

aortic gradient =50 mmHg without a heavily calcified valve.* -
Asymptomatic adolescent or young adult patient with:

Catheterization peak LV to peak aortic gradient >60 mmHg.* I-C
ST or T wave changes over the left precordium at rest or with

exercise and a catheterization peak LV to aortic gradient I-C
>50 mmHg.*

Catheterization peak LV to peak aortic gradient >50 mmHg,

and the patient wants to play competitive sports or desires to lla-C
become pregnant.*

Catheterization peak LV to peak aortic gradient <40 mmHg li-C
without symptoms or ECG changes.*

In the adolescent or young adult patient with AS, aortic balloon
valvotomy, performed in experienced centres, is preferred to lla-C

valve surgery.

* Gradients are usually obtained with patients sedated. If general anaesthesia
is used, the gradients may be somewhat lower.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

Figure 18.6 Sapien (Edwards Lifesciences) left, and
CoreValve (Medtronic) right.

Webb JG, et al. Current status of transcatheter aortic valve replacement.
JAm Coll Cardiol. 2012 Aug 7,60(6):483-92

high-risk patients (PARTNER A), there was similar 2-year
mortality with TAVI and surgery (33.9% vs 35%).%” Strokes
were more frequent with TAVI at 30 days (4.6% vs 2.4%, P =
0.12), but, at 2 years, they did not differ significantly with
the two approaches. Perivalvular regurgitation was more
frequent with TAVI and was associated with increased late
mortality. High-risk patients were defined as patients with
a predicted risk of mortality >215% by 30 days after the op-
eration by two surgeons. The STS score was 11.8 + 3.3, and
the logistic EuroSCORE29.3 + 16.

According to the recent ACCF/STS consensus docu-
ment, TAVI is recommended in patients with severe,
symptomatic, calcific stenosis of a trileaflet aortic valve
who have aortic and vascular anatomy suitable for TAVI
and a predicted survival >12 months and who have a
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Table 18.9 2012 ACCF/AATS/SCAI/STS expert consensus document on transcatheter aortic valve replacement

Patient selection: inclusion and exclusion criteria in clinical trials

Inclusion criteria

1. Patient has calcific aortic valve stenosis with echocardiographically derived criteria: mean gradient >40 mmHg or jet velocity >4.0 m/s and
an initial AVA of <0.8 cm? or indexed EOA <0.5 cm?/m?2. Qualifying AVA baseline measurement must be within 45 days of the date of the
procedure.

2. A cardiac interventionalist and two experienced cardiothoracic surgeons agree that medical factors either preclude operation or are high risk
for surgical AVR, based on a conclusion that the probability of death or serious, irreversible morbidity exceeds the probability of meaningful
improvement. The surgeons’ consult notes shall specify the medical or anatomic factors leading to that conclusion and include a printout of the
calculation of the STS score to additionally identify the risks in the patient. At least one of the cardiac surgeon assessors must have physically
evaluated the patient.

3. Patient is deemed to be symptomatic from his/her aortic valve stenosis, as differentiated from symptoms related to co-morbid conditions and as
demonstrated by NYHA functional class Il or greater.

Exclusion criteria (candidates will be excluded if any of the following conditions are present)

1. Evidence of an acute myocardial infarction <1 month (30 days) before the intended treatment (defined as: Q wave M, or non-Q wave Ml with
total CK elevation of CK-MB > twice normal in the presence of MB elevation and/or troponin level elevation [WHO definition]).

2. Aortic valve is a congenital unicuspid or congenital bicuspid valve or is non-calcified.
3. Mixed aortic valve disease (aortic stenosis and aortic regurgitation with predominant aortic regurgitation >3+).

4. Haemodynamic or respiratory instability requiring inotropic support, mechanical ventilation, or mechanical heart assistance within 30 days of
screening evaluation.

5. Need for emergency surgery for any reason.

6. Hypertrophic cardiomyopathy with or without obstruction.

7. Severe left ventricular dysfunction with LVEF <20%.

8. Severe pulmonary hypertension and RV dysfunction.

9. Echocardiographic evidence of intracardiac mass, thrombus, or vegetation.
10. A known contraindication or hypersensitivity to all anticoagulation regimens or inability to be anticoagulated for the study procedure.
11. Native aortic annulus size <18 mm or >25 mm as measured by echocardiogram.”
12. MRI confirmed CVA or TIA within 6 months (180 days) of the procedure.
13. Renal insufficiency (creatinine >3.0 mg/dL) and/or end-stage renal disease requiring chronic dialysis at the time of screening.
14. Estimated life expectancy <12 months (365 days) due to non-cardiac co-morbid conditions.
15. Severe incapacitating dementia.

16. Significant aortic disease, including abdominal aortic or thoracic ancurysm defined as maximal luminal diameter 5 cm or greater; marked
tortuosity (hyperacute bend), aortic arch atheroma (especially if thick [>5 mm], protruding, or ulcerated) or narrowing (especially with
calcification and surface irregularities) of the abdominal or thoracic aorta, severe ‘unfolding’ and tortuosity of the thoracic aorta.

17. Severe mitral regurgitation.

AVA, aortic valve area; AVR, aortic valve replacement; CK, creatine kinase; CVA, cerebrovascular accident; EOA, effective orifice area; LVEF, left ventricular
ejection fraction;

MB, MB isoenzyme; MI, myocardial infarction; MRI, magnetic resonance imaging; NYHA, New York Heart Association; RV, right ventricular; STS, Society of
Thoracic Surgeons;

TIA, transient ischaemic attack; WHO, World Health Organization. "The boundaries of annulus size will continue to change in concert with changing device size.
2012 ACCF/AATS/SCAI/STS Expert Consensus Document on Transcatheter Aortic Valve Replacement. J Am Coll Cardiol. 2012 Jan 30. [Epub ahead of print]
PubMed PMID: 22300974.

prohibitive surgical risk as defined by an estimated 50%
or greater risk of mortality or irreversible morbidity at
30 days or other factors, such as frailty, prior radiation
therapy, porcelain aorta, and severe hepatic or pulmo-
nary disease (Table 18.9).*¢ PCI, if indicated, may be
performed before TAVI to improve procedural safety
of TAVI. Risk factors are LVEF <30% and a STS >10)."
TAVI may also be used in patients with degenerated
stenotic or regurgitant bioprosthetic valves.*® Operators
and institutions performing TAVI should fulfill several
requirements.**® The 2012 ESC guidelines on valve dis-
ease recommendations for TAVI are presented in Ta-
bles 18.10 and 18.11.

Balloon valvotomy has only a palliative role or as a
bridge for surgery in adults with tricuspid stenotic aortic
valve. It may be the treatment of choice in congenital (bi-
cuspid or unicuspid) AS as described in Table 18.10 (see
also Chapter 7 on LVOT obstruction).

Non-cardiac surgery

In patients with severe AS needing elective non-car-
diac surgery, the management depends mainly on the
presence of symptoms and the type of surgery (Fig-
ure 18.3).
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Table 18.10 ESC 2012 on VD

Recommendations for the use of transcatheter aortic valve implantation (TAVI)

TAVI should only be undertaken with a multidisciplinary ‘heart team’, including cardiologists and cardiac surgeons and other specialists if I-C
necessary.

TAVI should only be performed in hospitals with cardiac surgery on-site. I-C
TAVI is indicated in patients with severe symptomatic AS who are not suitable for AVR, as assessed by a ‘heart team’, and who are likely I-B

to gain improvement in their quality of life and to have a life expectancy of more than 1 year after consideration of their co-morbidities.

TAVI should be considered in high-risk patients with severe symptomatic AS who may still be suitable for surgery but in whom TAVI is lla-B
favoured by a 'heart team’ based on the individual risk profile and anatomic suitability.

ESC guidelines on the management of valvular heart disease (version 2012). The Joint Task Force on the Management of Valvular Heart Disease of the European
Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS) European Heart Journal 2012;33:2451-2496.

Table 18.11 ESC 2012 on VD. Contraindications for transcatheter aortic valve implantation (TAVI)
Absolute contraindications

Absence of a ‘heart team’ and no cardiac surgery on the site

Appropriateness of TAVI as an alternative to AVR not confirmed by a ‘heart team’

Clinical

Estimated life expectancy <1 year

Improvement of quality of life by TAVI unlikely because of co-morbidities

Severe primary associated disease of other valves with major contribution to the patient’s symptoms that can be treated only by surgery
Anatomical

Inadequate annulus size (<18 mm, >29 mm*)

Thrombus in the left ventricle

Active endocarditis

Elevated risk of coronary ostium obstruction (asymmetric valve calcification, short distance between annulus and coronary ostium, small aortic
sinuses)

Plaques with mobile thrombi in the ascending aorta or arch
For transfemoral/subclavian approach: inadequate vascular access (vessel size, calcification, tortuosity)
Relative contraindications

Bicuspid or non-calcified valves

Untreated coronary artery disease requiring revascularization
Haemodynamic instability

LVEF <20%

For transapical approach: severe pulmonary disease, LV apex not accessible

* Contraindication when using the current devices.

ESC guidelines on valve disease 2012. Guidelines on the management of valvular heart disease (version 2012). The Joint Task Force on the Management of
Valvular Heart Disease of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS) European Heart Journal
2012;33:2451-2496.

The management of patients with congenital AS is References
described in Chapter 1 on GUCH. The management of 1 Go AS, e al. Heart disease and stroke statistics—2013 up-

patients with AS subjected to non-cardiac surgery is pre- date: a report from the American Heart Association. Circu-
sented in Figure 18.3. lation. 2013;127:e6-€245

2. Iung B, et al. A prospective survey of patients with valvular
Pre gnancy heart disease in Europe: The Euro Heart Survey on valvular

heart disease. Eur Heart J. 2003;24:1231-43

3. Maganti K, et al. Valvular heart disease: diagnosis and man-
agement. Mayo Clin Proc. 2010;85:483-500

4. DweckMR, etal. Calcificaortic stenosis: a disease of the valve

Patients with severe AS should undergo intervention
pre-pregnancy in the presence of symptoms (I-C), LV
dysfunctlon (LVEF <50%, 1-C), when they when they and the myocardium. ] Am Coll Cardiol. 2012;60:1854-63

devel.op Symptoms (I'_C) or a. fall in blood pressure below 5. van der Linde D, et al. Natural history of discrete subaor-
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Aortic regurgitation

Epidemiology

The prevalence of aortic regurgitation in the western world
ranges from 0.1% in subjects 45-54 year-old to 2% in those
275 years.!

Aetiology

Aortic regurgitation (AR) results from abnormalities of the
aortic leaflets or the aortic root and annulus (Table 19.1).
Degenerative and congenital conditions are the most prev-
alent causes of chronic AR in the western world, although
no cause can be identified in certain occasions. Rheumatic
heart disease is the most common cause worldwide.>’
Acute AR is most commonly caused by endocarditis, aortic
dissection, ruptured fenestration of an aortic leaflet, chest
trauma, or prosthetic valve dysfunction.* Hypertension is
associated with aortic root dilation rather than AR itself.
Bicuspid aortic valve is discussed in Chapter 1 on GUCH.

Pathophysiology and natural history

Acute AR leads to rapid decompensation due to low for-
ward cardiac output and pulmonary congestion. There is
no time for compensatory LV dilation to occur, and there
is marked increase in end-diastolic pressure. Although
there is some degree of compensation by the Frank-
Starling mechanism, the ventricle is functioning on a steep
pressure-volume curve because of the lack of chamber
dilation. Thus, severe hypotension with a narrow pulse
pressure occurs rather than the systolic hypertension and
widened pulse pressure that are characteristics of chronic
severe AR. Mitral regurgitation in acute AR may occur
either in diastole or in systole (when LVEDP exceeds LA
pressure). Diastolic MR results in increased LA pressure
and pulmonary oedema and is a specific indicator of acute
severe AR

Chronic AR results in combined volume and pressure
overload of the LV that is related to the severity of the
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Table 19.1 Aetiology of AR

Diseases that primarily affect the leaflets

Congenital AV abnormalities (mainly bicuspid aortic valve, jet lesion
due to subaortic stenosis)

Rheumatic heart disease
Myxomatous degeneration
Atherosclerotic degeneration
Infective endocarditis

VSD

Connective tissue or inflammatory diseases (ankylosing spondylitis,
systemic lupus erythymatosus, giant cell arteritis, Takayasu’s arteritis,
Whipple's disease, Crohn'’s disease)

Antiphospholipid syndrome
Trauma

Anorectic drugs

Diseases that primarily affect the annulus or aortic root

Congenital abnormalities (bicuspid aortic valve, Marfan’s)
Idiopathic aortic root dilation

Ehlers—Danlos syndrome

Osteogenesis imperfecta

Aortic dissection

Syphilitic aortitis

Connective tissue diseases (ankylosing spondylitis, psoriatic arhtitis,
giant cell arteritis, Behcet's syndrome, relapsing polychonditis, Reiter’s
syndrome)

Ulcerative colitis

regurgitant flow (Table 19.2). Systolic hypertension can
contribute to progressive dilation of the aortic root and
subsequent worsening of AR. In early, compensated severe
AR, the LV adapts to the volume overload by eccentric
hypertrophy with replication of sarcomeres in series and
elongation of myofibres. Over time, progressive LV dila-
tion and systolic hypertension increase wall stress and the
volume/mass ratio that eventually leads to overt LV systo-
lic dysfunction. In decompensated severe AR, LV systolic
dysfunction is accompanied by decreased LV diastolic
compliance as a result of hypertrophy and fibrosis, lead-
ing to high filling pressures and heart failure symptoms.
Asymptomatic patients with AR and normal LV function
may develop LV dysfunction (<3.5%/year) or symptoms
(<6%/year) and carry a risk of sudden death (<0.2%/year).
Asymptomatic patients with LV systolic dysfunction de-
velop symptoms at a rate >25%/year. Symptomatic patients
have a 10% yearly mortality rate.®

Presentation

Acute AR is usually catastrophic, and the patient may
present in cardiogenic shock.

INVESTIGATIONS

In chronic AR, exertional dyspnoea is the most com-
mon manifestation, but angina can also occur because of
a reduction in coronary flow reserve with predominantly
systolic coronary flow.

Physical examination

In acute AR, auscultation can be confusing due to the
difficulty in distinguishing diastole from systole, and the
diastolic murmur may be absent because of rapid equili-
bration of aortic and LV diastolic pressures. The only clue
may be an absent S, in the setting of tachycardia, hypoten-
sion, and pulmonary oedema. S| may be soft due to early
MV closure that is an ominous prognostic sign calling for
urgent surgery.

In chronic AR, physical findings are related to increased
stroke volume and widened blood pressure:

# Bounding carotid pulse (Corrigan’s pulse), head
bobbing (de Musset’s sign), pulsation of the uvula
(Muller’s sign), pistol shot sounds over the femoral
artery with compression (Traube’s sign), and capillary
pulsations on the fingernail during compression with
a glass slide (Quincke’s sign) have been described with
severe AR.

# Diffuse, hyperdynamic apical impulse and perhaps
systolic thrill may be present.

¢ Soft or absent or paradoxically splitted S,

¢ S, may be present that does not necessarily indicates
a failing LV.

# Decrescendo diastolic murmur at the aortic area or
the left sternal border with the patient leaning forward
in expiration.

+ Mid-diastolic apical rumble (Austin Flint murmur),
possibly due to restriction of the MV opening by the
high-pressure AR jet or to vibrations of the anterior
mitral leaflet by a posteriorly directed AR jet.

+ Systolic ejection murmur due to high ejection volume.

# Ejection click with bicuspid aortic valve.

Investigations

ECG Normal or LV hypertrophy. With early volume over-
load, there may be prominent Q waves in leads I, aVL, and
V, to V. With progressive disease, the Q waves decrease,
but the total QRS amplitude increases.

Chest radiography Usually normal. Cardiomegaly is a
late feature in AS, and calcification is a universal finding
but rarely visible on chest X-ray. The proximal ascending
aorta may be dilated, particularly in patients with bicuspid
valves.

Echocardiography is the standard imaging procedure for
assessment of the leaflets and the aortic root and quantita-
tion of the severity of AR. M-mode echo is also very useful
in demonstrating premature mitral valve closure. Doppler
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Table 19.2 ACC/AHA 2008 GL on valve disease

Criteria for classification of AR

Mild

Moderate

Severe

Specific signs

Angiographic grade 1+ 2+

Colour Doppler jet area Central jet, width <25% of

Greater than mild but no signs

3-4+
Central jet, width greater than 65%

LvoT of severe AR LvoT
Doppler vena contracta width (cm) <0.3 0.3-0.6 >0.60
Quantitative (cath or echo)
RVol (mL per beat) <30 30-59 >60
RF (%) <30 30-49 >50
ERO (cm?) <0.10 0.10-0.29 >0.30
Additional essential criteria
LV size Increased

RVol, regurgitant volume; RF, regurgitant fraction; ERO, effective regurgitant orifice area.
Colour flow jets are composed of three distinct segments: the proximal flow convergence zone (the area of flow acceleration into the orifice), the vena
contracta ( the narrowest and highest velocity central flow region of the jet), and the jet itself distal to the orifice. Jet and vena contracta estimations at a

Nyquist limit of 50-60 cm/s.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll

Cardiol. 2008;52:e1-142.

colour flow mapping is used for quantification of AR (Ta-
bles 19.2 and 19.3). Vena contracta imaging and assessment
of jet eccentricity are used whereas PISA is less reliable than
in MR. Volumetric LV measures and regurgitant fraction
are superior to linear diameters in identifying patients at
higher risk.” In patients with mixed AS and AR, peak aortic
jet velocity reflects both stenosis and regurgitation and rep-
resents a useful predictive parameter.® Transoesophageal
echocardiography may be necessary for accurate assess-
ment and particularly when dissection is suspected.
Computed tomography is useful for the assessment of
aortic root dilatation.

Cardiac magnetic resonance is a very promising tech-
nique for LV volumes, EF, and regurgitant fraction assess-
ment.’

Cardiac catheterization Aortography allows visualiza-
tion and quantification of the regurgitant jet (Table 19.4).
Grade 1 AR is contrast appearing in the LV but clearing
with each beat. Grade 2 AR is faint opacification of the
entire LV over several cardiac cycles. Grade 3 AR is opaci-
fication of the entire LV with the same intensity as in the
aorta. Grade 4 AR is opacification of the entire LV on the
first heart beat with an intensity higher than in the aorta.
This method is subjective and depends on the amount of
contrast injected and the size of the LV, particularly in sig-
nificant AR.

Coronary angiography is necessary before surgery in pa-
tients with risk factors or clinical suspicion of coronary
artery disease (see Tables 15.3 and 15.4 in Chapter 15 on
general principles).

Therapy
Acute AR

Vasodilation with sodium nitroprusside is used as a bridge
to emergency surgery. Aortic balloon counterpulsation is
absolutely contraindicated. Beta blockers prolong diastole
and may worsen AR.

Chronic AR

Medical therapy is aimed at reducing systolic hyperten-
sion, and thereby wall stress, and improve LV function.
Two randomized studies have shown improvement of LV
function with hydralazine and nifedipine, respectively.'®!
Theoretically, vasodilation with ACE/ARB should also be
beneficial. Significant reduction of the regurgitant volume
cannot beachieved with medical therapy because the regur-
gitant orifice area is fixed and the diastolic blood pressure
already low. Thus, vasodilator therapy is recommended
either in inoperable patients (ACC/AHA 2008,1-B) oras a
bridge to surgery (Ila-C) or in asymptomatic patients who
have LV dilation but normal LVEF (IIb-B).

Surgery for AVR is indicated in patients with severe AR
and symptoms or signs of reduced LV function (Tables 19.5
and 19.6; Figures 19.1 and 19.2). A detailed history for de-
tection of symptoms is, therefore, essential.'> AVR should
also be considered with progressive increases in LV volume
or decreases in LVEF in serial studies. Mortality rates are
presented in Table 22.1 in Chapter 22 on prosthetic heart
valves. Recommendations for patients with congenital AR
are presented in Table 19.7.
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Table 19.3 ESC 2012 GL on valve disease

THERAPY

Table 19.5 ACC/AHA 2008 GL on valve disease

Echocardiographic criteria for definition of severe AR

Qualitative

Valve morphology

Abnormal/flail/large coaptation
defect

Colour flow regurgitant jet

Large in central jets, variable in
eccentric jets?

CW signal of regurgitant jet

Dense

Other

Holodiastolic flow reversal in
descending aorta (EDV >20 cm/s)

Semi-quantitative

Vena contracta width (mm)

>6

Upstream vein flow®

Inflow

Other

Pressure half-time <200 ms¢

Quantitative

EROA (mm?) >30
RVol (mU/beat) 260
+ enlargement of cardiac v

chambers/vessels

a: At a Nyquist limit of 50-60 cm/s.

o

pressure).

: Unless other reasons for systolic blunting (atrial fibrillation, elevated atrial

¢ Pressure half-time is shortened with increasing left ventricular diastolic
pressure, vasodilator therapy, and in patients with a dilated compliant
aorta or lengthened in chronic aortic regurgitation.

ESC guidelines on the management of valvular heart disease (version 2012).

European Heart Journal 2012;33:2451-2496.

Table 19.4 ACC/AHA 2008 GL on valve disease

AVR in AR

Symptomatic patients with severe AR, irrespective of LV systolic |-B
function.

Asymptomatic patients with chronic severe AR and LV systolic I-B

dysfunction (LVEF <50%) at rest.
Patients with chronic severe AR while undergoing cardiac surgery.  |-C

Asymptomatic patients with severe AR with normal LV systolic lla-B
function (LVEF >50%) but with severe LV dilatation (end-diastolic
dimension >75 mm or end-systolic dimension >55 mm).*

Patients with moderate AR while undergoing CABG or surgery  |Ib-C
on the ascending aorta.

Asymptomatic patients with severe AR and normal LV systolic lIb-C
function at rest (LVEF >50%) when LV end-diastolic dimension

is >70 mm or end-systolic dimension >50 mm, when there

is evidence of progressive LV dilatation, declining exercise

tolerance, or abnormal haemodynamic responses to exercise.*

Asymptomatic patients with mild, moderate, or severe AR and 11I-B
normal LV systolic function at rest (LVEF >50%) when degree

of dilatation is not moderate or severe (end-diastolic dimension

<70 mm, end-systolic dimension <50 mm).*

* Consider lower threshold values for patients of small stature of either gender.
ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease.

JAm Coll Cardiol. 2008;52:e1-142.

Table 19.6 ESC 2012 GL on valve disease. AVR in AR

Severe AR

Symptomatic patients. I-B
Asymptomatic patients with resting LVEF <50%. I-B
Patients undergoing CABG or surgery of ascending aorta or on |-C

another valve.

Asymptomatic patients with resting LVEF >50% with severe LV
dilatation:

End-diastolic dimension >70 mm, or lla-C

ESD >50 mm (or >25 mm/m? BSA)' . lla-C

Aortic root disease (whatever the severity of AR)

Indications for cardiac catheterization

Cardiac catheterization with aortic root angiography and I-B
measurement of LV pressure for assessment of severity of
regurgitation, LV function, or aortic root size when non-

invasive tests are inconclusive or discordant with clinical

findings.
Coronary angiography before AVR in patients at risk for CAD. I-C
Cardiac catheterization with aortic root angiography and l-C

measurement of LV pressure is not indicated for assessment of
LV function, aortic root size, or severity of regurgitation before
AVR when non-invasive tests are adequate and concordant
with clinical findings and coronary angiography is not needed,
or in asymptomatic patients when non-invasive tests are

adequate.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006

guidelines for the management of patients with valvular heart disease. J Am

Coll Cardiol. 2008;52:e1-142.

Patients who have aortic root disease with maximal aortic diameter:?

>50 mm for patients with Marfan’s syndrome. I-C
>45 mm for patients with Marfan’s syndrome with risk factors.? . lla-C
>50 mm for patients with bicuspid valves with risk factors.* . lla-C

>55 mm for other patients. lla-C

1: Changes in sequential measurements should be taken into account.

2: Decision should take into account the shape of the different parts of the
aorta. Lower thresholds can be used for combining surgery on the ascending
aorta for patients who have an indication for surgery on the aortic valve.

3: Family history of aortic dissection and/or aortic size increase >2 mm/year
(on repeated measurements using the same imaging technique, measured at
the same aorta level with side-by-side comparison and confirmed by another
technique), severe AR or mitral regurgitation, desire of pregnancy.

4: Coarctation of the aorta, systemic hypertension, family history of dissection,
or increase in aortic diameter >2 mm/year (on repeated measurements using
the same imaging technique, measured at the same aorta level with side-by-
side comparison and confirmed by another technique).

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.
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Chronic severe aortic regurgitation

!

- » Clinical evaluation + echo
Re-evaluation |
Equivocal
Class |
,,
Symptoms AVR
No symptoms 7 S W
I 1 Class |
Normal EF EF borderline or uncertain EF of 50% or less
RVG or MRI
SD > 55 mm [Class lla
»( LV dimensions? » or
—— DD > 75 mm
v v v Class I1b)]
SD < 45 mm or SD 45-50 mm or SD 50-55 mm or
DD < 60 mm DD 60-70 mm DD 70-75 mm Abnormal
@ Consider haemodynamic
response to exercise
No, or No, or
' Normal
ves Initial study Initial study ves
Clinical eval | Clmlcal eval | Clinical eval
every Re—zva uhate every 6 mo Re—e;va uhate every 6 mo +—————
6-12mo  andecho Echo every andecho Echo every
Echo every 3 mo 12 mo 3 mo 6 mo
12 mo l l l
v

Figure 19.1 ACC/AHA 2008 GL on valve disease. Management

strategy for patients with chronic severe aortic regurgitation.

Preoperative coronary angiography should be performed routinely as determined by age, symptoms, and coronary

risk factors. Cardiac catheterization and angiography may also

be helpful when there is discordance between clinical

findings and echocardiography. ‘Stable’ refers to stable echocardiographic measurements. In some centres, serial
follow-up may be performed with radionuclide ventriculography (RVG) or magnetic resonance imaging (MRI) rather than
echocardiography (echo) to assess left ventricular (LV) volume and systolic function.

AVR indicates aortic valve replacement; DD, end-diastolic dimension; EF, ejection fraction; eval, evaluation; and SD, end-systolic dimension.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines
Cardiol. 2008;52:e1-142

Indications for surgery in patients with bicuspid aor-
tic valves or aortic root aneurysms are also presented
in Chapter 7 on left ventricular outflow tract obstruc-
tion and Chapter 71 on aortic aneurysms. The choice
of prosthesis is based on patient age and the risk of an-
ticoagulation (see Chapter 22 on prosthetic valves). As
with other valve diseases, optimum management of pa-
tients is hampered by the lack of definitive prospective
clinical trials. TAVR may also be an option in inoperable

for the management of patients with valvular heart disease. J Am Coll

patients, but the possibility of requiring 2 valves and
leaving residual aortic regurgitation remain important
considerations."?

Non-cardiac surgery

In patients with AR, if LV dysfunction is severe (EF <30%),
non-cardiac surgery should only be performed if strictly
necessary, after optimization of medical therapy for HE'
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AR with significant enlargement
of ascending aorta?

AR severe

No

E
I F§
%

Yes

LVEF <50% or LVEDD > 70 mm or
LVESD >50 mm (or >25 mm/m2 BSA)

No Yes
L

¥

&

— | Follow-up Surgeryb | «———

Figure 19.2 ESC GL 2012 Management of AR.

a: See Table 19.6 for definition. b: Surgery must also be considered if significant changes in LV or aortic size occur during follow-up.
ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496

Table 19.7 ACC/AHA 2008 GL on valve disease. Surgery in congenital AR

Aortic valve repair or replacement in adolescent or young adult with chronic severe AR and:

Onset of symptoms of angina, syncope, or dyspnoea on exertion. I-C

LVEF <0.50 on serial studies 1-3 months apart. . I-C 7
Progressive LV enlargement (EDD >4 standard deviations above normal). . |-C 7
Moderate AS (peak LV to peak aortic gradient >40 mmHg at cardiac catheterization). . IIb—CV
Onset of ST depression or T wave inversion over the left precordium on ECG at rest. . IIb-CV
Coronary angiography before AVR in adolescent or young adult patients with AR in whom a pulmonary autograft (Ross operation) is . I-C 7

contemplated when the origin of the coronary arteries has not been identified by non-invasive techniques.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll
Cardiol. 2008;52:e1-142.
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Pregnancy

Patients with severe aortic regurgitation and symptoms
or impaired ventricular function or ventricular dilatation
should be treated surgically pre-pregnancy (I-C, ESC 2011
GL on pregnancy).
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Tricuspid valve disease

Tricuspid regurgitation

Epidemiology

Tricuspid regurgitation (TR) may affect as much as 0.8%
of the general population in the USA (with an estimate of
1.6% for moderate to severe MR).! Approximately 30%
of patients with severe MR may also have severe TR, and
up to 80% of patients referred for echocardiography have
some degree of TR.2

Aetiology

TR is usually (>75% of cases) functional, i.e. secondary
to other disease process causing right ventricular (RV)
dilatation, distortion of the subvalvular apparatus, or
tricuspid annular dilatation and papillary muscle dis-
placement (Table 20.1). Main cause is pulmonary hy-
pertension secondary to MV disease. Congenital TR is
usually due to Ebstein’s anomaly. Pacemaker, and espe-
cially ICD lead placement, has been reported to result in
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Table 20.1 Causes of TV regurgitation

Functional (morphologically normal leaflets with annular dilatation)

LV dysfunction or valve disease, resulting in pulmonary hypertension
Pulmonary hypertension (primary or secondary)

RV dysplasia, infarction

Idiopathic tricuspid annular dilatation
Endomyocardial fibrosis

Structural
Acquired

Rheumatic heart disease
Endocarditis

Traumatic

Carcinoid heart disease

Endomyocardial fibrosis

latrogenic (PPM/ICD lead, radiation, drugs, RV biopsy)
Congenital

Ebstein’s anomaly

TV dysplasia, hypoplasia, double-orifice TV

worsening of TR in up to 25% of patients.® However, in a
recent study, device lead implantation in patients with a
bioprosthetic tricuspid valve was not associated with an
increased incidence of significant prosthetic TR.*

Pathophysiology and natural history

The tricuspid valve apparatus consists of the annulus, the
septal, anterior, and posterior (or inferior) leaflets, chor-
dae, and papillary muscles.” Most of the TV annulus lies
on the atrioventricular junction; thus, its size depends
on RV volume. When TR develops, there is a prolonged
period of progressive RV and RA volume overload that
engenders additional TR until right heart failure develops.
PA pressure in functional TR is >55 mmHg. RV failure
with severe TR or constrictive pericarditis are possible
causes of cardiac cirrhosis due to ischaemic hepatopathy.
The 1-year survival of patients with severe, moderate, or
no TR is 64%, 79%, and 92%, respectively.®

Presentation

Symptoms of TR are often non-specific, and patients with
severe TR may be asymptomatic. Symptoms are usually of
fatigue and decreased exercise tolerance as a result of low
cardiac output. Elevated right atrial (RA) pressure leads to
atrial arrhythmias (mainly AF), peripheral oedema, and
hepatic congestion, with decreased appetite and abdomi-
nal fullness. Eventually, right heart failure with ascites and
anasarca develops.

Physical findings
o Elevated JVP with a prominent v wave in 35% to 75%
of patients with severe TR.

TRICUSPID REGURGITATION

+ Hepatomegaly is present in 90%, but pulsating liver is
noted inconsistently.

# The holosystolic murmur of TR is heard along the
sternal border, increasing in intensity with inspira-
tion as a result of increased systemic venous return
(it is heard in <20% of patients with severe TR due to
equalization of pressures between the RA and RV).

Investigations

Haemodynamic catheterization is rarely required to con-
firm the diagnosis of severe TR, and right ventriculogra-
phy is not helpful because the catheter may induce TR.
Echocardiography (2D or preferably 3D) is the main diag-
nostic tool (Table 20.2)."* Vena contracta width (indirectly
reflects the effective regurgitant orifice area) >0.7 cm, large
flow convergence (PISA radius >0.9 cm at Nyquist limit of
40 cm/s), and systolic flow reversal in hepatic veins are spe-
cific signs of severe TR.” Additional supportive signs are
a dense ‘dagger-shaped, triangular, early-peaking systolic
continuous wave Doppler signal, inferior vena cava dilata-
tion and respiratory diameter variation <50%, a prominent
E wave, and RA/RV dilatation. There is major respiratory
variation of TR and RV shape, and echocardiographic as-

Table 20.2 ESC 2012 on valve disease. Echocardiographic
criteria for definition of severe TR

Qualitative

Valve morphology Abnormal/flail/large coaptation

defect

Colour flow regurgitant jet Very large central jet or eccentric

wall impinging jet’

CW signal of regurgitant jet Dense/triangular with early

peaking (peak <2 m/s in massive

TR)
Other -
Semi-quantitative
Vena contracta width (mm) >7°

Upstream vein flow

Systolic hepatic vein flow reversal

Inflow E wave dominant 21 m/s°
Other PISA radius >9 mm¢
Quantitative

EROA (mm?) 240

RVol (mL/beat) >45

+ enlargement of cardiac
chambers/vessels

RV, RA, inferior vena cava

a: At a Nyquist limit of 50-60 cm/s.

b: In the absence of other causes of elevated left atrial pressure and of mitral
stenosis.

c: Baseline Nyquist limit shift of 28 cm/s.

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.
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sessment requires multiplying measurements throughout
the cardiac cycle in order to appropriately assess TR and
right ventricular pressure.®

Therapy

Diuretics is the only proven therapy for symptomatic relief
but, when excessive, may decrease cardiac output.

TV repair or replacement is the only effective treatment
for symptomatic TR, and, recently, there has been evidence
in favour of a more aggressive surgical approach to sec-
ondary TR.® Consequently, indications for TV surgery in
patients with severe TR are (Tables 20.3 and 20.4):""

+ Symptomatic RV failure

o Progressive RV enlargement

o Surgery for MV or other valve disease (even with
moderate TR)

o Traumatic TV flail (early surgery is recommended)

o Carcinoid heart disease (high-risk group).

Operative mortality for concomitant TV surgery is dou-
bled (up to 4.5%) compared to that for isolated MV surgery
but avoids the usual post-operative deterioration of exist-
ing TR and results in better mid-term survival.

In patients with both primary and functional TV dis-
ease, TV repair is associated with better survival than TV
replacement. Ring annuloplasty is preferable to purse-
string annuloplasty (De Vega)."?

TV replacement is indicated for patients whose valves are
not amenable to repair. No difference has been found in
survival among patients with mechanical versus biological
TV prostheses, but a bioprosthesis is preferred due to the
low incidence of thromboembolic complications. Right-
sided bioprostheses have superior durability compared

Table 20.3 ACC/AHA 2008 GL on valve disease

Management of TR

Tricuspid valve repair for severe TR in patients with MV I-B
disease requiring MV surgery.

with left-sided bioprostheses. Pericardial bioprostheses
are generally avoided in the tricuspid position because of
leaflet stiffness and risk of obstruction.?

Transcatheter TV implantation is also a new option un-
der investigation,'! and novel percutaneous procedures are
being developed as an alternative to surgery for high-risk
patients.®

When severe symptomatic TR is secondary to leaflet
perforation or lead impingement from a pacemaker lead,
removal or repositioning of the lead may decrease the de-
gree of TR. Recently, however, it was shown that lead im-
plantation in patients with a bioprosthetic tricuspid valve
was not associated with an increased incidence of signifi-
cant prosthetic TR.*

Asymptomatic patients with severe carcinoid heart dis-
easemayrequire valvereplacement, enabling partial hepatic
resection or liver transplantation. Carcinoid heart disease
patients represent a high-risk surgical subgroup primarily
because of perioperative haemodynamic lability (carcinoid
crisis), characterized by peripheral vasodilatation and hy-
potension that requires IV octreotide administration.®

In patients with pulmonary hypertension and severe
TR secondary to pulmonary thromboembolic disease, pul-
monary thromboendarterectomy alone has been shown to
reduce pulmonary hypertension and usually reduces TR
severity without the need for concomitant tricuspid annu-
loplasty. TR secondary to severe primary pulmonary hy-
pertension is usually treated with pulmonary vasodilator

Table 20.4 ESC 2012 GL on valve disease

Indications for tricuspid valve surgery

Symptomatic patients with severe TS.? I-C
Severe TS undergoing left-sided valve intervention.® I-C
Severe primary or secondary TR undergoing left-sided valve I-C
surgery.

Symptomatic patients with severe isolated primary TR without I-C

severe RV dysfunction.

) ) Moderate primary TR undergoing left-sided valve surgery. lla-C
Tricuspid valve replacement or annuloplasty for severe lla-C
primary TR when symptomatic. Mild or moderate secondary TR with dilated annulus (=40 mm lla-C

) ) or >21 mm/m?) undergoing left-sided valve surgery.
Tricuspid valve replacement for severe TR secondary to lla-C ) gomng gery
diseased/abnormal tricuspid valve leaflets not amenable to Asymptomatic or mildly symptomatic patients with severe lla-C
annuloplasty or repair. isolated primary TR and progressive RV dilatation or

. . . : deterioration of RV function.
Tricuspid annuloplasty for less than severe TR in patients IIb-C
undergoing MV surgery when there is pulmonary After left-sided valve surgery, surgery should be considered lla-C
hypertension or tricuspid annular dilatation. in patients with severe TR who are symptomatic or have
T id val | " loplasty i tomati e progressive RV dilatation/dysfunction, in the absence of left-

r|§[_uspt| v_at%/eﬂ;ep ﬁcemsz ortaTnu oplasty In ag;(l)mp oljna_ Ic B sided valve dysfunction, severe RV or LV dysfunction, and severe
patients wi whose PA systolic pressure is <60 mmHg in pulmonary vascular disease.
the presence of a normal MV.
Tricuspid valve replacement or annuloplasty in patients with l-C a: F.’ercutaneous balloon valvuloplasty can be attempted as a first approach if

} N TS is isolated.
mild primary TR. .

b: Percutaneous balloon valvuloplasty can be attempted if PMC can be
ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 performed on the mitral valve. _ _
guidelines for the management of patients with valvular heart disease. ESC guidelines on the management of valvular heart disease (version 2012).
JAm Coll Cardiol. 2008;52:e1-142. European Heart Journal 2012;33:2451-2496.
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and diuretic therapy alone because of the risk of cardiac
surgical intervention and overall poor prognosis.

Although percutaneous balloon mitral valvuloplasty
may result in less TR, TV repair, combined with mitral
valve replacement, is better than mitral balloon valvulo-
plasty alone in patients with severe functional TR, espe-
cially if atrial fibrillation or RV enlargement is present.’

The management of congenital TR is described in
Table 20.5.

Recommendations on pregnancy are presented in
Chapter 84 on cardiovascular disease in pregnancy.

Tricuspid stenosis

Epidemiology and aetiology

Tricuspid stenosis (TS) is a very rare condition in devel-
oped countries. It is mainly due to rheumatic disease, but
only 3% to 5% with rheumatic mitral valve disease have
concurrent TS. Other causes are congenital TS, carcinoid,
endomyocardial fibrosis, and right atrial tumours."’

Physical findings and diagnosis

Due to the usual coexistence of mitral valve disease, it is
difficult to separate symptoms and signs specific to TS:

Table 20.5 ACC/AHA 2008 GL on valve disease

Indications for intervention in congenital tricuspid

Surgery for severe TR for adolescent and young adult patients with:

Deteriorating exercise capacity (NYHA Il or IV). I-C
Progr_essive cyanosis and arterial saturation <80% at rest or with I
exercise.

NYHA Il symptoms if the valve appears to be repairable. lla-C
AF. lla-C
Increasing heart size and a cardiothoracic ratio >65%. llb-C
Stable heart size and an arterial saturation <85% when the lIb-C

tricuspid valve appears repairable.

Interventional catheterization closure of the atrial

communication for the adolescent or young adult with TR

who is hypoxaemic at rest and with exercise intolerance due to I-C
increasing hypoxaemia with exercise, when the tricuspid valve
appears difficult to repair surgically.

Catheter closure of the atrial communication in adolescent and
young adult patients with TR who are mildly cyanotic at rest but

TRICUSPID STENOSIS

# SOBOE and peripheral oedema

# Elevated JVP with a prominent a wave and slow y descent

# Opening snap, followed by a diastolic rumbling murmur
at the right sternal border that varies with respiration.

As with TR, physical findings may be subtle and the mur-
mur often inaudible.

Diagnosis is made by echocardiography. TS is consid-
ered severe when the valve area is <1.0 cm? (ACC/AHA
2008), but the accuracy of echocardiography is less than
with MS. The 2012 ESC Guideline on VD define severe TS
as a valve with mean gradient 25 mmHg.’

Therapy

Valve replacement is the only treatment. Tricuspid balloon
valvotomy may result in severe TR. Management in preg-
nancy is described in Chapter 84.
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Chapter 21

Pulmonary valve disease

Pulmonary valve regurgitation

Aetiology

Mild pulmonary regurgitation (PR) may be a normal
finding on Doppler echocardiography. The most com-
mon causes of pathologic PR in adults are prior inter-
ventions for congential heart disease, such as tetralogy
of Fallot repair, or surgical valvotomy for congenital pul-
monary stenosis. Other rare causes of PR are congenital
pulmonary annular dilation, pulmonary hypertension,
rheumatic or carcinoid heart disease, endocarditis, and
trauma.?

Pathophysiology

Long-standing severe PR results in progressive RV dilation
and reduced RV function. RV dilatation is reflected on QRS
duration and is associated with ventricular arrhythmias
and sudden death. This mechanical-electrical association
has been described in patients with repaired tetralogy of
Fallot. Significant PR is the main predictor of sudden death
in these patients (see Chapter 2 on VSD).

Physical examination

# RV parasternal heave in severe PR with enlarged RV

# Systolic ejection murmur increased by inspiration

+ Soft, diastolic, decrescendo murmur best heard in
the left upper sternal border. An increase in intensity
of the murmur may be noted during inspiration.

+ ECG findings are non-specific or reflect RV
enlargement.

Chest radiography may demonstrate cardiomegaly and
pulmonary artery enlargement.

The diagnosis is made by echocardiography. Severe PR
is indicated by a colour jet filling the outflow tract and a
dense continuous wave Doppler signal with a steep decel-
eration slope.! Cardiac magnetic resonance is the imag-

ing modality of choice to assess RV size and function in
asymptomatic patients and guide therapy.

Therapy

Medical therapy is not effective in reducing the degree of PR
or affecting the impact of PR on the RV. PV replacement is
recommended in symptomatic patients (NYHA II or III)
and severe PR. The management of asymptomatic patients
is controversial. Most would agree that PVR is indicated in:
decreased RV systolic function (ejection fraction <40% by
cardiac magnetic resonance imaging), progressive RV dila-
tion (cardiac magnetic resonance imaging RV end-diastolic
volume 160 mL/m” or 82 mL/m’*for RV end-systolic volume)
or TR related to progressive annular dilatation, severe PR in
a patient requiring another cardiac operation, and QRS du-
ration 180 ms or QRS duration increase >3.5 ms/y).?

Pulmonary valve stenosis

The majority (>95%) of pulmonary stenosis cases are re-
lated to congenital or genetic disorders and are discussed in
Chapter 1 on GUCH. Carcinoid syndrome and rheumatic
valve disease may cause pulmonary stenosis but essentially
always occur in conjunction with other valve disease.
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Chapter 22

TISSUE VALVES (BIOPROSTHESES)

Prosthetic heart valves

Risk stratification for surgery

The EuroSCORE (http://www.euroscore.org/calc.html)
and the US Society of Thoracic Surgeons (http://www.sts.
org) have provided algorithms for risk calculation of pa-
tients subjected to cardiac surgery. Table 22.1 presents re-
ported mortality in valve disease surgery. Currentrisk scores
(including EuroSCORE, STS, and Ambler score) are useful
but may not always provide a reliable estimate of operative
mortality, regardless of other patient characteristics.'

Prosthetic heart valves (PHV) are either mechanical or
bioprostheses (tissue valves). Tissue engineering is also
employed for the creation of tissues analogous to a native
human heart valve.?

Mechanical valves

« Ball-cage (Starr-Edwards)

o Tilting disc (Medtronic-Hall, Omniscience, and the
old Lillihei-Kaster and Bjork-Shiley valves)

+ Bileaflet (St Jude and CarboMedics).

Randomized and observational long-term studies have
shown good and comparable outcomes with FDA-ap-
proved mechanical valves, such as the Starr-Edwards
valve, the Medtronic-Hall valve, and the St Jude Medical
valve for AVR and MVR.? However, the bileaflet valves are
the most commonly implanted due to low bulk and better
haemodynamics and lower thrombogenicity in the mitral
position. The Starr-Edwards, although the most durable
valve, has a higher risk of haemolysis and thrombogenicity
and is not suiTable for MVR.

Tissue valves (bioprostheses)

# Porcine stented xenografts (heterografts) (Hancock,
Carpentier-Edwards Perimount, Medtronic Intact).

# Porcine stentless xenografts (Medtronic Freestyle,
Edwards Prima, St Jude) are recently developed and
are supposed to offer better haemodynamics.

# Pericardial bovine xenografts are fabricated valves
(Carpentier-Edwards, Sorin Pericarbon).

+ Homograft (allograft) aortic valves harvested from
cadavers.

o Autograft aortic valves. Fabricated from the
patients’ own pericardium or pulmonary autografts
(Ross principle).

Mechanical valves have less structural deterioration be-
yond 10 years, and especially in the young, but require an-
ticoagulation for life and patients are at an increased risk
of haemorrhagic complications. They are preferred in pa-
tients <60 years of age for AVR and 65 years for MVR and
in surgery for infective endocarditis. In older patients, in
patients on chronic haemodialysis, and in patients in need
of anticoagulation for AF or thromboembolic situations, a
mechanical valve is preferred (Tables 22.2 to 22.4).>> A me-
chanical valve is also recommended in patients on chronic
haemodialysis, based on the concern of accelerated calci-
fication of bioprosthetic valves in patients with end-stage
renal disease, but no significant difference in survival of
dialysis patients after cardiac valve replacement with tis-
sue versus mechanical valves has been demonstrated.®”
Patients who receive bioprostheses do not need chronic
anticoagulation and are less likely to develop valve-related

Table 22.1 ESC 2012 GL on valve disease. Operative mortality after surgery for valvular heart disease

EACTS (2010) STS (2010) UK (2004-2008) Germany (2009)
Aortic valve replacement, no CABG (%) 2.9 (40 662) 7 (25 515) 2.8(17 636) 2.9(11981)
Aortic valve replacement + CABG (%) 5.5 (24 890) 5(18227) 5.3(12491) 6.1(9113)
Mitral valve repair, no CABG (%) 2.1(3231) 6(7293) 2(3283) 2 (3335)
Mitral valve replacement, no CABG (%) 4.3 (6838) 6.0 (5448) 6.1(3614) 7.8 (1855)

Mitral valve repair/replacement + CABG (%)  6.8/11.4 (2515/1612)

4.6/11.1(4721/2427)

8.3/11.1(2021/1337)  6.5/14.5(1785/837)

(): number of patients; EACTS: European Association for Cardiothoracic Surgery;

STS: Society of Thoracic Surgeons (USA). Mortality for STS includes first and redo interventions.
ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496.
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Table 22.2 ESC 2012 GL on valve disease. Choice of the
aortic/mitral prosthesis

In favour of a mechanical prosthesis

Desire of the informed patient and no contraindications for I-C
long-term anticoagulation.’

Patients at risk of accelerated structural valve deterioration.? I-C
Patients already on anticoagulation due to a mechanical I-C

prosthesis in another valve position.

Patients aged <60 years for prostheses in the aortic position and  Ila-C
<65 years for prostheses in the mitral position.?

Patients with a reasonable life expectancy* for whom future lla-C
redo valve surgery would be at high risk.

Patients already on long-term anticoagulation due to high risk Ilb-C
of thromboembolism.®

In favour of a bioprosthesis

Desire of the informed patient. I-C
Good quality anticoagulation is unlikely (compliance problems; I-C
not readily available) or contraindicated because of high

bleeding risk (prior major bleed; co-morbidities; unwillingness;
compliance problems; lifestyle; occupation).

For reoperation for mechanical valve thrombosis despite good I-C
long-term anticoagulant control.

Patients for whom future redo valve surgery would be at low lla-C
risk.

Young women contemplating pregnancy. lla-C
Patients aged >65 years for prosthesis in aortic position or lla-C

>70 years in mitral position or those with life expectancy® lower
than the presumed durability of the bioprosthesis.”

1: Increased bleeding risk because of co-morbidities, compliance concerns,
geographic, lifestyle and occupational conditions.

2: Young age (<40 years), hyperparathyroidism.

3: In patients aged 60-65 years who should receive an aortic prosthesis and
those between 65 and 70 years in the case of mitral prosthesis, both valves are
acceptable and the choice requires careful analysis of other factors than age.
4: Life expectancy should be estimated >10 years, according to age, gender,
co-morbidities, and country-specific life expectancy.

5: Risk factors for thromboembolism are atrial fibrillation, previous
thromboembolism, hypercoagulable state, severe left ventricular systolic
dysfunction.

6: Life expectancy should be estimated according to age, gender, co-
morbidities, and country-specific life expectancy.

7: In patients aged 60-65 years who should receive an aortic prosthesis and
those 65-70 years in the case of mitral prosthesis, both valves are acceptable
and the choice requires careful analysis of factors other than age.

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.

complications, especially in the aortic position.® A recent
report from the STS National Database found that among
AVR patients, long-term mortality rates were similar for
bioprosthetic versus mechanical valve patients. Biopros-
theses were associated with a higher long-term risk of re-
operation and endocarditis, but a lower risk of stroke and
hemorrhage.®

Table 22.3 ACC/AHA 2008 GL on valve disease

Major criteria for aortic valve selection

Mechanical prosthesis for AVR in patients with a mechanical I-C
valve in the mitral or tricuspid position.

Bioprosthesis for AVR in patients of any age who will not I-C
take warfarin or who have major medical contraindications
to warfarin therapy.

Patient preference is a reasonable consideration in the lla-C
selection of aortic valve operation and valve prosthesis.

A mechanical prosthesis is reasonable for AVR in patients

<65 years of age who do not have a contraindication to
anticoagulation. A bioprosthesis is reasonable for AVR in

patients <65 years who elect to receive this valve for lifestyle
considerations versus the likelihood that a second AVR may

be necessary in the future.

Bioprosthesis for AVR in patients aged =65 years without risk lla-C

factors for thromboembolism.

Aortic valve re-replacement with a homograft for patients lla-C

with active prosthetic valve endocarditis.

Bioprosthesis for AVR in a woman of childbearing age. llb-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

Table 22.4 ACC/AHA 2008 GL on valve disease

Selection of a mitral valve prosthesis

Bioprosthesis in a patient who will not take warfarin, is I-C
incapable of taking warfarin, or has a clear contraindication
to warfarin therapy.

Mechanical prosthesis for MV replacement in patients lla-C
<65 years with long-standing AF.

Bioprosthesis for MV replacement in patients >65 years. lla-C
Bioprosthesis for MV replacement in patients <65 years lla-C

in sinus rhythm who accept the risks of anticoagulation
versus the likelihood that a second MV replacement may be
necessary in the future.

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

The Ross procedure is performed for aortic valve dis-
ease. The patient’s own PV and adjacent main pulmonary
artery are removed and used to replace the AV and, if nec-
essary, the aortic root with reimplantation of the coronary
arteries into the graft. A human pulmonary or aortic hom-
ograft is inserted in the pulmonary position. However, re-
operations after the Ross procedure, when required, may
be complex, frequently involving multiple structures, and
carry significant morbidity.* The value of this approach,
particularly in adults with rheumatic heart disease or AR,
is questionable.

Anticoagulation

Target INR for mechanical prostheses is presented in
Tables 22.5 and 22.6. As a general rule, for mechanical
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Table 22.5 ESC GL 2012 GL on valve disease

ANTICOAGULATION

Table 22.6 Antithrombotic therapy with prosthetic valves

Target INR in patients with mechanical prosthetic valves

Patient-related risk factors”

Prosthesis

thrombogenicity>  Norisk factor  Risk factor >1
Low 2.5 3.0

Medium 3.0 3.5

High 35 4.0

a: Prosthesis thrombogenicity:

Low: Carbomedics, Medtronic-Hall, St Jude Medical, ON-X

Medium: other bileaflet valves

High: Lillehei—Kaster, Omniscience, Starr—Edwards, Bjork—Shiley, and other
tilting-disc valves.

b: Patient-related risk factors: mitral or tricuspid valve replacement; previous
thromboembolism; atrial fibrillation; left atrial diameter >50 mm; mitral
stenosis of any degree, LVEF <35%.

ESC guidelines on the management of valvular heart disease (version 2012).
European Heart Journal 2012;33:2451-2496.

prostheses in aortic position, an INR of 2-3 is indicated
for bileaflet and Medtronic-Hall valves and 2.5-3.5 for
the others. For MVR, an INR of 2.5-3.5 is targeted.
Bioprostheses (and MV repair) require anticoagula-
tion for 3 months post-operatively according to current
guidelines; however, continuation of warfarin for up to
6 months resulted in reduced cardiovascular mortality
in a recent large registry."” Low-dose aspirin is recom-
mended in all patients receiving warfarin. If INR >5,
warfarin is withheld, and the INR is determined after 24
h. The American College of Chest Physicians (ACCP)
guidelines recommend oral vitamin K (phytonadi-
one, 1-2.5 mg) only when INR is >10 in the absence of
bleeding." In major bleeding, four-factor prothrombin
complex concentrate is preferred to fresh frozen plasma
since >1500 mL of fresh frozen plasma are needed to
achieve a meaningful increase in coagulation factor
levels.' Intravenous vitamin K (1-10 mg) may also be
given, although, at 24h, oral vitamin K produces similar
results. Dose is 2.5 mg po or 1-2 mg of the IV prepara-
tion in a cup of orange juice. Dabigatran should not be
used for anticoagulation in the presence of mechanical
prosthetic valves (FDA alert December 2012). The RE-
ALIGN trial was prematurely stopped due to increased
incidence of thrombotic events with dabigatran com-
pared to warfarin. No data exist for bioprosthetic valves
in this respect.

Bridging to non-cardiac surgery

The risk of thromboembolism without anticoagulation in
the presence of a mechanical prosthesis is 0.03 to 0.05 per
day. In a recent meta-analysis, heparin bridging in patients

ACC/AHA 2008 GL on valve disease. Antithrombotic
therapy with prosthetic valves

After AVR with bileaflet mechanical or Medtronic-Hall
prostheses, in patients with no risk factors,* warfarin to
achieve an INR 2.0-3.0. If the patient has risk factors,
warfarin to achieve INR 2.5-3.5.

After AVR with Starr—Edwards valves or mechanical disc
valves (other than Medtronic-Hall prostheses), in patients I-B
with no risk factors,* warfarin to achieve INR 2.5-3.5.

After MV replacement with any mechanical valve, warfarin

to achieve INR 2.5-3.5. -C
After AVR or MV replacement with a bioprosthesis and no I
risk factors,* aspirin at 75-100 mg/day.

After AVR with a bioprosthesis and risk factors,* warfarin to I
achieve INR 2.0-3.0.

After MV replacement with a bioprosthesis and risk factors,* e
warfarin to achieve INR 2.0-3.0.

Aspirin 75-325 mg/day for patients unable to take warfarin 1B

after MV replacement or AVR.

Addition of aspirin at 75-100 mg/day to therapeutic
warfarin for all patients with mechanical heart valves and I-B
those patients with biological valves who have risk factors.*
Warfarin to achieve INR 2.5-3.5 during the first 3 months
after AVR with a mechanical prosthesis.

Warfarin to achieve an INR 2.0-3.0 during the first 3 months

after AVR or MV replacement with a bioprosthesis in patients
with no risk factors.*

lla-C

lla-C

Clopidogrel (75 mg per day) or warfarin to achieve INR
3.5-4.5 in high-risk patients with prosthetic heart valves in
whom aspirin cannot be used.

Ib-C

* Risk factors include atrial fibrillation, previous thromboembolism, LV
dysfunction, and hypercoagulable condition.

ESC 2012 GL on valve disease. Indications for
antithrombotic therapy after valvular surgery
Lifelong oral anticoagulation for all patients with a
mechanical prosthesis.

Lifelong oral anticoagulation patients with bioprostheses
who have other indications for anticoagulation.’

Addition of low-dose aspirin in patients with a mechanical

; ; o lla-C
prosthesis and concomitant atherosclerotic disease.

Addition of low-dose aspirin should in patients with a
mechanical prosthesis after thromboembolism despite
adequate INR.

lla-C

Oral anticoagulation for the first 3 months after implantation

of a mitral or tricuspid bioprosthesis. lla-C

Oral anticoagulation for the first 3 months after mitral valve

. lla-C
repair.

Low-dose aspirin for the first 3 months after implantation of

an aortic bioprosthesis. lla-C

Oral anticoagulation for the first 3 months after implantation

of an aortic bioprosthesis. llo-C

1: Atrial fibrillation, venous thromboembolism, hypercoagulable state,

or, with a lesser degree of evidence, severely impaired left ventricular
dysfunction (ejection fraction <35%).

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease. J Am
Coll Cardiol. 2008;52:e1-142.

ESC guidelines on the management of valvular heart disease (version 2012).
Eur Heart J. 2012;33:2451-2496.
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receiving vitamin K antagonists for AF, PHV, or VTE con-
ferred a >5-fold increased risk for bleeding whereas the risk
of thromboembolic events was not significantly different
between bridged and non-bridged patients."* The use of
therapeutic dose LMWH was associated with an increased
risk of bleeding compared with prophylactic or intermedi-
ate dose."”” Minor procedures, such as dental extraction, do
not require interruption of anticoagulation. Alternatively,
warfarin may be stopped 2-3 days before the procedure or
a prohaemostatic agent (i.e. tranexamic acid as a 5 mL oral
dose, 5-10 min before the dental procedure, and 3-4 times
daily for 1-2 days after the procedure) may be given with
continuation of warfarin." Patients with bileaflet mechani-
cal aortic valves in sinus rhythm and no previous throm-
boembolism are low risk, and no bridging is required for
interruption of warfarin.'” Implantation of pacemakers or
defibrillators in patients with moderate to high throm-
boembolic risk does not necessitate interruption of warfa-
rin (INR 2-3.5) since heparin use is associated with more
pocket haematomas.'* SC LMWH is convenient, but, in
patients with stage IV renal failure, anti-Xa monitoring
is required while, in stage V, IV UFH is recommended."”
For major surgical procedures, the ACC/AHA and ACCP
guidelines are presented in Table 22.7.

MRI

Magnetic resonance imaging can be performed safely
in patients with prosthetic heart valves, except those with a
Pre 6000 Starr—-Edwards caged-ball prosthesis."”

Thrombosis of prosthetic valves

Prosthetic valve thrombosis in the current era has a re-
ported incidence of 0.03 to 0.13% per patient-year,' al-
though it used to be up to 8% with the initial mechanical
valves. The major contributing factors are inadequate an-
ticoagulant therapy and mitral location of the prosthesis.
Obstruction of prosthetic valves may be caused by throm-
bus formation, pannus ingrowth, or both. If the prosthesis
is obstructed by pannus, the valve needs to be replaced.
Emergency surgery is recommended for a thrombosed
left-sided prosthetic valve and NYHA III-1V symptoms or
alarge clot (>10 mm) or peripheral embolism (Table 22.8,
and Figures 22.1 and 22.2). Fibrinolytic therapy for a left-
sided prosthetic valve obstructed by thrombus may be
considered for small thrombi <10 mm as determined by
transoesophageal echocardiography in sTable or inoper-
able patients. Fibrinolysis should be also considered in
critically ill patients unlikely to survive surgery, situa-
tions in which surgery is not immediately available, and in
thrombosis of tricuspid or pulmonary valve replacements,

Table 22.7 Bridging therapy to non-cardiac surgery

ACC/AHA 2008 GL on valve disease. Bridging therapy
in patients with mechanical valves who require
interruption of warfarin therapy for non-cardiac
surgery, invasive procedures, or dental care

In patients at low risk of thrombosis (i.e. bileaflet I-B
mechanical AVR with no risk factors), warfarin should

be stopped 48-72 h before the procedure (so INR falls

to <1.5) and restarted within 24 h after the procedure.

Heparin is usually unnecessary.

In patients at high risk of thrombosis (i.e. any I-B
mechanical MV replacement or a mechanical AVR
with any risk factor), therapeutic doses of IV UFH
should be started when INR falls <2.0 (typically

48 h before surgery), stopped 4-6 h before the
procedure, restarted as early after surgery as bleeding
stability allows, and continued until the INR is again
therapeutic with warfarin therapy.

Fresh frozen plasma to patients with mechanical valves
who require interruption of warfarin for emergency
non-cardiac surgery, invasive procedures, or dental
care. Fresh frozen plasma is preferable to high-dose
vitamin K1.

In patients at high risk of thrombosis, therapeutic
doses of subcutaneous UFH (15 000 U every 12 h) or
LMWH (100 U per kg every 12 h) may be considered
during the period of a subtherapeutic INR.

In patients with mechanical valves who require I1-B
interruption of warfarin therapy for non-cardiac

surgery, invasive procedures, or dental care, high-dose

vitamin K1 should not be given routinely because this

may create a hypercoagulable condition.

ACCP 2012 GL on antithrombotic therapy.
Perioperative management of antithrombotic
therapy

lla-B

Ib-B

Stopping VKAs approximately 5 days before surgery. Grade 1C
Resuming of VKA 12-24h after surgery. Grade 2C
Bridging anticoagulation in patients with a Grade 2C
mechanical heart valve, AF, or VTE at high risk for

thromboembolism but no bridging in low-risk patients.

In minor dental procedures, continuing VKAs with Grade 2C
co-administration of an oral prohaemostatic agent or

stopping VKAs 2-3 days before the procedure.

In minor dermatologic procedures,continuing VKAs Grade 2C
around the time of the procedure and optimizing local

haemostasis.

In cataract surgery, continuing VKAs around the time Grade 2C
of the surgery.

Stopping of bridging UFH 4— 6 h before surgery. Grade 2C
Stopping of bridging SC LMWH and administering Grade 2C
the last preoperative dose approximately 24 h before

surgery.

In patients undergoing high bleeding risk surgery, Grade 2C

resumption of therapeutic dose LMWH 48-72 h after
surgery.

1C: strong recommendation, low-quality evidence

2C: weak recommendation, low-quality evidence

ACC/AHA guidelines on valve disease 2008 focused update incorporated into
the ACC/AHA 2006 guidelines for the management of patients with valvular
heart disease. J Am Coll Cardiol. 2008;52:e1-142.

ACCP 2012 guidelines on antithrombotic therapy. Chest. 2012;141(2
Suppl):75-47S. Erratum in: Chest. 2012;141:1129
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Table 22.8 ACC/AHA 2008 GL on valve disease

Thrombosis of prosthetic heart valves

Transthoracic and Doppler echocardiography in patients
with suspected prosthetic valve thrombosis to assess I-B
haemodynamic severity.

Transoesophageal echocardiography and/or fluoroscopy
in patients with suspected valve thrombosis to assess valve I-B
motion and clot burden.

Emergency operation for patients with a thrombosed left-

sided prosthetic valve and NYHA llII-IV symptoms. fla-C

Emergency operation for patients with a thrombosed left-

sided prosthetic valve and a large clot burden. fla-C

Fibrinolysis for thrombosed right-sided prosthetic heart valves

with NYHA IlI-IV symptoms or a large clot burden. fla-C

Fibrinolysis as a first-line therapy for patients with a
thrombosed left-sided prosthetic valve, NYHA functional
class -l symptoms, and a small clot burden.

IIb-B

Fibrinolysis as a first-line therapy for patients with a
thrombosed left-sided prosthetic valve, NYHA III-IV symptoms,
and a small clot burden if surgery is high-risk or not available.

IIb-B

Fibrinolysis for patients with an obstructed, thrombosed left-
sided prosthetic valve who have NYHA functional class IV
symptoms and a large clot burden if emergency surgery is
high risk or not available.

Ib-C

IV UFH as an alternative to fibrinolytic therapy for patients
with a thrombosed valve who are in NYHA functional
class Il and have a small clot burden.

lb-C

ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006
guidelines for the management of patients with valvular heart disease.
JAm Coll Cardiol. 2008;52:e1-142.

because of the higher success rate and low risk of systemic
embolism.® It is reccommended as the first-line treatment
for obstructive valve thrombosis, independent of NYHA
class and thrombus size if there are no contraindications,
by the Society for Heart Valve Disease.” Fibrinoly-
sis is less likely to be successful in mitral prostheses in
chronic thrombosis. In case of haemodynamic instabil-
ity a short protocol is recommended, using either intra-
venous recombinant tissue plasminogen activator 10mg
bolus+90mg in 90 minutes with UFH, or streptokinase 1
500 000 U in 60 minutes without UFH. Longer durations
of infusions can be used in sTable patients.” If fibrinolytic
therapy is successful, it should be followed by intravenous
UFH until warfarin achieves an INR of 3.5 for aortic and
4 for mitral prosthetic valves. Low-dose aspirin is also
given. If partially successful, subcutaneous UFH twice
daily (to achieve an aPTT of 55-80 s) is added to warfa-
rin for 3 months (ACC/AHA guidelines on valve disease
2008). It is unlikely to be successful in mitral prostheses,
chronic thrombosis, or in the presence of pannus that may
be difficult to distinguish from thrombus. Fibrinolysis is
associated with a risk of cerebral embolism, 12-15% de-

PREGNANCY

pending on the size of the clot (odds ratio of 2.41 per 1 cm?
increment).?

Haemolysis

Subclinical intravascular haemolysis is noted in most pa-
tients with a normally functioning mechanical prosthetic
valve; severe haemolytic anemia is uncommon and sug-
gests paravalvular leakage due to partial dehiscence of the
valve or infection. Diagnosis of valve-induced haemolysis
is made by increased serum lactate dehydrogenase con-
centrations, decreased serum haptoglobin concentrations,
and reticulocytosis.”

Paravalvular leaks

Paravalvular regurgitation affects 5-17% of all surgically
implanted prosthetic heart valves and mainly the mi-
tral valve. Patients may be asymptomatic or present with
haemolysis or heart failure. Reoperation is associated with
increased morbidity and is not always successful because of
underlying tissue friability, inflammation, or calcification.
Percutaneous closure should be considered for closure of
clinically symptomatic paravalvular leaks, and, in experi-
enced centres, it is successful in up to 90% of the cases,
with <10% complications rate (obstruction of the tilting
valve leaflet, embolization of the device, coronary artery
obstruction, or stroke).?

Annual follow-up with echocardiography is recom-
mended for patients with bioprosthetic valves after the first
5 years (Class I-C, ACC/AHA guidelines on valve disease
2008).

Pregnancy

Maternal mortality is estimated to be between 1% and 4%
in women with mechanical valves.®

In pregnant women with mechanical valves, anticoagu-
lation management is not established.

According to the ACC/AHA 2008 guidelines on valve
disease (Table 22.9):

1. Between weeks 6 and 12 (highest risk of fetal
defects), warfarin may be replaced by:
Subcutaneous unfractionated heparin (UFH) in high
doses, up to 20 000/12h to maintain an aPTT twice
the control value 4 h after administration, or
Subcutaneous low molecular weight heparin
(LMWH) twice daily to maintain an anti-Xa level be-
tween 0.7 and 1.2 U/mL 4 h after administration. It
is also important to consider both peak and trough
levels of anti-Xa activiy.”
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Suspicion of thrombosis

| Echo (TTE + TOE(furoscopy)) |

l

|Obstuctivethrombus |

Critically Il

| Surgery Immediately available |

| |
B [re]

Recebt Inadequate anticoagulation

IV UFH + aspirin

| Success | | Failure |

v v A4
Fibrinclysisa Follow-up Fibrinclysisa

High risk for surgery

Figure 22.1 ESC 2012 on VD. Management of left-sided obstructive prosthetic thrombosis.

IV UFH, intravenous unfractionated heparin; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography. a: Risk and benefits of both
treatments should be individualized. The presence of a first-generation prosthesis is an incentive to surgery.
ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496.

2. At week 36, continuous IV UFH heparin is adminis-
tered.

3. For therest of pregnancy period, either warfarin (INR
2.5-3.5) or UFH or LMWH can be used. IV UHF car-
ries a lower risk for the fetus but higher maternal risk
of prosthetic valve thrombosis, systemic emboliza-
tion, osteoporosis, and heparin-induced thrombocy-
topenia.

4. In women with mechanical prosthetic valves, aspirin
(75-100 mg/day) may be added to warfarin or heparin.

The new ESC guidelines on pregnancy also provide the
option of warfarin between weeks 6 and 12, provided that
the necessary dose is <5 mg/day (Table 22.10).>* See also
Chapter 84 on cardiovascular disease in pregnancy in Mis-
cellaneous topics.
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Suspicion of thrombosis

| Echo (TTE + TOE/fluoroscopy) |

l

| Non-obstructive thrombus |

l

Optimize anticoagulation.
Follow-up (clinical + echo)

A

Thromboembolism (clinical/cerebral imaging)

Large thrombus (=10 mm) Large thrombus (=10 mm)

I I l
]

Optimize Optimize
anticoagulation. anticoagulation.
Follow-up Follow-up

[

A 4 A A 4
Persistence of Disappearance Persistence
thrombus or TE or decrease of thrombus

of thrombus

Recurrent TE

Surger
(or fiberl%oK/sis if

surgery is at high risk)

Figure 22.2 ESC 2012 on VD. Management of left-sided non-obstructive prosthetic thrombosis.
ESC guidelines on the management of valvular heart disease (version 2012). European Heart Journal 2012;33:2451-2496
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Table 22.9 ACC/AHA 2008 GL on valve disease

Selection of anticoagulation regimen in pregnant patients with mechanical prosthetic valves

All patients must receive continuous therapeutic anticoagulation with frequent monitoring. I-B
Pregnancy tests should be monitored with discussions about subsequent anticoagulation therapy, so that anticoagulation can be I-C
continued uninterrupted when pregnancy is achieved.

Patients who elect to stop warfarin between weeks 6 and 12 of gestation should receive continuous IV UFH, dose-adjusted UFH, or I-C
dose-adjusted subcutaneous LMWH.

For patients up to 36 weeks of gestation, the therapeutic choice of continuous IV or dose-adjusted SC UFH, dose-adjusted LMWH, I-C
or warfarin should be discussed fully. If continuous IV UFH is used, the fetal risk is lower, but the maternal risks of prosthetic valve

thrombosis, systemic embolization, infection, osteoporosis, and heparin-induced thrombocytopenia are relatively higher.

In patients who receive dose-adjusted LMWH, the LMWH should be administered twice daily SC to maintain the anti-Xa level between  I-C
0.7 and 1.2 U per ml 4 h after administration.

In patients who receive dose-adjusted UFH, the aPTT should be at least twice control. I-C
In patients who receive warfarin, the INR goal should be 3.0 (range 2.5 to 3.5). I-C
Warfarin should be discontinued and continuous IV UFH given starting 2 to 3 weeks before planned delivery. I-C
Avoid warfarin between weeks 6 and 12 of gestation owing to the high risk of fetal defects. lla-C
Resume UFH 4 to 6 h after delivery and begin oral warfarin in the absence of significant bleeding. lla-C
Low-dose aspirin (75 to 100 mg od) in the second and third trimesters of pregnancy in addition to anticoagulation with warfarin or lla-C
heparin.

LMWH should not be administered unless anti-Xa levels are monitored 4 to 6 h after administration. -
Dipyridamole should not be used instead of aspirin because of its harmful effects on the fetus. 11I-B
aPTT, activated partial thromboplastin time; UFH, unfractionated heparin; LMWH, low molecular weight heparin; IV, intravenous; SC, subcutaneous.
ACC/AHA 2008 focused update incorporated into the ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll
Cardiol. 2008;52:e1-142.

Table 22.10 ESC 2011 GL on pregnancy

Recommendations for the management of valvular heart disease. Mechanical valves

OACs are recommended during the second and third trimesters until the 36th week. I-C
Change of anticoagulation regimen during pregnancy should be implemented in hospital. I-C
If delivery starts while on OACs, caesarean delivery is indicated. I-C
OAC should be discontinued and dose-adjusted UFH (a PTT >2 x control) or adjusted-dose LMWH (target anti-Xa level 4-6 hours post-  |-C
dose 0.8-1.2 U/mL) started at the 36th week of gestation.

In pregnant women managed with LMWH, the post-dose anti-Xa level should be assessed weekly. I-C
LMWH should be replaced by intravenous UFH at least 36 hours before planned delivery. UFH should be continued until 4-6 hours I-C
before planned delivery and restarted 4-6 hours after delivery if there are no bleeding complications.

Immediate echocardiography is indicated in women with mechanical valves presenting with dyspnoea and/or an embolic event. I-C
Continuation of OACs should be considered during the first trimester if the warfarin dose required for therapeutic anticoagulation is <5 Ila-C
mg/day (or phenprocoumon <3 mg/day or acenocoumarol <2 mg/day), after patient information and consent.

Discontinuation of OAC between weeks 6 and 12 and replacement by adjusted-dose UFH (a PTT >2 x control; in high risk patients lla-C
applied as intravenous infusion) or LMWH twice daily (with dose adjustment according to weight and target anti-Xa level 4-6 hours

post-dose 0.8-1.2 U/mL) should be considered in patients with a warfarin dose required of >5 mg/day (or phenprocoumon >3 mg/day

or acenocoumarol >2mg/day).

Discontinuation of OACs between weeks 6 and 12 and replacement by UFH or LMWH under strict dose control (as described above) lIb-C
may be considered on an individual basis in patients with warfarin dose required for therapeutic anticoagulation <5 mg/day (or
phenprocoumon <3 mg/day or acenocoumarol <2 mg/day).

Continuation of OACs may be considered between weeks 6 and 12 in patients with a warfarin dose required for therapeutic IIb-C
anticoagulation >5 mg/day (or phenprocoumon >3 mg/day or acenocoumarol >2 mg/day).

LMWH should be avoided, unless anti-Xa levels are monitored. IN-C

OACs, oral anticoagulants.
ESC Guidelines on the management of cardiovascular diseases during pregnancy. Eur Heart J. 2011;32:3147-97
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Part Il

Systemic hypertension
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Chapter 23

PATHOPHYSIOLOGY

Classification and pathophysiology of hypertension

Definition

Hypertension in adults aged 18 or older is defined as blood
pressure (BP) 2140/90 mmHg, based on the average of >2
seated blood pressure measurements, properly measured
with well-maintained equipment, at each of >2 visits to
the office or clinic.! Hypertension has been divided into
stages by JNC 7 and ESC, as shown in Table 23.1."? Home
blood pressures are consistently lower than clinic pressures
in most hypertensive patients, and the American Society
of Hypertension recommends 135/85 mmHg as the up-
per limit of normal for home blood pressure.® Threshold
values for office and home normal values, as well as for
ambulatory blood pressure measurements,* are presented
in Table 23.2.

Epidemiology

Hypertension is an increasingly important public health
issue, affecting approximately 25% of the overall popu-
lation.> ¢ Its prevalence increases with advancing age. In
the USA, the National Health and Nutrition Examina-
tion Survey estimates that more than 50% of people aged
60 to 69 years old and approximately 75% of those aged
70 years and older are affected.® According to data from
the Framingham Heart Study, the lifetime risk of hyper-
tension is approximately 90% for men and women who
were not hypertensive at 55 or 65 years old and survived
to age 80 to 85. Even after adjusting for competing mor-
tality, the remaining lifetime risks of hypertension were
86 to 90% in women and 81 to 83% in men.” Suboptimal
BP control is the most common attributable risk for death
worldwide, being responsible for 62% of cerebrovascular
disease and 49% of ischaemic heart disease, as well as an
estimated 7.1 million deaths a year.® In most cases (>90%),
no underlying pathology can be identified (primary or es-
sential hypertension). Blood pressure is a complex genetic
trait with heritability estimates of 30-50%, but the intrinsic
origin of essential hypertension remains obscure although
many environmental factors are known’. Single nucleotide
polymorphisms have also been identified as risk factors for
hypertension and coronary artery disease.'

Pathophysiology

Systolic pressure within the aorta is a composite of two
items: (1) the outgoing pressure wave, generated by ven-

tricular contraction; and (2) pressure wave reflection from
the periphery. Since the pulse wave is amplified in transit
from the heart to the brachial artery, central aortic systolic
pressure is usually lower than brachial pressure. The mag-
nitude of amplification is greatest in people with healthy
compliant arteries and diminishes with age.

Established hypertension exposes the arterial tree to
increased pulsatile stress, but, paradoxically, major com-
plications are thrombotic, rather than haemorrhagic,
referred to as the so-called thrombotic paradox of hyper-
tension. Blood flow abnormalities, endothelial damage or
dysfunction, and a hypercoagulable state are consequences
of long-standing hypertension.'’ The prothrombotic state
could be the result of chronic low-grade inflammation
and damage and remodelling of the vascular endothelium
due to elevated shear stress. The mechanisms leading to
endothelial dysfunction are multifactorial, and include de-
creased activity of vasodilator agents and increased activity
(or sensitivity) to vasoconstrictor agents. Enhanced activ-
ity of the renin-angiotensin system and kallikrein-kinin
system has opposite effects, resulting in vasoconstriction
and vasodilation, respectively, but, with respect to coag-
ulation, they both cause a hypercoagulable state.’> Thus,
hypertension not only confers a hypercoagulable state
(vulnerable blood) but also gives rise to left ventricular
hypertrophy, ventricular and atrial arrhythmias, increased
aortic stiffness, and impaired coronary reserve (vulnerable
myocardium), thereby fulfilling all criteria for a vulnerable
patient. In enhancing the coagulation fibrinolysis balance,
antihypertensive treatment can decrease the frequency of
thrombotic events, independent of blood pressure.

Target organ disease due to essential hypertension
comprises damage of the heart, brain, and kidneys. Left
ventricular hypertrophy, coronary artery disease, atrial fi-
brillation, and ventricular arrhythmias are consequences
of long-standing hypertension. Hypertension is the most
common cause of atrial fibrillation and congestive heart
failure. Typically, hypertension leads to LV hypertrophy
that progresses to dilated cardiac failure. However, recent
evidence indicates that patients with hypertension may
progress directly to dilated cardiac failure in the absence of
myocardial infarction or antecedent concentric hypertro-
phy.”* Microalbuminuria, proteinuria and elevated creati-
nine levels, and reduced glomerular filtration rate are signs
of progressive renal impairment. Retinopathy, Binswanger
lesions (subcortical vascular dementia), transient ischae-
mic attacks, and, eventually, stroke and dementia are mani-
festations of brain damage.
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Table 23.1 Classification of hypertension schemes

Classification of hypertension (JNC-7)

BP classification Systolic BP mmHg Diastolic BP mmHg
Normal <120 <80

Prehypertensive .1 20-139 .80—89

Stage 1 hypertension .140—1 59 .90—99

Stage 2 hypertension .21 60 .2100

Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension. 2003;42:1206-52.

Definitions and classification of blood pressure levels (mmHg)*

ESH/ESC 2013 GL on hypertension

Category Systolic Diastolic
Optimal <120, and <80
Normal .120—129, and/or .80—84
High normal .130—139, and/or .85—89
Grade 1 hypertension .1 40-159, and/or .90—99
Grade 2 hypertension .160—179, and/or .100—1 09
Grade 3 hypertension .21 80, and/or .21 10
Isolated systolic hypertension .2140, and .<9O

*: The blood pressure (BP) category is defined by the highest level of BP, whether systolic or diastolic. Isolated systolic hypertension should be graded 1, 2, or 3
according to systolic BP values in the ranges indicated.

Table 23.2 Normal values

ESH/ESC 2013 GL on hypertension. Blood pressure thresholds (mmHg) for definition of hypertension with different
types of measurement

Category Systolic BP (mmHg) Diastolic BP (mmHg)
Office blood pressure >140 and/or =90

Ambulatory blood pressure . . .

Daytime (or awake) .21 35 énd/or .285

Night time (or asleep) .21 20 énd/or .270

24-h .21 30 énd/or .280

Home blood pressure .21 35 énd/or .285

2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151.

Diagnostic thresholds for ambulatory blood pressure measurements (mmHg)

24-hour Daytime Night time
Optimal <115/75 <120/80 <100/65
Normal ;125/75 .<1 30/85 .<1 10/70
Ambulatory hypertension .21 30/80 .2140/85 .2120/70

Kikuya M, et al; International Database on Ambulatory blood pressure monitoring in relation to Cardiovascular Outcomes Investigators. Diagnostic thresholds
for ambulatory blood pressure monitoring based on 10-year cardiovascular risk. Circulation. 2007;115:2145-52.
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Subtypes of hypertension

Prehypertension

The term prehypertension (systolic BP 120-139 mmHg,
diastolic BP 80-89 mmHg) reflects the fact that health
risks attributable to increasing blood pressure in adults are
continuous, beginning at 115/75 mmHg."* These patients
may develop established hypertension later, and blockade
of the renin-angiotensin axis has been found to decrease
this risk.”> '® However, drug therapy for this population
is highly debated due to complications and cost consid-
erations."” Lifestyle modification by means of low salt diet,
weight loss, exercise, and alcohol restriction are the best
way for treating these patients.'®*!

Isolated systolic hypertension

With increasing age, systolic blood pressure, unlike diasto-
lic brood pressure, tends to rise in response to increasing
arterial stiffness and losses in arterial compliance, par-
ticularly after the age of 40. Isolated systolic hypertension
is a common condition in individuals aged older than
60 years.’ In the young, isolated systolic hypertension has
been thought to result from an amplification of the pres-
sure wave between the aorta and the brachial artery due to
very elastic arteries in the context of normal aortic systolic
pressure. Recent evidence suggests that isolated systolic
hypertension in the young is a heterogeneous condition
and may result from an increased stroke volume and/or
aortic stiffness whereas the major haemodynamic abnor-
mality underlying essential hypertension is an increased
peripheral vascular resistance.?? The prevalence of isolated
systolic hypertension has nearly doubled among young
adults during the last decade and is associated with obesity,
smoking, and low socio-economic status.”

Isolated diastolic hypertension

Although diastolic pressure is generally thought to be the
best predictor of risk in patients younger than 50, some
prospective studies of isolated diastolic hypertension have
indicated that the prognosis may be relatively benign, and
the topic remains controversial.?

Pulse pressure

In older hypertensive patients, increased pulse pressure
(systolic-diastolic) is the major determinant of cardiovas-
cular risk.*

White coat hypertension

Differences between office and home measurements are
present in the majority of hypertensive patients. White coat,
or isolated office, hypertension is defined as a persistently
elevated average office blood pressure of >140/90 and an av-
erage awake ambulatory reading of <135/85 mmHg,® or as

SUBTYPES OF HYPERTENSION

at least three separate measurements of >140/90 mmHg at
the doctor’s office and at least two non office-based measure-
ments of <140/90 mmHg. Whether subjects with white-coat
hypertension have a higher cardiovascular risk than normo-
tensive individuals is an issue still under debate, with both af-
firmative and negative results having been reported.>*” Risk
of patients with white coat hypertension is probably higher
than in normotensive individuals but distinctly lower than in
people with sustained hypertension. These patients are very
likely to develop sustained hypertension later. However, the
value of therapy is not proven in patients without established
hypertension,”® and ambulatory blood pressure or repeat
(>5) pressure measurements at home are superior to office
blood pressure measurements in predicting treatment-in-
duced regression of left ventricular hypertrophy.?’

Masked hypertension

Normal blood pressure measurements at the office, but
elevated values elsewhere, may be due to alcohol abuse
or smoking. Target organ damage (as LV hypertrophy or
renal impairment) is related to the more prolonged eleva-
tions in pressure, and its presence can assist the diagnosis.
There is evidence that such patients are at increased risk.?
Masked hypertension may also occur with severe periph-
era] arterial disease.

Pseudohypertension

May be seen with stiff, calcified vessels in the elderly and
patients with long-standing diabetes or chronic renal fail-
ure that are difficult to compress. The Osler manoeuvre
(palpable radial pulse despite occlusive cuff pressure) is
not a sensitive, or specific, sign of pseudohypertension.
Intra-arterial radial pressure measurement may be neces-
sary for correct diagnosis.

Orthostatic hypotension

It is defined by a fall >20 mmHg systolic and/or >10 mmHg
diastolic in response to standing from the supine position
within 3 minutes or during head-up tilt at 60 degrees. It is
usually a sign of dysautonomic syndromes, diabetes, Par-
kinsons’s disease, multiple myeloma, or multiple system
atrophy but may also be seen in patients with vasovagal syn-
cope. The major therapeutic problem is inability to control
the level of blood pressure in patients with orthostatic hy-
potension who concomitantly have supine hypertension.

Blood pressure during exercise

BP increases during dynamic and static exercise, and the
increase is more pronounced for systolic than for diastolic
BP. There is currently no consensus on normal BP response
during dynamic exercise testing. A SBP of >210 mmHg for
men and 2190 mmHg for women has been termed ‘exercise
hypertension’? The results on the independent relationships

najafidm
cardiology.blog.ir

113


http://cardiology.blog.ir/

114

CLASSIFICATION AND PATHOPHYSIOLOGY OF HYPERTENSION

of the blood pressure response to physical and mental stres-
sors, future hypertension, and target organ damage are not
consistent, and exercise testing to predict future hyperten-
sion is not recommended.”> However, an exercise test may
provide some additional prognostic information, at least in
subjects with mild blood pressure elevation. The 21-year
follow-up study of 1999, apparently healthy, men disclosed
independently predictive information on cardiovascular
death, of both supine systolic BP and 6-minute exercise
systolic BP taken at an early moderate workload but not of
maximal systolic BP during exercise.*

Blood pressure differential

At the first visit, BP should be checked in both arms. Differ-
ences between the two arms >15 mmHg may be seen in up to
12-15% of patients with hypertension and is an independ-
ent predictor of cardiovascular disease and death.’' These
patients may deserve further investigations for peripheral
and coronary artery disease. Differences >20 mmHg may be
seen in subclavian artery stenosis, severe supravalvular AS,
coarctation, Ao dissection, or as a normal variant. Leg BP is
up to 20 mmHg higher than in the arms.

Blood pressure measurement

Measured with the patient seated with the back supported
or supine and the arm at heart level. The patient should
have refrained from smoking or drinking coffee for at least
30 min, and allowed to sit for 3-5 min (Table 23.3).

Patient position

Diastolic pressure measured while sitting is higher than
when measured supine (by 5 mmHg), although there is less
agreement about systolic pressure. When the arm position
is adjusted so that the cuff is at the level of the right atrium
in both positions, the systolic pressure has been reported

Table 23.3 ESH/ESC 2013 GL on Hypertension

to be 8 mmHg higher in the supine than the upright po-
sition. If the back is not supported (as when the patient
is seated on an examination table as opposed to a chair),
the diastolic pressure may be increased by 6 mmHg. Cross-
ing the legs may raise systolic pressure by 2 to 8 mmHg. In
the supine position, the arm should be supported with a
pillow. In the sitting position, the right atrium level is the
midpoint of the sternum or the fourth intercostal space;
it is preferred in diabetics due to increased possibility of
postural hypotension.

Cuff size

The cuff should be held at the heart level, whatever the
position of the patient. The length and width of the cuff
should be 80%/40% of the arm circumference, 1-2 cm
above the antecubital fossa. Too small cuffs overestimate
BP whereas too large ones underestimate it.

The recommended cuff sizes are:?

¢ For arm circumference of 22 to 26 cm, the cuff should
be ‘small adult’ size: 12 x 22 cm

¢ For arm circumference of 27 to 34 cm, the cuff should
be ‘adult’ size: 16 x 30 cm

¢ For arm circumference of 35 to 44 cm, the cuff should
be ‘large adult’ size: 16 x 36 cm

¢ For arm circumference of 45 to 52 cm, the cuff should
be ‘adult thigh’ size: 16 x 42 cm.

Cuff should be deflated at 2-3 mmHg/s, with neither the
patient nor the doctor talking. Traditionally, the Korotkoff
sounds have been classified into five phases: phase I, ap-
pearance of clear tapping sounds, corresponding to the
appearance of a palpable pulse; phase II, sounds become
softer and longer; phase III, sounds become crisper and
louder; phase IV, sounds become muffled and softer; and
phase V, sounds disappear completely. The fifth phase is
thus recorded as the last audible sound. The onset of phase I

Office blood pressure measurement

¢ To allow the patients to sit for 3-5 minutes before beginning BP measurements.

& To take at least two BP measurements, in the sitting position, spaced 1-2 min apart, and dditional measurements if the rst two are quite

different. Consider the average BP if deemed appropriate.

& To take repeated measurements of BP to improve accuracy in in patienst with arrhythmia such as AF.

# To use a standard bladder (12-13 cm wide and 35 cm long), but have a larger and a smaller bladder available for large (arm circumference

>32 c¢m) and thin arms, respectively.

& To have the cuff at the heart level, whatever the position of the patient.

# When adopting the auscultatory method, use phase | and V (disappearance) Korotkoff sounds to identify systolic and diastolic BP, respectively.

& To measure BP in both arms at first visit to detect possible differences. In this instance, take the arm with the higher value as the reference.

& To measure at the first visit, BP 1 and 3 min after assumption of the standing position in elderly subjects, diabetic patients, and in other
conditions in which orthostatic hypotension may be frequent or suspected.

# To measure, in case of conventional BP measurement, heart rate by pulse palpation (at least 30 s) after the second measurement in the sitting

position.
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corresponds to systolic pressure but tends to underestimate
the systolic pressure recorded by direct intra-arterial meas-
urement whereas the disappearance of sounds (phase V)
corresponds to diastolic pressure but tends to occur before
diastolic pressure determined by direct intra-arterial meas-
urement.’ Early disappearance and recurrence of sounds
(auscillatory gap) may occur in the elderly. The ausculta-
tory gap often can be eliminated by elevating the arm over
head for 30 seconds before inflating the cuffand then bring-
ing the arm to the usual position to continue in the meas-
urement. This manoeuvre reduces vascular volume in the
limb and improves inflow to enhance the Korotkoft sounds.
In severe AR or large AV fistulas and, rarely, in pregnancy,
Korotkoff sounds may be heard until complete deflation
of the cuff. In these cases, the phase IV pressure should be
noted.? At least three measurements should be taken.” The
Korotkoff sound method tends to give values for systolic
pressure that are lower than the true intra-arterial pressure,
and diastolic values that are higher.

Sphygmomanometers

All devices may be inaccurate due to technical problems
and need frequent calibration. Mercury sphygmoma-
nometers are perhaps the most reliable despite concerns
about mercury toxicity. Oscillometric automated moni-
tors that provide read-outs of systolic and diastolic pres-
sure should be subjected by independent investigators to
formal validation protocols, such as those developed by
the Association for the Advancement of Medical Instru-
mentation and the British Hypertension Society.” Mercury
sphygmomanometers should be examined by checking
that the upper curve of the meniscus of the mercury col-
umn is at 0 mmHg, that the column is free of dirt, and that
it rises and falls freely during cuff inflation and deflation.
Aneroid devices or other non-mercury devices should be
checked by connecting the manometer to a mercury col-
umn or an electronic testing device with a Y-tube. The nee-
dle should rest at the zero point before the cuff is inflated
and should register a reading that is within 4 mmHg of the
mercury column when the cuff is inflated to pressures of
100 and 200 mmHg. The needle should return to zero after
deflation.’

Ambulatory and home BP measurements
Ambulatory BP

Although office BP should be used as reference, ambula-
tory BP may improve prediction of cardiovascular risk in
untreated and treated patients. 24-hour systolic BP is as-
sociated with the progression of cerebrovascular disease
and cognitive decline in the elderly much better than of-
fice measurements.”> Ambulatory BP monitoring should
also be considered when there is a marked discrepancy
between BP values measured in the office and at home,

BLOOD PRESSURE MEASUREMENT

resistance to drug treatment or hypotensive episodes are
suspected, particularly in elderly and diabetic patients, and
office BP is elevated in pregnant women and pre-eclampsia
is suspected.

Home BP

Self-measurement of BP at home is of clinical value, and
its prognostic significance is now demonstrated. These
measurements should be encouraged in order to provide
more information on the BP-lowering effect of treatment
at trough and thus on therapeutic coverage throughout the
dose-to-dose time interval (ESC 2007).

Normal values are different for office, ambulatory, and
home BP (Table 23.2).

Blood pressure variability

Despite initial evidence about the adverse prognostic sig-
nificance of visit-to-visit blood pressure variability in the
ASCOT and MRC trials,*® only the average BP levels were
found important in the recent ELSA trial.**
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Chapter 24

PHYSICAL EXAMINATION

Primary (essential) hypertension

Risk stratification

Investigations in hypertensive patients are aimed at es-
tablishing risk factors, subclinical or overt organ damage,
and, when suspected, diagnosis of causes of secondary
hypertension. For risk stratification, the Framingham and
SCORE models are mainly used."?

Risk factors

BP >180 mmHg systolic and/or 2110 mmHg, diabetes
mellitus, cardiovascular or renal disease, and evidence
of subclinical organ damage denote high-risk subjects.?
Factors influencing prognosis are presented in Table 24.1
and Figure 24.1.

Prediabetes is defined as:

o Fasting blood glucose 6.1 mM-6.9 mM (110-125 mg/
dL) according to WHO, or 100-125 mg/dL (5.6 mM to
6.9 mM) according to American Diabetes Association
(ADA), or

¢ 140-199 mg/dL (7.8-11.0 mM) 2-h after 75 gm glu-
cose solution (glucose tolerance test) (ADA), or

+ HbA1lc5.7-6.4% (ADA).

Table 24.1 ESC 2013 GL on hypertension

Values above these define clinical diabetes.

Metabolic syndrome is defined as the occurrence of, at
least, three out of the following five risk factors: abdomi-
nal obesity, BP >130/85 mmHg, borderline or abnormal
fasting glucose, low HDL, and high triglycerides. Increased
body mass index [body weight (kg)/height (m)?] is over-
weight 225 kg/m?* and obesity 230 kg/m’.

Abdominal obesity (waist circumference: men >102 cm,
women >88 cm). However, in patients with hypertension
and coronary artery disease, overweight and obesity is as-
sociated with a decreased mortality risk compared with
normal weight (obesity paradox).*

Family history of premature cardiovascular disease
(men <55 years, women <65 years).

Absence of a family history of hypertension suggests
secondary hypertension.

Age (men >55 years, women >65 years).

Physical examination

History and physical examination should enquire about
cardiovascular risk, organ damage and secondary hyper-
tension (Table 24.2).

Factors—other than office BP—influencing prognosis

Risk factors
Male sex
Age (men >55 years; women >65 years)
Smoking
Dyslipidaemia
Total cholesterol >4.9 mmol/L (190 mg/dL), and/or
Low-density lipoprotein cholesterol >3.0 mmol/L (115 mg/dL), and/or

High-density lipoprotein cholesterol: men <1.0 mmol/L (40 mg/dL), women <1.2 mmol/L (46 mg/dL), and/or

Triglycerides >1.7 mmol/L (150 mg/dL)
Fasting plasma glucose 5.6-6.9 mmol/L (102-125 mg/dL)

Abnormal glucose tolerance test
Obesity [BMI >30 kg/m? (height?)]

Abdominal obesity (waits circumference: men >102 cm; women >88 cm) (in Caucasians)
Family history of premature CVD (men aged <55 years; women aged <65 years)

Asymptomatic organ damage
Pulse pressure (in the elderly) 260 mmHg

Electrocardiographic LVH (Sokolow-Lyon index >3.5 mV; RaVL >1.1mV; Cornell voltage duration product >244 ,V*ms), or
Electrocardiographic LVH [LVM index: men >115 g/m?; women >95 g/m? (BSA)J®

Carotid wall thickening (IMT >0.9 mm) or plaque
Carotid-femoral PWV >10 m/s

Ankle-brachial index <0.9

CKD with eGFR 30-60 ml/min/1.73 m? (BSA)

Microalbuminuria (30-300 mg/24 h), or albumin—creatinine ratio (30-300 mg/g; 3.4-34 mg/mmol) (preferentially on morning spot urine)

(Continued)
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Table 24.1 (Continued)

Factors—other than office BP—influencing prognosis

Diabetes mellitus

Fasting plasma glucose >7.0 mmol/L (126 mg/dL) on two repeated measurements, and/or
HBA, . >7% (53 mmol/mol), and/or

Post-load plasma glucose >11.0 mmol/L (198 mg/dL)

Established CV or renal disease

Cerebrovascular disease: ischaemic stroke; cerebral haemorrhage; transient ischaemic attack
CHD: myocardial infarction; angina; myocardial revascularization with PCl or CABG

Heart failure, including heart failure with preserved EF

Symptomatic lower extremities peripheral artery disease

CKD with eGFR <30 mL/min/1.73m? (BSA); proteinuria (>300 mg/24 h)

Advanced retinopathy: haemorrhages or exudates, papilloedema

BMI: body mass index; BP: blood pressure; BSA: body surface area; CABG: coronary artery bypass graft; CHD: coronary heart disease; CKD: chronic kidney
disease; CV: cardiovascular; CVD: cardiovascular disease; EF: ejection fraction; eGFR: estimated glomerular filtration rate; HbA1c: glycated haemoglobin; IMT:
intima-media thickness; LVH: left ventricular hypertrophy; LVM: left ventricular mass; PCI: percutaneous coronary intervention; PWV: pulse wave velocity.

A Risk maximal for concentric LVH: increased LVM index with a wall thickness/radius ratio of>0.42

Total cardiovascular risk assessment

In asymptomatic subjects with hypertension but free of CVD, CKD, and diabetes, using the SCORE model is recommended as a minimal  I-B
requirement.

OD predicts CV death independently of SCORE, and search for OD should be considered, particularly in individuals at moderate risk. lla-B

Decisions on treatment strategies should depend on the initial level of total CV risk. I-B

CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; OD, organ damage; SCORE, Systematic COronary Risk Evaluation.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

Blood Pressure (mmHg)
Other risk factors,
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Figure 24.1 ESC 2013 GL on hypertension. Initiation of lifestyle changes and antihypertensive drug treatment. Targets of
treatment are also indicated. Colours indicate risk, with red the highest. In patients with diabetes, the optimal DBP target
is between 80 and 85 mmHg. In the high normal BP range, drug treatment should be considered in the presence of a
raised out-of-office BP (masked hypertension).
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Table 24.2 ESC 2013 GL on hypertension

Blood pressure measurement, history, and physical examination

Comprehensive medical history and physical examination to verify the diagnosis, detect causes of secondary hypertension, record CV risk I-C
factors, and to identify OD and other CVDs.

Family history to investigate familial predisposition to hypertension and CVDs. I-B
Office BP for screening and diagnosis of hypertension. I-B
The diagnosis of hypertension should be based on at least two BP measurements per visit and on at least two visits I-C

All' hypertensive patients should undergo palpation of the pulse at rest to determine heart rate and to search for arrhythmias, especially ~ I-B
atrial fibrillation

Out-of-office BP to confirm the diagnosis of hypertension, identify the type of hypertension, detect hypotensive episodes, and maximize lla-B
prediction of CV risk

For out-of-office BP measurements, ABPM or HBPM may be considered depending on indicaton, availability, ease, cost of use and, if lIb-C
appropriate, patient preference

ABPM: ambulatory blood pressure monitoring; BP: blood pressure; CV: cardiovascular; CVD: cardiovascular disease; HBPM: home blood pressure monitoring;
OD: organ damage.

Physical examination for secondary hypertension, organ damage and obesity

Signs suggesting secondary hypertension
Features of Cushing syndrome
Skin stigmata of neurofibromatosis (phaeochromocytoma)

Palpation of enlarged kidneys (polycystic kidney)
Auscultation of abdominal murmurs (renovascular hypertension)

Auscultation of precordial or chest murmurs (aortic coarctation; aortic disease; upper extremity artery disease)

Diminished and delayed femoral pulses and reduced femoral blood pressure compared to simultaneous arm BP (aortic coarctation; aortic disease;
lower extremity artery disease)

Left-right arm BP difference (aortic coarctation; subclavian artery stenosis)
Signs of organ damage

Brain: motor or sensory defects

Retina: fundoscopic abnormalities

Heart: heart rate, 3 or 4" heart sound, heart murmurs, arrhythmias, location of apical impulse, pulmonary rales, peripheral oedema
Peripheral arteries: absence, reduction, or asymmetry of pulses, cold extremities, ischaemic skin lesions

Carotid arteries: systolic murmurs

Evidence of obesity

Weight and height

Calculate BMI: body weight/height? (kg/m?)

Waist circumference measured in the standing position, at a level midway between the lower border of the costal margin (the lowest rib) and
uppermost border of the iliac crest

BP: blood pressure; BMI: body mass index
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

|nvestig ations a feature of metabolic syndrome, is related to hyper-

tension. Although systolic blood pressure temporar-

Laboratory tests recommended by the ESC are presented ily raises after coffee, chronic caffeine consumption

in Table 24.3. is not associated with increased risk of hyperten-

sion.” Smoking increases BP by 10-20 mmHg with

each cigarette, thus increasing the risk of hyperten-

Therapy sion with habitual smoking. High-risk patients with

General principles hypertension should also receive a statin and low-

dose aspirin.'” Drug-induced hypertension should be

+ Low-salt diet (<100 mmol/day, i.e. 2.4 gNaor6 g considered. Non-steroidal anti-inflammatory agents

NaCl), weight loss, exercise, and alcohol restriction are the main cause, but paracetamol use also increases

(up to two drinks a day, i.e. 1 0z, or 28 g of alcohol for blood pressure in patients with coronary artery dis-

men and one drink for women) are the best way for ease.'! The ESC recommendations for initiation of
small, but significant, blood pressure reductions®®* and drug therapy are presented in Table 24.5.

are recommended in all hypertensive patients, regard- # Target values are <140/90 mmHg, unless the patient is

less of drug therapy (Table 24.4). Visceral adiposity, diabetic or has renal disease (target is <130/80 mmHg)
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Table 24.3 ESC 2013 GL on hypertension

Laboratory investigations

Routine tests

Haemoglobin and/or haematocrit

Fasting plasma glucose

Serum total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol
Fasting serum triglycerides

Serum potassium and sodium

Serum uric acid

Serum creatinine (with estimation of GFR)

Urine analysis: microscopic examination; urinary protein by dipstick test; test for microalbuminuria
12-lead ECG

Additional tests, based on history, physical examination, and findings from routine laboratory tests

Haemoglobin A, _(if fasting plasma glucose is >5.6 mmol/L (102 mg/dL) or previous diagnosis of diabetes)
Quantitative proteinuria (if dipstick test is positive); urinary potassium and sodium concentration and their ratio
Home and 24-h ambulatory BP monitoring

Echocardiogram

Holter monitoring in case of arrhythmias

Carotid ultrasound

Peripheral artery/abdominal ultrasound

Pulse wave velocity

Ankle-brachial index

Fundoscopy

Extended evaluation (mostly domain of the specialist)

Further search for cerebral, cardiac, renal, and vascular damage, mandatory in resistant and complicated hypertension
Search for secondary hypertension when suggested by history, physical examination, or routine and additional tests

BP: blood pressure; ECG: electrocardiogram; GFR: glomerular filtration rate.

Cut-off values for parameters used in the assessment of LV remodelling and diastolic function in patients with hypertension

Parameter Abnormal if

LV mass index (g/m?) >95 (women)
>115 (men)

Relative wall thickness (RWT) >0.42

Diastolic function: <8

Septal e’ velocity (cm/sec) <10

Lateral e’ velocity (cm/sec) >34

LA volume index (mL/m?)

LV filling pressures: >13
E/e’ (averaged) ratio

LA: left atrium; LV: left ventricle; RWT: relative wall thickness

Search for asymptomatic organ damage, cardiovascular disease, and chronic kidney disease

Heart
An ECG to detect LVH, left atrial dilatation, arrhythmias, or concomitant heart disease I-B

A stress ECH test in all patients with a history or physical examination suggestive or major arrhythmias, long-term ECG monitoring, and, in  lla-C
case of suspected exercise-induced arrhythmias

An echocardiogram to refine CV risk, and confirm ECG diagnosis of LVG, left atrial dilatation or suspected concomitant heart disease, lla-B
when these are suspected

Whenever history suggests myocardial ischaemia, a stress ECG test is recommended, and, if positive or ambiguous, an imaging stress test ~ |-C
(stress echocardiography, stress cardiac magnetic resonance or nuclear scintigraphy) is recommended

Arteries

Ultrasound scanning of carotid arteries to detect vascular hypertrophy or asymptomatic atherosclerosis, particularly in the elderly .IIa—B
Carotid—femoral PWV to detect large artery stiffening lla-B
Ankle-brachial index to detect PAD :IIa—B

(Continued)
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Table 24.3 (Continued)

Search for asymptomatic organ damage, cardiovascular disease, and chronic kidney disease

Kidney .
Measurement of serum creatinine and estimation of GFR in all hypertensive patients? I-B
Assessment of urinary protein in all hypertensive patients by dipstick -8
Assessment of microalbuminuria in spot urine and related to urine creatinine excretion -8
Fundoscopy

Examination of the retina in difficult to control or resistant hypertensive patients to detect haemorrhages, exudates, papilloedema, which  lla-C
are associated with increased CV risk

Examination of the retina is not recommended in mild-to-moderate hypertensive patients without diabetes, expect in young patients :III—C
Brain )
In hypertensive patients with cognitive decline, brain magnetic resonance imaging or computed tomography for detecting silent brain llb-C

infarctions, lacunar infarctions, microbleeds, and white matter lesions

CV, cardiovascular; ECG, electrocardiogram; GFR, glomerural filtration rate; LVH, left ventricular hypertrophy; MRI, magnetic resonance imaging; PAD,
peripheral artery disease; PWV, pulse wave velocity

@ The MDRD formula is currently recommended but new methods such as the CKD-EPI method aim to improve the accuracy of the measurement.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

Table 24.4 Lifestyle changes

ACCF/AHA 2011 Expert Consensus Document on Hypertension in the Elderly
Lifestyle Modifications to Manage Hypertension

Modification Recommendation Approximate systolic BP
reduction, range

Weight reduction Maintain normal body weight (BMI 18.5-24.9 kg/m?) 5-20 mmHg/10 kg weight loss
Adopt DASH eating plan Consume a diet rich in fruits, vegetables, and low-fat dairy products with 8-14 mmHg

areduced content of saturated and total fat
Dietary sodium reduction Reduce dietary sodium intake to no more than 100 mEg/L 2-8 mmHg

.(2.4 g sodium or 6 g sodium chloride) )
Physical activity Engage in regular aerobic physical activity, such as brisk walking 4-9 mmHg

(at least 30 min/d, most days of the week) )
Moderation of alcohol Limit consumption to no more than 2 drinks/d (1 oz or 30 mL ethanol [e.g. 24 0z 2-4 mmHg
consumption beer, 10 0z wine, or 3 0z 80-proof whisky]) in most men

and no more than 1 drink/d in women and lighter weight persons

For overall cardiovascular risk reduction, stop smoking. The effects of implementing these modifications are dose and time dependent and could be higher for
some individuals.

BMI indicates body mass index calculated as weight in kilograms divided by the square of height in meters; BP, blood pressure; and DASH, Dietary Approaches
to Stop Hypertension.

ESC 2013 GL on hypertension. Adoption of lifestyle changes

Salt restriction to 5-6 g per day I-A/B
Alcohol consumption < 20-30 g of ethanol per day in men and < 10-20 g of ethanol per day in women .I»A/B
Increased consumption of vegetables, fruits, and low-fat dairy products .I-A/B
Reduction of weight to BMI of 25 kg/m? and of waist circumference to <102 cm in men and <88 cm in women is unless contraindicated OI»A/B
Regular exercise, i.e. at least 30 min of moderate dynamic exercise on 5 to 7 days per week .I»A/B
Give all smokers advice to quit smoking and offer assistance .I—A/B

ESC 2013 GL on hypertension

Summary of recommendations on treatment of risk factors associated with hypertension

Statins in hypertensive patients:

at moderate to high CV risk, targeting a low-density lipoprotein cholesterol value <3.0 mmol/L (115 mg/dL) .I—A

when overt CHD is present, targeting low-density lipoprotein cholesterol levels <1.8 mmol/L (70 mg/dL) .I—A
Antiplatelet therapy, in particular low-dose aspirin, in hypertensive patients with previous CV events .I—A
Aspirin in hypertensive patients with reduced renal function or a high CV risk, provided that BP is well controlled .Ila—B
Aspirin is not recommended in low-moderate risk hypertensive patients, in whom absolute benefit and harm are equivalent :III-A
In hypertensive patients with diabetes, a HbA1c target of <7.0% with antidiabetic treatment I-B
HbA1c target of <7.5-8.0% in more fragile elderly patients with a longer diabetes duration, more comorbidities and at high risk lla-C

BP, blood pressure; CHD, coronary heart disease; CV, cardiovascular; HbA1c, glycated haemoglobin
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151
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Table 24.5 ESC 2013 GL on hypertension

Initiation of antihypertensive drug treatment

Prompt initiation of drug treatment in individuals with grade 2 and 3 hypertension with any level of CV risk, a few weeks after or I-A
simultaneously with initation of lifestyle changes

Lowering BP with drugs when total CV risk is high because of OD, diabetes, CVD or CKD, even when hypertension is in the grade | range  I-B
Initiation of antihypertensive drug treatment in grade | hypertensive patients at low to moderate risk, lla-B
when BP is within this range at several repeated visits or elevated by ambulatory BP criteria, and remains within this range

despite a reasonable period of time with lifestyle measures

In elderly hypertensive patients drug treatment when SBP is =160 mmHg I-A
Antihypertensive drug treatment in the elderly (at least when younger than 80 years) when SBP is in the 140-159 mmHg range, provided Ilb-C
that antihypertensive treatment is well tolerated

Unless the necessary evidence is obtained it is not recommended to initiate antihypertensive drug therapy at high normal BP I-A
Lack of evidence does not allow recommending to initiate antihypertensive drug therapy in young individuals with isolated elevation of I-A
brachial SBP, but these individuals should be followed closely with lifestyle recommendations

BP, blood pressure; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; OD, organ damage; SBP, systolic blood pressure.
Treatment strategies and choice of drugs

Diuretics (thiazides, chlorthalidone and indapamide), beta-blockers, calcium antagonists, ACE inhibitors, and angiotensin receptor blockers |-A
are all suitable and recommended for the initiation and maintenance of antihypertensive treatment, either as monotherapy or in some
combinations with each other

Some agents should be considered as the preferential choice in specific conditions because used in trials in those conditions or because of  Ila-C
greater effectiveness in specific types of OD

Initiation of antihypertensive therapy with a two-drug combination may be considered in patients with markedly high baseline BP or at Ib-C
high CV risk

The combination of two antagonists of the RAS is not recommended and should be discouraged I-A
Other drug combinations should be considered and probably are beneficial in proportion to the extent of BP reduction. However, lla-C
combinations that have been successfully used in trials may be prefereable

Combinations of two antihypertensive drugs at fixed doses in a single tablet may be recommended and favoured, because reducing the IIb-B

number of daily pills improves adherence, which is low in patients with hypertension

ACE, angiotensin-converting enzyme; BP, blood pressure; CV, cardiovascular; OD, organ damage; RAS, renin-angiotensin system.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

or heart failure (<120/80mm Hg) (Table 24.6)."? The
J-curve phenomenon refers to increase in cardiac
events, but not stroke, with very low diastolic blood
pressures achieved by therapy.” A probable associa-
tion of a diastolic BP <70 mmHg with cerebral atrophy
has been reported,' and these low values should be
avoided, especially in the presence of concomitant cor-
onary heart disease.”” The BP lowering effect should
last 24 hours, and drugs which exert their antihyper-
tensive effect over 24 hours with a once-a-day admin-
istration should be preferred.

In patients with type 2 diabetes, an angiotensin enzyme
converting (ACE) inhibitor or angiotensin receptor
blocker (ARB) is necessary, particularly in diabetic
nephropathy with proteinuria. An ARB combined with
a calcium channel blocker (CCB) slows progression
of nephropathy to a greater extent than when com-
bined with a thiazide.'® Thiazides are associated with
increased risk for new-onset diabetes, but in estab-
lished diabetics their use is not precluded since they are
usually necessary in combination therapies for control

of hypertension. Treatment strategies should consider
an intervention against all cardiovascular risk factors,
including a statin. Because of the greater chance of pos-
tural hypotension, blood pressure should also be meas-
ured in the erect posture. In patients with the metabolic
syndrome, drug treatment should start with a blocker
of the renin-angiotensin system, followed, if needed, by
the addition of a calcium antagonist or a low-dose thi-
azide diuretic. Statins should be given to all diabetics
with hypertension above the age of 40 years according
to American Diabetes Association recommendations."”
Recently, the Canadian Diabetes Association recom-
mended that all diabetics should take statins when
>40 years, and antihypertensive drugs when >55 years
even in the absence of hypertension or other risk
factors.'® Recommendations of the ESC for patients
with diabetes or metabolic syndrome are presented in
Table 24.7.

In patients with renal impairment, strict blood
pressure control (probably systolic BP<130 mm
Hg if proteinuria is >1 g/day) is indicated. An angi-

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

THERAPY

Table 24.6 ESC 2013 GL on hypertension
Blood pressure goals in hypertensive patients
A SBP goal <140 mmHG: ‘

a) in patients at low-moderate CV risk ‘I—B

b) in patients with diabetes; ‘I-A

) in patients with previous stroke or TIA; ‘Ila—B

d) in patients with CHD; ‘Ila—B

e) in patients with diabetic or non-diabetic CKD lla-B
In elderly hypertensives less than 80 years old with SBP >160 mmHg there is solid evidence to recommend reducing SBP to between 150 ‘I—A

and 140 mmHg

In fit elderly patients less than 80 years old SBP values <140 mmHg may be considered, whereas in the fragile elderly population SBP goals Ilb-C

should be adapted to individual tolerability

I-B

In individuals older than 80 years and with initial SBP >160 mmHg, it is recommended to reduce SBP to between 150 and 140 mmHg

provided they are in good physical and mental conditions

A DBP target of <90 mmHg is always recommended, except in patients with diabetes, in whom values <85 mmHg are recommended. It~ I-A
should nevertheless be considered that DBP values between 80 and 85 mmHg are safe and well tolerated

CHD, coronary heart disease; CKD, chronic kidney disease; CV, cardiovascular; DBP, diastolic blood pressure; SBP, systolic blood pressure; TIA, transient
ischaemic attack

2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

Table 24.7 ESC 2013 GL on hypertension

Treatment strategies in patients with diabetes

While initiation of antihypertensive drug treatment in diabetic patients whose SBP is >160 mmHg is mandatory, it is strongly I-A
recommended to start drug treatment also when SBP is >140 mmHg

A SBP goal <140 mmHg is recommended in patients with diabetes I-A
The DBP target in patients with diabetes is recommended to be <85 mmHg I-A
All classes of antihypertensive agents are recommended and can be used in patients with diabetes; RAS blockers may be preferred, I-A
especially in the presence of proteinuria or microalbuminuria

It is recommended that individual drug choice takes comorbidities into account I-C
Simultaneous administration of two blockers of the RAS is not recommended and should be avoided in patients with diabetes -8
DBP, diastolic blood pressure; RAS, renin-angiotensin system; SBP, systolic blood pressure

Treatment strategies in hypertensive patients with metabolic syndrome

Lifestyle changes, particularly weight loss and physical exercise, are to be recommended to all individuals with the metabolic syndrome. I-B
These interventions improve not only BP, but the metabolic components of the syndrome and delay diabetes onset

As the metabolic syndrome can be considered a ‘pre-diabetic’ state, antihypertensive agents potentially improving or at least not lla-C

worsening insulin sensitivity, such as RAS blockers and calcium antagonists, should be considered as the preferred drugs. Beta-blockers
(with the exception of vasodilating beta-blockers) and diuretics should be considered only as additional drugs, preferably in association
with a potassium-sparing agent

Prescribe antihypertensive drugs with particular care in hypertensive patients with metabolic disturbances when BP is >140/90 mmHg after |-B

a suitable period of lifestyle changes, and to maintain BP <140/90 mmHg

l-A

BP lowering drugs are not recommended in individuals with metabolic syndrome and high normal BP

BP, blood pressure; RAS, renin—angiotensin system.

2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151
otensin receptor blocker or an ACE inhibitor (but to be considered in patients with renal damage. When
not the combination of both), often with loop diu- NSAIDs are prescribed, concomitant administration
retics are required (Table 24.8). All antihypertensive of an ACE (or ARB) and a duretic may be associated
drugs except diuretics can be used in the haemodi- with increased risk of kidney injury."
alysis patients, with doses determined by the haemo- # Hypertension is a major risk factor for coronary
dynamic instability and the ability of the drug to be artery disease (see Chapter 26). Recommendations
dialysed.’ An integrated therapeutic intervention for patients with coronary artery disease and heart
(antihypertensive, statin, and antiplatelet therapy) has failure are presented in Table 24.9.
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Table 24.8 ESC 2013 GL on hypertension

Therapeutic strategies in hypertensive patients with nephropathy

Lowering SBP to <140 mmHG should be considered lla-B
When overt proteinuria is present, SBP values <130 mmHg may be considered, provided that changes in eGFR are monitored IIb-B

RAS blockers are more effective in reducing albuminuria than other antihypertensive agents, and are indicated in hypertensive patientsin  I-A
the presence of microalbuminuria or overt proteinuria

Reaching BP goals usually requires combination therapy, and it is recommended to combine RAS blockers with other antihypertensive I-A
agents

Combination of two RAS blockers, though potentially more effective in reducing proteinuria, is not recommended I-A
Aldosterone antagonists cannot be recommended in CKD, especially in combination with a RAS blocker, because of the risk of excessive  [lI-C

reduction in renal function and of hyperkalaemia

BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; RAS, renin—angiotensin system; SBP, systolic blood pressure.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

Table 24.9 Therapy of hypertension in patients with heart disease

ESC 2013 GL on hypertension. Therapeutic strategies in hypertensive patients with heart disease

In hypertensive patients with CHD, a SBP goal <140 mmHg should be considered lla-B

In hypertensive patients with a recent myocardial infarction beta-blockers are recommended. In case of other CHD all antihypertensive I-A
agents can be used, but beta-blockers and calcium antagonists are to be preferred, for symptomatic reasons (angina)

Diuretics, beta-blockers, ACE inhibitors, angiotensin receptor blockers, and/or mineralocorticoid receptor antagonists are recommended  |-A
in patients with heart failure or severe LV dysfunction to reduce mortality and hospitalization

In patients with heart failure and preserved EF, there is no evidence that antihypertensive therapy per se or any particular drug, is lla-C
beneficial. However, in these patients, as well as in patients with hypertension and systolic dysfunction, lowering SBP to around

140 mmHg should be considered. Treatment guided by relief of symptoms (congestion with diuretic, high heart rate with beta-blockers,

etc.) should also be considered

ACE inhibitors and angiotensin receptor blockers (and beta-blockers and mineralocorticoid receptor antagonists if heart failure coexists)  lla-C
should be considered as antihypertensive agents in patients at risk of new or recurrent atrial fibrillation

It is recommended that all patients with LVH receive antihypertensive agents I-B

In patients with LVH, initiation of treatment with one of the agents that have shown a greater ability to regress LVH should be considered, Illa-B
i.e. ACE inhibitors, angiotensin receptor blockers and calcium antagonists

BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; RAS, renin—angiotensin system; SBP, systolic blood pressure.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

ESC 2012 GL on heart failure. Recommendations for the treatment of hypertension in patients with symptomatic HF
(NYHA functional class I1-1V) and LV systolic dysfunction

Step 1

One or more of an ACE inhibitor (or ARB), beta blocker, and MRA as first-, second-, and third-line therapy (reducing the risk of HF I-A
hospitalization and reducing the risk of premature death).

Step 2

A thiazide diuretic (or, if the patient is treated with a thiazide diuretic, switching to a loop diuretic) is when hypertension persists .I—C
despite treatment with a combination of as many as possible of an ACE inhibitor (or ARB), beta blocker, and MRA.

Step 3

When hypertension persists despite treatment with a combination of as many as possible of an ACE inhibitor (or ARB), beta blocker, MRA, énd
diuretic.

Amlodipine .I—A
Hydralazine .I—A
Felodipine .Ila—B
Moxonidine is NOT recommended (increased mortality) .III—B
Alpha-adrenoceptor antagonists are NOT recommended (neurohumoral activation, fluid retention, worsening HF) .III—A

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; HF: heart failure; LV: left ventricular; LVEF: left ventricular ejection fraction; MRA:
mineralocorticoid receptor antagonist.
ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012. Eur Heart J. doi:10.1093/eurheartj/ehs104.
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o In patients with a history of stroke or TIAs, antihy-
pertensive treatment has markedly reduced the inci-
dence of stroke recurrence in almost all large RCTs,
using different drug regimens. Although target val-
ues <130/80 mmHg have been recommended, hard
evidence on this issue is lacking, and diastolic values
<70 mmHg should be probably avoided.' Calcium
channel blockers may have a slightly greater efficacy
in stroke prevention (see below), but in clinical prac-
tice, all regimens are acceptable for stroke prevention.’?
Recommendations for patients with cerebrovascular
disease and atherosclerotic disease in general are pro-
vided in Table 24.10.

Reduction of blood pressure produces benefits in
the elderly, and there is no age threshold beyond
which hypertension treatment cannot be justified.?**!
Hypertension raises the risk for dementia, and anti-
hypertensive therapy reduces the risk of dementia of
both the vascular and Alzheimer’s type,** although
aggressive lowering may have opposite effects in the
elderly due to cerebral hypoperfusion.?*** ARBs, cal-
cium channel blockers, and thiazides reduce the risk
of stroke more than other antihypertensive drugs,*
¢ and ARBs, ACE inhibitors, and calcium channel
blockers are the drugs that have been associated with
a beneficial effect on cognitive function beyond blood
pressure reduction.” However, for patients older than
age 55 years as well as in blacks, thiazides or calcium
channel blockers are more effective than ACE inhibi-
tors and ARBs in achieving desirable blood pressure

THERAPY

reduction (low renin group).”® Octogenarians should
be seen frequently with the medical history updated at
each visit. Standing BP should always be checked for
excessive orthostatic decline. BP values below which
vital organ perfusion is impaired in octogenarians are
not known, but systolic BP <130 and diastolic BP <65
mm Hg should be avoided.” The systolic BP target
recently recommended by the ESC for people >80
years is <150 mmHg (Table 24.11).}

In young patients BP should be reduced to <140/90
mmHg. The case may be different for young indi-
viduals with isolated systolic hypertension (diastolic
BP<90 mmHg). These individuals may have a normal
central systolic BP, and can be followed with life-
style measures only.? Compared with older antihyper-
tensive drugs, newer agents (ARBs, ACE inhibitors,
calcium antagonists and vasodilating beta-blockers)
have neutral or even beneficial effects on erectile
function.’ Phospho-diesterase-5 inhibitors may be
safely administered to hypertensives, even those on
multiple drug regimens (with the possible excep-
tion of alpha-blockers and in absence of nitrate
administration).?

Use of oral contraceptives is associated with some small
but significant increases in BP. Recommendations for
therapy of hypertension in women as well as during preg-
nancy are discussed later (Hypertension in pregnancy).
The management of “white-coat” hypertension
depends on the underlying cardiovascular risk of the
patient (Table 24.12).

Table 24.10 ESC 2013 GL on hypertension

Therapeutic strategies in hypertensive patients with cerebrovascular disease

It is not recommended to intervene with BP-lowering therapy during the first week after acute stroke ireespective of BP level, although  1II-B
clinical judgement should be used in the face of very high SBP values

Antihypertensive treatment in hypertensive patients with a history of stroke or TIA, even when initial SBP is in the 140-159 mmHg range |-B

In hypertensive patients with a history of stroke or TIA, a SBP goal of <140 mmHg should be considered lla-B
In elderly hypertensives with previous stroke or TIA, SBP values for intervention and goal may be considered to be somewhat higher IIb-B
All drug regimens are recommended for stroke prevention, provided that BP is effectively reduced I-A

BP, blood pressure; SBP, systolic blood pressure; TIA, transient ischaemic attack.

Therapeutic strategies in hypertensive patients with atherosclerosis, arteriosclerosis, and peripheral artery disease

In the presence of carotid atherosclerosis, prescription of calcium antagonists and ACE inhibitors should be considered as these agents  lla-B
have shown a greater efficacy in delaying atherosclerosis progression than diuretics and beta-blockers

In hypertensive patients with a PWV above 10 m/s all antihypertensive drugs should be considered provided that a BP reduction to lla-B
<140/90 mmHg is consistently achieved

Antihypertensive therapy is recommended in hypertensive patients with PAD to achieve a goal of <140/90 mmHg, because of their high I-A
risk of myocardial infarction, stroke, heart failure, and CV death

Though a careful follow up is necessary, beta-blockers may be considered for the treatment of arterial hypertension in patients with Ib-A
PAD, since their use does not appear to be associated with exacerbation of PAD symptoms

ACE, angiotensin-converting enzyme; BP, blood pressure; CV, cardiovascular; PAD, peripheral artery disease; PWV, pulse wave velocity.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151
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Table 24.11 Hypertension in the elderly

ACCF/AHA 2011 Expert Consensus Document on Hypertension in the Elderly
Recommendations for Prevention and Management of Ischemic Heart Disease: Blood Pressure Targets

Patient type Goal BP (mm Hg)
Left ventricular dysfunction <120/80
Diabetes mellitus .<1 30/80
Chronic renal disease .<130/80
CAD or CAD risk equivalents* .<130/80
Carotid artery disease .<1 30/80
Peripheral arterial disease .<130/80
Abdominal aortic aneurysm .<1 30/80
High-risk (10-y FRS >10%) .<130/80
Uncomplicated hypertension (none of above) .<140/80

*CAD risk equivalents include diabetes mellitus, peripheral arterial disease, carotid arterial disease, and abdominal aortic aneurysm.
BP indicates blood pressure; CAD, coronary artery disease; and FRS, Framingham Risk Score.

ACCF/AHA 2011 Expert Consensus Document on Hypertension in the Elderly
Treatment of hypertension in the elderly

Principles of hypertension treatment

Target systolic blood pressure is <140 mmHg in patients aged 55 to 79
Target systolic blood pressure is <140 mmHg in patients > aged 80+
Achieved values <140 mmHg for those aged <79 are appropriate;

but for those aged 280, 140 to 145 mmHg, if tolerated, can be acceptable

Lifestyle modifications

2

Not at target blood pressure

¥

Initial drug choices

v

2

Without compelling indications

Stage 1 hypertension
SBP 140 to 159 mmHg or
DBP 90 to 99 mmHg

ACEI, ARB, CA, diuretic,

or combination

v
Stage 2 hypertension
SBP > 160 mmHg or
DBP = 100 mHg

Majority will require at least two
medications to reach goal if

at least 20 mmHg above target.
Initial combinations should be
considered. The combination of
amlopidine with an RAS blocker
may be preferred to a diuretic
combination, though either is
acceptable.

L4

With compelling indications

Compelling indication
* Heart failure

® Post myocardial infarction

* CAD or High CVD risk

¢ Angina pectoris

¢ Aortopathy/aortic
Aneursym

¢ Diabetes

o Chronic kidney disease

® Recurrent stroke prevention

e Early dementia

Not at target blood pressure

v

Initial therapy options*
THIAZ, BB, ACEI, ARB, CA,
ALDO ANT

BB, ACEI, ALDO ANT, ARB
THIAZ, BB, ACEIl, CA

BB, CA

BB, ARB, ACEI, THIAZ, CA

ACEI, ARB, CA, THIAZ, BB
ACEI, ARB
THIAZ, ACEI, ARB, CA

Blood pressure control

*Combination therapy

Refer to a clinical hypertension specialist if unable to achieve control.

Optimize dosages or add additional drugvs until goal blood pressure is achieved.

ACEI indicates angiotensin-converting enzyme inhibitor; ALDO ANT, aldosterone antagonist; ARB, aldosterone receptor blocker; BB, beta blocker; CA, calcium
antagonist; CAD, coronary artery disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; RAS, renin-angiotensin system; SBP, systolic blood

pressure; and THIAZ, thiazide diuretic.

ACCF/AHA 2011 Expert Consensus Document on Hypertension in the Elderly. J Am Coll Cardiol. 2011;57:2037-114.
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Table 24.11 (Continued)
ESC 2013 GL on hypertension
Antihypertensive treatment strategies in the elderly
In elderly hypertensives with SBP >160 mmHg there is solid evidence to recommend reducing SBP to between 150 and 140 mmHg I-A
In fit elderly patients <80 years old antihypertensive treatment may be considered at SBP values =140 mmHg with a target SBP Ib-C

<140 mmHg if treatment is well tolerated

In individuals older than 80 years with an initial SBP =160 mmHg, reduce SBP to between 150 and 140 mmHg, provided they are in good |-B

physical and mental conditions

In frail elderly patients, leave decisions on antihypertensive therapy to the treating physician, and based on monitoring of the clinical I-C

effects of treatment

Continuation of well-tolerated antihypertensive treatment when a treated individual becomes octogenarian

lla-C

All hypertensive agents are recommended and can be used in the elderly, although diuretics and calcium antagonists may be preferred in ~ I-A

isolated systolic hypertension

SBP = systolic blood pressure

2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

Table 24.12 ESC 2013 GL on hypertension

Treatment strategies in white-coat and masked hypertension

In white-coat hypertensives without additional risk factors, therapeutic intervention should be considered to be limited to lifestyle
changes only, but this decision should be accompanied by a close follow-up

In white-coat hypertensives with a higher CV risk because of metabolic derangements or asymptomatic OD, drug treatment may be

considered in addition to lifestyle changes

In masked hypertension, both lifestyle measures and antihypertensive drug treatment should be considered, because this type of

lla-C

Ib-C

lla-C

hypertension has been consistently found to have a CV risk very close to that of in- and out-of-office hypertension

CV = cardiovascular; OD = organ damage

2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

o Sleep apnoea stimulates atrial natriuretic peptide
release, with resultant nocturnal diuresis and sympa-
thetic nerve activity; thus, beta blockers are more effi-
cacious than thiazides, but ACE inhibitors and ARBs
have been equally effective in some studies.” Patients
with treatment-resistant hypertension usually have a
good antihypertensive response to spironolactone.?®
Sleep apnoea is mainly associated with hypertension
in patients <60 years old.?*

o A satisfactory blood pressure response is rarely reached
with monotherapy alone. Useful combinations are:
ACE inhibitor or ARB with a diuretic or a CCB, and a
beta blocker with a diuretic or a dihydropyridine.* A
subanalysis of the ACCOMPLISH trial suggested that
diuretic-based regimens are beneficial in obese patients
in whom there is usually an excess volume. In lean
patients, calcium channel blockers may be preferable.*

& Specific recommendations and criteria for drug choice in
Table 24.13. Doses of drugs are presented in Table 24.14.

Drugs
Renin-angiotensin inhibitors

ACE inhibitors and ARBs are first-choice therapy in most
instances, and especially in young people who generally

have a more active renin-angiotensin system (Table 24.8).
Adherence to medication is better with ARB, followed by
ACE inhibitors, CCBs, diuretics, and beta blockers in de-
scending order.*

ARBs have a considerably lower incidence of cough.*
They may prevent stroke and the development of dementia
in hypertensives better than ACE inhibitors due to angi-
otensin II type 1 (AT1) receptor blockade and AT2 stmu-
lation by increased production of angiotensin II and IV.*®
AT?2 receptors reduce focal cerebral ischaemia by vasodila-
tion and antioxidant activities. Such an advantage of ARBs
over ACE inhibitors, however, has not been apparent in
clinical trials.*

Initial suggestions that ARBs (such as telmisartan) are
associated with a modestly increased risk of new cancer
diagnosis,”** were subsequently refuted by recent re-
analyses.”*! In a meta-analysis of 32 trials, the FDA (2 June
2011) has concluded that treatment with an ARB medication
does not increase a patient’s risk of developing cancer.*

The combined use of ACE inhibitors and ARBs is no
longer recommended for the treatment of hypertension.*>*

Since ARBs and ACE inhibitors both increase plasma
renin activity, a drug class, such as the direct renin in-
hibitor aliskiren (150-300 mg od), has the potential to
be more beneficial. It has been shown to have comparable
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Table 24.13 Criteria for antihypertensive drugs selection

ESC 2013 GL on hypertension

Compelling and possible contra-indications to the use of antihypertensive drugs

Drug

Compelling

Possible

Diuretics (thiazides)

Beta-blockers

Calcium antagonists (dihydropyridines)

Gout

Asthma
A-V block (grade 2 or 3)

Calcium antagonists (verapamil, diltiazem) A—V block (grade 2 or 3, trifascicular block)

ACE inhibitors

Angiotensin receptor blockers

Mineralocorticoid receptor antagonists

Severe LV dysfunction

Heart failure

Pregnancy

Angioneurotic oedema
Hyperkalaemia

Bilateral renal artery stensosis
Pregnancy

Hyperkalaemia

Bilateral renal artery stenosis
Acute or severe renal failure (eGFR <30 mL/min)
Hyperkalaemia

Metabolic syndrome

Glucose intolerance

Pregnancy

Hypercalcaemia

Hypokalaemia

Metabolic syndrome

Glucose intolerance

Athletes and physically active patients
Chronic obstructive pulmonary disease (except
for vasodilator beta-blockers)
Tachyarrhythmia

Heart failure

Women with child bearing potential

Women with child bearing potential

A-V, atrio-ventricular; eGFR, estimated glomerular filtration rate; LV, left ventricular.

Drugs to be preferred in specific conditions

Condition Drug
Asymptomatic organ damage
LVH ACE inhibitor, calcium antagonist, ARB

Asymptomatic atherosclerosis
Microalbuminuria

Renal dysfunction

Clinical CV event

Previous stroke

Previous myocardial infarction
Angina pectoris

Heart failure

Aotric aneurysm

Atrial fibrillation, prevention
Atrial fibrillation, ventricular rate control
ESRD/proteinuria

Peripheral artery disease
Other

ISH (elderly)

Metabolic syndrome
Diabetes mellitus

Pregnancy

Blacks

Calcium antagonist, ACE inhibitor

ACE inhibitor, ARB
ACE inhibitor, ARB

Any aent effectively lowering BP

BB, ACE inhibitor, ARB
BB, calcium antagonist

'Diuretic, BB, ACE inhibitor, ARB, mineralocorticoid receptor antagonists

BB

'ConsiderARB, ACE inhibitor, BB or mineralocorticoid receptor antagonist

BB, non-dihydropyridine calcium antagonist

ACE inhibitor, ARB

ACE inhibitor, calcium antagonist

Diuretic, calcium antagonist

'ACE inhibitor, ARB, calcium antagonist

ACE inhibitor, ARB

Methyldopa, BB, calcium antagonist

Diuretic, calcium antagonist

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BB, beta-blocker; BP, blood pressure; CV, cardiovascular; ESRD, end-stage renal
disease; ISH, isolated systolic hypertension; LVH, left ventricular hypertrophy.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151
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Table 24.14 Dosages of drugs for hypertension (in mg)

ACEI
Captopril 12.5-25 bd
Enalapril 2.5-10 bd
Lisinopril 10-40 od
Perindopril 4-8 od
Ramipril 2.5-10 od
Trandolapril 0.5-4 bd
ARB
Valsartan 8-320 od
Irbesartan 150-300 od
Telmisartan 40-80 od
Calcium channel blockers
Nifedipine (slow release) 30-90 od
Amlodipine 5-10 od
Felodipine 5-10 od
Lacidipine 2-6 od
Verapamil slow release 240-480 od
Diltiazem slow release 120-360 od
Aldosterone antagonists
Eplerenone 25-50 od
Spironolactone 25-50 od
Other potassium-sparing diuretics
Amiloride 2.5-50d
Loop diuretics
Furosemide 10-40 bd
Bumetanide 0.5 to 1.0 bd (not licensed for
hypertension in the USA)
Torsemide 5-10 od
Thiazide diuretics
Hydrochlorothiazide 12.5od
Bendrofluazide 1.25 od
Thiazide-like
Metolazone 2.5-5mgod
Indapamide 1.25mgod
Chlorthalidone 12.5-15 od
Beta blockers
Carvedilol 6.25-25 bd
Nebivolol 2.5-10 od

efficacy and side effects with ARBs.* Combinations of
aliskiren with valsartan or amlodipine have been more
effective than either drug alone.*>* However, aliskiren
should not be used with an ACE inhibitor or ARB in
patients with type 2 diabetes and renal impairment (the
ALTITUDE trial was stopped in December 2011 due to

THERAPY

an increased incidence of non-fatal stroke, renal com-
plications, hyperkalaemia, and hypotension with this
combination).*

Calcium channel blockers

Both long-acting dihydropyridines and non-dihydropyri-
dine calcium channel blockers have been studied in hyper-
tension and are now considered first-choice drugs together
with ACE inhibitors/ARBs.

CCBs may offer protection against dementia due to a
reduction of excess intracellular free calcium in neurons,
which seems to happen in patients with dementia of the
Alzheimer’s type.”»* Diltiazem and verapamil cause less
peripheral oedema than dihydropyridines and no tachy-
cardia, and are better tolerated (particularly diltiazem;
verapamil may cause constipation). They can be added to
a scheme containing a dihydropyridine in resistant cases.
They are especially useful in patients with chronic renal
disease and renal transplantation,® ** but care is needed
because diltiazem may interfere with cyclosporine levels.
The combination of CCBs with renin-angiotensin system
blockers reduce the risk of CCB-associated peripheral
oedema, and ACE inhibitors might be more efficacious
than ARBs in this respect.” However, there is evidence
that patients with hypertension, and especially diabetics,
treated with CCBs have increased incident HE* and, as
monotherapy, CCBs are inferior to ACE inhibitors, ARBs,
and diuretics for reducing the risk of acute myocardial inf-
arction, congestive heart failure, and major cardiovascular
events.”® All CCBs are contraindicated in heart failure, and
diltiazem and verapamil in sick sinus syndrome, AV nodal
conduction disease, and concomitant use of high doses of
beta blockers.

Thiazide diuretics

Thiazides exert their action by reducing extracellular fluid
and plasma volume, leading to decreased cardiac preload.
They also reduce systemic vascular resistance, but the ex-
act mechanisms are unclear. Secondary activation of the
renin-aldosterone axis makes their combination with ACE
inhibitors/ARB attractive. They are particularly indicated
in low-renin or salt-sensitive hypertension (elderly,
obese, blacks) and in resistant hypertension.

Thiazides effectively reduce blood pressure and the
risk of cardiovascular events but at a risk of an excess of
3-4% of new cases of diabetes over several years com-
pared to other antihypertensive medications.** Patients
with hypertension have a higher risk of developing
new-onset diabetes in general, and that risk appears to
be small with diuretics. However, the odds ratio of de-
veloping it with diuretics almost doubles compared to
ARB (odds ratio for ARB 0.57, ACE inhibitor 0.67, CCB
0.75, placebo 0.77, beta blocker 0.90 with diuretics as
reference).”Inthe ALLHAT study, thelargestrandomized
trial performed to date, chlorthalidone (12.5-25 mg
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daily) was more effective in reducing systolic blood pres-
sure and cardiovascular complications than lisinopril
(10-40 mg daily) or amlodipine (2.5-10 mg daily) but
at an increased risk of diabetes.”® Chlorthalidone is a
thiazide-like diuretic that binds to erythrocyte carbonic
hydrase and has a longer half-life than hydrochlorothi-
azide. It is twice as potent as hydrochlorothiazide,’” but
whether this translates into better clinical outcome is
not known.*® Chlorthalidone has been shown to produce
more pronounced hypokalemia in the elderly than hydro-
chlorothiazide.”® Recently, a meta-analysis of 14 studies
showed that hydrochlorothiazide in doses 12.5-25 mg
was significantly less effective as monotherapy in reduc-
ing blood pressure compared to ARB, ACE inhibitors,
beta blockers, and calcium channel blockers.®® Whether
this also applies to other thiazides is not known. Thi-
azides are a reasonable choice in obese patients with
excess volume, but they are less protective than calcium
channel blockers against cardiovascular events in lean
patients.®’ Indapamide is a non-thiazide sulphonamide
that also possesses Vaughan-Williams class III activity
and may prolong the QT.

Thiazides are considered ineffective when the glomeru-
lar filtration rate decreases below 30-40 mL/min/1.73 m?
of BSA, since the reduced glomerular filtration rate limits
the overall filtered sodium load reaching the distal tubule,
and reabsorption in the distal tubule is only modestly ef-
fective as compared with that in the thick ascending limb,
although direct evidence is lacking. However, thiazides can
elicit an antihypertensive response in patients with chronic
kidney disease.**

Hypokalaemia and hypomagnesaemia are common,
especially with hydroxyclorothiazide or chlorthalidone
doses exceeding 25 mg daily. Hydrochlorothiazide ap-
pears safer than chlorothalidone in the elderly, in this
respect.”” Hypokalaemia is managed by salt restriction,
hypomagnesaemia correction, and addition of an ARB/
ACE inhibitor or a potassium-sparing diuretic (preferred
to supplemental KCl). These should also be considered
from the beginning of therapy if baseline potassium lev-
els are <3.8 mmol/L. Potassium homeostasis is important
in view of the evidence that hypokalemia is implicated in
thiazide-induced dysglycemia and the development of cor-
onary events.® Dilutional hyponatraemia may also occur,
especially with combinations with loop diuretics. SSRIs
and excessive water intake should be avoided. Correction
of hypokalaemia may also reduce night muscle cramps.
Alternatively, calcium channel blockers, such as diltiazem,
vitamin B complex, and naftidrofuryl oxalate (a drug that
may enhance utilization of oxygen and glucose in periph-
eral vascular disease and protection of brain parenchyma
during anoxia), may be tried for muscle cramps.®* Quinine
derivatives are better avoided for routine use because of the
potential of toxicity.

Thiazides reduce the excretion of calcium and uric acid,
and exacerbations of gout may require discontinuation of
the thiazide during the acute attack if uric acid levels are
significantly elevated. Reduced uric acid excretion is also
accentuated by low-dose aspirin administration. Uricosu-
ric prophylaxis may be needed in the long term.

Thiazides may increase total cholesterol and LDL by
5-7% in the first year of therapy.™

Concerns had also been raised about a possible as-
sociation between long-term use of diuretics and renal
carcinoma, but hypertension itself increases the risk of
malignant disease.®*

Loop diuretics, aldosterone antagonists, and
potassium-sparing agents

Loop diuretics are less effective in reducing blood pres-
sure than thiazides.* Usually, furosemide (40-80 mg
twice daily) is used in diuretic tolerance (see Chapter 31
on CCF) or renal failure (glomerular filtration rate <40
mL/min/1.73 m* of BSA, usually, but not invariably, cor-
responding to a creatinine >2.5 mg/dL). Bumetanide
(1 mg od, more powerful diuretic) and torsemide (10 mg
od, longer action than furosemide, can be used once daily)
may be used in patients not responsive to furosemide.

Aldosterone antagonists. Eplerenone (25-50 mg od)
is a selective aldosterone antagonist that, combined with
enalapril, decreases proteinuria and LVH beyond what is
achieved by either drug alone.®* Renal function and se-
rum potassium levels must be closely monitored due to
the risk of hyperkalaemia, especially when these agents are
used together with an ACE inhibitor or ARB. Spironolac-
tone (25-50 mg od) is also effective but may cause painful
gynaecomastia in men (antagonist of aldosterone and an-
drogen and progesterone receptors). Aldosterone antago-
nists have been found particularly effective in patients who
are obese or have sleep apnoea.” They should not be used
in the presence of hyperkalaemia (K >5 mmol/L) or creati-
nine >2.5 mg/dL.

Potassium-sparing agents are amiloride and triam-
terene. Amiloride (2.5-5 mg od) is an epithelial sodium
channel blocker that is more effective than spironolactone
in blacks with drug-resistant hypertension.*’ It is combined
with thiazides for correction of hypokalaemia.

Beta blockers

In patients with uncomplicated hypertension, beta block-
ers exert a relatively weak effect in reducing stroke; they
do not have any protective effect with regard to coronary
artery disease and may increase the risk for new-onset
diabetes.®"" In contrast to patients with myocardial inf-
arction and heart failure, beta blocker-associated reduc-
tion in heart rate might increase the risk of cardiovascular
events and death for hypertensive patients.”” These effects
has been attributed to suboptimal effect in lowering blood
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pressure compared to other drugs, their ‘pseudoantihyper-
tensive’ efficacy (failure to lower central aortic pressure),
lack of an effect on regression of left ventricular hypertro-
phy and endothelial dysfunction, and unfavourable meta-
bolic effects. However, much of the unfavourable data were
collected from studies involving traditional beta blockers,
such as atenolol. Vasodilatory third-generation beta block-
ers (i.e. carvedilol and nebivolol) reduce blood pressure,
in large part through reducing systemic vascular resistance
rather than by decreasing cardiac output, and have less ef-
fects on metabolic and lipid parameters. Carvedilol is a
very slightly B -selective beta blocker that becomes non-
selective at higher doses. In addition, it possesses alpha
1-blocking (vasodilatory) and antioxidant properties.”
Nebivolol is the most 3 -selective beta blocker (3-fold that
of bisoprolol and more than 4-fold that of metoprolol) at
doses <10 mg. It does not have sympathomimetic activ-
ity, but it is an agonist of B, and B, receptors and can cause
relatively less bronchoconstriction or sexual dysfunction.
It also improves endothelial dysfunction via stimula-
tion of endothelial nitric oxide synthase and antioxidant
properties.” According to published evidence, beta block-
ers, in general, are indicated in hypertensive patients with
prior myocardial infarction (metoprolol), heart failure
(carvedilol, metoprolol, bisoprolol, and nebivolol in the
elderly), arrhythmias (propranolol, carvedilol, metoprolol,
bisoprolol), patients <60 years old with increased sympa-
thetic activity (metoprolol, bisoprolol, carvedilol, nebivo-
lol). In phaeochromocytoma, labetalol, a beta and alpha
blocker, is preferred to avoid unopposed alpha-mediated
vasoconstriction.

Device-based therapy

Various methods for therapeutic modulation of the sym-
pathetic nervous system, via radiofrequency ablation
(mainly) and baroreceptor stimulation within the renal ar-
teries, are under study.”””” Renal denervation in particular
is useful in cases of resistant hypertension.”

Follow-up

Titration to BP control requires regular visits, followed by
6-month follow-up after establishment of normal values.
Therapy is usually needed for life, unless lifestyle modifica-
tions are successful.

Resistant hypertension

Resistant hypertension is defined (JNC 7) as failure to
achieve goal blood pressure (BP) <140/90 mmHg for the
overall population and <130/80 mmHg for those with
diabetes mellitus or chronic kidney disease, when a pa-
tient adheres to maximum tolerated doses of three anti-
hypertensive drugs, including a diuretic.” However, there
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is no consensus on a uniform definition for resistant hy-
pertension, and its exact prevalence is not known, with
reported values ranging from 13 to 30%.”** Refractory
hypertension can be either true (Table 24.15) or apparent,
i.e. pseudohypertension, bad measuring technique, or due
to non-adherence to treatment. According to the largest
published studies so far NHANES, ACOT, ALLHAT, AC-
COMPLISH), up to one-third of hypertensive patients re-
main uncontrolled on two antihypertensive agents while,
among patients with incident hypertension and treatment
with >3 antihypertensive agents, 2% will develop resistant

Table 24.15 True resistant hypertension

Poor adherence to therapeutic plan
Associated condition

Diabetes mellitus or metabolic syndrome
Excess alcohol intake

Obesity (visceral obesity)

Obstructive sleep apnoea

Anxiety-induced hyperventilation or panic attacks
Pain

Unsuspected secondary cause

Irreversible or scarcely reversible organ damage
Volume overload

Excessive dietary sodium intake

Inadequate diuretic treatment

Reduced renal function

Hyperaldosteronism

Compensatory response to vasodilatory drugs
Drug-induced

Non-steroidal anti-inflammatory drugs (including COX2 inhibitors and
paracetamol)

Sympathicomimetics (nasal drops, appetite suppressants)
Cocaine, amphetamines

Oral contraceptives

Glucocorticoids/mineralocorticoids

Liquorice

Herbal drugs (ginseng, yohimbin, ma huang, bitter orange)
Erythropoietin, cyclosporin, tacrolimus, carbenoxolone

Antiangiogenic and anti-vascular endothelial growth factor (VEGF)
chemotherapy agents (bevacizumab, sorafenib, sunitinib, pazopanib)

Causes of spurious resistant hypertension
Isolated office (white coat) hypertension
Failure to use large cuff on large arm

Pseudohypertension
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hypertension and will have an increased risk of cardiovas-
cular events.®! Since volume overload is the commonest
cause of resistant hypertension, diuretics are essential.*?
Hyperaldosteronism is also common in patients with re-
sistant hypertension.®>#

The management of resistant hypertension (Table
24.16) can be improved by evaluating whether the failure
of blood pressure control results from sodium-volume
excess (low plasma renin activity), insufficiently blocked
renin levels (high plasma renin activity), or a combina-
tion of both (medium plasma renin activity) and adjust-
ing therapy accordingly.®> % Low plasma renin activity
indicates a diuretic, and high plasma renin activity an
ACE inhibitor or ARB or a direct renin inhibitor, such as
aliskiren, and, if this fails, addition of a vasodilating beta
blocker. In patients with normal plasma renin activity
who are already on triple therapy of ACE inhibitor/ARB,
diuretic, and calcium channel blockers, an aldosterone an-
tagonist, if the patient is obese or has sleep apnoea, may be
beneficial. If BP control is still not achieved with full doses
of a four-drug combination, the use of other agents, such
as alpha blockers (doxazosin 4-8 mg od),* the imidazo-
line I -receptor agonist moxonidine (0.2-0.4 mg od) that
has favourable effects on the insulin resistance syndrome,
drugs with central action on the sympathetic system (al-
pha agonists, such as methyldopa (250-750 mg bd) and
clonidine), or vasodilators, such as hydralazine, may be
needed. These agents are effective for lowering BP but
have poor tolerability and lack of positive outcome data.
Novel drugs, such as endothelin receptor antagonists (da-
rusentan), aldosterone synthetase inhibitors, and gene
therapies are under study.*

Renal denervation is now recommended by the ESC
(but not yet approved by the FDA) when the following cri-
teria are fulfilled:"®

Table 24.16 ESC 2013 on hypertension

# Office-based systolic BP > 160 mmHg (2150 mmHg
diabetes type 2)

o >3 antihypertensive drugs in adequate dosage and
combination (incl. diuretic)

o Lifestyle modification

o Exclusion of secondary hypertension

& Exclusion of pseudo-resistance using ambulatory BP
monitoring (average BP > 130 mmHg or mean day-
time BP > 135 mmHg)

# Preserved renal function (GFR >45 ml/min/1.73 m?)

o Eligible renal arteries: no polar or accessory arteries,
no renal artery stenosis, no prior revascularization

Hypertensive crisis

Hypertensive emergencies are presented in Table 24.17.
Hypertension with a diastolic BP >140 mmHg consists of
an emergency. Care should be taken that extremely rapid
falls in blood pressure may not be associated with compli-
cations, such as underperfusion of the brain and cerebral
infarction or damage to the myocardium and kidneys.
Excessive or rapid reductions in blood pressure should be
avoided in acute stroke.

Therapy

Less severe cases: sublingual captopril 125-25 mg

Urgent reduction: nitroprusside (0.25-10 micrograms/
kg/min IV)

LV failure: nitroglycerine (5-100 micrograms/min IV)
with furosemide (boluses of 20-40 mg IV).

Ischaemia and tachycardia: Esmolol (200-500 mg/kg for
4 min, then 50-300 micrograms/kg/min IV), or labetalol
(20-80 mgIV every 10 min or 2 mg/min or infusion 2.5-30
micrograms/kg/min IV)

Therapeutic strategies in patients with resistant hypertension

In resistant hypertensive patients it is recommended that physicians check whether the drugs included in the existing multiple drug I-C
regimen have any BP lowering effect, and withdraw them if their effect is absent or minimal

Mineralocorticoid receptor antagonists, amiloride, and the alpha-1-blocker doxazosin should be considered, if no contraindication exists lla-B

In case off ineffectiveness of drug treatment invasive procedures such as renal denervation and baroreceptor stimulation may be llb-C
considered

Until more evidence is available on the long-term efficacy and safety of renal denervation and baroreceptor stimulation, it is I-C
recommended that these procedures remain in the hands of experienced operators and diagnosis and follow-up restricted to

hypertension centers

It is recommended that the invasive approaches are considered only for truly resistant hypertensive patients, with clinic values I-C

>160 mmHg SBP or >110 mmHg DBP and with BP elevation confirmed by ABPM

ABPM . ambulatory blood pressure monitoring; BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151
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Table 24.17 Hypertensive emergencies

Hypertensive encephalopathy
Hypertensive left ventricular failure
Hypertension with myocardial infarction
Hypertension with unstable angina
Hypertension and dissection of the aorta

Severe hypertension associated with subarachnoid haemorrhage or
cerebrovascular accident

Crisis associated with phaeochromocytoma

Use of recreational drugs, such as amphetamines, LSD, cocaine, or
ecstasy

Hypertension perioperatively

Severe pre-eclampsia or eclampsia

Severe hypertension with renal failure: fenoldopam (0.2—
0.5 micrograms/kg/min).

Phaeochromocytoma: labetalol or phentolamine 1-3 mg
boluses.

No cardiac complications: Nicardipine (5-15 mg/h IV)
or labetalol, together with furosemide (boluses of 20-40
mg IV, unless volume depletion). Alternatively, esmolol
(200-500 mg/kg for 4 min, then 50-300 micrograms/kg/
minIV).

Nitroprusside is the most effective agent, but it lowers
venous return and cardiac output and may increase in-
tracranial pressure. Liquid or sublingual nifedipine may
result in ischaemic complications due to too rapid reduc-
tion of blood pressure and is no longer recommended.*
Treatment of pre-eclampsia and phaechromocytoma are
discussed in the relevant sections.

Hypertension in pregnancy

In pregnancy, hypertension is defined on absolute values
>140/90 mmHg.*”

Pre-existing hypertension complicates 1-5% of preg-
nancies, and either precedes pregnancy or develops be-
fore 20 weeks of gestation. Hypertension usually persists
>42 days post-partum. It may be associated with proteinu-
ria. Undiagnosed hypertensive women may appear nor-
motensive in early pregnancy because of the physiological
BP fall commencing in the first trimester.

Gestational hypertension is pregnancy-induced hy-
pertension and complicates 6-7% of pregnancies. Gesta-
tional hypertension develops after 20 weeks gestation and
resolves in most cases within 42 days post-partum. Ges-
tational hypertension needs close attention since 50% of
patients will develop pre-eclampsia.

Pre-eclampsia is a pregnancy-specific syndrome
that occurs after mid-gestation, defined by the de novo

HYPERTENSION IN PREGNANCY

appearance of hypertension, accompanied by new onset of
significant proteinuria (0.3 g/day in a 24 h urine collec-
tion or 230 mg/mmol urinary creatinine in a spot random
urine sample).

Pre-eclampsia complicates 5-7% of pregnancies but
increases to 25% in women with pre-existing hyperten-
sion. Pre-eclampsia occurs more frequently during the
first pregnancy, in multiple fetuses, hydatidiform mole, or
diabetes and is one of the most common causes of prema-
turity.

Symptoms and signs of severe pre-eclampsia include
right upper quadrant/epigastric pain (liver oedema),
headache, occipital lobe blindness, hyperflexia and
convulsions (cerebral oedema), and HELLP syndrome
(haemolysis, elevated liver enzymes, low platelet count).
Women with no proteinuria, but who have these features
and fetal compromise, are likely to have pre-eclampsia,
even if proteinuria is absent.”’ Elevated blood pressure
during pregnancy, regardless of type and even without
known risk factors, indicates high risk of later cardio-
vascular disease, chronic kidney disease, and diabetes
mellitus.”

Therapy

Non-pharmacological management (including close
supervision and restriction of activities) should be
considered for pregnant women with systolic BP
140-149 mmHg or diastolic BP 90-95 mmHg. Systo-
lic BP levels 2170 or diastolic BP 2110 mmHg should
be considered an emergency requiring hospitalization
(Table 24.18). Labetalol (100-1200 mg bd), oral meth-
yldopa (250-1250 mg tds), nifedipine (long-acting),
and possibly other beta blockers (but not atenolol) are
drugs of choice.*”* No association with low weight for
gestational age has been found for labetalol (started
after the 6th week of gestation) as opposed to atenolol.
Hydrochlorothiazide may also be used since previous
concerns about increased risk are not supported by re-
cent data.” In pre-eclampsia with pulmonary oedema,
nitroglycerine is the drug of choice; diuretic therapy
is inappropriate because plasma volume is reduced. As
emergency, intravenous labetalol,” oral methyldopa,
and oral nifedipine are indicated. Intravenous infu-
sion of sodium nitroprusside is useful in hyperten-
sive crises, but prolonged administration should be
avoided.

Calcium channel blockers, diuretics, and angiotensin-
converting enzyme inhibitors pose little risk to breastfed
infants. Beta blockers, especially those not secreted by
the kidneys, may be given under supervison of the baby.”
Detailed comments on the drug use in pregnancy are pre-
sented in Appendix 3.
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Table 24.18 ESC 2013 on hypertension

Treatment strategies in hypertensive women

Hormone therapy and selective oestrogen receptor modulators are not recommended and should not be used for primary or secondary ~ [ll-A
prevention of CVD. If treatment of younger perimenopausal women is considered for severe menopausal symptoms, the benefits should

be weighed against potential risks

Drug treatment of severe hypertension in pregnancy (SBP >160 mmHg or DBP >110 mmHg) is recommended I-C
Drug treatment may also be considered in pregnanct women with persistent elevation of BP >150/95 mmHg, and in those with BP lIb-C
>140/90 mmHg in the presence of gestational hypertension, sublinical OD or symptoms

In women at high risk of pre-eclampsia, provided they are at low risk of gastrointestinal haemorrhage, treatment with low dose aspirin ~ llb-B
from 12 weeks until delivery may be considered

In women with child-bearing potential RAS blockers are not recommended and should be avoided IN-C
Methyldopa, labetolol and nifedipine should be considered preferential antihypertensive drugs in pregnancy. Intravenous labetolol or lla-B

infusion of nitroprusside should be considered in case of emergency (pre-eclampsia)

BP, blood pressure; CVD, cardiovascular disease; DBP, diastolic blood pressure; OD = organ damage; RAS, renin-angiotensin system; SBP, systolic blood pressure.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151
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Chapter 25

RENOVASCULAR HYPERTENSION

Secondary hypertension

Introduction

Specific causes of hypertension can be diagnosed in less than
10% of patients with established hypertension (Table 25.1).

Renal parenchymal disease

This is the most common cause of secondary hyperten-
sion (2-5%). It is due to diabetic nephropathy, hyperten-
sive nephrosclerosis that, by itself, further increases blood
pressure, polycystic kidney disease, and chronic glomeru-
lonephritis. Kidney ultrasound (for kidney size, cortical
thickness, urinary tract obstruction, and cysts or masses),
assessment of serum creatinine and electrolytes, and uri-
nalysis for red and white blood cells and proteinuria, are
essential initial tests in all patients with established hyper-
tension. In haemodialysis patients (lack of renin activity),
hypertension is labile and sensitive to changes in fluid vol-
umes.

Acute renal disease, such as acute glomerulonephritis or
urinary tract obstruction, may also result in hypertension.

Renovascular hypertension

This is the second most common cause of secondary hy-
pertension (2%). However, renal artery stenosis is difficult
to prove to be the cause of hypertension.”? Clinical clues
for such an association are:

o Resistant hypertension

# Sudden onset of hypertension before 50 years of age
¢ Negative family history for hypertension

o Generalized atherosclerosis

o Hypokalaemia

o Deterioration of renal function with ACEI/ARB.

Aetiology

Two forms of renal artery stenosis are described in adults.
Fibromuscular dysplasia, involving the distal two-thirds
of the main renal artery, accounts for 10-15% of cases and re-
sponds to ACE inhibitors/ ARBs and angioplasty. Fibromus-
cular dysplasia is a non-atherosclerotic, non-inflammatory
vascular disease that primarily affects women in the prime of
their life. It most commonly affects the renal, carotid, and ver-
tebral arteries but may occur in virtually every artery of the
body. It is the second most frequent cause of renovascular

hypertension. An angiographic classification of renal artery
fibromuscular dysplasia lesions into a unifocal and a multi-
focal subtype has been recently proposed.> A cerebrovascu-
lar event, including transient ischaemic attack, stroke, and/
or amaurosis fugax, occurs in 25% of patients.* The presence
of a carotid bruit in a patient under 60 or an epigastric bruit
in a patient with hypertension should alert the clinician to
the possible diagnosis of the condition.

Atherosclerotic disease (85-90%), involving the proxi-
mal one-third of the main renal artery, is usually seen in
old men. ACE inhibitors and ARBs are effective in these
patients, but the loss of renal mass and reduction in tran-
scapillary filtration pressure can produce acute or chronic
renal insufficiency, especially if renal artery stenosis af-
fects both kidneys or the sole functional kidney. Medical
therapy consists of diuretics, CCBs, ACEI/ARBs (in the ab-
sence of bilateral stenosis), and statins.

Rare causes are aortic dissection with renal artery in-
volvement, acute renal artery occlusion (thrombosis,
embolism, or trauma), Takayasu or giant cell arteritis,
congenital mid-aortic syndrome, and antiphospholipid
antibodies syndrome.

Pathophysiology

A decrease in renal perfusion pressure activates the ren-
in-angiotensin system, which leads to the release of renin
and the production of angiotensin II, has direct effects on
sodium excretion, sympathetic nerve activity, intrarenal
prostaglandin concentrations, and nitric oxide production,
and causes renovascular hypertension. When hyperten-
sion is sustained, plasma renin activity decreases, partially
explaining the limitations of renin measurements for iden-
tifying patients with renovascular hypertension.

Diagnosis
Kidney ultrasonography may show a difference of more
than 1.5 cm in length between the two kidneys in 60-70%
of the patients with renovascular hypertension and is diag-
nostic for renal artery stenosis (Table 25.1). Doppler ultra-
sonography is capable of detecting stenosis, particularly
when localized proximally, but gadolinium-enhanced
MRI is considered the diagnostic procedure of choice,’ but
is contraindicated in the presence of GFR <30mL/min.
Significant renal artery stenosis is defined as 250% di-
ameter stenosis, associated with peak translesional gradient
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Table 25.1 ESC 2013 GL on hypertension

Clinical indications and diagnostics of secondary hypertension

Clinical indications

Diagnostics

Common causes Clinical history Physical

examination

Laboratory
investigations

Additional/
confirmatory test(s)

First-line test(s)

Abdominal masses
(in case of polycystic
kidney disease)

Renal parenchymal
disease

History of urinary tract
infection or obstruction,
haematuria, analgesic
abuse; family history of
polycystic kidney disease

Renal artery Abdominal bruit

stenosis

Fibromuscular dysplasia:
early onset hypertension
(especially in women).
Atherosclerotic stenosis:
hypertension of abrupt
onset, worsening or
increasingly difficult to
treat; flash pulmonary
oedema

Muscle weakness;
family history of early
onset hypertension and
cerebrovascular events
at age <40 years

Primary
aldosteronism

Arrhythmias (in case of
severe hypokalaemia)

Uncommon
causes

Phaeochromocytoma Paroxysmal
hypertension or a
crisis superimposed to
sustained hypertension;
headache, sweating,
palpitations and pallor;
positive family history of
phaeochromocytoma

Skin stigmata of
neurofibromatosis
(café-au-lait spots,
neurofibromas)

Cushing’s syndrome  Rapid weight gain,
polyuria, polydipsia,
psychological
disturbances

Typical body habitus
(central obesity, moon-
face, buffalo hump,
red striae, hirsutism)

Presence of protein,
erythrocytes, or
leucocytes in the
urine, decreased GFP

Difference of >1.5 cm Renal Duplex Doppler
in length between
the two kidneys
(renal ultrasound),
rapid deterioration
in renal function
(spontaneous or in
response to RAA
blockers)

Hypokalaemia
(spontaneous or
diuretic-induced);
incidental discovery of conditions (correction
adrenal masses

Incidental discovery
of adrenal (or in some urinary fractionated
cases, extra-adrenal)
masses

Hyperglycaemia

Renal ultrasound Detailed work-up for

kidney disease

Magentic resonance
angiography, spiral
computed tomography,
intra-arterial digial
subtraction angiography

ultrasonography

Aldosterone-renin
ratio under
standardized

Confirmatory tests (oral
sodium loading, saline
infusion, fludrocortisone
suppression, or captopril
test); adrenal CT scan;
adrenal vein sampling

of hypokalaemia and
withdrawal of drugs
affecting RAA system)

CT or MRI of the
abdomen and pelvis;

123 I-labelled meta-
iodobenzyl-guanidine
scalling; genetic scanning
for pathogenic mutations

Measurement of

metanephrines
or plasma-free
metanephrines

Dexamethasone-
suppression tests

24-h urinary cortisol
exretion

CT, computed tomography; GFR, glomerular filtration rate; MRI, magnetic resonance imaging; RAA, renin—angiotensin—-aldosterone.
2013 ESH/ESC Guidelines for the management of arterial hypertension. Eur Heart J. 2013. doi:10.1093/eurheartj/eht151

>20 mmHg, or a mean gradient >10 mmHg." However, both
arteriography and Doppler measurements overestimate re-
nal artery stenosis as defined by the detection of a distal re-
nal to aortic pressure ratio of <0.9.5

Therapy

Angioplasty with stenting has a modest, but significant, ef-
fect on blood pressure and may be considered for patients
with atherosclerotic renal artery stenosis and poorly con-
trolled hypertension, although it does not improve or pre-
serve renal function and its value has been questioned.”®
Surgical revascularization carries a higher mortality.?

Angioplasty or surgical revascularization has also
yielded moderate benefits in patients with fibromuscular
dysplasia renal artery stenosis.’

Thus, intervention is not recommended if renal func-
tion has remained stable over the past 6-12 months and if
hypertension can be controlled with an acceptable medical
regimen (Table 25.2).° Anatomically relevant renal artery
stenosis >70% should be verified by functional measure-
ments as systolic pressure gradient >21 mmHg or Pd/Pa
pressure ratio <0.9.° The best evidence supporting inter-
vention may be for bilateral stenosis with ‘flash’ pulmonary
oedema unrelated to acute coronary syndrome (Pickering
syndrome)."

Primary aldosteronism

The prevalence of primary aldosteronism in patienst with
hypertension varies among reported studies because of
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Table 25.2 ACCF/AHA 2013 guideline on peripheral artery disease

Treatment of renovascular disease (RAS)

Medical treatment

ACE inhibitors for hypertension associated with unilateral RAS. I-A
Angiotensin receptor blockers for hypertension associated with unilateral RAS. I-B
Calcium-channel blockers for hypertension associated with unilateral RAS. I-A
Beta blockers for hypertension associated with RAS. I-A
Indications for revascularization

ASYMPTOMATIC STENOSIS

Percutaneous revascularization for treatment of an asymptomatic bilateral or solitary viable kidney with a hemodynamically lIb-C
significant RAS.

The usefulness of percutaneous revascularization of an asymptomatic unilateral hemodynamically significant RAS in a viable kidney is IIb-C
not well established and is presently clinically unproven.

HYPERTENSION

Percutaneous revascularization for patients with hemodynamically significant RAS and accelerated hypertension, resistant lla-B
hypertension, malignant hypertension, hypertension with an unexplained unilateral small kidney, and hypertension with intolerance

to medication.

PRESERVATION OF RENAL FUNCTION

Percutaneous revascularization for patients with RAS and progressive chronic kidney disease with bilateral RAS or a RAS to a solitary lla-B
functioning kidney.

Percutaneous revascularization for patients with RAS and chronic renal insufficiency with unilateral RAS. lIb-C
IMPACT OF RAS ON CONGESTIVE HEART FAILURE AND UNSTABLE ANGINA

Percutaneous revascularization is indicated for hemodynamically significant RAS and recurrent, unexplained congestive heart failure I-B
or sudden, unexplained pulmonary edema.

Percutaneous revascularization for hemodynamically significant RAS and unstable angina. lla-B
Endovascular treatment for RAS

Renal stent placement is indicated for ostial atherosclerotic RAS lesions that meet the clinical criteria for intervention. I-B
Balloon angioplasty with bailout stent placement if necessary is recommended for fibromuscular dysplasia lesions. I-B
Surgery for RAS

Vascular surgical reconstruction for fibromuscular dysplastic RAS with clinical indications for interventions (same angioplasty), I-B
especially those exhibiting complex disease that extends into the segmental arteries and those having macroaneurysms.as for

percutaneous transluminal.

Vascular surgical reconstruction for atherosclerotic RAS and clinical indications for intervention, especially those with multiple small I-B
renal arteries or early primary branching of the main renal artery.

Vascular surgical reconstruction for atherosclerotic RAS in combination with pararenal aortic reconstructions (in treatment of aortic I-C

aneurysms or severe aortoiliac occlusive disease).

the unreliability of the renin/aldosterone ratio test; it is,
most probably, approximately 5%."""* Adrenal adenomas
account for 30% of cases and are usually small (less than
2 cm in diameter) and benign; 70% are caused by adre-
nal hyperplasia (considered by some a variant of essential
hypertension).'"!* There are also rare cases of adrenal car-
cinoma and the autosomal dominant condition of gluco-
corticoid-remediable aldosteronism.

Diagnosis
The condition should be suspected in resistant hyperten-
sion and in unprovoked hypokalaemia, but only a small

number of patients will have hypokalaemia at an early stage
in their disease. Increased urinary excretion of potassium
(>30 mmol/day in the presence of hypokalaemia and in the
absence of extra potassium intake) points to aldosteronism.
It can be confirmed by the overnight dexamethasone (1
mg) suppression test and measurement of aldosterone,
and renin under standardized conditions. The usefulness
of the aldosterone-to-renin ratio is controversial.'* Aldos-
terone can be high or renin low in elderly people or black
patients. Also, a high aldosterone-to-renin ratio is seen in
chronic renal disease where high potassium stimulates al-
dosterone release and, in the case of rare genetic mutations,
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leading to increased aldosterone levels.” CT, magnetic
resonance imaging, or isotopic techniques using radiola-
belled cholesterol are used for imaging of the adrenals. Ad-
renal venous sampling is necessary to avoid false positive
results that could provoke unnecessary adrenalectomy for
non-functioning tumours."

Therapy

Includes medical therapy with mineralocorticoid receptor
antagonists and laparoscopic adrenalectomy for patients
with unilateral adenomas.

Phaeochromocytoma

It is a very rare cause of secondary hypertension (0.2—
0.4%), inherited or acquired, with an estimated annual
incidence of 2-8/million population.' Phaeochromocyto-
mas are mostly benign catecholamine-producing tumours
of chromaffin cells of the adrenal medulla or of a paragan-
glion. Typical clinical manifestations are sustained or par-
oxysmal hypertension, severe headaches, palpitations, and
sweating. However, their presentation is highly variable
(hypertension occurs in about 70% of all cases of phaeo-
chromocytoma) and can mimic many other diseases. If
remaining unrecognized or untreated, they can be a life-
threatening condition.

Diagnosis

The test with the highest sensitivity is the measurement of
plasma free metanephrines, together with urinary frac-
tionated metanephrines. However, because measurement
of plasma free metanephrines is not widely available for rou-
tine diagnosis, measurement of 24-hour urinary fraction-
ated metanephrines and urinary catecholamines remains
the diagnostic test of choice.® Stimulation or suppression
tests with glucagon or clonidine, respectively, are less of-
ten used nowadays. Phaecochromocytomas are localized by
a computed tomography scan and magnetic resonance
imaging of the adrenal glands and abdomen. Complemen-
tary 'I-metaiodobenzylguanidine scintigraphy and '
F-dihydroxyphenylalanine-positron emission tomog-
raphy may also be useful. Because approximately 25% of
phaeochromocytomas are hereditary (multiple endocrine
neoplasia type 2 (MEN2), von Hippel-Lindau disease
(VHL), neurofibromatosis type 1, and familial paragang-
liomas), screening for genetic alterations is important. To
date, mutations in five genes have been described leading to
familial disorders associated with phaeochromocytomas.®

Therapy

Laparoscopic and adrenal-sparing surgical intervention
following preoperative alpha blockade (prazosin, phe-
noxybenzamine or labetalol) and fluid expansion are the

treatment of choice and usually curative. In malignant
phaeochromocytomas, radiotherapy and chemotherapy
are palliative treatment options.

Adrenal ‘incidentaloma’

An adrenal ‘incidentaloma’ is an adrenal mass, generally
1 cm or more in diameter, that is discovered serendipitously
during a radiologic examination performed for indications
other than an evaluation for adrenal disease.'®

The majority of adrenal incidentalomas are clinically
non-hypersecreting, benign adrenocortical adenomas.
Other diagnoses include cortisol-secreting adrenocortical
adenoma (5%), phaeochromocytoma (5%), adrenocortical
carcinoma (5%), metastatic carcinoma (2.5%), and aldos-
terone-secreting adenoma (1%). When adrenal masses oc-
curbilaterally (15% of patients with adrenalincidentaloma),
the most likely diagnoses are metastatic disease, congenital
adrenal hyperplasia, bilateral cortical adenomas, and infil-
trative disease of the adrenal glands. Hormone production
is determined by overnight dexamethasone suppression
and blood or 24-h fractionated metanephrines and cat-
echolamines, and a CT scan is performed. Laparoscopic
adrenalectomy is indicated if the adrenal mass is 24 cm in
diameter and if the mass enlarges by 1 cm or more during a
period of 4 years with 6-monthly examinations; if evidence
of autonomous hormonal secretion develops, laparoscopic
adrenalectomy is considered.'® '

Other causes of hypertension

Cushing’s syndrome, coarctation of the aorta, hypo- and
hyperthyroidism, intracranial tumours, and drug-in-
duced hypertension are also causes of secondary hyper-
tension. Although non-steroidal anti-inflammatory agents
are the most common cause of drug-induced hyperten-
sion, other drugs, as described in Table 24.15 in Chapter 24
on primary hypertension, should be also considered. An-
tiangiogenic and anti-vascular endothelial growth factor
(VEGF) chemotherapy agents that are currently used for
the treatment of various forms of cancer are a common
cause of secondary hypertension."
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Part IV

Coronary artery disease
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Chapter 26

AETIOLOGY

Epidemiology and pathophysiology of coronary

artery disease

Definitions and classification

Persons with asymptomatic coronary artery atherosclero-
sis may present with angina pectoris on effort or develop
an acute coronary syndrome (ACS). Chronic stable angina
is the initial manifestation of CAD in approximately 50%
of all patients with CAD. Stable coronary artery disease
may be detected following a diagnostic ischaemia test or
diagnosed after presentation with an acute coronary syn-
drome. ACS refers to an acute imbalance of myocardial
oxygen supply and demand due to progressive or abrupt
flow-limiting coronary stenosis and/or high-output or
increased afterload states. ACS includes unstable angina
(UA), non-ST elevation myocardial infarction (NSTEMI),
and ST elevation MI (STEMI). Unstable angina, with or
without enzyme rise but without ST elevation, refers to
UA/NSTEML' STEMI refers to myocardial infarction with
ST segment elevation. The spectrum of ischaemic heart
disease is presented in Figure 26.1.

Epidemiology

Coronary artery disease (CAD) is the single most com-
mon cause of death in the developed world, responsible for
about one in every six deaths.?* In 2010, out of 52.7 million
deaths worldwide, approximately 15.6 million were due to
cardiovascular disease (as compared with approximately
3.8 million due to tuberculosis, human immunodeficiency
virus, and malaria combined).? Mortality from cardiovas-
cular disease, in general, is estimated to reach 23.4 mil-
lion in 2030.* Coronary artery disease is responsible for
about half of these cardiovascular deaths. In 2009, 386 324
Americans died of coronary heart disease, and the 2009
overall rate of death attributable to cardiovascular disease
(International Classification of Diseases, 10th Revision,
codes 100-199) was 236.1 per 100 000.> From 1999 to 2009,
the relative rate of death attributable to cardiovascular dis-
ease declined by 32.7%. Yet, in 2009, cardiovascular disease
still accounted for 32.3% (787 931) of all 2 437 163 deaths,
or one of every three deaths in the USA. It is estimated
that one in three adults in the USA (about 71 million) has
some form of cardiovascular disease, including >13 mil-
lion with coronary heart disease and nearly 9 million with
angina pectoris. Among persons 60 to 79 years of age, ap-
proximately 23% of men and 15% of women have prevalent

IHD, and these figures rise to 33% and 22% among men
and women >80 years of age, respectively.* The costs of
caring for patients with THD are enormous, estimated at
exceeding $150 billion in the USA. More than one half of
direct costs are related to hospitalization.’

Each year in the USA, approximately 1 100 000 patients

are admitted for ACS, of which 813 000 have a myocar-
dial infarction and the remainder UA. Approximately two-
thirds of patients with myocardial infarction have NSTEMI,
and the rest have STEMI.? Thus, overall 38-47% of all pa-
tients with an ACS have a STEMI.! Worldwide, more than
3 million people each year are estimated to have a STEMI,
and more than 4 million have an NSTEML.® Hospital mor-
tality is higher in patients with STEMI, but, in the long-
term, mortality is higher in patients with non-ST elevation
acute coronary syndrome (NSTEACS).” MI that occurs in
the community still carries a 25% mortality risk whereas
in-hospital mortality without fibrinolysis approaches 15%.
Current pharmacological and mechanical therapeutic ap-
proaches have reduced this risk to 3-4%.>*
Stable CAD was estimated to affect 16.8 million people in
the USA in 2008.° In patients with stable CAD, the annual
mortality rate is approximately 2%, and the annual rate of
major events, such as death, myocardial infarction, and
stroke, is 4.5%."

Aetiology

More than 90% of myocardial infarctions are attributable
to modifiable risk factors, such as smoking, dyslipidaemia,
hypertension, diabetes, abdominal obesity, and exposure
to traffic air pollution (PM,, PM,,, NO,, and ozone),
psychosocial factors, and insomnia." "' Consumption of
fruits, vegetables and alcohol, as well as regular physical
activity have a protective effect. Thus, the ten-year risk
(National Cholesterol Education Program [NCEP] global
risk) of developing symptomatic coronary artery disease
should be calculated for all patients who have 2 or more
major risk factors to assess the need for primary preven-
tion strategies (Class I-C, ACCF/AHA 2012 GL on UA/
NSTEMI)."” Women who use oral contraceptives contain-
ing ethinyl estradiol are at dose-dependent increased risk
for thrombotic stroke and myocardial infarction compared
to women using progestin alone.'” These cardiovascular
risk factors induce oxidative stress that causes endothelial
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Nominvasive ) Asymptomatic
Testing (SIHD) —
Features of low risk unstable angina: N
* Age, 20y
 Excertional pain lasting <20 min.
 Pain not rapidly accelerating
* Normal or Unchanged ECG v
* No elevation of cardiac markers
. Stable Angina
Asymptomatic New Onset :
N ' .| or Low-Risk >
Persons > Chest Pain > UA* Patrients
Wlthout (SIHD: UA/NS‘TEMI: STEMI) (SIHD: PCI/CABG) with
Known IHD r Known IHD
(CV Risk)
Noncardi.ac Actue Coronary
Chest Pain Syndromes |,
(UA/NSTEMI: STEMI:
P CI/CABG)
<":"> Sudden Cardiac Death < N
(VA-S CD) d

Figure 26.1 ACC/AHA 2012 on stable IHD: spectrum of IHD. Guidelines relevant to the spectrum of IHD are in parentheses.

CABG indicates coronary artery bypass graft; CV, cardiovascular; ECG, electrocardiogram; IHD, ischaemic heart disease; PCl, percutaneous coronary
intervention; SCD, sudden cardiac death; SIHD, stable ischaemic heart disease; STEMI, ST elevation myocardial infarction; UA, unstable angina; UA/NSTEMI,
unstable angina/non-ST elevation myocardial infarction; and VA, ventricular arrhythmia. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the
diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol, 2012; 60:e44—e164.

inflammation and damage. Stillbirths and miscarriages are
associated with increased rates of myocardial infarction,
cerebral infarction, and renovascular hypertension.' This
has been attributed to either shared etiology or the initia-
tion of pathological processes by a pregnancy loss leading
to atherosclerosis. Premature coronary artery disease may
been seen in 3% of patients with HIV/AIDS.* Secondary
unstable angina is due to additional conditions in the
presence of coronary stenoses, such as tachycardia, fever,
thyrotoxicosis, anaemia, aortic stenosis, hypertension
or hypotension, and hyperviscosity states. Rare, non-
atherosclerotic causes of MI are presented in Table 28.2
in Chapter 28 on MI. Distinct morphological character-
istics, such as left main or proximal disease, display a high
heritability,”" and epidemiological studies have shown that
genetic predisposition accounts for 40-60% of the risk for
coronary artery disease.”? Genome-wide association stud-
ies have led to the discovery of more than 33 single nucle-
otide polymorphisms as genetic risk variants for coronary
artery disease.””* Approximately ten of them are associ-
ated with hypertension or hyperlipidaemia, and the rest
of them (including 9p21.3) mediate their risks through
unknown mechanisms. The strongest genetic effect on the
risk of coronary artery disease and myocardial infarction
is that of single nucleotide polymorphisms at chromosome
9p21.3, that is also a significant risk factor for abdominal
aortic aneurysm, stroke, and Alzheimer’s disease.” The
9p21 locus shows association with greater burden of CAD,
but not with MI, in the presence of underlying CAD, thus
supporting the hypothesis that it primarily mediates an

atherosclerotic phenotype.”® The 9p21.3 risk allele is car-
ried by 75% of the European population and confers risk
of coronary atherosclerosis in a dose-dependent way (by
means of allele copies). The identification of the ABO
blood group locus as a risk factor for myocardial infarc-
tion might provide an explanation on why blood group O
offers protection from myocardial infarction compared to
blood groups A and B.” Recently, the presence of a com-
mon Y chromosome variant haplogroup I was found to
increase coronary risk by 50%.%® This might explain the
higher prevalence of CAD in men. All these genetic vari-
ants are not yet ready for routine testing.

Pathophysiology
ACS

The most frequent mechanism of an ACS is a reduction of
the myocardial oxygen supply due to rupture or erosion
of a vulnerable atherosclerotic plaque, which results in en-
dothelial injury and associated thrombosis and dynamic
vasoconstriction. Vulnerable plaques likely to rupture
or erode have evidence of inflammation with macro-
phages, and T-cell infiltrates.”* Histologically, vulnerable
plaques have thin fibrous caps (<55 um) with large lipid
cores.”* Usually, plaque rupture occurs within usually
in an environment of low shear stress. Intraplaque haem-
orrhage also plays an important triggering role.** Plaque
haemorrhage may occur from plaque rupture (fissure) or
from neovascularization (angiogenesis). Plaque fissure or
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rupture exposes the highly thrombogenic subendothelium
(collagen and tissue factor) to circulating platelets and
white blood cells. The resultant platelet adhesion leads to
platelet activation. Activated platelets release are also ac-
tivated by vasoconstrictors, such as thromboxane A2 and
adenosine diphosphate (ADP) that binds to P2Y , recep-
tors, and cause increased expression of glycoprotein IIb/
I1Ia that binds fibrinogen or von Willebrand factor. Thus,
platelet aggregation and creation of the white clot occurs.
The platelet-derived mediators, together with other potent
vasoconstrictors, such as activated thrombin, oxygen-de-
rived free radicals, and endothelin, result in dynamic va-
soconstriction and transient thrombosis. The coagulation
cascade may be activated, and factor X leads to the gen-
eration of thrombin that converts fibrinogen to fibrin (red
clot).* If the ischaemia is prolonged and severe enough
to cause limited myocardial necrosis, the diagnosis of
NSTEMI is put; further damage, usually due to the forma-
tion of a red thrombus that causes ST elevation, produces
the clinical picture of STEMI. However, erosion or rupture
of the coronary atherosclerotic plaque is typically required
for an event to happen, but, only when coinciding with a
prothrombotic state at the site of plaque rupture or ero-
sion, it leads to an event. In the majority of cases, plaque
ruptures or erosions take place in the absence of symptoms
and commonlylead to healing and progression of coronary
arterial narrowing.* Vulnerable plaques, intact or rup-
tured, may be found along the coronary tree, and the true
culprit lesion can be difficult to define. The term ‘calcified
nodule’ is used for a rare type of coronary thrombosis not
caused by plaque rupture but related to disruptive nodular
calcifications protruding into the lumen, usually tortuous
heavily calcified arteries in older individuals.*®

Additional causes of UA/NSTEMI are coronary spasm,
emboli, coronary arterial inflammation, or spontaneous
dissection of the coronary artery in the absence of occlu-
sive atherosclerosis in 10-15% of patients with NSTEMI.*
Similar proportions of male patients and up to 30% of
women with NSTEACS have angiographically normal cor-
onary arteries despite elevated troponins and myocardial
infarctions detected by MRL*' Vasospasm and embolism
without evident plaque disruption are particularly com-
mon in women in this setting.*®

Rupture of vulnerable coronary plaques with subse-
quent thrombosis and occlusion of the coronary artery
is the commonest cause of myocardial infarction.** An-
giography at the acute phase reveals an occluded coronary
artery in 90% of cases, although the converse is not the case
due to the possible presence of collaterals. Intracoronary
thrombi are mainly composed of fibrin (increased content
with increased ischaemic time), platelets, erythrocytes,
and few cholesterol crystals and leukocytes.” Coronary
spasm, emboli, or spontaneous dissection of the coronary
artery are causes of infarction in the absence of occlusive
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atherosclerosis and are reported in 5-10% of patients with
STEML.* There is a circadian periodicity with most events,
occurring between 6 a.m. and noon. Platelet hyper-reactiv-
ity and pro-coagulant states contribute to the thrombotic
process that diminishes microcirculatory perfusion by
reduced coronary artery flow through epicardial stenoses
as well as by distal embolization of thrombus. MIs have
been shown to frequently occur at sites of mild to moder-
ate stenosis.*** Post-mortem examinations, however, have
also demonstrated that ruptured plaques, leading to throm-
bosis, more likely occur within the segment of significant
(>50%) stenoses.”*” Angiographic data also indicate that
the majority of coronary events occur in patients with com-
plex lesions and significant stenosis.***° In the PROSPECT
trial on patients with acute coronary syndromes treated by
coronary intervention, 3-year recurrence rates were 20%.
Half of them occurred in angiographically mild (<70% ste-
nosis), non-culpritlesions. However, predictors of recurrent
events were both aluminal area <4 mm? and the presence of
thin-cap fibroatheroma.”" An analysis of the data from the
COURAGE trial has shown that MIs are not more likely to
occur from mild coronary lesions compared with moderate
or severe ones; the number of non-revascularized lesions
2>50% was the only angiographic predictor of an acute coro-
nary syndrome.* When intravascular imaging information
is available, the lesions with <85um thick cap and >75%
cross-sectional luminal area stenosis are the most probable
to rupture.”? Coronary spasm is a well-reported cause of
cardiac arrest. It occurs commonly in the absence of severe
coronary disease and can present with or without anginal
pain. Minor coronary disease in the absence of other causes
of cardiac arrest might suggest the diagnosis, particularly
in a male smoker.”® Spontaneous coronary artery dissec-
tion affects predominantly young women with a mean age
of 42 years. Postpartum status, cocaine use, Ehlers-Danlos
syndrome, hormonal therapy, vasculitis, and extreme phys-
ical exertion are conditions that have been associated with
spontaneous coronary dissection.™

Histochemical stains can identify zones of necrosis
2-3 hours after the onset of necrosis while gross pathol-
ogy changes can be identified 6-12 hours following oc-
clusion. Eight to 10 days after infarction, the thickness of
the affected ventricular wall is reduced, as necrotic mus-
cle is removed by mononuclear cells, and, over the next
2-3 months, a firm scar develops. Infarct expansion (dis-
ruption and tissue loss not explained by additional necro-
sis) and ventricular dilation may also occur and determine
ventricular remodelling.

Stunned myocardium refers to depressed contractility, ie
reduced perfusion with maintained metabolism, due to is-
chaemicinsults of short duration. Hibernating myocardium
is dysfunctional and viable myocardium but with more se-
vere cellular structural changes. Stunned myocardium is
more likely to recover than hibernating myocardium.”
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Stable CAD

The underlying mechanism of chronic CAD is the chronic
limited ability to increase oxygen supply to the myocardium
in the setting of increased oxygen demand, usually caused
by the obstruction of, at least, one large epicardial coronary
artery by atheromatous plaque. Because myocytes already
extract about 75% of the oxygen in coronary blood at rest,
a higher demand is primarily met by increasing coronary
blood flow. Myocardial ischaemia results in hypoxia that
activates cellular anaerobic pathways; produced media-
tors, such as lactate, are responsible for the sensation of
pain. Originally thought to be dominantly a lipid storage
disease, our current understanding of the pathogenesis of
atherosclerosis implicates endothelial injury and inflam-
mation. Additional chemical and mechanical factors that
may trigger endothelial injury are altered sheer stress, high
oxidative stress, smoking, and insulin resistance.* Several
genetic loci (more than 33) that affect the risk of develop-
ment of coronary artery disease have also been identified
(see Aetiology above).
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Unstable angina and non-ST elevation myocardial infarction

Definition

Unstable angina (UA) presents as rest angina (usually last-
ing >20 minutes), new-onset (within the past 2 months and,
at least, Canadian Cardiovascular Society III in severity), and
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increasing angina (in severity and frequency). Non-ST eleva-
tion myocardial infarction (NSTEMI) occurs when the ischae-
mia is sufficiently severe and prolonged to cause myocardial
damage that results in the release of a biomarker of myocardial
necrosis into the circulation (TnT, Tnl, or CK-MB).!-
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Presentation

Typical symptoms are chest pain, indigestion or ‘heart-
burn’, nausea and/or vomiting, persistent shortness of
breath, or dizziness and/or loss of consciousness, al-
though diabetics and the elderly may have vague symp-
toms or no symptoms at all. Differential diagnosis of chest
pain is discussed in Chapter 29 on stable IHD. Patients at
increased risk of ACS, such as those with known coronary
artery disease, cerebral or peripheral vascular disease, dia-
betes mellitus, chronic kidney disease, or a 10-year risk
greater than 20% as calculated by Framingham equations,
and with symptoms suggestive of an ACS should be evalu-
ated by trained specialists.

Patients with symptoms that may represent an ACS
should be instructed to chew 150-325 mg of aspirin (un-
less already taken or contraindicated) and one dose of
nitroglycerin sublingually or by buccal spray (0.4 mg).
If symptoms do not respond to medication, emergency
transfer to an emergency department with facilities for
ECG recording, biomarker determination, and evaluation
by a physician is recommended.'~* Patients who respond to
medication or have chest pain lasting <20 min and in the
absence of high-risk features may be seen in an outpatient
facility for further evaluation.!

Diagnosis

Immediate 12-lead ECG, and then serial ECGs in 15-30
min intervals if the initial ECG is non-diagnostic, are
taken. Symptoms of ACS associated with ST segment de-
pression, T wave inversion, or non-specific ST-T abnor-
malities suggest UA/NSTEMI. These findings are present
in 30-50% of patients with an ACS. However, apart from
assisting in diagnosis, they also carry adverse prognostic
significance when present as new findings.* New ST seg-
ment deviation, even of only 0.05 mV, is an important and
specific measure of ischaemia and prognosis. T wave in-
version is sensitive for ischaemia but is less specific, un-
less it is marked (=0.3 mV).** Comparison with previous
ECGs is valuable for the assessment of ST changes.

Cardiac biomarkers (preferably a cardiac-specific tro-
ponin) are measured, and, if negative within 6 h of the
onset of symptoms, they are remeasured within 6-12 h
after symptom onset. The degree of elevation of troponin
is associated with mortality in ACS.%” Biomarkers for
risk stratification in patients with established diagnosis
of ACS are CRP, white blood cell count, BNP or NT-
pro-BNP, and GDF-15, a member of the transforming
growth factor family that is released by myocytes during
ischaemia and reperfusion.®** A rapid protocol (0 and 3
h) is recommended when highly sensitive troponin tests
are available (I-B, ESC 2011). (Figure 27.1). Accelerated
diagnostic protocols (2 h), including TIMI score, ECG,
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and triple marker panels (CK-MB, myoglobin, and tro-
ponin), may identify low-risk patients that can be dis-
charged early."

Stress testing and CT coronary angiography In patients
with acute chest pain, CT angiography in an experienced
centreisfaster to obtain than astresstestand improves diag-
nostic ability albeit at an increased radiation exposure.'>"?

Risk stratification models, such as TIMI (Thrombolysis
In Myocardial Infarction)," GRACE (Global Registry of
Acute Coronary Event),”” PURSUIT, or FRISC, are use-
ful for subsequent decision-making (Tables 27.1 to 27.3).
Clinical features, ECG, and laboratory findings have been
incorporated into these clinical risk scores that stratify
patients into risk categories. The most simple, but less ac-
curate, is the TIMI. The TIMI is mainly recommended by
the ACCF/AHA 2012,' and the GRACE by the ESC 2011
guidelines.! Resting myocardial perfusion imaging (MPI)
in patients with ongoing chest discomfort and non-diag-
nostic ECG or biomarker results will also identify active is-
chaemia. However, MPI cannot distinguish between recent
and older infarcts; thus, abnormal MPI is not specific for
ACS.** CMR can provide substantial information regard-
ing ventricular function, ongoing ischaemia/perfusion,
early and late regions of infarction, and coronary anato-
my."” The greatest benefit of non-invasive CT angiography
is to exclude CAD in patients with a low to intermediate
probability of ACS.*

Therapy

Oxygen Should be administered when the arterial satura-
tion is <90%.

Nitroglycerin Sublingually or as a buccal spray (0.4 mg),
can be given for pain relief every 5 min for a total of three
doses (Table 27.4). If the pain persists or hypertension or
heart failure is present, IV nitroglycerin (initial dose 5-10
micrograms/min, with 10 micrograms/min increases until
the systolic BP falls below 100 mmHg) can be given. Con-
traindicated if sildenafil has been taken within the previ-
ous 24 h (or tadalafil in the previous 48 h).

Morphine Is used for pain relief, although there are ob-
servational indications that it may increase mortality in
ACS.?

Antiplatelets

Aspirin

It should be administered as soon as possible and then
indefinitely, unless if there is a history of documented
allergy or active bleeding. A loading dose of 162-325
mg po (ACC/AHA) or 150-300 mg po (ESC) or 150-300
IV mg, followed by 75-162 mg/day po (ACC/AHA), or
75-100 mg/day po (ESC) should be given indefinitely.
Aspirin mainly acts by irreversibly inhibiting platelet
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Figure 27.1 ESC 2011. Rapid rule-out of ACS with high-sens

GRACE: Global Registry of Acute Coronary Events; hsTn: high-sensitivity troponi
dependent on assay. At the end of this step, the decision has to be made wheth
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n; ULN: upper limit of normal, 99th percentile of healthy controls. ?A change,
er the patient should go on to cardiac catheterization. ESC guidelines for the

management of acute coronary syndromesin patients presenting without persistent ST-segment elevation. Eur Heart J. 2011,32:2999-3054.

Table 27.1 The TIMI risk score predictor variables

TIMI risk score All-cause mortality, new or
recurrent MI, or severe recurrent
ischaemia requiring urgent
revascularization through 14 d
after randomization (%)
1 47

8.3

132

19.9

26.2

7 40.9

O,
2
3
4
5
6—

The TIMI risk score is determined by the sum of the presence of 7

variables at admission; 1 point is given for each of the following

variables:

1. Age =65 years

2. At least three risk factors for coronary artery disease, including family
history, hypertension, hypercholesterolaemia, diabetes, smoking

. Prior coronary stenosis =50%

. ST segment deviation

. At least two anginal events in prior 24 hours

. Use of aspirin in prior 7 days

. Elevated serum cardiac markers.

Prior coronary stenosis of 50% or more remained relatively insensitive

to missing information and remained significant predictor of events.

Antman EM, et al. The TIMI risk score for unstable angina/non-ST-elevation

MI: method for prognostication and therapeutic decision making. JAMA

2000;284:835-42.
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cyclooxygenase 1 (COX-1) and decreasing the synthesis
of thromboxane A,. The effects of aspirin are only reversed
when new unaffected platelets enter the circulation, which
occurs every 7 to 14 days. Aspirin also inhibits prostacyc-
lin production in gastric endothelial cells and, therefore,
carries a slightly greater risk for gastric ulcer formation
than the P2Y , inhibitors. A proton pump inhibitor
(PPI), preferably not omeprazole, should be added to pa-
tients with a history of duodenal ulcer or GI bleeding, age
>65 years, or concurrent use of anticoagulants or steroids.
In patients at high risk for gastrointestinal ulceration, the
use of prophylactic proton pump inhibition with aspirin is
safer than clopidogrel alone without a proton pump inhibi-
tor. Aspirin resistance is extremely rare; pseudoresistance,
reflecting delayed and reduced drug absorption, may com-
plicate enteric coated but not immediate release aspirin.?’
The administration of NSAIDs (selective COX-2 or not),
with or without aspirin, is contraindicated due to increased
risk of infarction and myocardial rupture. Aspirin should
not be withheld before elective or non-elective CABG.

P2Y , receptor blockers

Added to aspirin or used instead of it in cases of
aspirin allergy.
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Thienopyridines (ticlopidine,clopidogrel,and prasugrel)
are irreversible P2Y , receptor blockers. Ticagrelor is a
non-thienopyridine reversible P2Y , receptor blocker.
Clopidogrel and prasugrel are ‘pro-drugs’ that require ac-
tivation in the liver via the cytochrome P450 system. Ticagre-
lor is not a pro—drug but requires twice daily dosing owing to
its short half-life. Ticagrelor is now the preferred P2Y , re-
ceptor blocker in UA/NSTEMLI, both by the ESC (2011) and
AACF/AHA (2012) guidelines, especially for patients treated

invasively (Tables 27.4 to 27.7 and Figure 27.2). There is no
antidote for P2Y12 inhibitors.

Ticlopidine, the first of the ADP receptor blockers, is
rarely used in practice because of uncommon, but serious,
side effects (e.g. thrombocytopenia purpura and neutrope-
nia due to bone marrow suppression).

Ticagrelor (loading dose 180 mg po, 90 mg twice daily) is
a cyclopentyltriazolopyrimidine and a reversibly binding
P2Y12 inhibitor, with a plasma half-life of <12 h. It is an

Table 27.2 GRACE prediction score for all-cause mortality at 6 months after an ACS

Risk calculator for 6-month postdischarge mortality after hospitalization for acute coronary syndrome

Record the points for each variable at the bottom left and sum the points to calculate the total risk score. Fine the total score on
the x-axis of the nanogram plot. The corresponding probability on the y-axis is the estimated probability of all-cause mortality

from hospital discharge to 6 months.

Medical history Findings at initial
hospital presentation
@ Age in years Points @ Resting heart rate, Points
<9 0 beats/min
303— 0 <49.9 1
4049 18 50-69.9 3
50-59— 36 70-89.9 9
606955 90-109.9 14
70-79______ 73 110-1499____ 23
80-89__ 81 150-1999____ 35
>90 100 >200— 43
@ History of congestive @ Systolic blood pressure,
Heart failure ————24 mm Hg
(3 History of <799 24
myocardial infarction—12 80-99.9 22
100-1199—— 16
120-1399____ 14
140-1599____ 10
160-199.9 4
>200—— 0
@ ST-Segment Depression__11

Findings
during hospitalization

@ Initial serum Points

creatinline, mg/dL

0-0.39

0.4-0.79

0.8-1.19

1.2-1.59
15-199__
223991
2400000020

U1 O N1 W=

Elevated cardiac
enzymes —— 15
(® No in-hospital
Percutaneous
Coronary invervention__12

Points
0.50 -

0.45 4
0.40 -
0.35 A
0.30
0.25 4
0.20 -
0.15 4
0.10 4
0.05 4

Probability

CICKCICICICICICXC)

Total risk score

Predicted All-Cause mortality from hospital discharge to 6 months

(Sum of points) 0 T

Mortality risk (From plot) 70 90 100

130 150 170 190 210

Total risk score

Eagle KA, et al. A validated prediction model for all forms of acute coronary syndrome: estimating the risk of 6-month postdischarge death in an international

registry. JAMA 2004,291:2727-33

(Continued)
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Table 27.2 (Continued)

THERAPY

ESC GL 2011 GL on UA/NSTEMI. Mortality in hospital and at 6 months in low, intermediate, and high risk categories
in registry populations, according to the GRACE risk score.

Rick category (tertile) GRACE risk score In-hospital death (%)
Low <108 <1
Intermediate 109-140 1-3
High >140 >3
Risk category (tertile) GRACE risk score Post-discharge to 6-month death (%)
Low <88 <3
Intermediate 89-118 3-8
>118 >8

High

Table 27.3 Risk stratification

ACCF/AHA 2012 GL on UA/NSTEMIL. Short-term risk of death or non-fatal Ml in patients with UA/NSTEMI

High risk

Intermediate risk

Low risk

Feature At least one of the following
features must be present:

History Accelerating tempo of ischaemic

symptoms in preceding 48 h

Character of

Prolonged ongoing (>20 min) rest

No high-risk features are present, but patient
must have one of the following:

Prior M, peripheral or cerebrovascular disease,
or CABG
Prior aspirin use

Prolonged (>20 min) rest angina, now resolved,

pain pain with moderate or high likelihood of CAD
Rest angina (>20 min) or relieved with rest or
sublingual NTG
Nocturnal angina
New-onset or progressive CCS class Il or IV
angina in previous 2 wk without prolonged (>20
min) rest pain but with intermediate or high
likelihood of CAD

Clinical Pulmonary oedema, most likely due Age >70y

findings to ischaemia

New or worsening mitral

regurgitation murmur S, or new/

worsening rales Hypotension,
bradycardia, or tachycardia
Age >75y

ECG Angina at rest with transient ST

segment changes >0.5 mm
Bundle branch block, new or
presumed new

Sustained ventricular tachycardia

Cardiac Elevated cardiac TnT, Tnl, or CK-MB

markers (i.e. TnT or Tnl >0.1 ng/mL)

T wave changes

Pathological Q waves or resting ST depression
<1 mm in multiple lead groups (anterior, interior,
lateral)

Slightly elevated cardiac TnT, Tnl, or CK-MB (i.e.
TnT >0.01 but <0.1 ng/mL)

No high- or intermediate-
risk features are present, but
patient may have any of the
following:

Increased angina frequency,
severity, or duration

Angina provoked at a lower
threshold

New-onset angina, with
onset 2 wk to 2 mo before
presentation

Normal or unchanged ECG

Normal

Estimation of the short-term risks of death and non-fatal cardiac ischaemic events in UA or NSTEMI is a complex, multivariable problem that cannot be fully
specified in a table such as this. Therefore, the table is meant to offer general guidance and illustration, rather than rigid algorithms.

CABG indicates coronary artery bypass graft; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; CK-MB, creatine kinase-MB fraction; ECG,
electrocardiogram; M, myocardial infarction; NTG, nitroglycerin; N/A, not available; Tnl, troponin I; TnT, troponin T; and UA/NSTEMI, unstable angina/non-ST

elevation myocardial infarction.

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-elevation

myocardial infarction. J Am Coll Cardiol. 2013;61:179-347.
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Table 27.3 (Continued)

ACCF/AHA 2012 GL on UA/NSTEMI. Recommendations for early risk stratification

A rapid clinical determination of the likelihood risk of obstructive CAD (i.e., high, intermediate, or low) in all patients with chest I-C
discomfort or other symptoms suggestive of an ACS.

Patients who present with chest discomfort or other ischemic symptoms should undergo early risk stratification for the risk of I-C
cardiovascular events (e.g., death or [re] MI) that focuses on history, including anginal symptoms, physical findings, ECG findings, and
biomarkers of cardiac injury.

A 12-lead ECG should be shown to an experienced emergency physician as soon as possible after ED arrival, with a goal of within I-B
10 min of ED arrival for all patients with chest discomfort (or anginal equivalent) or other symptoms suggestive of ACS.

Serial ECGs, initially at 15- to 30-min intervals to detect the potential for development of ST-segment elevation or depression, if the I-B
initial ECG is not diagnostic but the patient remains symptomatic and there is high clinical suspicion for ACS

Cardiac biomarkers in all patients who present with chest discomfort consistent with ACS I-B
A cardiac-specific troponin is the preferred marker in all patients who present with chest discomfort consistent with ACS I-B
Patients with negative cardiac biomarkers within 6 h of the onset of symptoms should have biomarkers remeasured 8 to 12 h after I-B
symptom onset.

The initial evaluation of the patient should include the consideration of noncoronary causes for the development of unexplained symptoms. I-C
Use of risk-stratification models, such as the Thrombolysis In Myocardial Infarction (TIMI) or Global Registry of Acute Coronary Events lla-B

(GRACE) risk score or the Platelet Glycoprotein lib/llla in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) risk
model, can be useful

Remeasure positive biomarkers at 6-to 8-h intervals 2 to 3 times or until levels have peaked, as an index of infarct size and dynamics lla-B

of necrosis

Obtain supplemental ECG leads V7 through V9 in patients whose initial ECG is nondiagnostic to rule out Ml due to left circumflex lla-B

occlusion

Continuous 12-lead ECG monitoring as an alternative to serial 12-lead recordings in patients whose initial ECG is nondiagnostic lla-B
For patients who present within 6 h of the onset of symptoms suggestive of ACS: Ib-B
assessment of an early marker of cardiac injury (e.g., myoglobin) in conjunction with a late marker (e.g., troponin) lIb-B
delta CK-MB mass in conjunction with 2-h delta troponin lIb-B
myoglobin in conjunction with CK-MB mass or troponin when measured at baseline and 90 min

Measurement of B-type natriuretic peptide (BNP) or NT-pro- BNP to supplement assessment of global risk in patients with suspected ACS Ilb-B

Total CK (without MB), aspartate aminotransferase (AST, SGOT), alanine transaminase, beta-hydroxybutyric dehydrogenase, and/or IN-C

lactate dehydrogenase should not be utilized as primary tests for the detection of myocardial injury

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-elevation
myocardial infarction. J Am Coll Cardiol. 2013;61:€179-347.

ESC 2011 GL on UA/NSTEMI. Recommendations for diagnosis and risk stratification

Diagnosis and short-term ischaemic/bleeding risk stratification should be based on a combination of clinical history, symptoms, [-A
physical findings, ECG (repeated or continuous ST monitoring), and biomarkers.

ACS patients should be admitted preferably to dedicated chest pain units or coronary care units. .I»C
Use established risk scores for prognosis and bleeding (e.g. GRACE, CRUSADE). .I»B
A 12-lead ECG within 10 min after first medical contact and immediately read by an experienced physician. Repeat in the case of .I-B
recurrence of symptoms and after 6-9 and 24 h, and before hospital discharge.

Additional ECG leads (V3R, V4R, V7-V9) when routine leads are inconclusive. .I»C
Blood has to be drawn promptly for troponin (cardiac troponin T or I) measurement. The result should be available within 60 min. The .I»A

test should be repeated 6-9 h after initial assessment if the first measurement is not conclusive. Repeat testing after 12-24 h if the
clinical condition is still suggestive of ACS.

A rapid rule-out protocol (0 and 3 h) is recommended when highly sensitive troponin tests are available. Echocardiogram for all I-B
patients to evaluate regional and global LV function and I-C to rule in or rule out differential diagnoses.

Coronary angiography in patients in whom the extent of CAD or the culprit lesion has to be determined. I-C
Coronary CT angiography as an alternative to invasive angiography to exclude ACS when there is a low to intermediate likelihood of lla-B

CAD and when troponin and ECG are inconclusive.

In patients without recurrence of pain, normal ECG findings, negative troponin tests, and a low-risk score, a non-invasive stress test [-A
for inducible ischaemia is recommended before deciding on an invasive strategy.

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.
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Table 27.4 Medical therapy of UA/NSTEMI

ACCF/AHA 2012 GL on UA/NSTEMI. Anti-ischaemic and analgesic therapy

0, (if Sa0, <90%) I-B
Bed/chair rest with continuous ECG monitoring 1-C
0, (first 6 h) la-C
Nitroglycerin sublingual (0.4 mg evey 5 min, up to three doses) .|-C
Morphine sulfate IV in uncontrolled ischemic chest discomfort despite NTG, provided that additional therapy is used to manage the .Ila—B
underlying ischemia

Nitrates IV for persistent ischaemia, heart failure, or hypertension .|-B
Nitrates in SBP <90 mmHg (=30 mmHg below baseline), <50 bpm, >100 bpm without asymptomatic HF, or RV infarction Ii-C
Nitrates within 24 h of sildenafil or 48 h of tadalafil use (time after vardenafil not determined) .”|*C
Beta blockers orally if no signs of acute heart failure or a low-output state, increased risk for cardiogenic shock, PR interval >0.24 s, .|‘B

2nd or 3rd AV block, active asthma, or reactive airway disease

Beta blockers IV if no signs of acute heart failure or a low-output state, increased risk for cardiogenic shock, PR interval >0.24 s, 2nd or .Ila-B
3rd AV block, active asthma, or reactive airway disease

Beta blockers IV in HF or low-output state, other risk factors for cardiogenic shock or other contraindications .”|-A
Non-dihydropyridines calcium channel blockers in recurrent ischaemia, no LV dysfunction, and contraindication of beta blockers .|'B
Non-dihydropyridines calcium channel blockers in recurrent ischaemia, after beta blockers and nitrates have been used. .Ila-C
Extended release non-dihydropyridines calcium channel blockers .Ilb—B
Immediate release dihydropyridines calcium channel blockers with beta blockers for ongoing ischaemia or hypertension .Ila-C
Immediate release dihydropyridines calcium channel blockers without beta blockers .|||>A
ACELlin LVEF <40% or pulmonary congestion .I-A
ARB in LVEF <40% or pulmonary congestion and ACEI intolerance 1A
ACEl in all patients .IIA—B
Intravenous ACEI (possible exception patients with refractory hypertension) 1I-B
Intra-aortic balloon pump counterpulsation .IIa—C
NSAIDs, whether non-selective or COX-2-selective, should be discontinued .|’C

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-
elevation myocardial infarction. / Am Coll Cardiol. 2013;61:e179-347.

ESC 2011 GL on UA/NSTEMI

Anti-ischaemic drugs

Oral or IV nitrates for angina in recurrent angina and/or HF .|-C

Oral beta blockers in LV dysfunction .|-B
Patients on beta blockers should continue unless in Killip class >Ill .|‘B
Calcium channel blockers in recurrent ischaemia, despite nitrates and beta blockers (dihydropyridines), or in contraindication of beta 18
blockers (benzothiazepines or phenylethylamines)

Calcium channel blockers in vasospastic angina 18

IV beta blockers if Killip class <lll, hypertension, and/or tachycardia lla-C
Nifedipine or other dihydropyridines without beta blockers 1I-B

(Continued)
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Table 27.4 (Continued)

Secondary prevention

Beta blockers in all patients with LVEF <40% -A
ACE inhibitors within 24 h in all patients with LVEF <40% and in patients with heart failure, diabetes, hypertension, or CKD, unless -A
contraindicated

ACE inhibitors for all other patients to prevent recurrence of ischaemic events, with preference given to agents and doses of proven efficacy I-B
ARBs patients who are intolerant to ACE inhibitors, with preference given to agents and doses of proven efficacy -B
Aldosterone blockade with eplerenone in patients after Ml who are already being treated with ACE inhibitors and beta blockers and -A
who have an LVEF <35% and either diabetes or heart failure, without significant renal dysfunction (serum creatinine >221 pmol/L

[>2.5 mg/dL] for men and >177 umol/L [>2.0 mg/dL] for women) or hyperkalaemia

Statin therapy with target LDL-C levels <1.8 mmol/L (<70 mg/dL) initiated early after admission I-B

active drug (clopidogrel and prasugrel are pro-active drugs)
and has been shown to reduce mortality in ACS compared
to clopidogrel without increased bleeding (PLATO trial).”
Ticagrelor increases levels of drugs metabolized through
CYP3A, such as simvastatin, whilst moderate CYP3A in-
hibitors, such as diltiazem, increase the levels and reduce
the speed of offset of the effect of ticagrelor. Ventricular
pauses, mostly in the acute phase of ACS due to sinus node
suppression, and mild dyspnoea without any adverse effect
on cardiac or pulmonary function may be seen and are be-
lieved to be adenosine-mediated.” They are of no clinical
significance,” and higher adenosine levels induced by tica-
grelor probably contribute to its efficacy. A lack of efficacy
among American patients and a probable reduced effect in
co-administration with high-dose aspirin (325 mg as op-
posed to 75 mg, attributed to increased vascular resistance
through inhibition of cyclooxygenase within blood vessels)
are probably not matters of concern.*** A slightly greater
increase in serum creatinine was seen in the PLATO trial
with ticagrelor compared with clopidogrel, but the differ-
ence was no longer apparent 1 month after cessation of
treatment. Rates of gastrointestinal disturbance and rash
are similar with ticagrelor compared with clopidogrel.?
Ticagrelor, compared with clopidogrel, was associated
with similar total major bleeding but increased non-pro-
cedure-related major bleeding.”® Patients with acute coro-
nary syndrome with a prior history of ischaemic stroke or
TIA have higher rates of adverse cardiac events and stroke,
and ticagrelor may be preferable to clopidogrel.’
Clopidogrel (loading dose 300-600 mg po followed by
75 mg/day, starting on presentation) is recommended for
up to 1 year (CURE trial).”® A higher dose 150 mg/daily
may be used for the first 7 days in patients who had a
loading dose of 600 mg for PCI, provided that the risk of
bleeding is low.

There is a high degree of clopidogrel response variabil-
ity related to genetic and non-genetic factors. Binding of

metabolized clopidogrel to platelet adenosine diphosphate
(ADP) receptors on the platelet surface is catalyzed mainly
by the cytochrome enzyme CYP2C19. Loss-of-function
polymorphisms in the gene encoding for CYP2C19 are
associated with a reduced response to clopidogrel (2-14%
of patients) and a potentially increased risk of adverse
cardiovascular events.*** However, among patients with
acute coronary syndromes or atrial fibrillation, the effect
of clopidogrel, as compared with placebo, has been found
consistent, irrespective of CYP2C19 loss-of-function car-
rier status.’*> Other genetic variations, such as the ABCB1
3435 TT genotype, may also affect the pharmacokinetics
and clinical efficacy of clopidogrel.’? Platelet function as-
says can measure the effect of ADP or P2Y12 activation
on platelet aggregation, receptor expression, or the level of
intracellular molecules (e.g. vasodilator-stimulated phos-
phoprotein phosphorylation), thereby directly or indirectly
measuring the platelet inhibitory effect of clopidogrel. In
practice, three categories of tests are commercially avail-
able: aggregation-based tests (light transmission or imped-
ance platelet aggregometry), shear-dependent tests, and
flow cytometry tests.”® CYP2C19 genotyping is possible
only in specialty laboratories and requires several days to
deliver results. There is now insufficient evidence to rec-
ommend either routine genetic or platelet function testing
at the present time (ACC/AHA 2012 IIb-B/C, ESC 2001
IIb-B). In the ARCTIC trial, bedside platelet reactivity
testing with treatment adjustment (additional IV aspirin
or adding a IIb/IIIa antagonist) did not improve outcomes
compared to standard antiplatelet therapy.** Higher clopi-
dogrel maintenance (150 mg) doses have not improved
outcome in patients with higher residual platelet reactivity
that defined poor response.’®* Ticagrelor is probably the
alternative in high-risk patients with poor response (i.e.
patients with stent thrombosis while taking clopidogrel)
since insufficient platelet inhibition may also occur with
prasugrel.”
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Table 27.5 ACCF/AHA 2012 on UA/NSTEMI. Antiplatelet

and anticoagulant therapy

All patients

Aspirin 162-325 mg chewed, as soon as possible and then
indefinitely in patients who tolerate it

A loading dose, followed by daily maintenance dose of
clopidogrel, or

Prasugrel* (in PCl-treated patients), or

Ticagrelort in patients who are unable to take aspirin
because of hypersensitivity or major Gl intolerance despite
PPIs

In patients at low risk for ischaemic events (e.g. TIMI risk
score <2) or at high risk of bleeding and who are already
receiving aspirin and a P2Y12 receptor inhibitor, upstream
GP lib/llla inhibitors are not recommended

Anticoagulant therapy should be added to antiplatelet
therapy as soon as possible

I-A

I-C
I-C

lI-B

I-A

THERAPY
Discontinue IV GP lIb/llla inhibitor if started previously ‘I»A
Continue UFH for 48 hours, or ‘I»A
Enoxaparin for the duration of hospitalization, up to ‘I-A
8 days, or
Fondaparinux for the duration of hospitalization, up to ‘I»B
8 days
All patients:
LVEF should be measured ‘I-B
If LVEF is <0.40, perform diagnostic angiography ‘Ila—B
If LVEF is >0.40, perform stress testing ‘Ila»B

Medical therapy is selected as a management strategy and
coronary artery disease was found on angiography

Initial conservative (i.e. non-invasive) strategy is selected

Enoxaparin or UHF, or
Fondaparinux
Fondaparinux in increased risk of bleeding

Enoxaparin or fondaparinux preferable to UFH, unless
CABG is planned within 24 h

Clopidogrel or ticagrelort (loading dose, followed by daily
maintenance dose) added to aspirin and anticoagulant as
soon as possible and for up to 12 months

In recurrent symptoms/ischaemia, heart failure, or serious
arrhythmias

Diagnostic angiography with

IV GP lIb/llla inhibitor (eptifibatide or tirofiban), or
Clopidogrel, or

Ticagrelort

Added to aspirin and anticoagulant therapy before
angiography (upstream)

If recurrent ischaemic discomfort with aspirin, a P2Y12
receptor inhibitor (clopidogrel or ticagrelor), and
anticoagulant therapy, add lib/llla inhibitor

Omit lib/llla inhibitor if bivalirudin is selected and at least
300 mg of clopidogrel was administered at least 6 hours
earlier than planned PCI

Routine addition of eptifibatide or tirofiban to
anticoagulant and oral antiplatelet therapy

Abciximab if PCl is not planned

No subsequent features that necessitate diagnostic
angiography

Stress test should be performed

High-risk patient:

Diagnostic angiography

Low-risk patient or no stress test performed:
Aspirin indefinitely

Clopidogrel or ticagrelor for up to 12 months

I-A
‘I—B
‘I—B
‘IIa—B

T
@

‘I—A
‘I—A
‘I—B
‘I-B
‘I—C

lla-C
lla-B

‘IIb—B

l-A

I-A
I-B

Continue aspirin I-A
Loading dose of clopidogrel or ticagrelor* if not given I-B
before diagnostic angiography

Discontinue IV GP lIb/llla inhibitor if started previously I-B
Continue IV UFH for at least 48 hours or until discharge if I-A
given before diagnostic angiography**

Continue enoxaparin for duration of hospitalization, up I-A
to 8 days

Continue fondaparinux for duration of hospitalization, up I-B
to 8 days

Either discontinue bivalirudin or continue at a dose of 0.25 I-B

mg/kg per hour for up to 72 hours

Evidence of coronary atherosclerosis is present (e.g.
luminal irregularities or intravascular ultrasound-
demonstrated lesions), albeit without flow-limiting
stenosis

Long-term treatment with aspirin and other secondary I-C
prevention measures should be prescribed

Antiplatelet and anticoagulant therapy should be I-C
administered at the discretion of the clinician

Invasive therapy is selected

Enoxaparin or UHF, or I-A
Bivalirudin, or ‘I-B
Fondaparinux (together with UFH or enoxaparin) ‘I-B
Dual antiplatelet therapy on presentation for patients at ‘I-A

medium or high risk

One of the following should be added to aspirin as early

as possible:

Clopidogrel 600 mg, or ‘I»B/A
Ticagrelor 180 mg,t or ‘I»B
IV GP lib/llla inhibitor ‘I-A
IV eptifibatide and tirofiban are the preferred GP lib/llla ‘I-B
inhibitors, or

Prasugrel 60 mg (at time of definitive PCl and not later ‘I»B

than 1 hour)*

(There are no data for therapy with two concurrent P2Y12
receptor inhibitors, and this is not recommended in the
case of aspirin allergy)

(Continued)
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Table 27.5 (Continued)

Omit lIb/llla if bivalirudin was used and at least 300
mg clopidogrel were given at least 6 h earlier than
angiography or PCI

If PCl is selected postangiography, IV GP llb/llla inhibitor
(abciximab, eptifibatide, or tirofiban) if not started before
diagnostic angiography, particularly for troponin-positive
and/or other high-risk patients

Upstream lIb/llla inhibitors in patients already receiving
aspirin and a P2Y12 receptor inhibitor (clopidogrel or
ticagrelor) and high-risk (elevated troponin levels, diabetes,
or significant ST segment depression, and not at high risk
for bleeding)

Loading dose of clopidogrel of 600 mg, followed by a
higher maintenance dose of 150 mg daily for 6 days, then
75 mg daily if not high-risk for bleeding

Prasugrel* 60 mg before definition of coronary anatomy if
both the risk for bleeding is low and the need for CABG is
considered unlikely

In patients with prior history of stroke and/or TIA for
whom PCl is planned, prasugrel* is potentially harmful as
part of a dual antiplatelet therapy regimen

Post-PCl management
Continue aspirin indefinitely
After PCl, 81 mg aspirin dose is preferred to higher doses

Loading dose of a P2Y12 receptor inhibitor if not started
before diagnostic angiography

Either clopidogrel 75 mg od, prasugrel* 10 mg

od, or ticagrelort90 mg bd should be given for at
least 12 months after DES and up to 12 months after
BMS

If the risk of morbidity, because of bleeding, outweighs the
anticipated benefit of P2Y12 receptor inhibitors, earlier
discontinuation should be considered

Discontinue anticoagulant therapy after PCI for
uncomplicated cases

Omit administration of an IV GP lib/llla inhibitor if
bivalirudin was selected as the anticoagulant and at least
300 mg of clopidogrel was administered at least 6 hours
earlier

CABG is selected as a post-angiography management strategy
1. Continue aspirin

2. P2Y12 receptor inhibitor is discontinued for at least

5 days for clopidogrel

5 days for ticagrelor*

7 days for prasugrelt

Unless the need for revascularization and/or the net
benefit of the P2Y 12 receptor inhibitor outweighs the
potential risks of excess bleeding

3. Discontinue IV GP lib/llla inhibitor (eptifibatide or
tirofiban) 4 hours before CABG

lla-B

lla-A
IIb-B
IIb-B

Ib-C

II-B

I-A
lla-B

I-A

I-C

lla-B

I-C

I-C

I-C

Continue UFH 4. Anticoagulant therapy: I-B
Discontinue enoxaparin 12 to 24 hours before CABG, and I-B
dose with UFH per institutional practice

Discontinue fondaparinux 24 hours before CABG, and I-B
dose with UFH per institutional practice

Discontinue bivalirudin 3 hours before CABG, and dose I-B
with UFH per institutional practice

All patients (and long-term therapy)

If the risk of morbidity, because of bleeding, outweighs the I-C
anticipated benefit of P2Y12 receptor inhibitors, earlier
discontinuation should be considered

Platelet function testing to determine platelet inhibitory lIb-B
response on P2Y12 if results of testing may alter

management

Genotyping for a CYP2C19 loss of function variant on Ib-C
P2Y12 if results of testing may alter management

In indication for anticoagulation, warfarin with an INR of Ib-B
2.0-3.0

Continuation of a P2Y12 receptor inhibitor beyond Ib-C
12 months in patients following DES placement

Dipyridamole is not recommended as an antiplatelet agent 11-B
post-UA/NSTEMI

IV fibrinolytic therapy is not indicated in patients without IN-A
acute ST segment elevation, a true posterior MI, or a

presumed new left bundle branch block

+ The recommended maintenance dose of aspirin to be used with ticagrelor
is 81 mg daily. The benefits of ticagrelor were observed, irrespective of prior
therapy with clopidogrel. Issues of patient compliance may be especially
important. Consideration should be given to the potential, and as yet
undetermined, risk of intracranial haemorrhage in patients with prior stroke
or TIA.

* Patients weighing <60 kg have an increased exposure to the active
metabolite of prasugrel and an increased risk of bleeding on a 10 mg

once daily maintenance dose. Consideration should be given to lowering
the maintenance dose to 5 mg in patients who weigh <60 kg, although
the effectiveness and safety of the 5 mg dose have not been studied
prospectively. For post-PCl patients, a daily maintenance dose should be
given for at least 12 months for patients receiving DES and up to 12 months
for patients receiving BMS, unless the risk of bleeding outweighs the
anticipated net benefit afforded by a P2Y 12 receptor inhibitor. Do not use
prasugrel in patients with active pathological bleeding or a history of TIA

or stroke. In patients aged =75y, prasugrel is generally not recommended
because of the increased risk of fatal and intracranial bleeding and uncertain
benefit, except in high-risk situations (patients with diabetes or a history

of prior MI), in which its effect appears to be greater and its use may be
considered. Do not start prasugrel in patients likely to undergo urgent CABG.
Additional risk factors for bleeding include body weight <60 kg, propensity
to bleed, and concomitant use of medications that increase the risk of
bleeding (e.g. warfarin, heparin, fibrinolytic therapy, or chronic use of non-
steroidal anti-inflammatory drugs).

** There is an increased risk of heparin-induced thrombocytopenia with UFH
therapy beyond 48 h.

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007
Guidelines for the management of patients with unstable angina/non-ST-
elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e179-347.
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THERAPY
Table 27.6 ESC 2011 on UA/NSTEMI
Oral antiplatelet agents
Aspirin to all patients without contraindications (loading dose of 150-300 mg, followed by 75-100 mg od long-term). I-A
A P2Y12 inhibitor added to aspirin as soon as possible and maintained over 12 months, unless contraindications, such as excessive I-A
risk of bleeding.
A proton pump inhibitor (preferably not omeprazole), in combination with dual oral antiplatelet therapy (DAPT) in history of I-A
gastrointestinal haemorrhage or peptic ulcer or multiple other risk factors (Helicobacter pylori infection, age >65 years, concurrent
use of anticoagulants or steroids).
Prolonged or permanent withdrawal of P2Y, inhibitors within 12 months is discouraged, unless clinically indicated. I-C
Ticagrelor (180 mg loading dose, 90 mg bd) in moderate to high risk of ischaemic events (e.g. elevated troponins), regardless of initial I-B
treatment strategy and including patients pre-treated with clopidogrel (which should be discontinued when ticagrelor is commenced).
Prasugrel (60 mq loading dose, 10 mg od) for P2Y,, inhibitor-naive patients (especially diabetics) in whom coronary anatomy is known I-B
and who are proceeding to PCl, unless there is a high risk of life-threatening bleeding or other contraindications.*
Clopidogrel (300 mg loading dose, 75 mg od) for patients who cannot receive ticagrelor or prasugrel. I-A
A 600 mg loading dose of clopidogrel (or a supplementary 300 mg dose at PCl following an initial 300 mg loading dose) for patients I-B
scheduled for an invasive strategy when ticagrelor or prasugrel is not an option.
A maintenance dose of clopidogrel 150 mg daily for the first 7 days in patients managed with PCl and without increased risk of bleeding. lla-B
In patients pre—treated with P2Y12 inhibitors who need to undergo non-emergent major surgery (including CABG), surgery for, at lla-C
least, 5 days after cessation of ticagrelor or clopidogrel and 7 days for prasugrel, if clinically feasible and unless the patient is at high
risk of ischaemic events.
Ticagrelor or clopidogrel should be considered to be (re-) started after CABG surgery as soon as considered safe. lla-B
Increasing the maintenance dose of clopidogrel based on platelet function testing is not advised as routine but may be considered in Ib-B
selected cases.
Genotyping and/or platelet function testing may be considered in selected cases when clopidogrel is used. IIb-B
The combination of aspirin with an NSAID (selective COX-2 inhibitors and non-selective NSAID) is not recommended. NI-C
GP llb/llla receptor inhibitors
The choice of combination of oral antiplatelet agents, a GP lIb/llla receptor inhibitor, and anticoagulants should be made in relation to I-C
the risk of ischaemic and bleeding events.
Addition of a GP lIb/llla receptor inhibitor to DAPT for high-risk PCI (elevated troponin, visible thrombus) if the risk of bleeding is low. I-B
Eptifibatide or tirofiban added to aspirin prior to angiography in high-risk patients not preloaded with P2Y,, inhibitors. lla-C
Eptifibatide or tirofiban prior to early angiography in addition to DAPT in high-risk patients if ongoing ischaemia and low risk of bleeding. Ib-C
GP IIb/llla receptor inhibitors are not recommended routinely before angiography in an invasive treatment strategy. I-A
GP IIb/llla receptor inhibitors are not recommended for patients on DAPT who are treated conservatively. I-A
Anticoagulants
Anticoagulation is recommended for all patients in addition to antiplatelet therapy. I-A
Should be selected according to both ischaemic and bleeding risks and according to the efficacy-safety profile. I-C
Fondaparinux (2.5 mg SC od) as having the most favourable efficacy-safety profile with respect to anticoagulation. I-A
If the initial anticoagulant is fondaparinux, a single bolus of UFH (85 1U/kg, adapted to ACT, or 60 IU in the case of IIb/llla receptor I-B
inhibitors) should be added at the time of PCI.
Enoxaparin (1 mg/kg bd) when fondaparinux is not available. I-B
If fondaparinux or enoxaparin are not available, UFH, with a target aPTT of 50-70 s, or other LMWHs at the specific recommended I-C
doses are indicated.
Bivalirudin plus provisional GP lIb/llla receptor inhibitors as an alternative to UFH plus GP lib/llla receptor inhibitors in patients with an I-B
intended urgent or early invasive strategy, particularly in patients with a high risk of bleeding.
In a conservative strategy, anticoagulation should be maintained up to hospital discharge. I-A
Discontinuation of anticoagulation after an invasive procedure, unless otherwise indicated. lla-C
Crossover of heparins (UFH and LMWH) is not recommended. III-B

*: Prasugrel is in the ESC 2010 GL on revascularrization given a lla recommendation as the overall indication including clopidogrel-pre-treated patients and/or

unknown coronary anatomy. The class | recommendation here refers to the specifically defined subgroup.

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.
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Table 27.7 ESC 2011 GL on UA/NSTEMI. Antiplatelet agents

Clopidogrel Prasugrel Ticagrelor
Class Thienopyridine Thienopyridine Triazolopyrimidine
Reversibility Irreversible Irreversible Reversible
Activation Pro-drug, limited by metabolization Pro-drug, not limited by metabolization Active drug
Onset of effect? 2-4h 30 min 30 min
Duration of effect 3-10 days 5-10 days 3-4 days
Withdrawal before major surgery 5 days 7 days 5 days

250% inhibition of platelet aggregation.

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

Checklist of treatments when an ACS diagnosis appears likely

Aspirin

P2Y12 inhibitor Loading dose of ticagrelor or clopidogrel®

Anticoagulation
# Fondaparinux 2.5 mg/daily SC

& Enoxaparin 1 mg/kg twice daily SC

Initial dose of 150-300 mg non-enteric formulation, followed by 75-100 mg/day (IV administration is acceptable)

Choice between different options depends on strategy:

& UFH IV bolus 60-70 IU/kg (maximum 5000 IU), followed by infusion of 12-15 1U/kg/h (maximum 1000 1U/h),

titrated to aPTT 1.5-2.5 x control

# Bivalirudin is indicated only in patients with a planned invasive strategy

Oral beta blocker

If tachycardic or hypertensive without signs of heart failure

aPTT, activated partial thromboplastin time; U, international units; IV, intravenous; UFH, unfractionated heparin.
2 Prasugrel is not mentioned, as it is not approved as medical therapy before invasive strategy, but only after angiography when anatomy is known.
ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

Checklist of antithrombotic treatments prior to PCI

Aspirin
P2Y12 inhibitor

Confirm loading dose prior to PCI

Confirm loading dose of ticagrelor or clopidogrel prior to PCI.

If P2Y12-naive, consider prasugrel (if <75 years age, >60 kg, no prior stroke or TIA)

Anticoagulation

# Fondaparinux pre-treated: add UFH for PCI

# Enoxaparin pre-treated: add if indicated
® UFH pre-treated: titrate to ACT >250 s or switch to bivalirudin (0.1 mg/kg bolus, followed by 0.25 mg/kg/h)

GP lIb/llla receptor inhibitor

& Consider tirofiban or eptifibatide in patients with high-risk anatomy or troponin elevation

# Abciximab only prior to PCl in high-risk patients

ACT, activated clotting time; GP, glycoprotein; PCl, percutaneous coronary intervention; TIA, transient ischaemic attack; UFH, unfractionated heparin.
ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

Omeprazole (and especially lansoprazole) are proton
pump inhibitors that also inhibit the cytochrome enzyme
CYP2C19. Pantoprazole, that inhibits the enzyme less
than omeprazole, should lessen the risk when taken 4 h
after clopidogrel.®® However, in clinical trials, the com-
bination of clopidogrel with proton pump inhibitors has
not increased cardiac events.”**’ Thus, the combination of
clopidogrel with a proton pump inhibitor is now consid-
ered safe and should not be avoided in patients who are
at increased risk of gastrointestinal bleeding.* PPIs may
potentiate VKA-induced anticoagulation, resulting in

increased INR values and bleeding risk, most likely due
to facilitated gastric absorption of warfarin; thus care-
ful monitoring is required.*’ PPIs may also be with in-
creased risk for adverse cardiovascular outcomes after
discharge, regardless of clopidogrel use for myocardial
infarction.* In a PLATO substudy, a similar association
was observed between cardiovascular events and PPI use
during ticagrelor treatment as with clopidogrel treatment
(see Clopidrogrel). This suggests that PPI use is a marker
for, rather than a cause of, higher rates of cardiovascular
events in sicker patients who need a PP1.** A diminished
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pharmacodynamic response to clopidogrel has also been
observed when co-administered with lipophilic statins
and calcium channel blockers, but, in clinical practice, no
increased cardiovascular risk has been demonstrated with
these combinations.** Clopidogrel metabolites can in-
hibit enzymatic activity of cytochrome P4502C9 and lead
to increased plasma levels of NSAIDs.

Clopidogrel hypersensitivity is manifested as general-
ized exanthema and is caused by a lymphocyte-mediated
delayed hypersensitivity in most patients. This can be man-
aged with oral steroids (prednisolone 30 mg bd for 5 days,
with gradual tapering over the next 15 days, and diphenhy-
dramine 25 mg every 8 h for pruritus) without clopidogrel
discontinuation.”” Allergenic cross-reactivity with ticlopi-
dine, prasugrel, or both is present in a significant number
of patients with clopidogrel hypersensitivity.

Although clopidogrel should be stopped ideally 5 days
before CABG, if needed, CABG can be performed in pa-
tients on clopidogrel.*®
Prasugrel (60 mg loading dose, then 10 mg od) is more
consistent than clopidogrel, with faster onset of action and
fewer potential drug interactions. It has been shown to be
better than clopidogrel in patients with NSTEACS, par-
ticularly in those with diabetes, for reducing adverse car-
diac events and late stent thrombosis, but at an increased
risk of major bleeding (TRITON-TIMI 38 trial).*” The rate
of other adverse effects in the TRITON study was similar
with prasugrel and clopidogrel. Thrombocytopenia oc-
curred at the same frequency in each group (0.3%) while
neutropenia was less common with prasugrel (<0.1% vs
0.2%; p = 0.02). In patients who do not undergo revascu-
larization, prasugrel does not significantly reduce mortality
and myocardial infarction, as compared with clopidogrel
(TRILOGY ACS).*® Concerns have been raised regarding
a possible increased risk of cancer with prasugrel. Platelets
inhibit angiogenesis through the activity of platelet factor
4 and facilitate tumour cell adhesion and trapping in capil-
laries through the expression of P-selectin. Disruption of
tumour platelet aggregates by chronic profound oral plate-
let inhibition may cause extensive dissemination of ini-
tially silent tumours. A recent FDA report concluded that
cancer risks after prasugrel are higher in women and after
4 months of therapy, at least, for solid, highly metastatic
cancers.” Further data are needed for certain conclusions.
It can be used instead of clopidogrel in patients undergo-
ing PCI in a 60 mg loading dose followed by 10 mg daily or
5 mg if patient has a weight <60 kg. Not recommended in
patients >75 years or if the risk of CABG is high. Contrain-
dicated in patients with a history of TIA/stroke. According
to the 2012 ACCF/AHA guideline, prasugrel should not
be administered routinely to patients with UA/NSTEMI
before angiography, such as in an emergency department,
or used in patients with UA/NSTEMI who have not un-
dergone PCIL.
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Cangrelor, is an IV, fast-acting, P2Y , inhibitor (30 pg/kg
bolus followed by an infusion of 4 ug/kg for atleast 2h) that
given before clopidogrel 600 mg, has been found superior
to clopoidogrel alone for PCI.* Its comparative efficacy to
drugs such as prasugrel or ticagrelor is not known.
Cilostazol, a selective inhibitor of 3-type phosphodieste-
rase, is commonly used in East Asia as an antiplatelet agent
but, outside of peripheral arterial disease, has not found
wider acceptance in western populations due to side ef-
fects, cost considerations, and lack of definitive evidence
of its efficacy. It is recommended (100 mg po bd) for the
pharmacological treatment of intermittent claudication in
patients with peripheral artery disease (Class I-A, ACCF/
AHA 2011 GL on peripheral disaese™).

Glycoprotein IIb/IITa antagonists Glycoprotein IIb/
IIIa receptor inhibitors block the final common pathway
of platelet activation. Abciximab is a Fab fragment that
targets the glycoprotein IIb/I1la receptor and may be spe-
cifically used in percutaneous coronary intervention. The
small molecule inhibitors eptifibatide and tirofiban are
short-acting and require dose adjustment in patients with
poor renal function. They are now the recommended
agents in UA/NSTEMI when a IIb/IIIa is indicated; ab-
ciximab may be used only in high-risk patients undergo-
ing PCL. In elderly patients, lower efficacy and higher rates
of bleeding are seen. IIb/ITa anatagonists initiated early
after admission reduce death and myocardial infarction
but increase the risk of bleeding.** Most studies, however,
have been conducted without the use of clopidogrel or new
P2Y , receptor blockers.

The benefits of GP IIb/IIla inhibition are probably
greater for high-risk patients with elevated troponin, dia-
betes, and recurrent angina. Patients treated medically and
who develop recurrent ischaemia, heart failure, or serious
arrhythmias should be referred for urgent coronary an-
giography. In these patients, IIb/IIA antogonists may be
added to dual antiplatelet therapy and heparin. The main
risk is bleeding, usually at the site of the arterial puncture.
They should be given with caution if urgent CABG is an-
ticipated. Reversibility of action is slow with abciximab (48
h to 1 week) and faster with tirofiban (4-8 h) and eptifi-
batide (2-4 h).

They may also be used, instead of clopidogrel loading,
on presentation or in addition to dual antiplatelet therapy
and heparin in:

o High-risk patients with recurrent symptoms despite
dual antiplatelet therapy and heparin or elevated tro-
ponin or visible thrombus.

+ High-risk patients proceeding to angiography.

+ Eptifibatide dose: 1V bolus 180 micrograms/kg, fol-
lowed 10 min later by second IV bolus 180 micro-
grams/kg, and infusion 2.0 micrograms/kg/min,
started after first bolus, for 12-18 h; reduce infusion
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Diagnosis of UA/NSTEMI is Likely or Define

A

ASA (Class |, LOE: A)*

v
Select Management Strategy
v v
Initial Conservative Strategy or Unknown Invasive Strategy+
. Initiate anticoagulant therapy (Class I, LOE: A)t

Initiate anticoagulant therapy (Class I, LOE: A) Acceptable options include
Acceptablg options include eEnoxaparin or UFH (Class |, LOE: A)
*Enoxaparin or UFH (Class |, LOE: A) eBivalirudinUFH (Class lla, LOE: B)
eFondaparinux (Class |, LOE: B) eFondaparinux (Class |, LOE: B)t
eEnoxaparin or fondaparinux preferred over UFH
(Class lla, LOE: B) v

Precatheterization: Add second antiplatelet agent (Class |,

LOE: A)§

eClopidogrel or ticagrelor (Class I, LOE: B) or
oGP IIb/llla inhibitor (Class I, LOE: A)

A 4
Initiate clopidogrel or ticagrelor o(IV eptifibatide or tirofiban preferred)
(Class I, LOE: B)

Next step per triage decision at angiography

v v
CABG: PCI: Medical Therapy:
Maintenance ASA Class I: D/C GP IIB/llla
(Class I, LOE: A) eClopidogrel (LOE: A) or ticagrelor inhibitors if begun
(LOE: B) (if not begun and give
ePrecatheterization) or clopidogrel or
°Se|ective|y, a GP lib/lla inhibitor ticagre|or per
(if not begun precatheterization) conservative
(LOE: A) strategy

Figure 27.2 ACCF/AHA 2012 GL on UA/NSTEMI. Flowchart for Class | and Class lla Recommendations for Initial
Management of UA/NSTEMI

*A loading dose followed by a daily maintenance dose of either clopidogrel (LOE: B), prasugrel (in PCl-treated patients), or ticagrelor (LOE: C) should be
administered to UA/NSTEMI patients who are unable to take ASA because of hypersensitivity or major Gl intolerance.

+If fondaparinux is used during PCI (I-B), it must be coadministered with another anticoagulant with Factor lla activity (i.e., UFH).

+Timing of invasive strategy generally is assumed to be 4 to 48 h. If inmediate angiography is selected, see STEMI guidelines.

§Precatheterization triple antiplatelet therapy (ASA, clopidogrel or ticagrelor, GP inhibitors) is a llb-B recommendation for selected high-risk patients.
Also, note that there are no data for therapy with 2 concurrent P2Y 12 receptor inhibitors, and this is not recommended in the case of aspirin allergy.
LOE: level of evidence.

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-elevation
myocardial infarction. J Am Coll Cardiol. 2013;61:€179-347.

by 50% in patients with estimated creatinine clear- dose adjustment in the case of renal failure. Careful
ance <50 mL/min. Eptifibatide is contraindicated in evaluation of haemorrhagic risk is needed before
patients with CrCl <30 mL/min. using the drug in the case of renal failure.

& Tirofiban dose: IV bolus of 25 micrograms/kg, and i
then infusion of 0.15 micrograms/kg/min for up to Anticoagulants
18 h; reduce infusion by 50% in patients with esti- A low molecular weight heparin (such as enoxaparin) or
mated creatinine clearance <30 mL/min. unfractionated heparin is given as soon as possible (Ta-
o Abciximab dose: IV bolus 0.25 mg/kg, followed by bles 27.5 and 27.6).
infusion 0.125 micrograms/kg/min (max 10 micro- Unfractionated heparin (UFH) is a heterogeneous group
grams/min) for 12 h after PCIL. There are no specific of negatively charged, sulfated glycosaminoglycans (mo-

recommendations for the use of abciximab or for lecular weight 3000 to 30 000 Da) from animal sources.
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Figure 27.3 Tissue factor pathway: initiation of coagulation is triggered by the tissue factor/factor Vila complex (TF/

Vlla), which activates factor IX (IX) and factor X (X). Contact activation pathway: initiation of coagulation is triggered
by activation of factor Xl (Xlla), which activates factor XI (Xla). Factor Xla activates factor IX, and activated factor IX (IXa)
propagates coagulation by activating factor X in a reaction that utilizes activated factor VIII (Villa) as a cofactor. Activated
factor X (Xa), with activated factor V (Va) as a cofactor, converts prothrombin (Il) to thrombin (lla). Thrombin then converts
fibrinogen to fibrin. UFH targets steps in both the contact activation pathway (inactivates Xla and Xlla) and tissue factor
pathway (inactivates [Xa, Xa, and Ila). Bivalirudin is cleaved by thrombin, thereby reducing its antithrombotic activity.
Fondaparinux modulates the tissue factor pathway by inactivating factor Xa. LMWH also modulates the tissue factor
pathway by inactivating factor Xa and, to a lesser degree, factor lla. LMWH exerts weak activity against the contact
activation pathway. P indicates phospholipid surface; TF, tissue factor.

Hirsh J, et al. Beyond unfractionated heparin and warfarin: current and future advances. Circulation. 2007;116:552-60

Low molecular weight heparins (LMWHSs; molecular
weight 2000 to 10 000 Da) are produced from unfraction-
ated heparin by chemical or enzymatic processes. UFH
activates antithrombin through the formation of a heparin-
antithrombin complex that inhibits other coagulation fac-
tors.” The protein-binding properties of heparin are mainly
responsible for the lack of linear relationship between dose,
activated partial thromboplastin time (aPTT), and clinical
outcomes. There is a variable therapeutic response, depend-
ing on age, weight, and renal function, and also a require-
ment for aPTT monitoring. Elimination of the drug is
mainly by the kidneys (and the reticuloendothelial system)
and the half-life is approximately 6 hours.

o Dose for conservative therapy: IV bolus 60 U/kg (max
5000 U), followed by infusion of 12 U/kg/h (max 1000
U/h) to maintain aPTT 1.5-2 times control (50-70 s)
for 48 h.

@ Dose for PCI: 1V bolus of 50-70 U/kg, if not initially
given, targeting ACT 250-300 s for HaemoTec (or
300-350 s for Haemochron). If additional IIb/IIIa, IV
bolus 50-70 U/kg, targeting ACT 200-250 s. No addi-
tional treatment after PCL

Protamine sulfate is an effective antidote (1mg/100 U
heparin IV). Very rarely, allergic shock may occur with
its use.

Low molecular weight heparins (LMWH) (enoxaparin,
dalteparin, fraxiparin) are specific inhibitors of thrombin
and factor Xa with high bioavailability. When given subcu-
taneously, they provide more consistent anticoagulation,

avoiding the need for monitoring, and are associated with
a lower risk for heparin-induced thrombocytopenia than
unfractionated heparin. Disadvantages are the only partial
reversibility by protamine, renal excretion, and reduced ef-
ficacy against the contact activation pathway (factors XIa
and XIIa) that contributes to thrombosis on catheter tips,
stents, and filters (Figures 27.2 and 27.3).** Enoxaparin is
preferred over UFH by the ESC 2011. Not much data exist
about other LMWH, but they might be used if enoxaparin
is not available (ESC 2011). Enoxaparin reduces death and
myocardial infarction compared to unfractionated heparin
in NSTEACS.* If CABG is planned, LMWH should be dis-
continued 12-24 h before and replaced with UFH.

o Dose for conservative therapy: IV bolus of 30 mg,
followed 15 min later by 1 mg/kg/12 h SC, provided
serum creatinine is <2.5 mg/dL in men and <2.0 mg/
dL in women, for duration of hospitalization up to
8 days. Therapeutic dosing should achieve an anti-Xa
level of 0.6-1 IU/mL, but this is seldom measured.
If CrCl <30mL/min, the dose is 1 mg/kg/24 h. For
patients >75 years of age, the initial intravenous bolus
may be eliminated and the subcutaneous dose reduced
to 0.75 mg/kg every 12 hours.

¢ Dose for PCI: 1V bolus of 0.5-0.75 mg/kg or 0.3 mg/
kg if the last SC dose was given >8 h. No additional
dose if last SC dose was given <8 h. If the procedure
is prolonged (>2 h) and an initial dose of 0.5 mg/kg
was given, an additional IV dose of 0.25 mg/kg may be
given. No additional treatment after PCI.
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Targets for antithrombics
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Figure 27.4 ESC 2011 targets for antithrombotic drugs.

AT: antithrombin; GP: glycoprotein; LMWH: low molecular weight heparin. ESC guidelines for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

Direct thrombin inhibitors

Bivalirudin is a reversible direct thrombin inhibitor with
additional mild antiplatelet activity. It has a very short half-
life and is less likely to accumulate in patients with renal
insufficiency. It can be used as an alternative to heparin if
an invasive strategy is planned instead of heparin, and plus
provisional IIb/IIIa instead of UFH plus IIb/IIa, especially
in patients at high risk of bleeding. In moderate- and high-
risk patients, bivalirudin alone has similar ischaemic ben-
efit as either unfractionated heparin or enoxaparin with a
IIb/1ITa antagonist but with a reduction in major bleeding
(ACUITY and ISAR-REACT 4 trials).””*® Crossover from
UFH or LMWH to bivalirudin at PCI has a protective ef-
fect against bleeding. Bivalirudin should be stopped 3 h
before CABG and replaced by UFH.

o Dose for conservative therapy: 0.1 mg/kg bolus, 0.25
mg/kg/h infusion for up to 72 h.

& Dose for PCI: 0.75 mg/kg bolus (for patients who have
received UFH, wait 30 min), 1.75 mg/kg/h infusion
until the end of PCI or up to 4 h later.

¢ If CrCl <30 mL/min, reduction of the infusion rate to
1.0 mg/kg/h should be considered. If a patient is on
haemodialysis, the infusion should be reduced to 0.25
mg/kg/h. No reduction in the bolus dose is needed.

Dabigatran (an oral direct thrombin inhibitor) has not
been successful due to increased bleeding risk without re-
ducing ischaemic events (RE-DEEM trial).”

Direct factor Xa inhibitors

Fondaparinux reduces major bleeding and improves clini-
cal outcomes compared to enoxaparin with or without a
IIb/ITIa (OASIS-5).% In patients managed conservatively,
it is preferred over heparin, especially when there is high
risk of bleeding. If these patients proceed to coronary in-
tervention, a single bolus of UFH (85 IU/kg adapted to
ACT, or 60 IU in the case of concomitant use of GP IIb/
IIIa receptor inhibitors) should be given. Fondaparinux
is the longest acting of the anticoagulants, with a half-life
approaching 24 hours through renal clearance. It is con-
traindicated in patients with creatinine clearance <30 mL/
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min, but a much lower risk of bleeding complications were
observed in OASIS-5 with fondaparinux when compared
with enoxaparin, even in patients with severe renal fail-
ure. It is not recommended when an invasive approach
is planned. Fondaparinux should be stopped 24 h before
CABG and replaced by UFH.

o Dose for conservative therapy: 2.5 mg IV bolus, fol-
lowed by 2.5 mg SC once daily for duration of hospi-
talization (up to 8 days).

o If the need for PCI arises, additional UFH heparin
is needed (50-60 U/kg bolus) (risk of catheter
thrombosis).

Rivaroxaban (an oral Xa inhibitor) has been used post-
discharge. It was shown to reduce the risk of the composite
endpoint of death from cardiovascular causes, myocardial
infarction, or stroke in patients with a recent acute coro-
nary syndrome, when added to standard therapy (2.5-5
mg bd), but at an increased risk of major bleeding and in-
tracranial haemorrhage (ATLAS 2 trial).' The 2.5 mg bd
dose also reduced cardiovascular mortality but at the ex-
pense of increased intracranial haemorrhage.
Apixaban (oral Xa inhibitor) has also been tried in doses
similar to those used in AF (5 mg bd) but did not reduce
ischaemic events (APPRAISE 2 trial).®* Apixaban was also
associated with increased major bleeding, including in-
tracranial haemorrhage.

In a recent meta-analysis, addition of a novel anticoagu-
lant to dual antiplatelet therapy reduced cardiovascular
events by 13%, but more than doubled the bleeding.*®

Synopsis of the antiplatelet/anticoagulant
therapeutic scheme

All patients should receive:

& Aspirin, and

# P2Y , receptor blocker (preferably ticagrelor or clopi-
dogrel) or GP IIa/IIIB receptor inhibitor, and

+ Heparin (LMWH or UFH) or bivalirudin (invasive
therapy) or fondaparinux (conservative therapy).

In stable patients selected for medical therapy, aspirin,
ticagrelor or clopidogrel, and enoxaparin or preferably
fondaparinux are given. A IIb/IIla may be given only in
patients with recurrent ischaemia or high troponin. If
the patient is stable, a stress test should be performed. If,
after the test, the patient is classified as low-risk, enoxa-
parin or fondaparinux are continued for the duration of
hospitalization (up to 8 days), and IIb/IIla, if given, is
discontinued. Aspirin is given indefinitely and the P2Y ,
receptor blocker for at least 1 month and ideally up to
1 year.

In patients selected for PCI, aspirin, a P2Y , receptor
blocker, and enoxaparin are continued, and a IIb/IIla

THERAPY

antagonist might be initiated only in high-risk patients.
Alternatively, bivalirudin (with or preferably without
IIb/IITa) may be given instead of the combination of
enoxaparin and a IIb/IITA. Enoxaparin or bivalirudin
may be discontinued after PCI in stable, uncomplicated
cases.

In patients in whom CABG is indicated after angiog-
raphy, aspirin and UFH are continued. Ticagrelor and
clopidogrel should be ideally stopped 5 days and prasugrel
7 days before CABG, if this is possible, although CABG, if
needed, can also be performed in patients on clopidogrel.
Enoxaparin should be stopped 12-24 h, fondaparinux 24
h, and bivalirudin 3 h before the procedure, respectively,
and replaced by UFH. IIb/IIIa (eptifibatide or tirofiban)
are discontinued 4 h before surgery (abciximab requires
much longer time, at least 48 h).

Other medications

Beta blockers

They should be initiated within the first 24 h for pa-
tients who do not have signs of acute heart failure or a
low-output state, increased risk for cardiogenic shock,
or other relative contraindications to beta blockade (PR
interval >0.24 s, second or third degree heart block, ac-
tive asthma, or reactive airway disease) (Table 27.4). Beta
blockers reduce the incidence of recurrent ischaemia and
subsequent MI. IV beta blockade may also be considered
in the absence of contraindications (mainly patients with
Killip class 2III). Oral therapy should be started and con-
tinued indefinitely in patients with reduced LV function.
Patients on chronic -blocker therapy admitted with ACS
should be continued on f3-blocker therapy if not in Killip
class 2I1I.

Calcium channel blockers

In the presence of recurrent symptoms or Prinzmetal variant
angina or in patients in whom beta blockers are contraindi-
cated, a non-dihydropyridine calcium channel blocker (e.g.
verapamil or diltiazem) should be given as initial therapy
in the absence of clinically significant left ventricular dys-
function or other contraindications. Dihydropyridines are
contraindicated in the absence of a beta blocker.

ACE inhibitors (or angiotensin receptor
blockers)

Should be administered orally within the first 24 h to pa-
tients with pulmonary congestion or LVEF <0.40, in the ab-
sence of hypotension (systolic blood pressure <100 mmHg
or <30 mmHg below baseline) or other contraindications.
They may also be used in all patients, provided the systolic
blood pressure is >100 mmHg.
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Non-steroidal anti-inflammatory
drugs (NSAIDs)

Because of the increased risks of mortality, reinfarction,
hypertension, HF, and myocardial rupture associated with
their use, NSAIDs, except for ASA, whether non-selective
or COX-2 selective agents, should be discontinued at the
time a patient presents with UA/NSTEML

Warfarin

Warfarin, although not specifically indicated for ACS, is
often used concurrently for other indications, such as atrial
fibrillation, mechanical valves, left ventricular thrombus,
or deep venous thrombosis. Warfarin is a racemic mixture
of isomers that inhibits synthesis of vitamin K-dependent
coagulation factors. The effective dose of warfarin varies
significantly among individuals due to genetic variations
in its receptor, metabolism via the cytochrome P450 sys-
tem, and interactions with other drugs, vitamins, and green
vegetables. Warfarin use alone increases the risk of bleed-
ing to 13% per year, and risks are highest among new us-
ers and the elderly. Combinations of warfarin, aspirin, and
clopidogrel carry a substantially higher risk than warfarin
monotherapy.** The incidence of fatal or non-fatal bleed-
ing per 100 person-years of therapy has been found as 14.2
for triple therapy, 7-10.6 for dual therapy, and 6.6-7 for
monotherapy. Preferred INR with triple therapy is 2-3 and
2-2.5 in the elderly and those at increased risk of bleeding.
Patients with AF on OAT are often bridged with UFH or
LMWH if they need coronary angiography or PCI. Triple
therapy with the use of newer anticoagulants (dabigatran,
apixaban, and rivaroxaban) is also associated with a sub-
stantially increased risk of bleeding.®®
The following recommendations are useful:*

# Observational studies suggest that coronary angi-
ography or PCI can be safely performed without
interrupting warfarin and may be associated with a
lower rate of complications compared with bridging
therapy to heparin. There is no need for additional
heparin in patients who undergo PCI while therapeu-
tic on warfarin (INR 2-3). Aspirin and clopidogrel
should be administered prior to the procedure when
PCl is performed in a patient on warfarin. The use of
proton pump inhibitors may help reduce the risk of
bleeding.

o The use of platelet glycoprotein IIb/IIIa inhibitors
increases the risk of bleeding in patients on warfarin
3- to 13-fold, and the routine use of these agents should
be avoided.

+ Combinations of aspirin and warfarin does not pro-
vide sufficient protection against risk of stent throm-
bosis. Patients undergoing stent-based PCI should
be treated with triple therapy consisting of aspirin,
clopidogrel, and warfarin. This combination is associ-
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ated with an increased risk of bleeding, and use of bare
metal stents should be considered in these patients to
limit the duration of triple therapy. In patients who
need long-term oral anticoagulation, use of drug-elut-
ing stents should be restricted to patients at very high
risk of restenosis (long lesions, small vessels, diabetes).
Alternatively, omission of aspirin and continuation
with warfarin and clopidogrel is an option in patients
at high risk for bleeding.’

o There are limited data on the safety of cardiac sur-
gery in patients who are on warfarin. Currently, these
patients are bridged with heparin prior to surgery. In
the need of emergent CABG, fresh frozen plasma and
vitamin K may be used to reduce the risk of bleeding.

Invasive vs conservative management

Criteria for an invasive strategy are presented in Tables 27.8
and 27.9."*% Thus, current evidence suggests that in high-
risk, unstable patients, intervention within 12-72 hours
is preferred while either an early or a delayed approach may
be adopted in other patients. Several (FRISC II, TACTICS-
TIMI 18, RITA 3, ISAR-COOL, TIMACS),* although
not all (ICTUS, ELISA, OPTIMA, ABOARD, LIPSIA-
NSTEMI),”"® randomized trials have provided evidence
in favour of an invasive strategy compared to conservative
medical therapy in NSTEACS. Overall, the invasive strat-
egy provides better long-term outcomes.”*® In addition,
5-year follow-up of patients with non-ST elevation acute
coronary syndrome from FRISC II, ICTUS, and RITA-3
Trials 3 trials showed no association between a proce-
dure-related MI and long-term cardiovascular mortality,
although there was a substantial increase in long-term
mortality after a spontaneous ML* This is particularly true
in high-risk patients whereas in low-risk patients, and es-
pecially women,® a conservative management with a view
to intervention, if indicated, can be adopted.** The optimal
timing of coronary angiography and subsequent interven-
tion, if indicated, i.e. immediately after admission or after
pre-treatment with optimal medical therapy, including po-
tent antiplatelet agents, is also debated.* % Delayed cath-
eterization has been thought to allow plaque passivation
by pre-treatment with optimal antithrombotic medication
and avoidance adverse outcomes, perhaps due to embolic
phenomena, by early intervention. However, very early
angiography (<14 h) with a view to PCI, if indicated, may
be superior to a strategy of preceding anticoagulation and
subsequent intervention in patients with NSTEACS, by
reducing residual ischaemia and the duration of hospital
stay and may also reduce complications, such as bleeding,
and major events (death, MI, or stroke).® It is particularly
beneficial in diabetic patients.*

Drug-eluting stents (DES) reduce target lesion revascu-
larization (TLR), but not mortality or the risk of MI, com-
pared to BMS.¥” The rate of recurrent events in patients
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INVASIVE VS CONSERVATIVE MANAGEMENT

Table 27.8 Conservative vs invasive strategies

ACCF/AHA 2012 GL on UA/NSTEMI and 2011 GL on PCI. Selection of initial treatment strategy: invasive versus
conservative strategy

Generally preferred strategy Patient characteristics

Invasive Recurrent angina or ischemia at rest or with low-level activities despite intensive medical therapy
Elevated cardiac biomarkers (TnT or Tnl)
New or presumably new ST-segment depression
Signs or symptoms of OF or new or worsening mitral regurgitation
High-risk findings for noninvasive testing
Hemodynamic instability
Sustained ventricular tachycardia
PCI within 6 mo
Prior CABG
High-risk score (eg, TIMI, GRACE)
Mild to moderate renal dysfunction
Diabetes mellitus
Reduced LV function (LVEF <40%)

Conservative Low-risk score (eg, TIMI, GRACE)
Patient or physician preference in the absence of high-risk features

CABG indicates coronary artery bupass graft; GRACE, Global Registry of Acute Coronary Events; HF, heart failure; LV, left ventricular; LVEF, left
ventricular ejection fraction; PCl, percutaneous coronary intervention; TIMIl, Thrombolysis in Myocardial Infarction; Tnl, troponin I; TNT, troponin T.

ACCF/AHA 2012 GL on UA/NSTEMI and 2011 GL on PCl. Recommendations for initial invasive versus initial
conservative strategies

Early invasive strategy (i.e. diagnostic angiography with intent to perform revascularization) in patients without serious co-morbidities
or contraindications to such procedures, and:

a. Refractory angina or haemodynamic or electrical instability. I-B
b. Stabilized patients who have an elevated risk for clinical events. I-A
The selection of PCl or CABG for revascularization in ACS is based on the same considerations as in patients without ACS. I-B

Early invasive strategy (within 12-24 hours of admission) over a delayed invasive strategy for initially stabilized high-risk patients.* For

patients not at high risk, a delayed invasive approach is also reasonable. lla-B
In initially stabilized patients, an initially conservative (i.e. a selectively invasive) strategy is considered as a treatment strategy for UA/ Ib-B
NSTEMI patients who have an elevated risk for clinical events, including those who are troponin positive.

The decision to implement an initial conservative (vs initial invasive) strategy in these patients may be made by considering physician lIb-C
and patient preference.

Early invasive strategy in patients with extensive co-morbidities (e.qg. liver or pulmonary failure, cancer), in whom the risks of lli-C
revascularization and co-morbid conditions are likely to outweigh the benefits of revascularization.

Early invasive strategy in patients with acute chest pain and a low likelihood of ACS. IN-C
Early invasive strategy in patients who will not consent to revascularization regardless. ln-C

* Immediate catheterization/angiography is recommended for unstable patients.
2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-elevation
myocardial infarction. J Am Coll Cardiol. 2013;61:€179-347.

Table 27.9 ESC 2011 GL on UA/NSTEMI. Criteria for high risk with indication for invasive management

Criteria for high risk with indication for invasive management

Primary

# Relevant rise or fall in troponin?

# Dynamic ST or T wave changes (symptomatic or silent)
Secondary

# Diabetes mellitus

# Renal insufficiency (eGFR <60 mL/min/1.73 m?)

(Continued)
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Table 27.9 (Continued)

# Reduced LV function (ejection fraction <40%)

# Early post-infarction angina

# Recent PCI

# Prior CABG

# Intermediate to high GRACE risk score (see Table 27.3)

Recommendations for invasive evaluation and revascularization

Invasive strategy (within 72 h after first presentation) in patients with, at least, one high-risk criterion or recurrent symptoms. I-A

Urgent coronary angiography (<2 h) in patients at very high ischaemic risk (refractory angina, with associated heart failure,

life-threatening ventricular arrhythmias, or haemodynamic instability). I-C
Early invasive strategy (<24 h) in patients with a GRACE score >140 or with, at least, one primary high-risk criterion. I-A
Non-invasive documentation of inducible ischaemia in low-risk patients without recurrent symptoms before deciding for invasive

evaluation. I-A
The revascularization strategy (ad hoc culprit lesion PCl/multivessel PCI/CABG) should be based on the clinical status as well as

the disease severity, i.e. distribution and angiographic lesion characteristics (e.g. SYNTAX score), according to the local ‘Heart Team’

protocol. I-C
As there are no safety concerns related to the use of DES in ACS, DES are indicated based on an individual basis, taking into account

baseline characteristics, coronary anatomy, and bleeding risk. I-A
PCl of non-significant lesions. lN-C
Routine invasive evaluation of low-risk patients. -

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

undergoing PCI is 20% at 3 years. Half of these events are
associated with angiographically mild (<70% stenosis),
non-culprit lesions. In patients undergoing PCI, the Syn-
tax score is an independent predictor of the 1-year rates
of death, cardiac death, MI, and target vessel revasculari-
zation.®® Incomplete revascularization after PCI in ACS,
defined as additional stenoses with a diameter percent ste-
nosis 30-70%,* or a residual Syntax Score >8.0, ** is associ-
ated with a poor prognosis.

Specific patient groups

Elderly

Patients older than 75 years of age should be investigated
at low level of suspicion due to often atypical presentation
of ACS. Despite an increased risk for major bleeding, a
routine early invasive strategy can significantly improve
ischaemic outcomes in elderly patients with unstable an-
gina and non-ST segment elevation ML®' Care is needed
due to increased risk of bleeding and possibly concurrent
renal dysfunction in this group, and drug dosages should
be modified accordingly.

Diabetics

All patients with ACS should be screened for diabetes (Ta-
ble 27.10). Tight glycaemic control to achieve normogly-
caemia is no more recommended. Instead, insulin infusion
to maintain glucose levels <180 mg/dL, while avoiding

hypoglycaemia (>90 mg/dL), is reccommended. An early
invasive strategy is recommended for diabetic patients
with NSTEACS, and DES are preferred to BMS. CABG is
preferable to PCI in multivessel disease. Diabetic patients
with NSTEACS may receive intravenous GP IIb/IIla in-
hibitors as part of the initial medical management which
should be continued through the completion of PCI. No
more recommended as a routine medication.

Chronic kidney disease

Renal function should be assessed with creatinine clearance
(CrCl) estimation in all patients with ACS (Tables 27.11
and 27.12). An invasive strategy, with preparatory hydra-
tion and low doses of contrast media, is reasonable in pa-
tients with mild (stage IT) and moderate (stage III) chronic
kidney disease, but no data exist for patients with advanced
disease (stages IV and V). Drug dosage adjustments are
shown in Table 27.8. Unfractionated heparin adjusted to
aPTT is reccommended when the CrCl is <30 mL/min or
eGFR is <30 mL/min/1.73 m*

Pregnancy

Recommendations of the ESC guidelines indicate PCI for
STEMI (I-C) or high-risk NSTEMI (Ila-C).**

Heart failure

Coronary revascularization, if amenable, is recommended
in patients with ACS and LV dysfunction. Patients should
be considered, at least, one month after the acute event for
device therapy, such as CRT and/or ICD.
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SPECIFIC PATIENT GROUPS

Table 27.10 Diabetes mellitus
ACCF/AHA 2012 GL on UA/NSTEMI

Medical treatment in the acute phase, and decisions on whether to perform stress testing, angiography, and revascularization should be

similar in patients with and without diabetes. A
For patients with multivessel disease, CABG with use of the internal mammary arteries can be beneficial over PCI. .IIa—B
PCl is reasonable in patients with single-vessel disease and inducible ischaemia. .IIa—B
U_se an insulin—_based regimen to _achieve and maintain glucose <180 mg/dL while avoiding hypoglycaemia* for hospitalized patients with . la-B
either a complicated or uncomplicated course.

* There is uncertainty about the ideal target range for glucose necessary to achieve an optimal risk-benefit ratio.

ESC 2011 GL on UA/NSTEMI

AVII patients Witth'vSTEACS should bg screened for diabetes. Blood glucose levels should be monitored frequently in patients with known e

diabetes or admission hyperglycaemia.

Treatment of elevated blood glucose should avoid both excessive hyperglycaemia (10-11 mmol/L [>180-200 mg/dL]) and hypoglycaemia 1B

(<5 mmol/L (<90 mg/dL]).

Antithrombotic treatment is indicated as in non-diabetic patients. I-C

Renal function should be closely monitored following contrast exposure. I-C

An early invasive strategy is recommended. I-A

DES are recommended to reduce rates of repeat revascularization. . I-A

CABG surgery should be favoured over PCl in main stem lesions and/or advanced multivessel disease. . I-B

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-elevation
myocardial infarction. J Am Coll Cardiol. 2013;61:179-347.

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:
2999-3054

Table 27.11 Chronic kidney disease
ACCF/AHA 2012 GL on UA/NSTEMI

Creatinine clearance should be estimated, and the doses of renally cleared medications should be adjusted according to the pharmacokinetic data.  I-B
Patients undergoing cardiac catheterization with receipt of contrast media should receive adequate preparatory hydration. . I-B
Calculation of the contrast volume to creatinine clearance ratio to predict the maximum volume of contrast media that can be given. . I-B
An in_vasive strate_gy is reasonable ir_1 patients with mild (stage 2) and moderate (stage 3) CKD (there are insufficient data on benefit/risk of .IIa-B
invasive strategy in UA/NSTEMI patients with advanced CKD [stages 4, 5]). }
ESC 2011 GL on UA/NSTEMI

Kidney function should b_e_assessed by CrCl or eG_FR, vvith special attention to elderly people, women, and patients with low body weight, as . e
near normal serum creatinine levels may be associated with lower than expected CrCl and eGFR levels.

Patients should receive the same first-line antithrombotic treatment as patients devoid of CKD, with appropriate dose adjustments according . 1B

to the severity of renal dysfunction. .
Dose adjustment or switch to UFH with fondaparinux, enoxaparin, bivalirudin, and small molecule GP lIb/llla receptor inhibitors are indicated. I-B
UFH infusion, adjusted to aPTT, is recommended when CrCl is <30 mL/min or eGFR is <30 mL/min/1.73 m? with most anticoagulants .
(fondaparinux <20 mL/min).

In patients considered for invasive strategy, hydration and low- or iso-osmolar contrast medium at low volume (<4 mL/kg) are recommended. I-B

CABG or PCl is recommended in patients amenable to revascularization after careful assessment of the risk-benefit ratio in relation to the

severity of renal dysfunction. -8

2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 Guidelines for the management of patients with unstable angina/non-ST-elevation
myocardial infarction. J Am Coll Cardiol. 2013;61:€179-347.
ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054

Table 27.12 ESC 2011 GL on UA/NSTEMI. Use of drugs in patients with chronic kidney disease

Drug Recommendations

Clopidogrel No information in patients with renal dysfunction.

Prasugrel .No dose adjustment necessary, including in patients with end-stage disease.

Ticagrelor .No dose reduction required; no information in dialysis patients.

Enoxaparin .Dose reduction to 1 mg/kg once daily in the case of severe renal failure (CrCl <30 mL/min).

Consider monitoring of anti-Xa activity.

(Continued)
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Table 27.12 (Continued)

Drug Recommendations

Fondaparinux
(CrCl 30-60 mL/min).

Contraindicated in severe renal failure (CrCl <20 mL/min). Drug of choice in patients with moderately reduced renal function

Bivalirudin Patients with moderate renal impairment (30-59 mL/min) should receive an infusion of 1.75 mg/kg/h. If the creatinine
clearance is <30 mL/min, reduction of the infusion rate to 1 mg/kg/h should be considered. No reduction in the bolus dose is
needed. If a patient is on haemodialysis, the infusion rate should be reduced to 0.25 mg/kg/h.

Abciximab No specific recommendations for the use of abciximab or for dose adjustment in the case of renal failure. Careful evaluation of
haemorrhagic risk is needed before using the drug in the case of renal failure.

Eptifibatide The infusion dose should be reduced to 1 microgram/kg/min in patients with CrCl <50 mL/min. The dose of the bolus remains
unchanged at 180 micrograms/kg. Eptifibatide is contraindicated in patients with CrCl <30 mU/min.

Tirofiban

Dose adaptation is required in patients with renal failure; 50% of the bolus dose and infusion if CrClis <30 mU/min.

Recommendations for the use of drugs listed in this table may vary, depending on the exact labelling of each drug in the country where it is used.

CrCl, creatinine clearance.

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

Anaemia

Anaemia is a marker of ischaemic and bleeding events, and
haemoglobin measurements are mandatory on presenta-
tion (ESC 2011, I-B). Blood transfusion is recommended
only with Hct <25% or Hb <7g/dL (ESC 2011, I-B).

Complications

Ventricular arrhythmias

In non-ST elevation acute coronary syndromes, NSVT is
detected in 18-25% of patients 2 to 9 days after admission,
and even short episodes of VT, lasting 4 to 7 beats, are in-
dependently associated with the risk of SCD over the sub-
sequent year (MERLIN-TIMI 36 trial).”® Earlier episodes
within 48 hours after admission do not carry the same
risk.

Cardiogenic shock

Patients with ACS and evidence of cardiogenic shock
benefit from immediate revascularization versus medical
therapy.*

Bleeding

Bleeding has an ominous prognosis, with mortality in-
creasing as bleeding severity increases.”>"” Major bleeding
is associated with increase in the risk of death (4-fold), MI
(5-fold), and stroke (3-fold)." Bleeding risk is increased
with higher or excessive doses of antithrombotic agents,
length of treatment, combinations of several antithrom-
botic drugs, switch between different anticoagulant drugs,
as well as with older age, reduced renal function, low body
weight, female gender, baseline haemoglobin, and invasive
procedures. Sex-associated factors, such as lower BMI and

lower creatinine clearance, and anatomic differences, such
as smaller vessel size, may contribute to the excess risk
seen in women.”® Several definitions and classifications of
bleeding have been used in trials,’***'® with the simplest
one provided by TIMI (Table 27.13).

Minor bleeding should preferably be managed without
interruption of active treatments.

Major bleeding requires interruption and/or neutraliza-
tion of both anticoagulant and antiplatelet therapy and
platelet transfusion, unless bleeding can be adequately con-
trolled by specific haemostatic intervention (Table 27.14).
The risk of acute thrombotic events after interruption
of antithrombotic/antiplatelet agents is maximum after
4-5 days but persists for up to 30 days.”

Blood transfusion has been associated with increased risk
of MI and death in ACS patients and should be withheld in
haemodynamically stable patients with haematocrit >25%
or haemoglobin level >7 g/L.'"!

Aspirin and clopidogrel are irreversible platelet inhibi-
tors. Their action is slowly reversed by the continuous
generation of new platelets (around 10-20% per day), so
antiplatelet effects persist for 5-10 days after cessation of
treatment. Platelet transfusion is the only possibility to re-
verse the effects of clopidogrel/aspirin. The recommended
minimum dose in adults is 0.5-0.7 x 10" platelets/7 kg of
body weight.

Protamine sulfate has less, or no, impact on neutraliza-
tion of factor Xa activity achieved with LMWH or fonda-
parinux. Recombinant factor VII has been recommended
but is associated with an increased risk of thrombotic com-
plications.

There is no antidote for bivalirudin. Its plasma half-life
is 25 min and is partially cleared renally.

Platelettransfusionisneeded withabciximab. Interruption
of eptifibatide and tirofiban infusion allows platelet function
within 4-8 h. In emergencies, fibrinogen supplementation
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Table 27.13 TIMI bleeding definitions

COMPLICATIONS

Major

Intracranial haemorrhage or clinically overt bleeding (including imaging), with =5 g/dL decrease in the haemoglobin concentration

Minor

Clinically overt bleeding (including imaging), with 3 to <5 g/dL decrease in the haemoglobin concentration

Minimal

Clinically overt bleeding (including imaging), with a <3 g/dL decrease in the haemoglobin concentration

All TIMI definitions take into account blood transfusions, such that haemoglobin values are adjusted by 1 g/dL for each unit of packed red blood transfused.
Rao AK, et al. Thrombolysis in Myocardial Infarction (TIMI) Trial-phase I: haemorrhagic manifestations and changes in plasma fibrinogen and the fibrinolytic
system in patients treated with recombinant tissue plasminogen activator and streptokinase. J Am Coll Cardiol. 1988;11:1-11.

Table 27.14 ESC 2011 GL on UA/NSTEMI

Management of bleeding complications

Assessment of the individual bleeding risk on the basis of baseline characteristics (by use of risk scores), type, and duration of

pharmacotherapy. -C
Drugs and non-pharmacological procedures (vascular access) known to carry a reduced risk of bleeding are indicated in high risk of B
bleeding.

Interruption and/or neutralization of both anticoagulant and antiplatelet therapies is indicated in case of major bleeding, unless it can be e
adequately controlled by specific haemostatic measures.

Proton pump inhibitors are in patients at increased risk of gastrointestinal haemorrhage. I-B
Minor bleeding should preferably be managed without interruption of active treatments. I-C
Interruption of antiplatelet drugs and neutralization of their activity with platelet transfusion are recommended, depending on the drugs e
under consideration and the severity of bleeding.

Blood transfusion may have deleterious effects on outcome and is indicated only after individual assessment but withheld in B
haemodynamically stable patients with haematocrit >25% or haemoglobin level >7 g/dL.

Erythropoietin is not indicated as a treatment for anaemia or blood loss. -A

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011;32:2999-3054.

with fresh frozen plasma or cryoprecipitate with or without
platelet transfusion are recommended for immediate reversal
of the effects of eptifibatide and tirofiban.

Factors that put patients at higher risk of bleed-
ing are older age, female sex, lower body weight, renal
insufficiency.”

Additional recommendations to help minimize the
risk are:*

# Avoid overdosing by adjusting the dose to a patient’s
weight, age, and renal function.

o Use the shortest possible duration, i.e. 1 month after
BMS implantation and 12 months after DES implanta-
tion.

o Fondaparinux may be preferred over enoxaparin
in NSTEACS, and bivalirudin over unfraction-
ated heparin and a glycoprotein IIb/IIIa inhibitor in
STEMI.

# Add a proton pump inhibitor in patients at risk for GI
bleed.

o Avoid access site bleeding with the use of small sheaths,
closure devices, and radial acccess.

o Prefer BMS over DES in patients on triple therapy for
AF.

Heparin-induced thrombocytopenia

Thrombocytopenia is defined as a decrease in plate-
let count to <100 000/mL or a drop of >50% from base-
line platelet count. Thrombocytopenia is considered to
be moderate if the platelet count is between 20 000 and
50 000/pL and severe if it is < 10 000/uL.

Non-immune heparin-associated thrombocytopenia
is a mild, transient decline in platelet count that occurs
1-4 days after initiating heparin in 10-20% of patients. It
rarely leads to a severe reduction in platelet levels and re-
solves spontaneously despite continuation of UFH.
Pseudothrombocytopenia is a laboratory artefact due to
platelet clumping in EDTA-containing tubes and can be
avoided by the use of citrate instead of EDTA for blood
sampling.

Immune-mediated heparin-induced thrombocytope-
nia (HIT) is a serious complication that often leads to se-
vere thromboembolic events.'*? It is not dose-dependent,
usually causes a severe drop in platelet levels (<50%), and
typically appears 5-14 days after the start of UFH treat-
ment but much earlier in patients with recent (within
3 months) UFH exposure. Delayed-onset HIT, occurring
several days or weeks after the cessation of UFH treatment,
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has also been described. HIT is a hypersensitivity reaction
to heparin mediated via an IgG antibody to platelet fac-
tor 4. This IgG/heparin/platelet factor 4 complex binds
to platelets and cross-links their receptors, which causes
platelet activation and thrombosis. Bleeding is rare. HIT
occurs in 0.5-5% of patients treated with unfractionated
heparin (3000 to 30 000 daltons) and <1% with LMWH
(less antigenic, 2000 to 9000 daltons).

Thrombocytopenia is very rare with bivalirudin and
negligible with fondaparinux'®® despite weak binding
to the platelet factor 4 antigen. All patients diagnosed
with thrombocytopenia or a thrombotic complica-
tion within 4 to 14 days after starting heparin therapy
should have heparin discontinued immediately and
screening tests performed. It has been reported to occur
with abciximab (2.5%) and less with tirofiban (0.5%)
or eptifibatide (0.2%).? Rarely, it may also occur with
clopidogrel.'™

Diagnosis

The diagnosis of HIT is based on its typical clinical picture

of 4Ts.

¢ Thrombocytopenia: >50% fall or nadir 20-100 x
10°/L

# Timing of platelet fall: days 5 to 10 or <1 day if heparin
exposure within past 30 days

o Thrombosis or other sequelae: proven thrombosis,
skin necrosis, or, after heparin bolus, acute systemic
reaction

# OTher cause for thrombocytopenia: none evident.

Thromboembolic complications are predominantly
venous and may be devastating; pulmonary embo-
lism, deep-vein thrombosis, myocardial infarction, and
stroke may occur. Associated mortality is 5-10%.'"
Diagnosis is confirmed by circulating heparin-PF4 an-
tibodies that remain detectable for 4 months after the
diagnosis of HIT in 10-40% of patients, depending on
the assay used. Scoring systems for diagnosis have been
developed.'”

Quinine- or other drug-induced immune thrombocy-
topenic purpura, as well as glycoprotein IIb/IIla antago-
nist-induced thrombocytopenia, typically has more severe
thrombocytopenia than that of HIT. Patients with massive,
acute venous thromboembolism occasionally develop
thrombocytopenia because of platelet consumption on the
thrombus surface; their platelet count nadir usually hap-
pens within 1 day of heparin initiation. Other causes of
repeat thrombotic episodes are the antiphospholipid an-
tibody syndrome, Trousseau’s syndrome, cholesterol em-
boli syndrome, and infective or non-bacterial thrombotic
endocarditis. HIT should be also considered if a recently
hospitalized patient returns with thromboembolism.

Therapy of HIT

Interruption of heparin (UFH or LMWH) is warranted
in the case of documented or suspected HIT. Significant
thrombocytopenia (<100 000/mL or >50% drop in plate-
let count) occurring during treatment with GP IIb/IIIa
inhibitors and/or heparin (LMWH or UFH) requires the
immediate interruption of these drugs (Table 27.15).

Severe thrombocytopenia (<10 000/mL), induced by
GP IIb/IIIa inhibitors, requires platelet transfusion, with
or without fibrinogen supplementation, with fresh frozen
plasma or cryoprecipitate in the case of bleeding.

In the case of thrombotic complications, anticoagula-
tion can be achieved with a direct thrombin inhibitor, such
as bivalirudin. This is also recommended by the ACCP
(2C) for cardiac surgery or coronary intervention.

o Dose for bivalirudin: IV infusion of 0.15-2.0 mg/
kg/hour (no bolus) to maintain an APTT of 1.5-2.5
times baseline value.'®® Alternatively, the XA inhibitor
fondaparinux can be used.

o Dose for fondaparinux: 5.0 mg SC daily for patients
<50 kg; 7.5 mg for 50-100 kg; 10.9 mg for >100 kg. No
monitoring of anti-Xa activity is necessary.'"

The direct thrombin inhibitor argatroban is approved
by the FDA for HIT, and is particularly indicated in renal
insufficiency (ACCP 2012-2C). Hypercoagulability may

Table 27.15 ESC 2011 GL on STEMI. Recommendations for thrombocytopenia

Immediate interruption of llb/llla receptor inhibitors and/or heparin (UFH or LMWH) in the case of significant thrombocytopenia

(<100 000/uL or >50% drop in platelet count). -C
Platelet transfusion, with or without fibrinogen supplementation, with fresh frozen plasma or cryoprecipitate in the case of bleeding and e
severe thrombocytopenia (<10 000/uL) induced by lib/llla receptor inhibitors.

Interruption of heparin (UFH or LMWH) is indicated in the case of documented or suspected HIT, to be replaced by a DTl in the case of e
thrombotic complications.

Anticoagulants with a low risk of HIT or devoid of risk of HIT (such as fondaparinux or bivalirudin) or brief administration of heparin (UFH I

or LMWH) is recommended to prevent the occurrence of HIT.

DTI, direct thrombin inhibitor; HIT, heparin-induced thrombocytopenia.

ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2011,32:2999-3054.
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occur with discontinuation of the drug, and transition to
warfarin may be challenging.

¢ Dose for argatroban: IV infusion of 2.0 mcg/kg/min;
0.5-1.2 mcg/kg.min in liver disease, critical illness or
after cardiac surgery to maintain an APTT of 1.5-3.0
times baseline value (max 10 mcg/kg/min).'®

The factor Xa inhibitor danaparoid and the direct
thrombin inhibitor lepirudin are also recommended by
the ACCP 2012 guidelines (2C).**' Danaparoid is recom-
mended in pregnancy (ACCP 2012-2C).

Platelet glycoprotein IIb/IIIa inhibitors reduce thrombin
generation indirectly and inhibit platelet aggregation.
However, they lack direct anticoagulant effects and do not
inhibit Fc receptor-mediated activation of platelets by HIT
antibody.

Platelet transfusions are recommended by the ACCP for
invasive procedures (ACCP 2012-2C). They should not be
used routinely for prophylaxis of bleeding in HIT because
they may exacerbate the hypercoagulable state, leading to
additional thrombosis.

Vitamin K inhibitors such as warfarin are started when
platelets are >150 x 10°/L (ACCP 2012-1C). Early intro-
duction should be avoided due to the potential to worsen
the prothrombotic state through a rapid reduction of pro-
tein C, and an overlap period to allow a therapeutic INR
should intervene. Warfarin should be continued for 4-6
weeks, and in patients with thrombosis for 3 months.

Patients with a history of HIT may not invariably have
recurrent HIT on heparin re-exposure. Inaddition, heparin
has been tolerated for a brief period, such as during cardiac
surgery, in patients in whom heparin-PF4 antibodies have
fully waned. Still, it is better to use an alternative antico-
agulant.

Risk stratification before discharge

In low- or intermediate-risk patients who have been free of
ischaemia at rest or with low-level activity or heart failure
for a minimum of 12-24 h, a stress test or an imaging mo-
dality are recommended for assessment of ischaemia and
risk stratification purposes (Table 27.16). Risk stratifica-
tion is discussed in detail in the Chapter on Stable CAD. In
general, LVEF<=35% at rest and <=50% at exercise, LVEF
fall >=10% at stress, fixed or exercise-induced large per-
fusion defects, and wall-motion score index> 1 on stress
echocardiography indicate high risk patients.'

Post-hospital discharge care

Aspirin (indefinitely), a P2Y12 inhibitor for 1 year, and a
beta blocker are mandatory. In patients receiving a stent
(BMS or DES), P2Y12 inhibitors should be given for,

POST-HOSPITAL DISCHARGE CARE

Table 27.16 ACCF/AHA 2012 GL UA/NSTEMI. Risk
stratification before discharge

Noninvasive stress testing in low- or intermediate-risk patient
who have been free of ischemia at rest or with low-level activity  I-C
and of HF for a minimum of 12 to 24 h.

Choice of stress test is based on the resting ECG, ability to
perform exercise, local expertise, and technologies available.
Treadmill exercise is useful in patients able to exercise in whom
the ECG is free of baseline ST-segment abnormalities, bundle-
branch block, LV hypertrophy, intraventricular conduction
defect, paced rhythm, pre-excitation, and digoxin effect.

An imaging modality should be added in patients with resting
ST-segment depression (>= 0.10 mV), LV hypertrophy, bundle-
branch block, intraventricular conduction defect, preexcitation,  I-B
or digoxin who are able to exercise. In patients undergoing a
low-level exercise test, an imaging modality can add sensitivity.

Pharmacological stress testing with imaging when physical
limitations (e.g., arthritis, amputation). Severe peripheral

vascular disease, severe chronic obstructive pulmonary disease, -8
or general debility) preclude adequate exercise stress.

Prompt angiography without noninvasive risk stratification for B
failure of stabilization with intensive medical treatment

A noninvasive test (echocardiogram or radionuclide angiogram)

to evaluate LV function in patients with definite ACS 1B

who are not scheduled for coronary angiography and left
ventriculography

at least, 12 months or >15 months with DES use (ACC/
AHA 2011 IIb-C). If there is a high risk of bleeding, ear-
lier discontinuation may be considered. Options include
clopidogrel 75 mg daily, prasugrel 10 mg daily, and tica-
grelor 90 mg twice daily. Rivaroxaban, but not apixaban
or dabigatran, has reduced ischaemic events but at an in-
creased risk of bleeding.***"** Nitrates and calcium channel
blockers (other that short-acting dihydropyridines) may
also be used for symptomatic relief, especially when beta
blockers are contraindicated or ineffective. Patients with
LVEF <40%, heart failure, or diabetes should be put on
ACE inhibitors or ARBs. In the absence of hyperkalaemia
or creatinine clearance <30 mL/min, an aldosterone recep-
tor blocker, such as eplerenone, is also recommended. All
patients should be screened for depression, following an
ACS (ACC/AHA 2011 on secondary prevention I-A).

Other measures for secondary prevention are discussed
in detail in Chapter 29 on stable CAD.
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Acute myocardial infarction

Definition

According to the third universal definition of myocardial
infarction (MI) from the Joint ESC/ACCF/AHA/WHEF
Task Force, an MI diagnosis requires a cardiac troponin (I
or T) level above the 99th percentile of a normal reference
population plus one, or more, of the following:

+ Symptoms of ischaemia

o New significant ST/T wave changes or new LBBB

# Pathologic Q waves on ECG

# Imaging evidence of new loss of viable myocardium or
regional wall motion abnormality

o Intracoronary thrombus diagnosed by angiography
or autopsy.

A classification of MI is provided in Table 28.1.!

The pathophysiology and aetiology of MI are described
under ACS section in Chapter 26 on the epidemiology and
pathophysiology of coronary artery disease. Non-athero-
sclerotic causes of MI are presented in Table 28.2.

Presentation

Prodromal symptoms of chest discomfort may be absent,
and retrosternal compressing or heaviness-like pain that

lasts more than 30 min is typical. They are described with
a clenched fist against the sternum (Levine sign). The pain
may radiate to both sites of the chest, with a predilection
for the left side, the jaw, or the arms and wrists. It may be
epigastric, misdiagnosed as indigestion. Diaphoresis, nau-
sea, and vomiting may appear. In up to 25% of cases, the
infarction may be silent. Diabetics, the elderly, and heart
transplant recipients may not have symptoms. Silent MIs
accounted for 25% of all MIs in the Framingham study,
and approximately 17% of diabetics have pathological Q
waves.? In patients with acute chest pain, the prevalence of
acute MI is 80% in the presence of 21 mm of new ST seg-
ment elevation and 20% with new ST segment depression
or T wave inversion. In the absence of electrocardiographic
changes consistent with the presence of ischaemia, the risk
of acute myocardial infarction is 4% among patients with
acute chest pain and a history of coronary artery disease
and 2% among patients with no such history.?

Physical examination

+ With uncomplicated MIs, physical examination may
be unremarkable.

o Tachycardia and elevated respiratory rate may be
present.
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Table 28.1 Joint ESC/ACCF/AHA/WHF 2012 universal classification of myocardial infarction

Type 1: spontaneous myocardial infarction

Spontaneous myocardial infarction related to atherosclerotic plaque rupture, ulceration, fissuring, erosion, or dissection, with resulting intraluminal
thrombus in one, or more, of the coronary arteries, leading to decreased myocardial blood flow or distal platelet emboli with ensuing myocyte
necrosis. The patient may have underlying severe CAD but, on occasion, non-obstructive, or no, CAD.

Type 2: myocardial infarction secondary to an ischaemic imbalance

In instances of myocardial injury with necrosis where a condition other than CAD contributes to an imbalance between myocardial oxygen supply
and/or demand, e.g. coronary endothelial dysfunction, coronary artery spasm, coronary embolism, tachy-/bradyarrhythmias, anaemia, respiratory
failure, hypotension, and hypertension with or without LVH.

Type 3: myocardial infarction resulting in death when biomarker values are unavailable

Cardiac death with symptoms suggestive of myocardial ischaemia and presumed new ischaemic ECG changes or new LBBB, but death occurring
before blood samples could be obtained, before cardiac biomarker could rise, or, in rare cases, when cardiac biomarkers were not collected.

Type 4a: myocardial infarction related to percutaneous coronary intervention (PCI)

Myocardial infarction associated with PCl is arbitrarily defined by elevation of cTn values >5 x 99th percentile of a normal reference population
(URL) in patients with normal baseline values (<99th percentile URL) or a rise of cTn values >20% if the baseline values are elevated and are stable
or falling. In addition, either (i) symptoms suggestive of myocardial ischaemia, or (i) new ischaemic ECG changes or new LBBB, or (iii) angiographic
loss of patency of a major coronary artery or a side branch or persistent slow or no-flow or embolization, or (iv) imaging demonstration of new loss
of viable myocardium or new regional wall motion abnormality are required.

Type 4b: myocardial infarction related to stent thrombosis

Myocardial infarction associated with stent thrombosis is detected by coronary angiography or autopsy in the setting of myocardial ischaemia and

with a rise and/or fall of cardiac biomarkers values with at least one value above the 99th percentile URL.

Type 5: myocardial infarction related to coronary artery bypass grafting (CABG)

Myocardial infarction associated with CABG s arbitrarily defined by elevation of cardiac biomarker values >10 x 99th percentile URL in patients with
normal baseline cTn values (<99th percentile URL). In addition, either (i) new pathological Q waves or new LBBB, or (i) angiographic documented new
graft or new native coronary artery occlusion, or (iii) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality.

ESC/ACCF/AHA/WHEF Expert Consensus Document. Third Universal Definition of Myocardial Infarction. European Heart Journal 2012;33,2551-2567.

o Fever may appear between 4 and 48 h and resolves by
the fourth day post-MI.

# S is invariably present.

o Pericardial friction rubs are common within the first
2-3 days following a transmural infarct.

Diagnosis

ECG changes

They are essential for diagnosis (Table 28.3) but may not be
present, depending on the extent and location of myocar-
dial injury and the presence of pre-existing abnormalities
(conduction defects, hypertension and ventricular hyper-
trophy, electrolyte disturbances, and drugs). The typi-
cal ECG patterns of MI seen in leads that face the area of
damage are appearance of Q waves (>0.03 s, loss of forces
directed towards the electrode), ST segment elevation (up-
ward convexity), and T wave inversion (after 4 hours) (Ta-
bles 28.4 and 28.5). ST-T changes are not specific; healthy
young men may have concave ST segment elevation of 1
to 3 mm in one, or more, precordial leads.* Other condi-
tions associated with ST elevation are shown in Table 28.6
and Figure 28.1. However, ST elevation and symptoms of
MI are indications for reperfusion therapy (Class I indica-
tion), and the number of leads demonstrating ST elevation
has been a useful risk marker in MI. The presence of Q

Table 28.2 Non-atherosclerotic causes of myocardial infarction

Embolic

Infective endocarditis
Neoplasms

Prosthetic valves

Arteritis

Syphilitic aortitis

Takayasu’s arteritis
Polyarteritis nodosa

Giant cell arteritis

Systemic lupus erythematosus
Kawasaki disease

Vital infections
Prothrombotic states
Polycythaemia vera

Sickle cell disease
Disseminated intravascular coagulation
Thrombocytosis
Thrombocytopenic purpura
Other

Takotsubo cardiomyopathy, severe AS, prolonged hypotension,
thyrotoxicosis, carbon monoxide poisoning, chest trauma, mediastinal
radiation, spontaneous coronary dissection, cocaine abuse

ESC/ACCF/AHA/WHF Expert Consensus Document. Third Universal Definition
of Myocardial Infarction. European Heart Journal 2012;33,2551-2567.
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Table 28.3 ESC 2012 GL on STEMI

DIAGNOSIS

Recommendations for initial diagnosis

A 12-lead ECG must be obtained as soon as possible at the point of FMC, with a target delay of <10 min. I-B
ECG monitoring must be initiated as soon as possible in all patients with suspected STEMI. I-B
Blood sampling for serum markers routinely in the acute phase, but one should not wait for the results before initiating reperfusion treatment. |-C

Additional posterior chest wall leads (V,-V, =0.05 mV) in patients with high suspicion of inferobasal myocardial infarction (circumflex occlusion).  la-C

Echocardiography may assist in making the diagnosis in uncertain cases but should not delay transfer for angiography.

Ib-C

ECG, electrocardiogram; FMC, first medical contact; STEMI, ST segment elevation myocardial infarction.
ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012;33:2501-2502.

Table 28.4 ESC/ACCF/AHA/WHF 2012

ECG manifestations of acute myocardial ischaemia (in absence of LVH and LBBB)

New ST elevation at the J point in two contiguous leads with the cut-points: =0.1 mV in all leads other than leads V,-V, where the following
cut-points apply: 0.2 mV in men >40 years; >0.25 mV in men <40 years, or 20.15 mV in women.

ST depression and T wave changes

New horizontal or downsloping ST depression >0.05 mV in two contiguous leads and/or T inversion =0.1 mV in two contiguous leads with

prominent R wave or R/S ratio >1.

0.1 mV corresponds to T mm.

ESC/ACCF/AHA/WHEF Expert Consensus Document. Third Universal Definition of Myocardial Infarction. European Heart Journal 2012;33:2551-2567.

Table 28.5 ESC/ACCF/AHA/WHF 2012

ECG changes associated with prior myocardial infarction

Any Q wave in leads V,-V, 20.02 s or QS complex in leads V, and V.

Q wave >0.03 s and >0.1 mV deep or QS complex in leads |, II, aVL, aVF, or V=V, in any two leads of a contiguous lead grouping (I, aVL; V.=V II,

Ill, aVF).2

R wave 20.04 sin V-V, and R/S =1 with a concordant positive T wave in absence of conduction defect.

0.04 s corresponds to one small square of the ECG trace.
2 The same criteria are used for supplemental leads V,-V,.

ESC/ACCF/AHA/WHEF Expert Consensus Document. Third Universal Definition of Myocardial Infarction. European Heart Journal 2012;33:2551-2567.

waves does not reliably distinguish between transmural or
subendocardial MI. Q-wave regression, however, indicates
improved LVEE?®

ECG criteria for the identification of the infarct-re-
lated artery in anterior and inferior MI are shown in Ta-
ble 28.7.4¢
MI in the presence of LBBB Specific markers of MI are: ”

o ST segment elevation =1 mm that is concordant with
the QRS complex (in the same direction as the major
QRS vector), or

o ST segment depression >1mm in lead V,V,orV..

ST segment elevation >5 mm that is discordant with the
QRS complex indicates a moderate to high probability of MI.
RV infarction Up to 50% of inferior MIs have involvement
of the RV. Suspected when ST elevation in V| and inferior
leads, with ST elevation in lead III > ST elevation in lead IL
The most sensitive electrocardiographic sign of right ven-
tricular infarction is ST segment elevation of more than
1 mm, with an upright T wave in lead V R, but this sign is
rarely present more than 12 hours after the infarction.
Atrial infarction PR elevation, the hallmark of diagnosis,
is seen in 10% of MI, but isolated atrial infarction is diag-
nosed in 3.5% of autopsies of patients with STEMIL.®

Enzymatic assays

Creatine kinase (starts rising within 4-8 h and returns to
normal within 2-3 days) and myoglobin (starts rising 1-4
h, peaksat 6 h,and returns to normal at 24 h) are not specific
for myocardial injury. Of the creatine kinase isoenzymes
(MM in skeletal and heart muscle, BB in brain and kidney),
the muscle and brain (CK-MB) isoenzyme is of clinical use
by means of immunoassays with anti-MB monoclonal an-
tibodies. It is also present in other tissue (small intestine,
tongue, diaphragm, uterus, prostate) and rises after physi-
cal exercise. In MI, it usually increases 10-20 times above
the upper limit of the reference range. Of the three subu-
nits of the troponin complex (C that binds to Ca, I binds
to actin, and T binds to tropomyosin), TnI and TnT are of
clinical use. They are also present in skeletal muscle but are
encoded by different genes; quantitative assays use anti-
bodies specific for the cardiac form. In MI, troponins may
increase 20-50 times above the upper limit of the reference
range. Cut-off values should be set by each laboratory, de-
pending on the assay used. Timing parameters are shown
in Table 28.8 and Figure 28.2. False positive results may
happen with all assays. Other causes of troponin elevations
are presented in Table 28.9.° New high-sensitivity troponin
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Lead V,

Lead Il

Figure 28.1 ST segment elevation in various conditions. Tracing 1: left ventricular hypertrophy. Tracing 2: LBBB.

Tracing 3: acute pericarditis (the only tracing with ST segment elevation in both precordial leads and lead Il and PR
segment depression). Tracing 4: pseudoinfarction pattern in hyperkalaemia. The T wave in V, is tall, narrow, pointed,

and tented. Tracing 5: acute anteroseptal infarction. Tracing 6: acute anteroseptal infarction and RBBB (remaining R’
wave and distinct transition between the downstroke of R” and the beginning of the ST segment). Tracing 7: Brugada
syndrome type 1 (rSR" and ST segment elevation limited to V, and V,. The ST segment begins from the top of the R and is
downsloping).

Wang K, et al. ST-segment elevation in conditions other than acute myocardial infarction. N Engl J Med. 2003;349:2128-35.

Table 28.6 Causes of ST elevation other than myocardial infarction

ST elevation of normal variant Seen in V, through V, with inverted T waves
Short QT, high QRS voltage
Left ventricular hypertrophy Concave

Left bundle branch block Concave

Acute pericarditis Diffuse ST segment elevation
Reciprocai ST segment depression in aVR, not in a\)l;
Elevation éélrdom >5mm -
PR segmehrtrdepression

Hyperkalaemia Widened QRS and tall, peaked, tentéarfvrvrarvrésr
Lovv-amplitﬁde or absent P waves

ST segment usually downsloping

(Continued)
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DIAGNOSIS
Table 28.6 (Continued)
Brugada syndrome (type 1) rSR"inV, and V,
ST segment elevation in V, and V,, typically downsloping
Pulmonary embolism Changes simulating myocardial infarction seen often in both inferior and anteroseptal leads
Cardioversion Striking ST segment elevation, often >10 mm, but lasting only 1 or 2 min immediately after direct

current shock
Prinzmetal’s angina Same as ST segment elevation in infarction but transient

Hiatus hernia and stomach compression Concave elevation in anterior chest leads without reciprocal inferior ST depression

Modified from Wang K, et al. ST segment elevation in conditions other than acute myocardial infarction. N Engl J Med. 2003;349:2128-35 and Gard JJ, et al.
Uncommon cause of ST elevation. Circulation 2011; 123:e259-e261.

Table 28.7 ECG criteria for identification of the infarct-related artery in anterior and inferior Ml
Anterior Ml

Proximal LAD occlusion ST elevation in V, to V, (aVL) and ST depression in Il, lll, aVF

Proximal LAD occlusion .ST elevation >2.5 mm in V, or RBBB with initial Q wave (not sensitive but very specific criteria)
LAD occlusion distal to first diagonal .ST elevation in V, to V, without ST depression in I, Ill, aVF

Distal LAD occlusion .ST elevation in V. to V, (aVL) and ST elevation in Il, Ill, aVF (inferoapical LAD extension)

Inferior MI
RCA occlusion ST elevation in lll > ST elevation in Il, and ST depression in | or aVL

Left Cx occlusion ST elevation in lll not greater than ST elevation in Il, and ST elevation or isoelectricin I, aVL, V, V,

Table 28.8 Markers of cardiac damage

Initial rise Peak elevation Return to normal
CK-MB 3-12h 24h 48-72 h
nT 3-12h 12-48h 5144
Tnl 3-12h 24h 5-10d

Myoglobin and
OCK isoforms

l Troponin
N (large M)
=z
—
> 20 A
[}
<
© 10 1
@
2
S 5
=
2 T p----
(1)" T === - _ ¥=10%Cv9th percentile
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Time after onset of AMI (d)

Figure 28.2 Timing of biomarkers after myocardial infarction.
Kumar A, Cannon CP. Acute coronary syndromes: diagnosis and management, part I. Mayo Clin Proc. 2009;84:917-38.
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assays offer a higher negative predictive value (hsTnT <13
pg/mL) for the exclusion of ML However, the increased
sensitivity of these new assays makes it possible to detect
low levels of Tn, even in healthy subjects. Thus, they should
always be interpreted within the context of clinical situ-
ation and repeated in 2-3 hours to confirm myonecrosis
by consistent elevation."'> In a recent study, the use of an
algorithm enabled ruling MI in or out in 77% of patients
within an hour.”® MI was ruled out when baseline troponin
was lower than 12 ng/L, and the level changed less than 3
ng/L in the following hour. MI was diagnosed when base-
line troponin was either 52 ng/L, or higher, or when the
1-hour change was 5 ng/L or more. Increases of CK-MB or
troponin >20% above the level measured at the time of the
recurrent symptoms indicate episodes of reinfarction.?

Other investigations

Elevation of WBC occurs within the first 2 hours, reaches
a peak 2 to 4 days after infarction (12-15 x 10°/mL), and
returns to normal in 1 week. ESR rises after the second
day and remains elevated for several weeks. Haemoglobin
powerfully predicts cardiovascular events, with mortality
increasing progressively as values fall below 14 mg/dL or
increase above 17 mg/dL. Iatrogenic bleeding is associated
with a 5-fold increase in mortality. There is a fall of HDL
cholesterol after 48 h; thus, a lipid profile should be ob-
tained before that time or 8 weeks after the MI.

Table 28.9 Causes of elevated plasma cardiac troponin
other than acute coronary syndromes

Cardiac causes Non-cardiac causes

Cardiac contusion resulting from Pulmonary embolism
trauma

Cardiac surgery Severe pulmonary hypertension
Cardioversion Renal failure
Endomyocardial biopsy Stroke, subarachnoid haemorrhage
Acute and chronic heart failure  Infiltrative diseases, e.g. amyloidosis
Aortic dissection Cardiotoxic drugs
Aortic valve disease Critical illness
Hypertrophic cardiomyopathy Sepsis
Tachyarrhythmia Extensive burns
Bradyarrhythmia, heart block Extreme exertion
Apical ballooning syndrome

Post-percutaneous coronary
intervention

Rhabdomyolysis with myocyte
necrosis

Myocarditis or endocarditis/
pericarditis

Mahajan VS, Jarolim P. How to interpret elevated cardiac troponin levels.
Circulation. 2011;124:2350-4.

Chest radiography Prominent pulmonary vascular mark-
ings reflect raised LVEDP. However, up to 12 h can elapse
before pulmonary oedema accumulates after the LVEDP
has been raised (pulmonary wedge pressure >18 mmHg),
and it takes 48 hours to resorb when LV filling pressures
become normal. Signs of cardiomegaly may be seen, with
previous infarcts and LV dysfunction.

Echocardiography Areas of abnormal regional wall mo-
tion are seen almost universally in patients with large
MIs at 2D echocardiography. Apical thrombus and flaps
of suspect aortic dissection may be seen, and Doppler
imaging may reveal MR, TR, or VSD. Small pericardial
effusion may be due to myocardial haemorrhage due to
anticoagulants, pericarditris, or heart failure. Moderate
effusion early after MI should raise the suspicion of free
wall rupture.'*

Exercise testing In patients of low risk and uncertain diag-
nosis of MI, tests for ischaemia can be undertaken within 6
to 12 h after admission or even immediately. !

Cardiac magnetic resonance (CMR) has high sensitivity
for detecting small amounts of myonecrosis, assessing the
peri-infarction zone and identifying small scars. First-pass
perfusion sequences after IV gadolinium administration
can also identify myocardial perfusion abnormalities.
CMR may detected MI unrecognized by ECG in older
individuals, and this is associated by increased mortality
risk.'®

Computed tomographic (CT) scan and CMR are useful
for excluding aortic dissection.

Triple-rule-out CT angiography allows simultaneous CT
coronary angiography, pulmonary angiography for the ex-
clusion of pulmonary embolism, and ascending aorta an-
giogram for the exclusion of dissection.'®

Initial therapy and medication

Initial therapy

Ambulance teams must be trained and equipped to iden-
tify STEMI (with the use of ECG recorders and telemetry,
as necessary) and administer initial therapy, including
thrombolysis, where applicable. Pre-hospital thromboly-
sis may offer survival rates, even higher than that of pri-
mary PCL" All hospitals and emergency medical systems
participating in the care of patients with STEMI must
record and monitor delay times and work to achieve and
maintain quality targets, as presented in Tables 28.10 and
28.11. Recommendations for pre-hospital and initial hos-
pital management by the ESC and ACC/AHA are given in
Figures 28.3 and 28.4.

In case of resuscitated cardiac arrest, therapeutic
hypothermia and immediate angiography are indicated
(Table 28.12). Although most patients with a cardiac
arrest have demonstrable coronary artery disease, only
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Table 28.10 ACCF/AHA 2013 on STEMI

Regional systems of STEMI care, reperfusion therapy, and time-to-treatment goals

All communities should create and maintain a regional system of STEMI care that includes assessment and continuous quality improvement of
EMS and hospital-based activities. Performance can be facilitated by participating in programmes, such as Mission: Lifeline and the D2B Alliance.

Performance of a 12-lead ECG by EMS personnel at the site of first medical contact (FMC) in patients with symptoms consistent with STEMI.
Reperfusion therapy should be administered to all eligible patients with symptom onset within the prior 12 hours.
Primary PCl is the recommended method of reperfusion when it can be performed in a timely fashion by experienced operators

EMS transport directly to a PCl-capable hospital for primary PCl is the recommended triage strategy, with an ideal FMC-to-device time
system goal of 90 minutes or less.*

Immediate transfer to a PCl-capable hospital for primary PCl is the recommended triage strategy for patients with STEMI who initially arrive
at, or are transported to, a non-PCl-capable hospital, with an FMC-to-device time system goal of 120 minutes or less.*

In the absence of contraindications, fibrinolytic therapy should be administered at non-PCl-capable hospitals when the anticipated
FMC-to-device time at a PCI capable hospital exceeds 120 minutes.

When fibrinolytic therapy is indicated or chosen as the primary reperfusion strategy, it should be administered within 30 minutes of
hospital arrival.*

Reperfusion therapy for patients with STEMI and symptom onset within the prior 12 to 24 hours who have clinical and/or ECG evidence of
ongoing ischaemia. Primary PCl is the preferred strategy in this population.

I-B

I-A

I-A

I-B

lla-B

* The proposed time windows are system goals. For any individual patient, every effort should be made to provide reperfusion therapy as rapidly as possible.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

Table 28.11 ESC 2012 on STEMI

Logistics of pre-hospital care

Ambulance teams must be trained and equipped to identify STEMI (with use of ECG recorders and telemetry as necessary) and administer
initial therapy, including thrombolysis where applicable.

The pre-hospital management of STEMI patients must be based on regional networks designed to deliver reperfusion therapy expeditiously
and effectively, with efforts made to make primary PCl available to as many patients as possible.

Primary PCl-capable centres must deliver a 24/7 service and be able to start primary PCl as soon as possible but always within 60 min from
the initial call.

All hospitals and EMSs participating in the care of patients with STEMI must record and monitor delay times and work to achieve and
maintain the following quality targets:

# First medical contact to first ECG <10 min

& First medical contact to reperfusion therapy

& For fibrinolysis <30 min

& For primary PCI <90 min (<60 min if the patient presents within 120 min of symptom onset or directly to a PCl-capable hospital).

All EMSs, emergency departments, and coronary care units must have a written updated STEMI management protocol, preferably shared
within geographic networks.

Patients presenting to a non-PCl-capable hospital and awaiting transportation for primary or rescue PCl must be attended in an
appropriately monitored area.

Patients transferred to a PCl-capable centre for primary PCI should bypass the emergency department and be transferred directly to the
catheterization laboratory.

lla-B

ECG, electrocardiogram; EMS, emergency medical system; PCI, percutaneous coronary intervention; 24/7, 24 hours a day, seven days a week; STEMI, ST
segment elevation myocardial infarction.
ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

38% of cardiac arrest survivors will develop evidence of
myocardial infarction, and the use of tenecteplase dur-
ing advanced life support for out-of-hospital cardiac ar-
rest did not improve outcome.'® However, approximately
70% of the coronary heart disease deaths annually in
the USA occur out of hospital, and, although <30% of
them have a shockable initial rhythm (usually VF—see
Chapter 67 on SCD), the majority of neurologically

intact survivors come from this subgroup.'” Improved
rates of neurologically intact survival can be achieved
when comatose patients with out-of-hospital VF or VT
cardiac arrest are cooled to 32-34°C for 12 or 24 hours,
beginning minutes to hours after the return of spontane-
ous circulation. Cooling should begin before, or at the
time of, cardiac catheterization that is indicated in these
patients.?>!
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STEMI diagnosis?

Preferably
<60 min

Immediate transfer
to PCl center

PCl possible <120 min?

' .
Yes

Immediately

Preferably 3-24 h

Preferably

<90 min

(<60 min in early presenters) Preferably
>30 min

Immediate transfer

: inohss S -
«— — —
fibrinolysis?
Yes Y

The time point the diagnosis is confirmed with patient
history and ECg ideally within 10 min from the first
medical contact (FMC).

All delays are related to FMC (first medical contact).

Cath=catheterization laboratory; EMS=emergency medical system; FMC=first medical contact; PCl= percutaneous coronary intervention;

STEMI ST-segment elevation myocardial infarction.

Figure 28.3 ESC 2012 GL on STEMI. Pre-hospital and in-hospital management of M (first 24 hours).

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart / 2012;33:2501-2502.

Medication

All patients should receive:'**

o Aspirin (unless there is true aspirin allergy),

¢ A P2Y , inhibitor, such as clopidogrel, ticagrelor
(especially for PCI), or prasugrel (especially for
PCI), and

# An antithrombin agent (enoxaparin or unfraction-
ated heparin or bivalirudin or fondaparinux).

Morphine sulphate

2-8 mg IV, repeated at 5-15 min intervals, or diamorphine
(5 mg IV, causes less nausea) are the analgesics of choice
in acute MI (Table 28.13). Oxygen (4-5 L/min), especially
when saturation is <90%.

Aspirin

Chewable, not enteric-coated, aspirin is given: ACC/AHA
162-325 mg and maintenance dose of 81-325 mg, indefi-
nitely; ESC 150-300 mg po or 80-150 mg IV. Higher doses
of aspirin are no more recommended following stent im-

plantation. If NSAIDs, non-selective or COX-2 selective,
are already given, they are discontinued due to increased
risk of re-infarction, heart failure, and myocardial rup-
ture.

P2Y , inhibitors

Clopidogrel, ticagrelor or prasugrel may be used (ACCF/
AHA 2013 GL on MI). The ESC (2012 on STEMI) gives
preference to ticagrelol and prasugrel over clopidogrel.
Clopidogrel loading is 300 mg po for fibrinolysis or no
reperfusion for patients <75 years old.”” A dose of 600 mg
can be used if initiated 24 h after fibrinolysis (Tables 28.9
and 28.10). For patients >75 years old, the optimum load-
ing dose is not established and much lower doses should
be used. Clopidogrel is given for up to 1 year. For primary
PCI, the loading dose of clopidogrel is 300-600 mg, or
preferably 600 mg, and is continued for at least 1 year after
stenting, regardless of whether a DES or a BMS was used.
Recent evidence suggests that continuation of clopidogrel
beyond 12 months in patients treated with PCI may be
beneficial** Clopidogrel use been found less efficacious
post-MI in diabetic compared to non-diabetic patients.”
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STEMI patient who is a
candidate for reperfusion

Initially seen at a
non-PCl-capable
Initially seen at a hospital*

PCl-capable
hospital DIDO time <30 min

|

I ;

Diagnostic angiogram

A 4 A 4 A 4
Medical - CABG
therapy only

<

Figure 28.4 ACCF/AHA 2013 GL on STEMI. Reperfusion therapy for patients with STEMI. The bold arrows and boxes are
the preferred strategies. Performance of PCl is dictated by an anatomically appropriate culprit stenosis.

* Patients with cardiogenic shock or severe heart failure, initially seen at a non-PCl-capable hospital, should be transferred for cardiac catheterization and
revascularization as soon as possible, irrespective of time delay from Ml onset (Class I, LOE: B). T Angiography and revascularization should not be performed
within the first 2 to 3 hours after administration of fibrinolytic therapy. CABG indicates coronary artery bypass graft; DIDO, door-in-door-out; FMC, first medical
contact; LOE, level of evidence; MI, myocardial infarction; PCl, percutaneous coronary intervention; and STEMI, ST elevation myocardial infarction.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

Table 28.12 Cardiac arrest
ESC 2012 GL on STEMI. Cardiac arrest

All medical and paramedical personnel caring for a patient with suspected MI must have access to defibrillation equipment and be trained

|n cardlac Ilfe support. -
ECG monltorlng at the pomt of FMC in all patlents W|th suspected M. I-C
Therapeut|c hypothermla early after resusmtanon of cardlac arrest pat|ents who are comatose or |n deep sedat|on I-B
Immedlate angiography Wlth a V|ew to primary PCI in patlents with resusatated cardlac arrest whose ECG shows STEMI I-B
Immed|ate angiography W|th a view to primary PCI in survivors of cardlac arrest Wlthout dlagnostlc ECG ST segment eIevatlon but with a la-B
hlgh suspmon of ongomg mfarctlon

ACCF/AHA 2013 GL on STEMI Evaluatlon and management of patlents with STEMI and out-of-hospltal

cardlac arrest

Therapeutlc hypothermia starTed as soon as p055|ble in comatose patlents Wlth STEMI and out-of hospltal cardiac arrest caused by VF or B
puIseIess VT including pat|ents who undergo prlmary PCI

Immed|ate angiography and PCI when indicated in reSUSC|tated out-of- hosp|ta| cardlac arrest pat|ents Whose initial ECG shows STEMI. I-B
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Table 28.13 Initial therapy

ESC 2012 GL on STEMI. Recommendations for relief of pain, breathlessness, and anxiety

Titrated IV opioids are indicated to relieve pain. I-C
Oxygen in patients with hypoxia (Sa0, <95%), breathlessness, or acute heart failure. I-C
Tranquillizer in very anxious patients. lla-C

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

ACCF/AHA 2013 GL on STEMIL. Selected routine medical therapies

Therapy Indications

Dose/administration

Avoid/caution

Clinically significant hypoxaemia (oxygen
saturation <90%)

Oxygen

2 to 4 L/min via nasal cannula

Caution with chronic obstructive pulmonary
disease and CO, retention

HF Increase rate or change to face

mask, as needed

Dyspnoea

Morphine Pain

Anxiety

Pulmonary oedema
needed

Nitroglycerin  Ongoing chest pain

4 to 8 mg IV initially, with lower
doses in elderly

2to8mg IV every 5to 15 min if

0.4 mg sublingual every 5 min up to

Lethargic or moribund patient

Hypotension

Bradycardia

Known hypersensitivity

Avoid in suspected RV infarction

three doses as BP allows

Hypertension and HF

IV dosing to begin at 10 microgram/min

SBP >0 mmHg below baseline,
titrate to desired BP effect

Avoid with SBP <90 mmHg or if SBP >0 mm Hg
below baseline. Avoid if recent (24 to 48 h) use of
5-phosphodiestserase inhibitors

Avoid if recent (24 to 48 h) use of 5-
phosphodiesterase inhibitors

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

Ticagrelor is given in a loading dose 180 mg po, fol-
lowed by 90 mg twice daily.?® For primary PCI, prasugrel
60 mg po loading dose followed by 10 mg od (5 mg if the
patient weighs <60 kg)* may also be used in patients less
than 75 years old and without a history of previous stroke
or TIA or increased bleeding risk. There is an increased
bleeding risk with coronary artery bypass grafting within
5 days of taking clopidogrel (7 days with prasugrel), and
early initiation needs to be carefully considered in patients
where clinical features could suggest the need for early sur-
gical revascularization. Ticagrelor and prasugrel reduce
major adverse cardiac effects, cause less stent thrombosis,
and decrease mortality without increased risk of bleeding
following PCI for STEMI patients.”®

P2Y, inhibitors are continued for at least one year
(ACCF/AHA 2013 GL on STEMI") after stenting, regard-
less of whether a DES or a BMS was used. Following DES,
continuation beyond 12 months is optional. Further con-
tinuation may be considered in certain cases (bifurcation
stenting, long stents etc) in view of delayed DES thrombo-
sis. The ESC 2012 GL on STEMIL?* recommend duration
of 9-12 months of dual antiplatelet therapy, with a strict

minimum time of 1 month after bare metal stent, and 6
months after DES.

Antithrombin agents

The antithrombin agent may be unfractionated heparin or
enoxaparin or bivalirudin or fondaparinux.

Unfractionated heparin is given IV for 48 h. Prolonged
administration increases the risk of heparin-induced
thrombocytopenia, and other anticoagulants are preferred
if further anticoagulation is needed. Anticoagulation dur-
ing hospitalization (up to 8 days) is recommended in non-
reperfused patients. Enoxaparin has been found superior
to UFH after fibrinolysis by reducing the risk of death and
MI, although it slightly increases the risk of bleeding.’
It is superior for primary PCI without any difference in
bleeding.*® Maintenance dosing with enoxaparin should
be continued for the duration of the index hospitalization
for up to 8 days. Bivalirudin may be used with or without
heparin. In primary PCI, bivalirudin, a direct thrombin
inhibitor, reduced mortality as well as major bleeding from
8.3% to 4.9% (p <0.001), compared with unfractionated
heparin with a IIb/IIla antagonist (HORIZONS-MI).*!
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The infusion (for dosing, see Chapter 27 on UA/MSTEMI)
is terminated at the end of the procedure or up to 4 h later.
Fondaparinux, a synthetic factor Xa inhibitor, has been
found to reduce 30-day death or myocardial infarction
compared to unfractionated heparin, regardless of admin-
istration of fibrinolysis (OASIS-6).** In primary PCI, there
is no benefit with fondaparinux, with an excess of cath-
eter thrombosis noted. Thus, in the presence of increased
bleeding risk, bivalirudin may be preferred when an inva-
sive strategy is planned, and fondaparinux (given until end
of hospitalization) when conservative management is an-
ticipated (for dosing, see Chapter 27 on UA/MSTEMI).

Other medications

Glycoprotein IIb/IIIa inhibitors are mainly used for pri-
mary PCI (and can be deferred until angiography) or in
combination with half-dose fibrinolysis.**** They are used
in addition to heparin for PCI, especially in patients with-
out thienopyridine loading or with a large thrombus (Ta-
bles 28.10, 28.11). When abciximab is used, it can be given
intracoronary (ACC/AHA 2011 on PCI, IIb-B). Routine
precatheterization useisnotrecommended. The use of early
intravenous beta blockers in acute MI reduces the risks of
re-infarction and ventricular fibrillation but increases the
risk of cardiogenic shock, especially during the first day or
so after admission.”® There is increased risk of cardiogenic
shock with age >70 years, systolic BP <120 mmHg, sinus
tachycardia >110, or bradycardia <60 bpm. IV beta block-

Table 28.14 ESC 2012 on STEMI

REPERFUSION THERAPY

ers can be used in patients without contraindications, with
high blood pressure, tachycardia, and no signs of heart
failure. Lidocaine infusion to supress ventricular ectopy is
no more indicated. Insulin infusion is used to normalize
blood sugar (<180-200 mg/dL, but avoiding hypoglycae-
mia, i.e. <90 mg/dL). Routine insulin-glucose-potassium
infusions are not recommended any more.

No evidence supports the use of nitrates or calcium
antagonists in the acute phase of MI. [V magnesium
routinely is not indicated, unless a deficit is documented.
NSAIDs (including selective COX-2 agents) are discontin-
ued due to the increased risk of myocardial rupture and
re-infarction. Following MI, NSAIDs (both non-selective
and selective COX-2 inhibitors) are associated with a 45%
increase of risk of recurrent MI or death, even with only
1 week of treatment.*® Diclofenac confers the highest risk
whereas naproxen is the safest agent.*

Reperfusion therapy

Recommendations for selection of reperfusion method are
provided in Figures 28.3 and 28.4 and Table 28.14.

Primary PCI

Primary PCI results in 25-30% lower mortality (7% vs 9%)
and less re-infarction (3% vs 7%) and stroke (1% vs 2%) than
fibrinolysis.”” The benefit of PCI over fibrinolysis increases
with greater delay in presentation, particularly after 120 min

Reperfusion therapy

Reperfusion therapy in all patients with symptoms of <12 h duration and persistent ST segment elevation or (presumed) new LBBB. [-A

Reperfusion therapy (preferably primary PCI) if there is evidence of ongoing ischaemia, even if symptoms may have started >12 h I-C

beforehand or if pain and ECG changes have been stuttering.

Reperfusion therapy with primary PCl may be in stable patients presenting 12-24 h after symptom onset.

Ib-B

Routine PCl of a totally occluded artery >24 h after symptom onset in stable patients without signs of ischaemia (regardless of whether IlI-A

fibrinolysis was given or not) is not recommended.

A summary of important delays and treatment goals in the management of acute ST segment elevation myocardial

infarction

Delay Target

Preferred for first medical contact (FMC) to ECG and diagnosis <10 min

Preferred for FMC to fibrinolysis (‘FMC-to-needle’) <30 min

Preferred for FMC to primary PCI (‘door-to-balloon’) in primary PCI hospitals <60 min

Preferred for FMC to primary PCI <90 min

(<60 min if early presenter with large area at risk)

Acceptable for primary PCl rather than fibrinolysis <120 min

Preferred for successful fibrinolysis to angiography

(90 min if early presenter with large area at risk) if this target
cannot be met, consider fibrinolysis.

3-24h

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.
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Table 28.15 Primary PClin STEMI

ESC 2012 GL on STEMI

Indications

Primary PCl is the recommended reperfusion therapy over fibrinolysis if performed by an experienced team within 120 min of first medical  I-A
contact.

Primary PCI for patients with severe acute heart failure or cardiogenic shock, unless the expected PCl related delay is excessive and the I-B
patient presents early after symptom onset.

Procedural aspects

Stenting is recommended (over balloon angioplasty alone) for primary PCI. .I—A
Primary PCl should be limited to the culprit vessel, with the exception of cardiogenic shock and persistent ischaemia after PCI of the .IIa—B
supposed culprit lesion.

If performed by an experienced radial operator, radial access should be preferred over femoral access. .Ila—B
If the patient has no contraindications to prolonged DAPT (indication for oral anticoagulation or estimated high long-term bleeding risk) .Ila—A
and is likely to be compliant, DES should be preferred over BMS.

Routine thrombus aspiration. .Ila—B
Routine use of distal protection devices is not recommended. .III—C
Routine use of IABP (in patients without shock) is not recommended. .III—A

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

ACCF/AHA 2013 GL on STEMI

Indications

Ischaemic symptoms <12 h I-A
Ischaemic symptoms <12 h and contraindications to fibrinolytic therapy, irrespective of time delay from FMC .I—B
Cardiogenic shock or acute severe HF, irrespective of time delay from Ml onset .I—B
Evidence of ongoing ischaemia 12 to 24 h after symptom onset .Ila—B

PCl of a non-infarct artery at the time of primary PCl in patients without haemodynamic compromise .III—B (harm)

FMC, first medical contact; HF, heart failure; LOE, level of Evidence; MI, myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST elevation
myocardial infarction.
2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

Technical aspects for primary PCl in STEMI

Placement of a stent (bare metal stent [BMS] or drug-eluting stent (DES)). [-A
BMST should be used in patients with high bleeding risk, inability to comply with 1 year of dual antiplatelet therapy (DAPT), or anticipated

invasive or surgical procedures in the next year. -
Manual aspiration thrombectomy for patients undergoing primary PCI lla-B
DES should not be used in primary PCl for patients with STEMI who are unable to tolerate or comply with a prolonged course of DAPT B

because of the increased risk of stent thrombosis with premature discontinuation of one or both agents.

t Balloon angioplasty without stent placement may be used in selected patients.
2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction. doi: 10.1161/CIR.0b013e3182742cf6.

Table 28.16 Medical therapy

ESC 2012 GL on STEMI. Periproedural antithrombotic medication in primary percutaneous coronary intervention

Antiplatelet therapy

Aspirin oral or IV (if unable to swallow) is recommended. . I-B

An ADP receptor blocker is recommended, in addition to aspirin. Options are: . I-A

# Prasugrel in clopidogrel-naive patients, if no history of prior stroke/TIA, age <75 years. . I-B

& Ticagrelor. . I-B

& Clopidogrel, preferably when prasugrel or ticagrelor are either not available or contraindicated. . I-C
najafidm
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Table 28.16 (Continued)

GP IIb/llla inhibitors should be considered for bailout therapy if there is angiographic evidence of massive thrombus, lla-C
slow or no-reflow, or a thrombotic complication.

Routine use of a GP IIb/llla inhibitor, as an adjunct to primary PCI performed with unfractionated heparin, may be IIb-B
considered in patients without contraindications.

Upstream use of a GP llb/llla inhibitor (vs in-lab use) may be considered in high-risk patients undergoing transfer for lIb-B
primary PCI.

Options for GP llb/llla inhibitors are (with LOE for each agent):

@ Abciximab. . . A
& Eptifibatide (with double bolus). .

& Tirofiban (with a high bolus dose). . B

Anticoagulants

An injectable anticoagulant must be used in primary PCI. I-C

Bivalirudin (with use of GP lib/llla blocker restricted to bailout) is recommended over unfractionated heparin and a GP I-B

lIb/llla blocker.

Enoxaparin (with or without routine GP lib/llla blocker) may be preferred over unfractionated heparin. IIb-B
Unfractionated heparin (with or without routine GP lIb/llla blocker) must be used in patients not receiving bivalirudin or I-C

enoxaparin.

Fondaparinux is not recommended for primary PCI. 1II-B
The use of fibrinolysis before planned primary PCl is not recommended. In-A

ESC 2012 GL on STEMI. Doses of antiplatelet co-therapies

With primary PCI

Aspirin .Loading dose of 150-300 mg orally or of 80-150 mg IV if oral ingestion is not possible, followed by a maintenance
dose of 75-100 mg/day.

Clopidogrel .Loading dose of 600 mg orally, followed by a maintenance dose of 75 mg/day.

Prasugrel .Loading dose of 60 mg orally, followed by a maintenance dose of 10 mg/day.
In patients with body weight <60 kg, a maintenance dose of 5 mg is recommended. In patients >75 years, prasugrel
is generally not recommended, but a dose of 5 mg should be used if treatment is deemed necessary.

Ticagrelor .Loading dose of 180 mg orally, followed by a maintenance dose of 90 mg bd.

Abciximab .Bolus of 0.25 mg/kg IV and 0.125 micrograms/kg/min infusion (maximum 10 micrograms/min) for 12 h.

Eptifibatide .Double bolus of 180 micrograms/kg IV (given at a 10-minute interval) followed by an infusion of 2.0 micrograms/kg/
min for 18 h.

Tirofiban 25 micrograms/kg over 3 min 1V, followed by a maintenance infusion of 0.15 micrograms/kg/min for 18 h.

With fibrinolytic therapy .

Aspirin .Starting dose 150-500 mg orally or IV dose of 250 mg if oral ingestion is not possible.

Clopidogrel .Loading dose of 300 mg orally if aged <75 years, followed by a maintenance dose of 75 mg/day.

Without reperfusion therapy .

Aspirin .Starting dose 150-500 mg orally.

Clopidogrel .75 mg/day orally.

ESC 2012 GL on STEMI. Doses of antithrombin co-therapies

With primary PCl .

Unfractionated heparin .70—1 00 U/kg IV bolus when no GP Iib/llla inhibitor is planned.
50-60 U/kg IV bolus with GP lIb/llla inhibitors.

Enoxaparin 6.5 mag/kg IV bolus.

Bivalirudin 6.75 mg/kg IV bolus, followed by IV infusion of 1.75 mg/kg/h for up to 4 h after the procedure, as clinically

warranted. After cessation of the 1.75 mg/kg/h infusion, a reduced infusion dose of 0.25 mg/kg/h may be
continued for 4-12 h, as clinically necessary.

(Continued)
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Table 28.16 (Continued)

With fibrinolytic therapy

Unfractionated heparin 60 U/kg IV bolus with a maximum of 4000 U, followed by an IV infusion of 12 U/kg with a maximum of 1000 U/h
for 24-48 h. Target aPTT: 50-70 s or 1.5 to 2.0 times that of control to be monitored at 3, 6, 12, and 24 h.

Enoxaparin In patients <75 years of age:
30 mg IV bolus, followed 15 min later by 1 mg/kg SC every 12 h until hospital discharge for a maximum of 8 days
The first two doses should not exceed 100 mg. In patients >75 years of age: no IV bolus; start with first SC dose of
0.75 mg/kg with a maximum of 75 mg for the first two SC doses. In patients with creatinine clearance of <30 mL/
min, regardless of age, the SC doses are given once every 24 h.

Fondaparinux .2.5 mg IV bolus followed by a SC dose of 2.5 mg once daily up to 8 days or hospital discharge.
Without reperfusion therapy.

Unfractionated heparin .Same dose as with fibrinolytic therapy.

Enoxaparin .Same dose as with fibrinolytic therapy.

Fondaparinux .Same dose as with fibrinolytic therapy.

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

ACCF/AHA 2013 GL on STEMI. Adjunctive antithrombotic therapy to support reperfusion with primary PCI

Antiplatelet therapy

Aspirin

162 to 325 mg load before procedure . I-B
81 to 325 mg daily maintenance dose (indefinite)* . I-A
81 mg daily is the preferred maintenance dose* . lla-B

P2Y,, inhibitors

Loading doses

Clopidogrel: 600 mg as early as possible or at time of PCI I-B
Prasugrel: 60 mg as early as possible or at time of PCI I-B
Ticagrelor: 180 mg as early as possible or at time of PCI I-B

Maintenance doses and duration of therapy

DES placed: continue therapy for 1 year with:

Clopidogrel: 75 mg daily I-B
Prasugrel: 10 mg daily I-B
Ticagrelor: 90 mg twice a day* I-B

BMSt placed: continue therapy for 1 year with:

Clopidogrel: 75 mg daily . I-B
Prasugrel: 10 mg daily . I-B
Ticagrelor: 90 mg twice a day* . I-B
DES placed: .
Clopidogrel, prasugrel, or ticagrelor* continued beyond 1 year . lIb-C
Patients with STEMI with prior stroke or TIA: prasugrel . I1-B (harm)

GP lib/ll1a receptor antagonists in conjunction with UFH or bivalirudin in selected patients

Abciximab: 0.25 mg/kg IV bolus, then 0.125 micrograms/kg/min (maximum 10 micrograms/min) . lla-A

Tirofiban: (high-bolus dose): 25 micrograms/kg IV bolus, then 0.15 micrograms/kg/min . lla-B
In patients with CrCl <30 mL/min, reduce infusion by 50%

Eptifibatide (double bolus): 180 micrograms/kg IV bolus, then 2 micrograms/kg/min; a second 180 micrograms/kg lla-B
bolus is administered 10 min after the first bolus

In patients with CrCl <50 mL/min, reduce infusion by 50%
Avoid in patients on haemodialysis
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Pre-catheterization laboratory administration of IV GP lIb/llla receptor antagonist Ib-B
Intracoronary abciximab 0.25 mg/kg bolus Ib-B
Anticoagulant therapy
UFH: I-C
UFH with GP IIb/llla receptor antagonist planned: 50 to 70 U/kg IV bolus to achieve therapeutic ACT#
UFH with no GP lIb/llla receptor antagonist planned: 70 to 100 U/kg bolus to achieve therapeutic ACT§ I-C
Bivalirudin: 0.75 mg/kg IV bolus, then 1.75 mg/kg/h infusion with or without prior treatment with UFH. An additional I-B
bolus of 0.3 mg/kg may be given if needed.

Reduce infusion to 1 mg/kg/h with estimated CrCl <30 mL/min
Preferred over UFH with GP lib/llla receptor antagonist in patients at high risk of bleeding lla-B
Fondaparinux: not recommended as sole anticoagulant for primary PCI lIb-B (harm)

* The recommended maintenance dose of aspirin to be used with ticagrelor is 81 mg daily.

1 Balloon angioplasty without stent placement may be used in selected patients. It might be reasonable to provide P2Y12 inhibitor therapy to patients with
STEMI undergoing balloon angioplasty alone, according to the recommendations listed for BMS (LOE: Q).

+ The recommended ACT with planned GP IIb/llla receptor antagonist treatment is 200 to 250 s.

§ The recommended ACT with no planned GP lIb/llla receptor antagonist treatment is 250 to 300 s (HaemoTec device) or 300 to 350 s (Haemochron device).
ACT indicates activated clotting time; BMS, bare metal stent; CrCl, creatinine clearance; COR, class of recommendation; DES, drug-eluting stent; GP,
glycoprotein; IV, intravenous; LOE, level of evidence; N/A, not available; PCl, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction; TIA,

transient ischaemic attack; and UFH, unfractionated heparin.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

of symptom onset and in patients >65 years of age, but is lost
with a relative delay (door-to-balloon time vs door-to-nee-
dle time) of more than 114 min.?* Each 30-minute delay in
reperfusion results in a 7.5% increase in 1-year mortality. De-
lays in door-to-balloon time for PCI greater than 1 hour over
when thrombolytic reperfusion would have occurred may
negate the mortality benefit of PCI (Tables 28.14 to 28.16).
Thus, PCI is preferred over fibrinolysis if:

o Can be performed with a delay <120 minutes of first
medical contact-to-balloon time

o Cardiogenic shock or severe heart failure

o Symptoms onset within the prior 12-24 h and ongoing
ischaemia

o Contraindications to fibrinolysis or diagnosis of
STEMI in doubt.

The greater the baseline patient risk and the availability of
in-hospital PCI facilities, the longer the acceptable primary
PCI delays.* The largest trial comparing PCI to fibrinoly-
sis (DANAMI) has shown that transfer for PCI is indicated
when patients with STEMI present within 12 h from on-
set of symptoms and transfer time is <2 hours.” In the
STREAM trial, prehospital fibrinolysis with tenecteplace
in patients who presented within 3 hours after symptom
onset and who were unable to undergo primary PCI within
1 hour, resulted in effective reperfusion compared to late
primary PCI (135-230 min), but with a slightly increased
risk of intracranial bleeding.*

A reasonable policy in places without PCI facilities is
to fibrinolyze all patients who present within 12 hours
from onset of symptoms using half-dose for patients
> 75 years of age, and then perform angiography and
PCI, if indicated, 3-24 hours later.

It should also be noted that MI with RBBB is frequently
caused by the complete occlusion of the infarct-related
artery, and in-hospital mortality is highest from all ECG
presentations of AMI. Thus, RBBB should be considered as
a standard indication for reperfusion therapy in the same
way as LBBB.*

Primary PCI has been recommended generally for up
to 12 h after the onset of symptoms. This time limit may
be extended to 24 h in the presence of ongoing ischaemia,
or even in stable patients (Class IIb-B by ESC 2012 on MI
and Class IIb-B by the ACC/AHA on PCI2011). When pa-
tients presents >24 hours after symptom onset and with an
occluded infarct-related artery, the open artery trial (OAT)
showed no benefit of PCI in stable patients and is not rec-
ommended by current guidelines,* although ventricular
remodelling is affected by the presence of a patent artery.
PCI is also the treatment of choice in cardiogenic shock.
The presence of significant stenosis or total occlusions in
non-MI related arteries indicates adverse prognosis.*

UFH or enoxaparin may be used, but enoxaparin has
been found superior to heparin (ATOLL study) by means
of reducing ischaemic episodes.”® In patients undergo-
ing primary PCI, abciximab is associated with a possible
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reduction of mortality.* Small molecule glycoprotein IIb/
IITa inhibitors (tirofiban and eptifibatide) have not been
extensively studied, but there is evidence for similar effi-
cacy.* They are much cheaper, and their shorter duration
of action is an advantage. IIb/IIa inhibitors may be indi-
cated in primary PCI, and there has been evidence that
intracoronary bolus administration results in improved
myocardial perfusion compared to IV (INFUSE-AMI
and CICERO trials),”*® although this is not a consistent
finding (AIDA-STEMI trial).* Bivalirudin is superior
to the combination of UFH/enoxaparin with a IIb/IIIa
(ISAR-REACT 4)* and can be given if the patient had
been previously treated with UFH. Bivalirudin is the pre-
ferred anticoagulant for PCI by the ACC/AHA 2013 GL
on STEMIL.

Thrombus aspiration is recommended, but the evi-
dence on its value is not established.***'>* Embolic protec-
tion is not beneficial in reducing mortality, compared with
PCI alone, whereas mechanical thrombectomy appears to
increase mortality.**

The use of DES, instead of BMS, is safe and reduces the
risk of reintervention.”

Non-culprit coronary interventions should not be per-
formed at the time of primary PCL* this is the recom-
mendation of current guidelines. However, multivessel
revascularization may be safe compared to culprit artery-
only revascularization.”

In pregnant women, primary PCI is the treatment of
choice (ESC GL on pregnancy 2011, I-C).

No-reflow phenomenon

Failure to achieve microvascular flow, as assessed by reso-
lution of ST segment elevation or contrast flow by angiog-
raphy, is seen in up to 25% patients subjected to primary
PCI (Table 28.17). Coronary embolization and ischaemia-
induced endothelial swelling and neutrophil and platelet
activation are thought responsible. Thrombus aspiration
and abciximab 0.25 mg/kg bolus and 0.125 mg/kg/min
infusion for 12-24 h may be used for no-reflow. Adenos-
ine, as continuous infusion of 70 microgram/kg/min over
3 hours during and after PCI or intracoronary bolus of
30-60 mg, verapamil, as intracoronary bolus of 0.5-1 mg,
and intracoronary nitroprusside may also be used (ACCF/
AHA 2011 on PCI).

Facilitated PCI

Facilitated PCI that refers to full or half-dose thrombolysis
with or without IIb/IITa inhibitors, followed by immedi-
ate PCI, has resulted in increased incidence of major ad-
verse cardiac events.”** However, routine PCI within 24 h,
but later than 3 hours after fibrinolysis, appears to offer
reduced rates of re-infarction and composite outcomes of
myocardial infarction and death compared to ischaemia-
guided PCL"-

Table 28.17 Grading of coronary flow and myocardial blush
TIMI flow

TIMI O There is no antegrade flow beyond the point of occlusion.

TIMI 1 The contrast material passes beyond the area of obstruction
but ‘hangs up’ and fails to opacify the entire coronary bed distal to the
obstruction for duration of the cine run.

TIMI 2 The contrast material passes across the obstruction and
opacifies the coronary bed distal to the obstruction. However, the rate
of entry of contrast material into the vessel distal to the obstruction

or its rate of clearance from the distal bed (or both) are perceptibly
slower than its entry into or clearance from comparable areas not
perfused by the previously occluded vessel, e.g. the opposite coronary
artery or the coronary bed proximal to the obstruction.

TIMI 3 Antegrade flow into the bed distal to the obstruction occurs as
promptly as antegrade flow into the bed proximal to the obstruction,
and clearance of contrast material from the involved bed is as rapid as
clearance from an uninvolved bed in the same vessel or the opposite artery.

Sheehan FH, et al. The effect of intravenous thrombolytic therapy on left
ventricular function: a report on tissue-type plasminogen activator and
streptokinase from the Thrombolysis in Myocardial Infarction (TIMI Phase 1)
trial. Circulation 1987;75:817-829.

Myocardial blush grade

MBG 0 No myocardial blush or staining of blush (due to leakage of
dye into the extravascular space)

MBG 1 Minimal myocardial blush

MBG 2 Moderate myocardial blush, less than that obtained during
angiography of a contralateral or ipsilateral non-infarct-related artery

MBG 3 Normal myocardial blush, comparable with that obtained during
angiography of a contralateral or ipsilateral non-infarct-related artery

Myocardial blush grade (MBG) is a densitometric, semi-quantitative
parameter which depends on the tissue phase of myocardial perfusion
that appears as a ‘blush’ or a ‘ground glass’ after a sufficiently long,
25 frames/s, X-ray acquisition. MBG is measured on patients with
TIMI 3 flow and is based on the principle that a functionally preserved
microvascular bed allows the injected contrast to pass easily from

the arterial to the venous side of coronary circulation, showing an
appreciable ‘blush’ at the myocardial level.

van 't Hof AW, et al. Angiographic assessment of myocardial reperfusion in
patients treated with primary angioplasty for acute myocardial infarction:
myocardial blush grade. Zwolle Myocardial Infarction Study Group.
Circulation 1998;97:2302-2306.

Fibrinolysis

Fibrinolysis is given within the next 12 h after the onset
of symptoms or the next 24 h in case of ongoing ischae-
mia (Tables 28.18 to 28.20 and Figures 28.3 and 28.4).
Patients presenting beyond the 12 h limit should receive
heparin or fondaparinux, regardless of whether reper-
fusion is attempted. Despite previous reservations, fibri-
nolyis is recommended in the elderly (>75 years) when
primary PCI is not available.** Urgent pharmacological
reperfusion with fibrinolysis, either pre-hospital within
30 minutes or after transfer with a door-to-needle time
<0 min, remains the principal treatment for improving
survival after STEMI, unless an absolute contraindication
exists (Table 28.14). In patients presenting <2 hours after
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Table 28.18 Contraindications to fibrinolysis

ACC/AHA 2013 on STEMI. Contraindications and
cautions for fibrinolytic therapy in STEMI*

Absolute contraindications
Any prior ICH

Known structural cerebral vascular lesion (e.g. arteriovenous
malformation)

Known malignant intracranial neoplasm (primary or metastatic)
Ischaemic stroke within 3 mo

EXCEPT acute ischaemic stroke within 4.5 h

Suspected aortic dissection

Active bleeding or bleeding diathesis (excluding menses)
Significant closed-head or facial trauma within 3 mo
Intracranial or intraspinal surgery within 2 mo

Severe uncontrolled hypertension (unresponsive to emergency
therapy)

For streptokinase, prior treatment within the previous 6 mo
Relative contraindications
History of chronic, severe, poorly controlled hypertension

Significant hypertension on presentation (SBP >180 mmHg or DBP
>110 mmHg)

History of prior ischaemic stroke >3 mo
Dementia

Known intracranial pathology not covered in absolute
contraindications

Traumatic or prolonged (>10 min) CPR
Major surgery (<3 wk)

Recent (within 2 to 4 wk) internal bleeding
Non-compressible vascular punctures
Pregnancy

Active peptic ulcer

Oral anticoagulant therapy

* Viewed as advisory for clinical decision-making and may not be all-inclusive
or definitive.

CPR indicates cardiopulmonary resuscitation; DBP; diastolic blood pressure;
ICH, intracranial haemorrhage; SBP, systolic blood pressure; and STEMI, ST
elevation myocardial infarction.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial
infarction. J Am Coll Cardiol. 2013;61:e78-140.

ESC 2012 on STEMI. Condraindications to fibrinolysis
Absolute

Previous intracranial haemorrhage or stroke of unknown origin at any
time

Ischaemic stroke in the preceding 6 months

Central nervous system damage or neoplasms or atrioventricular
malformation

Recent major trauma/surgery/head injury (within the preceding 3
weeks)

REPERFUSION THERAPY

Gastrointestinal bleeding within the past month
Known bleeding disorder (excluding menses)
Aortic dissection

Non-compressible punctures in the past 24 h (e.g. liver biopsy, lumbar
puncture)

Relative

Transient ischaemic attack in the preceding 6 months
Oral anticoagulant therapy

Pregnancy or within 1 week post-partum

Refractory hypertension (systolic blood pressure >180 mmHg and/or
diastolic blood pressure >110 mmHg)

Advanced liver disease
Infective endocarditis
Active peptic ulcer

Prolonged or traumatic resuscitation

ESC Guidelines for the management of acute myocardial infarction
in patients presenting with ST-segment elevation. Eur Heart / 2012;
33:2501-2502.

symptom onset, fibrinolysis can achieve mortality rates
of <4%, which are similar to those achieved by primary
PCI. The earlier that fibrinolysis, the greater the benefit
by means of preservation of left ventricular function and
reduction in mortality.*®

Bolus-only fibrin-specific agents rateplase (rPA) and
tenecteplase (TNK-tPA) are tissue plasminogen activa-
tor (tPA) mutants that achieve greater vessel patency than
non-fibrin specific agents (streptokinase and urokinase)
and similar mortality benefit but with less systemic bleed-
ing than infusion of tPA.°*’ In patients receiving fibrin-
specific fibrinolytic agents, and perhaps streptokinase,
unfractionated heparin, or enoxaparin, commenced
early after fibrinolysis is recommended (Table 28.15). UFH
should not be given for more than 48 hours due to the risk
of heparin-induced thrombocytopenia. Maintenance dos-
ing with enoxaparin or fondaparinux should be continued
for the duration of the index hospitalization, up to 8 days.

Combination of half-dose fibrinolytics and glycopro-
tein IIb/IITa inhibition for pharmacological reperfusion
achieves more rapid ST segment resolution and less recur-
rent infarction than with standard fibrinolytic therapy but
no reduction in mortality.*® It is contraindicated in patients
>75 years old.

Intracranial haemorrhage

The occurrence of a change in neurological status during
or after reperfusion therapy, particularly within the first 24
hours after initiation of treatment, is considered to be due
to intracranial haemorrhage until proven otherwise. The
incidence of intracranial haemorrhage following throm-
bolysis has been estimated between 0.2 and 2%.°® Certain
patient groups, such as the elderly, women, hypertensive
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Table 28.19 Fibrinolysis

ESC 2012 GL on STEMI. Fibrinolytic therapy

Fibrinolytic therapy is recommended within 12 h of symptom onset in patients without contraindications if primary PCI I-A
cannot be performed by an experienced team within 120 min of FMC.

In patients presenting early (<2 h after symptom onset) with a large infarct and low bleeding risk, fibrinolysis should be . lla-B
considered if time from FMC to balloon inflation is >90 min.

If possible, fibrinolysis should start in the pre-hospital setting. . lla-A
A fibrin-specific agent (tenecteplase, alteplase, reteplase) is recommended (over non-fibrin specific agents). . I-B

Oral or IV aspirin must be administered. . I-B

Clopidogrel is indicated in addition to aspirin. . I-A

Antithrombin co-therapy with fibrinolysis

Anticoagulation is recommended in STEMI patients treated with lytics until revascularization (if performed) or for the I-A
duration of hospital stay up to 8 days.
The anticoagulant can be:

& Enoxaparin IV, followed by SC (using the regimen described below) (preferred over UFH) I-A
& UFH given as a weight-adjusted IV bolus and infusion I-C
In patients treated with streptokinase, fondaparinux IV bolus, followed by SC dose 24 h later lla-B

Transfer to a PCl-capable centre following fibrinolysis
Is indicated in all patients after fibrinolysis. I-A

Interventions following fibrinolysis

Rescue PCl is indicated immediately when fibrinolysis has failed (<50% ST segment resolution at 60 min). . I-A

Emergency PCl is indicated in the case of recurrent ischaemia or evidence of reocclusion after initial successful . I-B

fibrinolysis.

Emergency angiography with a view to revascularization is indicated in heart failure/shock patients. . I-A

Angiography with a view to revascularization (of the infarct-related artery) is indicated after successful fibrinolysis. . I-A

Optimal timing of angiography for stable patients after successful lysis: 3-24 h. . lla-A

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

ESC 2012 GL on STEMI. Doses of fibrinolytic agents

Initial treatment Specific contraindications
Streptokinase (SK) 1.5 million units over 30-60 min IV Prior SK or anistreplase
Alteplase (tPA) 15 mg IV bolus 0.75 mg/kg over 30 min (up to 50 mg), then 0.5 mg/kg over

60 min IV (up to 35 mg)
Reteplase (r-PA) 10 units + 10 units IV bolus, given 30 min apart

Tenecteplase (TNK-tPA) Single IV bolus:
30 mg if <60 kg, 35 mg if 60 to <70 kg, 40 mg if 70 to <80 kg, 45 mg if 80 to
<090 kg, 50 mg if >90 kg

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

ACCF/AHA 2013 GL on STEMLI. Indications for fibrinolytic therapy when there is a >120-minute delay from FMC to
primary PCI

Ischaemic symptoms <12 h I-A
Evidence of ongoing ischaemia 12 to 24 h after symptom onset and a large area of myocardium at risk or haemodynamic  Ila-C
instability

ST depression, except if true posterior (inferobasal) Ml is suspected or when associated with ST elevation in lead aVR III-B (harm)

FMC, first medical contact; MI, myocardial infarction; N/A, not available; and PCI, percutaneous coronary intervention.
2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

(Continued)
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Table 28.19 (Continued)

ACCF/AHA 2013 GL on STEMIL. Fibrinolytic agents

Fibrinolytic agent Dose Fibrin specificity* Antigenic Patency rate (90-minute TIMI
2 or 3 flow)
Fibrin-specific
Tenecteplase (TNK-tPA)  Single IV weight-based bolust +++ No 85%
Reteplase (rPA) 10U + 10 U IV boluses, given 30 min ++ No 84%
apart
Alteplase (tPA) 90-minute weight-based infusion# ++ No 73% to 84%

Non-fibrin-specific

Streptokinase§ 1.5 million units IV, given over 30-60 min  No Yes™ 60% to 68%

* Strength of fibrin specificity; ++++ is more strong; ++ is less strong.
1 30 mg for weight <60 kg; 35 mg for 60-69 kg; 40 mg for 70-79 kg; 45 mg for 80-89 kg; and 50 mg for =90 kg.

# Bolus 15 mg, infusion 0.75 mg/kg for 30 min (maximum 50 mg), then 0.5 mg/kg (maximum 35 mg) over the next 60 min; total dose not to exceed 100 mg.

§ Streptokinase is no longer marketed in the United States but is available in other countries.

** Streptokinase is highly antigenic and absolutely contraindicated within 6 mo of previous exposure because of the potential for serious allergic reaction.
IV indicates intravenous; rPA, reteplase plasminogen activator; TIMI, Thrombolysis In Myocardial Infarction; TNK-tPA, tenecteplase tissue-type plasminogen
activator; and tPA, tissue-type plasminogen activator.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.

Table 28.20 ACCF/AHA 2013 GL on STEMI. Adjunctive antithrombotic therapy to support reperfusion with fibrinolytic

therapy
Antiplatelet therapy
Aspirin
162 to 325 mg loading dose . I-A
81 to 325 mg daily maintenance dose (indefinite) . I-A
81 mg daily is the preferred maintenance dose . lla-B
P2Y12 receptor inhibitors
Clopidogrel: ) I-A
Age <75 y: 300 mg loading dose
Followed by 75 mg daily for at least 14 d and up to 1 year in absence of bleeding . I-A (14d)/C (ub to one year)
Age >75 years: no loading dose, give 75 mg . I-A .
Followed by 75 mg daily for at least 14 d and up to 1 year in absence of bleeding I-A (14d)/C (u:p to one year)
Anticoagulant therapy
UFH i

Weight-based IV bolus and infusion adjusted to obtain aPTT of 1.5 to 2.0 times control for 48 h or until
revascularization. IV bolus of 60 U/kg (maximum 4000 U), followed by an infusion of 12 U/kg/h (maximum
1000 U) initially, adjusted to maintain aPTT at 1.5 to 2.0 times control (approximately 50 to 70 s) for 48 h or
until revascularization

Enoxaparin I-A

If age <75 years: 30 mg IV bolus, followed in 15 min by 1 mg/kg subcutaneously every 12 h (maximum 100 mg .
for the first two doses)

If age >75 years: no bolus, 0.75 mg/kg subcutaneously every 12 h (maximum 75 mg for the first two doses)
Regardless of age, if CrCl <30 mL/min: 1 mg/kg subcutaneously every 24 h
Duration: for the index hospitalization, up to 8 d or until revascularization
Fondaparinux I-B

Initial dose 2.5 mg IV, then 2.5 mg subcutaneously daily starting the following day, for the index hospitalization
up to 8 d or until revascularization

Contraindicated if CrCl <30 mL/min

aPTT indicates activated partial thromboplastin time; CrCl, creatinine clearance; IV, intravenous; N/A, not available; and UFH, unfractionated heparin.
2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.
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patients, and diabetics, are at an increased risk of intracra-
nial haemorrhage when subjected to thrombolysis. Fibri-
nolytic, antiplatelet, and anticoagulant therapies should be
discontinued until brain imaging scan shows no evidence
of intracranial haemorrhage. Cryoprecipitates, fresh fro-
zen plasma, protamine, and platelets are given, and in-
tracranial pressure is reduced with mannitol, endotracheal
intubation, and hyperventilation. Blood pressure and glu-
cose levels are optimized, and neurosurgical consultation
is sought.

Failed reperfusion

Criteria of successful thrombolysis are:

o ST resolution (>70%) within the first 90 minutes
after treatment

o T wave invertion <4 hours after treatment

+ Rapid release of biochemical markers

o Accelerated idioventricular rhythm 60-120 bpm
(benign rhythm).

Failed reperfusion is defined as continuing chest pain or
failure of ST segment resolution by more than 50% at 90
minutes after fibrinolysis and is seen in 40% of cases with
fibrinolysis.

Patients with recurrent ischaemia should be considered
candidates for coronary arteriography and PCI or CABG.
Fibrinolytic therapy (other than streptokinase) may be re-
peated if PCI is not available within the next 60 minutes.

Rescue PCI

This is better than repeat fibrinolysis after failed
reperfusion,® and associated with lower rates of heart fail-
ure (5% absolute reduction) and re-infarction (4% absolute
reduction) by 6 months but a 3% increase in stroke, com-
pared to a conservative strategy with PCI only, for recurrent
ischaemia after fibrinolysis.”” Coronary angiography with
intent to perform PCl is also recommended in patients who
received thrombolysis and develop cardiogenic shock, pul-
monary oedema or heart failure, and haemodynamically
compromising ventricular arrhythmias (Table 28.21).

Routine angiography following fibrinolysis

ST recovery is an imperfect discriminator between TIMI
grade 2 and TIMI grade 3 flow, with up to 50% of patients
with persistent ST elevation having a patent infarct-related
artery at the time of angiography (Table 28.17).”' Thus, rou-
tine coronary angiography and, if indicated, PCI may be
recommended in all patients after successful thrombolysis.
This should be done within the next 24 hours and delayed
for at least 3 hours following the fibrinolysis, though the
optimal timing remains uncertain.®>’>” In stable patients
who did not receive reperfusion, routine angiography be-
fore discharge is an option (Table 28.22).

CABG

CABG mortality is elevated for the first 3 to 7 days after
infarction, and the benefit of revascularization must be
balanced against this increased risk. However, emergency
surgical revascularization may be necessary and can be un-
dertaken, especially in cases of failed PCI of a large LAD or
mechanical complications of the MI (Table 28.23).7

Complications of Mi

Most deaths in hospitalized patients with STEMI are due to
heart failure and mechanical complications.

Heart failure (Killip class Il and III)

Oxygen by mask (4-5 L/min), loop diuretics (i.e. furo-
semide 20-40 mg IV, repeated at 1-4 hourly intervals),
ACE inhibitors (or ARBs), and nitrates, if the systolic BP
>100 mmHg, are mandatory. Dobutamine (can be given
through a peripheral line) or dopamine, if there is hypoten-
sion (requires central line), can be considered in refractory
cases (Table 28.24).

Hypotension

Rapid volume loading and correction of arrhythmias and
conduction disturbances are essential in hypotension. If
the patient does not respond, consideration of mechanical
complications and vasopressor support and/or intra-aortic
balloon counterpulsation may be needed.

Cardiogenic shock

Cardiogenic shock is caused by extensive loss of viable my-
ocardial tissue and is characterized by a systolic pressure
<90 mmHg and a central filling pressure (wedge pressure)
>20 mmHg or a cardiac index <1.8 L/min/m?> Shock is also
considered present if inotropes and/or an intra-aortic bal-
loon pump are needed to maintain a systolic blood pres-
sure >90 mmHg and a cardiac index >1.8 L/min/m? Early
revascularization by PCI (one or more coronary arteries)”,
or even CABG if necessary, is the only means to possibly
reduce mortality that approaches 60% if left untreated
(Table 28.24, see also Chapter 31 on CCF). A haemody-
namic support device is recommended in patients who
do not stabilize with pharmacologic therapy (ACC/AHA
2011 on PCI, I-B). Although intra-aortic balloon pumping
is still recommended, its effectiveness is debated, particu-
larly if revascularization is undertaken (IABP-SHOCK II
trial).”®””

Right ventricular infarction

Patients with inferior STEMI and haemodynamic compro-
mise should be assessed with a right precordial V , lead
to detect ST segment elevation and an echocardiogram to
screen for RV infarction.
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Table 28.21 ACCF/AHA 2013 GL on STEMI. PCl after fibrinolysis

Indications for PCl of an infarct artery in patients who were managed with fibrinolytic therapy or who did not
receive reperfusion therapy

Cardiogenic shock or acute severe HF I-B
Intermediate- or high-risk findings on predischarge non-invasive ischaemia testing . I-C
Spontaneous or easily provoked myocardial ischaemia . I-C

Patients with evidence of failed reperfusion or reocclusion after fibrinolytic therapy (as soon as possible) . lla-B

Stable* patients after successful fibrinolysis, ideally between 3 and 24 h . lla-B

Stable* patients >24 h after successful fibrinolysis . Ilb-B
Delayed PCl of a totally occluded infarct artery >24 h after STEMI in stable patients B (no benefit) .

* Although individual circumstances will vary, clinical stability is defined by the absence of low output, hypotension, persistent tachycardia, apparent shock,
high-grade ventricular or symptomatic supraventricular tachyarrhythmias, and spontaneous recurrent ischaemia.
HF, heart failure; PCl, percutaneous coronary intervention; and STEMI, ST elevation myocardial infarction.

Adjunctive antithrombotic therapy to support PCI after fibrinolytic therapy

Antiplatelet therapy

Aspirin

162 to 325 mg loading dose given with fibrinolytic agent (before PCI). I-A
81 to 325 mg daily maintenance dose after PCI (indefinite) ) I-A
81 mg daily is the preferred daily maintenance dose ) lla-B

P2Y12 receptor inhibitors
Loading doses
For patients who received a loading dose of clopidogrel with fibrinolytic therapy:

Continue clopidogrel 75 mg daily without an additional loading dose . I-C
For patients who have not received a loading dose of clopidogrel:

If PCl is performed <24 h after fibrinolytic therapy: clopidogrel 300 mg loading dose before or at the time of PCI ) I-C

If PCl is performed >24 h after fibrinolytic therapy: clopidogrel 600 mg loading dose before or at the time of PCI I-C

If PClis performed >24 h after treatment with a fibrin-specific agent or >48 h after a non-fibrin-specific agent: . lla-B

prasugrel 60 mg at the time of PCI )
For patients with prior stroke/TIA: prasugrel B (harm)
Maintenance doses and duration of therapy
DES placed: continue therapy for at least 1 year with:

Clopidogrel: 75 mg daily . I-C
Prasugrel: 10 mg daily . lla-B
BMS placed: continue therapy for at least 30 d and up to 1 year with: .
Clopidogrel: 75 mg daily . I-c
Prasugrel: 10 mg daily lla-B
Anticoagulant therapy
Continue UFH through PCl, administering additional IV boluses, as needed, to maintain therapeutic ACT, depending . I-C

on use of GP IIb/llla receptor antagonistt

Continue enoxaparin through PCl: . I-B
No additional drug if last dose was within previous 8 h .
0.3 mg/kg IV bolus if last dose was 8 to 12 h earlier

Fondaparinux: . III-C (harm)
As sole anticoagulant for PCI .

* Balloon angioplasty without stent placement may be used in selected patients. It might be reasonable to provide P2Y12 inhibitor therapy to patients with
STEMI undergoing balloon angioplasty after fibrinolysis alone, according to the recommendations listed for BMS (level of evidence: C).

1 The recommended ACT with no planned GP IIb/llla receptor antagonist treatment is 250-300 s (HaemoTec device) or 300-350 s (Haemochron device).
ACT indicates activated clotting time; BMS, bare metal stent; DES, drug-eluting stent; GP, glycoprotein; IV, intravenous; PCl, percutaneous coronary
intervention; TIA, transient ischaemic attack; and UFH, unfractionated heparin.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.
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Table 28.22 ACCF/AHA 2013 GL on STEMI. Coronary angiography after fibrinolysis

Indications for transfer for angiography after fibrinolytic therapy

Immediate transfer for cardiogenic shock or severe acute HF, irrespective of time delay from Ml onset I-B
Urgent transfer for failed reperfusion or reocclusion lla-B
As part of an invasive strategy in stable* patients with PCl between 3 and 24 h after successful fibrinolysis lla-B

* Although individual circumstances will vary, clinical stability is defined by the absence of low output, hypotension, persistent tachycardia, apparent shock,
high-grade ventricular or symptomatic supraventricular tachyarrhythmias, and spontaneous recurrent ischaemia.
HF, heart failure; MI, myocardial infarction; and PCl, percutaneous coronary intervention.

Indications for coronary angiography in patients who were managed with fibrinolytic therapy or who did not
receive reperfusion therapy

Cardiogenic shock or acute severe HF that develops after initial presentation I-B
Intermediate- or high-risk findings on predischarge non-invasive ischaemia testing ‘ I-B
Spontaneous or easily provoked myocardial ischaemia ‘ I-C
Failed reperfusion or reocclusion after fibrinolytic therapy ‘ lla-B
Stable* patients after successful fibrinolysis before discharge and ideally between 3 and 24 h ‘ lla-B

* Although individual circumstances will vary, clinical stability is defined by the absence of low output, hypotension, persistent tachycardia, apparent shock,
high-grade ventricular or symptomatic supraventricular tachyarrhythmias, and spontaneous recurrent ischaemia.

HF, heart failure.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.

Table 28.23 ACCF/AHA 2013 GL on STEMI. CABG in STEMI

Urgent CABG in patients with STEMI and coronary anatomy not amenable to PCl who have ongoing or recurrent ischaemia, cardiogenic

shock, severe HF, or other high-risk features. -8
CABG in patients with STEMI at time of operative repair of mechanical defects. ‘ I-B
Use of mechanical circulatory support in patients with STEMI who are haemodynamically unstable and require urgent CABG. ‘ lla-C
Emergency_ CABG v_vithin 6 hours of symptom onset in patients with STEMI who do not have cardiogenic shock and are not candidates ‘ lIb-C
for PCl or fibrinolytic therapy.
Timing of urgent CABG in patients with STEMI in relation to use of antiplatelet agents
Aspirin should not be withheld before urgent CABG. ‘ I-C
Clopidogrel or ticagrelor should be discontinued at least 24 hours before urgent on-pump CABG, if possible. ‘ I-B
Short-acting IV GP lIb/llla receptor antagonists (eptifibatide, tirofiban) should be discontinued at least 2—-4 hours before urgent CABG. ‘ I-B
Abciximab should be discontinued at least 12 hours before urgent CABG. ‘ I-B
Urgent off-pump _CAB_G within 24 hours_of clopidogr_el or ticagrelor administration might be considered, especially if the benefits of ‘ 1B
prompt revascularization outweigh the risks of bleeding.
Urgen_t CABG within 5 days of clopidogrel or ‘tica_grelor administratipn or vvithin‘7 days of prasugrel administration might be considered, I
especially if the benefits of prompt revascularization outweigh the risks of bleeding.
2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:e78-140.
Table 28.24 Heart failure and cardiogenic shock
ESC 2012 GL on STEMI. Treatment of heart failure and left ventricular dysfunction
Treatment of mild heart failure (Killip class I1)
Oxygen is indicated to maintain a saturation >95%. ‘ I-C
Loop diuretics, e.g. furosemide 20-40 mg IV, are recommended and should be repeated at 1-4 h intervals if necessary. ‘ I-C
IV nitrates or sodium nitroprusside should be considered in patients with elevated systolic blood pressure. ‘ lla-C
An ACE inhibitor is indicated in all patients with signs or symptoms of heart failure and/or evidence of LV dysfunction in the absence ‘ I-A
of hypotension, hypovolaemia, or renal failure.

(Continued)
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Table 28.24 (Continued)

An ARB (valsartan) is an alternative to ACE inhibitors, particularly if ACE inhibitors are not tolerated. I-B

An aldosterone antagonist (epleronone) is recommended in all patients with signs or symptoms of heart failure and/or evidence of LV I-B
dysfunction, provided no renal failure or hyperkalaemia.

Hydralazine and isosorbide dinitrate should be considered if the patient is intolerant to both ACE inhibitors and ARBs. lla-C

Treatment of moderate heart failure (Killip class I11)

Oxygen is indicated. . I-C
Ventilatory support should be instituted, according to blood gases. . I-C
Loop diuretics, e.g. furosemide 20-40 mg IV, are recommended and should be repeated at 1-4 h intervals if necessary. . I-C
Morphine is recommended. Respiration should be monitored. Nausea is common, and an antiemetic may be required. Frequent low- . I-C
dose therapy is advisable.
Nitrates are recommended if there is no hypotension. . I-C
Inotropic agents: . lla-C
Dopamine
Dobutamine (inotropic) . lla-C
Levosimendan (inotropic/vasodilator). . lIb-C
An aldosterone antagonist, such as spironolactone or eplerenone, must be used if LVEF <40%. . I-B
Ultrafiltration should be considered. . lla-B
Early revascularization must be considered if the patient has not been previously revascularized. . I-C

Treatment of cardiogenic shock (Killip class IV)

Oxygen/mechanical respiratory support is indicated, according to blood gases. . I-C
Urgent echocardiography/Doppler must be performed to detect mechanical complications, assess systolic function, and loading . I-C
conditions.
High-risk patients must be transferred early to tertiary centres. . I-C
Emergency revascularization, with either PCl or CABG, in suitable patients must be considered. . I-B
Fibrinolysis should be considered if revascularization is unavailable. . lla-C
Intra-aortic balloon pumping may be considered. . lIb-B
LV assist devices may be considered for circulatory support in patients in refractory shock. . Ilb-C
Haemodynamic assessment with balloon floating catheter may be considered. . IIb-B
Inotropic/vasopressor agents should be considered: .
Dopamine lla-C
Dobutamine . lla-C
Norepinephrine (preferred over dopamine when blood pressure is low). . IIb-B

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

ACC/AHA 2013 on STEMI. Treatment of cardiogenic shock

Emergency revascularization, with either PCl or CABG, in suitable patients with cardiogenic shock due to pump failure after STEMI,

irrespective of the time delay from Ml onset. -8
In the absence of contraindications, fibrinolytic therapy should be administered to patients with STEMI and cardiogenic shock who are 1B
unsuitable candidates for either PCI or CABG.

Intra-aortic balloon pump (IABP) counterpulsation for patients with cardiogenic shock after STEMI who do not quickly stabilize with la-B
pharmacological therapy.

Alternative LV assist devices for circulatory support may be considered in patients with refractory cardiogenic shock llb-C

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.
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The following principles apply to therapy:

& Early reperfusion should be achieved, if possible.

o AV synchrony should be achieved, and bradycardia
should be corrected.

# RV preload should be optimized, with initial volume
challenge in patients with haemodynamic instabil-
ity, provided the jugular venous pressure is normal
or low.

# RV afterload should be optimized, with therapy for
concomitant LV dysfunction.

# Inotropic support should be used for haemodynamic
instability not responsive to volume challenge.

Finally, it is reasonable to delay CABG surgery for 4 weeks
to allow recovery of contractile performance.

Myocardial free wall rupture

More commonly occurs in the elderly with hypertension,
after large anterior MI, and particularly following expan-
sion. Usually, it occurs 1 day after infarction (up to 7 days
without reperfusion).” Incidence is 1-6%, and PCI, but
not fibrinolysis, reduces the risk. Acute free wall rupture is
associated with haemopericardium and electromechanical
dissociation and is fatal. Subacute rupture (25%), i.e. seal-
ing of the rupture with thrombus or adhesions, may lead
to a relatively stable haemopericardium that allows time
for surgical intervention. Patients with tamponade, but
without electromechanical dissociation, may have a good
prognosis with pericardiocentesis and conservative man-
agement. When pericardial effusion in a parasternal short-
axis view exceeds 10 mm, the risk of free wall rupture is
high, and pericardial aspiration for measurement of hae-
matocrit in the effusion is useful."* Moderate pericardial
effusions without tamponade carry the risk of late rupture.
Patients with free wall rupture should be considered for
urgent cardiac surgical repair, and CABG should be under-
taken at the same time as repair of free wall rupture.
Pseudoaneurysm, i.e. false aneurysm of pericardium and
thrombus communicating with the ventricle, may also oc-
cur.

True LV aneurysm may result in intractable VT and/or
pump failure, and, in these cases, surgery with concomi-
tant CABG is indicated.

Ventricular septal rupture

Incidenceis 0.2-0.45% (1-3% without reperfusion).”” Pa-
tients have multivessel disease and anterior MI (apical rup-
ture) or inferior MI (basal rupture with worse prognosis).
They develop shortness of breath and hypotension, and
a harsh holosystolic murmur with thrill (50%) may be
present. Biventricular failure generally ensues within
hours or days, and the murmur and thrill are attenuated.
It is often associated with AV block or RBBB. Early surgery
for repair through the atrium and with a CABG, if needed,

is indicated. Although difficult because of friable tissue for
the first 6 weeks post-MI, it improves survival. Percutane-
ous closure with VSD-specific devices has also been suc-
cessfully tried in apical ruptures.

Acute mitral regurgitation

This is due to papillary muscle dysfunction or rupture or
chordal rupture (see also Chapter 17). Transverse rupture
of a papillary muscle is rare and usually fatal. Most com-
monly, there is rupture of the tip of the muscle or a chorde
and is due to a relatively small inferior (RCA or Cx) inf-
arct. Posteromedial papillary muscle rupture may occur in
1% of M1, usually 1-7 days after inferior infarction. Ante-
rolateral papillary muscle rupture is rare. The murmur is
usually soft, but the ensuing pulmonary oedema is gross.
Surgery with MV repair or replacement is indicated.

Thromboembolic and bleeding
complications

Management of anticoagulation therapy in patients with
AF who undergo primary PCI is presented in Table 28.25.
Patients, with or without acute ischaemic stroke, who have
a cardiac source of embolism (atrial fibrillation, mural
thrombus, or akinetic segment) should receive moderate-
intensity (INR 2 to 3) warfarin therapy (in addition to
aspirin). Transfusion may be needed for severe bleeding
(haematocrit <25% or haemoglobin <7 g/dL). There has
been, however, evidence for a 20% relative risk increase
with blood transfusion or a liberal blood transfusion strat-
egy compared with a strategy of no transfusion or restricted
transfusion in the setting of STEMI.*

Pericarditis

Pericardial effusions are more common after anterior MI
and when congestive failure is present. Usually of no prog-
nostic significance, although it may take months to resorb.
Pericarditis may develop and resolve as late as 6 weeks
after MI. The pain typically radiates to either edge of the
trapezius ridge and becomes worse with deep inspiration.
Anticoagulants are stopped, if not necessary, and aspirin is
the treatment of choice (Table 28.26). In non-responders,
even to higher doses of aspirin, colchicine 0.6 mg/12 h
po, acetaminophen, or narcotic analgesics may be given.
NSAIDs and steroids have been associated with increased
risk of scar thinning and myocardial rupture. Dressler
syndrome (fever, leukocytosis, elevated ESR, and pericar-
ditis with effusion due to anti-cardiac antibodies), 1 to 8
weeks after non-reperfused MIs, is now rarely seen.

Tachyarrhythmias

The development of atrial fibrillation carries a worse
prognosis and predicts increased mortality, regardless
of the type of MI, especially when it develops in patients
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Table 28.25 ACCF/AHA 2013 on STEMI. Thromboembolic and bleeding complications

Anticoagulation

Anticoagulant therapy with a vitamin K antagonist to patients with STEMI and AF with CHADS2 score >2, mechanical heart valves,

venous thromboembolism, or hypercoagulable disorder. -
The duration of triple antithrombotic therapy with a vitamin K antagonist, aspirin, and a P2Y12 receptor inhibitor should be minimized

! A ) X I-C
to the extent possible to limit the risk of bleeding.* )
Anticoagulant therapy with a vitamin K antagonist for patients with STEMI and asymptomatic LV mural thrombi. lla-C
Anticoagulant therapy for patients with STEMI and anterior apical akinesis or dyskinesis. IIb-C
Targeting vitamin K antagonist therapy to a lower international normalized ratio (e.g. 2.0 to 2.5 in patients receiving DAPT). lIb-C

Selected risk factors for bleeding in patients with ACS
Advanced age (>75 years)

Female sex

HF or shock

Diabetes mellitus

Body size

History of Gl bleeding

Presentation with STEMI or NSTEMI (vs UA)

Severe renal dysfunction (CrCl <30 mL/min)
Elevated white blood cell count

Anaemia

Use of fibrinolytic therapy

Invasive strategy

Inappropriate dosing of antithrombotic medications
Chronic oral anticoagulant therapy

ACS indicates acute coronary syndrome; CrCl, creatinine clearance; Gl, gastrointestinal; HF, heart failure; NSTEMI, non-ST elevation myocardial infarction;
STEMI, ST elevation myocardial infarction; and UA, unstable angina.

*Individual circumstances will vary and depend on the indications for triple therapy and the type of stent placed during PCI. After this initial treatment period,
consider therapy with a vitamin K antagonist plus a single antiplatelet agent. For patients treated with fibrinolysis, consider triple therapy for 14 days, followed
by a vitamin K antagonist plus a single antiplatelet agent.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.

Table 28.26 ACCF/AHA 2013 GL on STEMI. Management of pericarditis after STEMI

Aspirin I-B
Acetaminophen, colchicine, or narcotic analgesics if aspirin, even in higher doses, is not effective. Ilb-C
Glucocorticoids and non-steroidal anti-inflammatory drugs are potentially harmful for treatment of pericarditis after STEMI. II-B

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.

Table 28.27 ESC 2012 GL on STEMI. Management of AF

Rhythm control should be considered in patients with atrial fibrillation secondary to a trigger or substrate that has been corrected lla-C
(e.g. ischaemia).

Acute rate control of atrial fibrillation

Intravenous beta blockers or non-dihydropyridine CCB (e.qg. diltiazem, verapamil)© are indicated if there are no clinical signs of acute I-A
heart failure.
Amiodarone or IV digitalis is indicated in case of rapid ventricular response in the presence of concomitant acute heart failure or I-B
hypotension.

Cardioversion

Immediate electrical cardioversion is indicated when adequate rate control cannot be achieved promptly with pharmacological agents I-C
in patients with atrial fibrillation and ongoing ischaemia, severe haemodynamic compromise, or heart failure.

Intravenous amiodarone is indicated for conversion to sinus rhythm in stable patients with recent-onset atrial fibrillation and structural I-A
heart disease.
Digoxin (lll-A), verapamil, sotalol, metoprolol (lll-B) and other beta-blocking agents (IlI-C) are ineffective in converting recent-onset I1I-A/B/C

atrial fibrillation to sinus rhythm and should not be used for rhythm control (although beta blockers or digoxin may be used for rate
control).

¢ Calcium antagonists should be used cautiously or avoided in patients with heart failure because of their negative inotropic effects.
ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.
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without history of AF before ML or more than 1 month
after MI (Table 28.27).%? In haemodynamic instability, DC
cardioversion is indicated. For recurrent episodes or for
rate control, IV amiodarone, beta blockade, diltiazem or
verapamil, and digoxin (in the presence of LV dysfunc-
tion) may be used. Cardiac arrest has been previously dis-
cussed.

Ventricular arrhythmias—acute phase
management

VPBs are of no prognostic significance and should not be
treated with antiarrhythmic drugs. Accelerated idioven-
tricular rhythm is a slow form of ventricular tachycardia
(<100 bpm) which characteristically follows myocardial in-
farction. It tends to remain stable, usually does not give rise
to ventricular fibrillation, and does not require antiarrhyth-
mic treatment. In acute myocardial infarction, NSVT
during the first 24 h is frequent (45% in patients without
thrombolysis and up to 75% in reperfused patients).*®
NSVT during the first 13* to 24 hours® after acute MI does
not carry a prognostic significance. Ventricular fibrillation
may be seen during the acute phase (up to 48 hours) due to
ischaemia and does not predict future arrhythmia episodes
(Table 28.28, see also Chapter 49 on tachyarrhythmias).
Sustained monomorphic VT indicates pre-existing scar.
VF or unstable, sustained VT requires DC cardioversion.
Stable VT or unstable VT/VF refractory to cardiover-
sion:

o IV amiodarone (5 mg/kg bolus) and repeat of cardio-
version if unstable VI/VF

o Intubation may be necessary in refractory VF/VT

o IV sotalol, procainamide, and overdrive pacing may be
also considered.

Incessant VT or electrical storm:
Urgent revascularization, IV beta blockade, and IV amio-
darone (5 mg/kg over 10 minutes, followed, if necessary,
by repeat doses or constant infusion; total dose <2.2 g over
24 hours). IV procainamide, may be also considered. In
electrical storm, beta blockers are especially indicated.®
The short-acting esmolol is preferred in the presence of
reduced LV function, with close monitoring due to the risk
of cardiogenic shock.

Normalization of serum K to >4 mEg/L and Mg >2
mEq/L is also recommended.

Ventricular arrhythmias—chronic phase
(>48 hours) management

Compared with the pre-reperfusion era, late ventricular
tachyarrhythmias are now less common, but they are still
documented in approximately 20% of patients with recent
MI and EF <0.40 within the next 2 years.* In the era of
reperfusion and use of beta blockers, NSVT after MI may

not be an independent predictor of mortality, especially
after ejection fraction is taken into account.®-%

VF may, or may not, respond to revascularization,
and reassessment by electrophysiology study is indicated
3 months after the intervention.*” Monomorphic VT does
not respond to revascularization.” Sudden unexpected
death is highest in the first month after myocardial infarc-
tion, but recurrent myocardial infarction or myocardial
rupture account for a high proportion of sudden unex-
pected deaths during this period, whereas arrhythmic
death may be more likely subsequently.”’ Perhaps, this
is why prophylactic ICD in patients with reduced LVEF
did not reduce mortality 6-40 days after MI (DINAMIT
and IRIS trials).**** Both DINAMIT and IRIS, however,
had excluded patients with sustained ventricular ar-
rhythmias during this period, and sudden cardiac death
was reduced, despite no effect on overall mortality in the
DINAMIT trial. These patients might benefit from early
ICD implantation, especially if sustained monomorphic
VT (CL 2200 ms, lasting more than 10 s) is induced at
electrophysiology study.” The recent ACC/AHA 2013 GL
on STEMI now recommend ICD implantation in patients
who develop sustained VT/VF more than 48 hours after
STEMLI, provided the arrhythmia is not due to transient or
reversible ischaemia, re-infarction, or metabolic abnor-
malities (Table 28.28). Patients with an initially reduced
LVEF who are possible candidates for ICD therapy should
undergo re-evaluation of LVEF >40 days after discharge.

Current indications for ICD implantation are also dis-
cussed in Chapter 55 on ventricular arrhythmias and
Chapter 31 on heart failure.

Conduction disturbances

The sinus node is supplied by the right coronary (60%) or
the left circumflex artery (40%). The atrioventricular node
is supplied by the RCA (90%) or the left circumflex artery
(10%). The bundle of His is supplied by the atrioventricu-
lar nodal branch of the RCA and partially from the septal
perforators of the LAD. The right bundle branch receives
most of its blood from septal perforators of the left anterior
descending artery and may be through collaterals from the
RCA and Cx. The left anterior fascicle is supplied by septal
perforators from the LAD and is particularly susceptible to
ischaemia or infarction. The left posterior fascicle is sup-
plied by the RCA (through the AV nodal artery) and by
septals of the LAD.®

AV block in the post-MI period is a strong predictor of
cardiac death.® In the era of primary PCI, high-degree AV
block is seen in 3.2% of patients with MI, usually inferior
and more often in female patients >65 years of age, and
indicates increased mortality.” LBBB does not suggest iso-
lated LAD occlusion. In patients with LVEF<35%, RBBB
has been associated with significantly greater scar size than

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

COMPLICATIONS OF Ml

Table 28.28 ACCF/AHA 2013 GL on STEMI. Arrhythmias and conduction disturbances

ICD therapy before discharge

Implantable cardioverter-defibrillator (ICD) therapy is indicated before discharge in patients who develop sustained VT/VF more than 48  |-B
hours after STEMI, provided the arrhythmia is not due to transient or reversible ischaemia, reinfarction, or metabolic abnormalities.

Assessment of risk for SCD

Patients with an initially reduced LVEF who are possible candidates for ICD therapy should undergo re-evaluation of LVEF >40 days after |-B
discharge.

Bradycardia, AV block, and intraventricular conduction defects

Temporary pacing is indicated for symptomatic bradyarrhythmias unresponsive to medical treatment. I-C

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J Am Coll Cardiol. 2013;61:78-140.

Table 28.29 ESC 2012 GL on STEMI. Management of arrhythmias and conduction disturbances in the acute phase

Direct current cardioversion is indicated for sustained VT and VF. I-C
Sustained monomorphic VT that is recurrent or refractory to direct current cardioversion: should be considered to be treated ‘ lla-C
with IV amiodarone.?

May be treated with IV lidocaine or sotalol.? libC
Transvenous catheter pace termination should be considered if VT is refractory to cardioversion or frequently recurrent ‘ lla-C

despite antiarrhythmic medication.

Repetitive symptomatic salvoes of non-sustained monomorphic VT should be considered for either conservative lla-C
management (watchful waiting) or treated with IV beta blocker,® or sotalol,® or amiodarone.?

Polymorphic VT

Must be treated by IV beta blocker, or B
IV amiodarone? ‘ I-C
Urgent angiography must be performed when myocardial ischaemia cannot be excluded Cc
May be treated with IV lidocaine libC
Must prompt assessment and correction of electrolyte disturbances; consider magnesium ‘ I-C
Should be treated with overdrive pacing using a temporary transvenous right ventricular lead or isoprotenerol infusion ‘ lla-C

In cases of sinus bradycardia associated with hypotension, AV block Il (Mobitz 2) or AV block Il with bradycardia that causes
hypotension or heart

Intravenous atropine is indicated I-C
Temporary pacing is indicated in cases of failure to respond to atropine I-C
Urgent angiography with a view to revascularization is indicated if the patient has not received prior reperfusion therapy I-C

Management of ventricular arrhythmias and risk evaluation for sudden death on long term

Specialized electrophysiological evaluation of ICD implantation for secondary prevention of sudden cardiac death is indicated I-A
in patients with significant LV dysfunction, who suffer from haemodynamically unstable sustained VT or who are resuscitated
from VF occurring beyond the initial acute phase.

Secondary preventive ICD therapy is indicated to reduce mortality in patients with significant LV dysfunction and I-A
haemodynamically unstable sustained VT or survived VF not occurring within the initial acute phase.

Risk evaluation for sudden cardiac death should be performed to assess indication for primary preventive ICD therapy by 1A
assessing LVEF (from echocardiography) at least 40 days after the acute event in patients with LVEF <40%.

* QT-prolonging agents should not be used if baseline QT is prolonged.
b Intravenous sotalol or other beta blockers should not be given if ejection fraction is low.

LBBB and occlusion of a proximal LAD septal perforator ~ block secondary to block in the His-Purkinje system.
causes RBBB.* Complete heart block may occur abruptly during the first
Anterior MI PR prolongation is often associated with a 24 hours after myocardial infarction and is almost always
wide QRS complex (>0.12 s) with a right bundle branch ~ preceded by the development of right bundle branch
block pattern. Second-degree atrioventricular block with ~ block with right or left axis deviation and QR pattern in

anterior myocardial infarction is usually Mobitz type II lead V.
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Inferior MI Sinus bradycardia and various degrees of AV
block (including complete) can occur within the first 2 hours,
due to increased parasympathetic tone, and resolve within
24 hours. Complete AV block complicating inferior MI is
usually at the node level, i.e. with a narrow complex escape
rhythm. A wide QRS escape rhythm suggests additional LAD
disease. Bradycardia during the first 24 hours responds to at-
ropine. After the first 24 hours, symptomatic conduction dis-
turbances require temporary pacing (Tables 28.8 and 28.9).
Transcutaneous patches are recommended for all old, or
new, conduction disturbances, apart from isolated first-
degree or fascicular block.

Permanent pacing is considered for disturbances that per-
sist beyond 2 weeks after the MI (see Chapter 64 on brad-
yarrhythmias).

Special clinical settings

Recommendations for the management of patients with
renal failure or diabetes are presented in Tables 28.30 and
29.31.

Discharge

Stable patients can be transferred from the CCU after 12—
24h and mobilization is allowed. Uncomplicated MIs may
be discharged after 3 days after reperfusion (Table 28.32).”
Echocardiography for assessment of LVEF is essential.
Exercise testing or myocardial perfusion imaging or do-
butamine echocardiography with baseline abnormalities

that compromise ECG interpretation may be performed
as early as 4 days after MI in stable patients (Table 28.33).
A positive test as well as diabetes mellitus, LVEF <0.40,
CHE, prior revascularization, or life-threatening ventricu-
lar arrhythmias are indications for coronary angiography
in non-reperfused patients or in patients with fibrinolysis
who did not have angiography.

Chronic therapy

Smoking cessation, loss of excessive weight, regular ex-
ercise exercise, and cardiac rehabilitation offer sustained
mortality benefits (see Chapter 29 on stable CAD). Aspi-
rin (75-100 mg) should be continued indefinitely and a
P2Y , for up to 12 months (Table 28.34). In patients unable
to tolerate aspirin, clopidogrel is an alternative. Prasugrel
is contraindicated in patients with a prior history of stroke
or TIA. Gastric protection with a proton pump inhibitor
is given to patients at high risk of bleeding. Rivaroxaban
at a low dose (2.5 mg bd) may be added in patients at high
risk of ischaemic complications but low risk of bleeding.
Vorapaxar, a platelet activation inhibitor by antagonizing
thrombin-mediated activation of the protease receptor
1, reduces the risk of cardiovascular death when added
to aspirin and clopidogrel but at increased risk of bleed-
ing.”® Angiotensin-converting enzyme inhibitors are
probably indicated in all patients, regardless of the pres-
ence of reduced LV function,” and especially in reduced
LVEE. Angiotensin II receptor blockers are used when

Table 28.30 ESC 2012 GL on STEMI. Initial dosing of antithrombotic agents in patients with chronic kidney disease

(estimated creatinine clearance <60 mL/min)

Aspirin No dose adjustment.

Clopidogrel No dose adjustment.

Prasugrel No dose adjustment. No experience with end-stage renal disease/dialysis.

Ticagrelor No dose adjustment. No experience with end-stage renal disease/dialysis.

Enoxaparin No adjustment of bolus dose. Following thrombolysis, in patients with creatinine clearance <30 mL/min, the SC doses

Unfractionated heparin

Fondaparinux

are given once every 24 h.
No adjustment of bolus dose.

No dose adjustment.
No experience in patients with end-stage renal disease or dialysis patients.

# In patients with moderate renal insufficiency (GFR 30-59 mL/min), a lower initial infusion rate of 1.4 mg/kg/h should

# In patients with moderate renal insufficiency (GFR =30 to <50 mL/min), an IV bolus of 180 micrograms should be

Bivalirudin
be given. The bolus dose should not be changed.
# In patients with severe renal insufficiency (GFR <30 mL/min) and in dialysis-dependent patients, bivalirudin is
contraindicated.
Abciximab No specific recommendation. Careful consideration of bleeding risk.
Eptifibatide
administered, followed by a continuous infusion dose of 1.0 micrograms/kg/min for the duration of therapy.
# In patients with severe renal insufficiency (GFR <30 mL/min), eptifibatide is contraindicated.
Tirofiban

In patients with severe renal insufficiency (GFR <30 mL/min), the infusion dose should be reduced to 50%.

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.
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Table 28.31 ESC 2012 GL on STEMI. Management of hyperglycaemia in ST segment elevation myocardial infarction

Measurement of glycaemia at initial evaluation in all patients and repeated in patients with known diabetes or hyperglycaemia. I-C
Plans for optimal outpatient glucose control and secondary prevention before discharge. I-C
In the acute phase, maintain glucose <11.0 mmol/L (200 mg/dL) while avoiding <5 mmol/L (<90 mg/dL). lla-B

This may require a dose-adjusted insulin infusion with monitoring of glucose, as long as hypoglycaemia is avoided.

Fasting glucose and HbATc and, in some cases, a post-discharge oral glucose tolerance test should be considered in patients with  Ila-B

hyperglycaemia but without a history of diabetes.

Routine glucose-insulin potassium infusion is not indicated. I-A

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012;33:2501-2502.

Table 28.32 ESC 2012 GL on STEMI. Logistical issues for hospital stay

All hospitals participating in the care of STEMI patients should have a coronary care unit equipped to provide all aspects of I-C
care for STEMI patients, including treatment of ischaemia, severe heart failure, arrhythmias, and common co-morbidities.

Length of stay in the coronary care unit

Patients undergoing uncomplicated successful reperfusion therapy should be kept in the coronary care unit for a minimum I-C
of 24 h, after which they may be moved to a step-down monitored bed for another 24-48 h.

Transfer back to a referring non-PCl hospital

Early transfer (same day) may be considered in selected, low-risk patients after successful primary PCl without observed Ilb-C
arrhythmia.

Hospital discharge

Early discharge (after approximately 72 h) is reasonable in selected low-risk patients if early rehabilitation and adequate lIb-B
follow-up are arranged.

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012;33:2501-2502.

Table 28.33 ACCF/AHA 2013 GL on STEMI. Risk-assessment and post-hospitalization care

Use of non-invasive testing for ischaemia before discharge

Non-invasive testing for ischaemia before discharge to assess the presence and extent of inducible ischaemia in patients with STEMI
who have not had coronary angiography and do not have high-risk clinical features for which coronary angiography would be
warranted.

Non-invasive testing for ischaemia before discharge to evaluate the functional significance of a non-infarct artery stenosis previously
identified at angiography.

Non-invasive testing for ischaemia might be considered before discharge to guide the post-discharge exercise prescription.
Post-hospitalization plan of care

Post-hospital systems of care designed to prevent hospital readmissions should be used to facilitate the transition to effective,
coordinated outpatient care for all patients with STEMI.

Exercise-based cardiac rehabilitation/secondary prevention programmes are recommended for patients with STEMI.

A clear, detailed, and evidence-based plan of care that promotes medication adherence, timely follow-up with the healthcare team,
appropriate dietary and physical activities, and compliance with interventions for secondary prevention should be provided to patients
with STEMI.

Encouragement and advice to stop smoking and to avoid secondhand smoke should be provided to patients with STEMI.

Ib-C

llb-C

I-B

I-C

ACE inhibitors are not tolerated.'® In the absence of se-  Steroids or NSAIDs, given early after MI, can cause tissue
vere renal dysfunction (creatinine >2.5 mg/dL) or hyper-  thinning and MI expansion. Statins provide substantial
kalaemia, post-myocardial infarction patients with an reductions in mortality as well as in non-fatal ischaemic
ejection fraction of less than 40% or heart failure should  events.'? A target LDL value of <1.8 mmol/L (70 mg/dL) is
receive an aldosterone antagonist,'”" such as eplerenone. recommended. The relative benefit of beta blockers after
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Table 28.34 Long-term therapy

ACCF/AHA 2013 GL on STEMI. Routine medical therapies

Beta blockers

Oral beta blockers in the first 24 h in patients without: signs of heart failure, evidence of a low output state, increased risk for cardiogenic  1-B
shock,* PR interval >0.24 s, second- or third-degree AV block, active asthma, or reactive airway disease.

during and after hospitalization in the absence of contraindications. I-B
Patients with early contraindications within the first 24 hours of STEMI should be re-evaluated for subsequent eligibility. I-C
Beta blockers IV at presentation to patients without contraindications and with hypertension or ongoing ischaemia. lla-B

* Risk factors for cardiogenic shock (the greater the number of risk factors present, the higher the risk of developing cardiogenic shock) are age >70 years,
systolic BP <120 mmHg, sinus tachycardia >110 bpm or heart rate <60 bpm, and increased time since onset of symptoms of STEMI.

Renin-angiotensin-aldosterone system inhibitors

ACE inhibitor within the first 24 hours to all patients with STEMI with anterior location, HF, or LVEF <0.40, unless contraindicated. .I—A
ARB to patients who have indications for, but are intolerant of, ACE inhibitors. .I—B
An aldosterone antagonist to patients with no contraindications who are already receiving an ACE inhibitor and beta blocker and who .I—B
have LVEF <0.40 and either symptomatic HF or have diabetes mellitus.

ACE inhibitors for all patients with STEMI and no contraindications. .IIa—A
Lipid management .
High-intensity statin therapy should be initiated or continued in all patients with STEMI and no contraindications to its use. .I—B
Obtain a fasting lipid profile in patients with STEMI, preferably within 24 hours of presentation. IC

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J/ Am Coll Cardiol. 2013;61:e78-140.

ACCF/AHA GL on STEMI. Selected routine medical therapies

Therapy Indications Dose/administration Avoid/caution

Beta # Oral: all patients without  Individualize: # Signs of HF

receptor contraindication ® Metoprolol tartrate 25-50 mg every 6 to 12 h orally,  Low output state

antagonists ¢ Iv:f pa‘f{ientshwitht ‘ ‘éhep trar}sitio: ovelr rlutexttz ‘io 3 citodt\{\l/ice dtaily o # Increased risk of cardiogenic shock
refractory hypertension osing of metoprolol tartrate or to daily metoprolo ) .
or ongoing ischaemia succinate; titrate to daily dose of 200 mg as ¢ Prolonged first-degree or high-grade AV

block
# Reactive airways disease

without contraindication tolerated
# Carvedilol 6.25 mg twice daily, titrate to 25 mg
twice daily as tolerated

& Metoprolol tartrate IV 5 mg every 5 min as tolerated
up to three doses; titrate to heart rate and BP

ACE @ For patients with anterior  Individualize: & Hypotension
inhibitors lnfircl_tlodn, ?OSt'tMl LXEF @ Lisinopril 2.5-5 mg/d to start; titrate to 10 mg/d, or  # Renal failure
5265 Ec;)cog’ls_lsnc 1on higher, as tolerated & Hyperkalaemia
- ) ) & Captopril 6.25-12.5 mg 3 times/d to start; titrate to
# May be given routinely 25-50 mg 3 times/d as tolerated

to all patients without

contraindication @ Ramipril 2.5 mg twice daily to start; titrate to 5 mg

twice daily as tolerated
# Trandolapril test dose 0.5 mg; titrate up to 4 mg
daily as tolerated

ARB # For patients intolerant of @ Valsartan 20 mg twice daily to start; titrate to 160 @ Hypotension
ACE inhibitors mg twice daily as tolerated # Renal failure
& Hyperkalaemia
Statins # All patients without # High-dose atorvastatin 80 mg daily ¢ Caution with drugs metabolized via CYP3A4,
contraindications fibrates
# Monitor for myopathy, hepatic toxicity
& Combine with diet and lifestyle therapies

& Adjust dose as dictated by targets for LDL
cholesterol and non-HDL cholesterol reduction

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; AV, atrioventricular; BP, blood pressure; CO,, carbon dioxide; EF, ejection
fraction; HDL, high density lipoprotein; HF, heart failure; IV, intravenous; LDL, low density lipoprotein; LV, left ventricular; MI, myocardial infarction; RV, right
ventricular; and SBP, systolic blood pressure.

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction. J/ Am Coll Cardiol. 2013;61:e78-140.

(Continued)
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ESC 2012. GL on STEMI. Routine therapies in the acute, subacute, and long-term phase of ST
segment elevation myocardial infarction

Active smokers with STEMI must receive counselling and be referred to a smoking cessation programme.
Each hospital participating in the care of STEMI patients must have a smoking cessation protocol.
Exercise-based rehabilitation

Antiplatelet therapy with low dose aspirin (75-100 mg) indefinitely after STEMI.

In patients who are intolerant to aspirin, clopidogrel as an alternative to aspirin.

DAPT with a combination of aspirin and prasugrel or aspirin and ticagrelor is recommended (over aspirin and clopidogrel)
in patients treated with PCI.

DAPT with aspirin and an oral ADP receptor antagonist must be continued for up to 12 months after STEMI, with a strict
minimum of:

¢ 1 month for patients receiving BMS
# 6 months for patients receiving DES
In patients with left ventricular thrombus, anticoagulation for a minimum of 3 months.

In patients with a clear indication for oral anticoagulation (e.qg. atrial fibrillation with CHA,DS -VASc score >2 or
mechanical valve prosthesis), oral anticoagulation in addition to antiplatelet therapy.

If patients require triple antithrombotic therapy, combining DAPT and OAC, e.g. because of stent placement and an
obligatory indication for OAC, the duration of dual antiplatelet therapy should be minimized to reduce bleeding risk.

In selected patients who receive aspirin and clopidogrel, low-dose rivaroxaban (2.5 mg twice daily) if the patient is at low
bleeding risk.

DAPT should be used up to 1 year in patients with STEMI who did not receive a stent.
Gastric protection with a proton pump inhibitor for the duration of DAPT therapy in patients at high risk of bleeding.

Oral treatment with beta blockers during hospital stay and continued thereafter in all STEMI patients without
contraindications.

Oral treatment with beta blockers is indicated in patients with heart failure or LV dysfunction.
Intravenous beta blockers must be avoided in patients with hypotension or heart failure.

Intravenous beta blockers at the time of presentation in patients without contraindications, with high blood pressure,
tachycardia and no signs of heart failure.

A fasting lipid profile must be obtained in all STEMI patients as soon as possible after presentation.

Initiate or continue high-dose statins early after admission in all STEMI patients without contraindication or history of
intolerance, regardless of initial cholesterol values.

Reassessment of LDL cholesterol after 4-6 weeks to ensure that a target value of <1.8 mmol/L (70 mg/dL) has been
reached.

Verapamil for secondary prevention in patients with absolute contraindications to beta blockers and no heart failure.

ACE inhibitors, starting within the first 24 h of STEMI in patients with evidence of heart failure, LV systolic dysfunction,
diabetes, or an anterior infarct.

An ARB, preferably valsartan, is an alternative to ACE inhibitors in patients with heart failure or LV systolic dysfunction,
particularly those who are intolerant of ACE inhibitors.

ACE inhibitors in all patients in the absence of contraindications.

Aldosterone antagonists, e.g. eplerenone, in patients with an ejection fraction <40% and heart failure or diabetes,
provided no renal failure or hyperkalaemia.

I-B
I-C
I-B
I-A
I-B
I-A

Ib-B

lla-C
lla-C
lla-B

I-A
-8
lla-B

I-C
I-A

lla-C

Ib-B
I-A

I-B

lla-A
I-B

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J 2012; 33:2501-2502.

myocardial infarction, in the context of more aggressive  unequivocally reduce mortality after MI.'*> However, they
revascularization, is less clear, but these agents are rec- may not confer survival benefit in patients with a remote

ommended for indefinite oral therapy when the haemo-  MI (>1 year).'**

dynamic condition after MI has stabilized. Early trials Non-dihydropyridine calcium antagonists may be use
have indicated that metoprolol, propranolol, and timolol =~ when necessary (contraindications to beta blockers and
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no heart failure). If oral anticoagulants are indicated, they
may be combined with aspirin and thienopyridines but at
an increased risk of bleeding. In patients with a clear indi-
cation for oral anticoagulation (e.g. atrial fibrillation with
CHA2DS2-VASc score 22 or mechanical valve prosthesis),
oral anticoagulation must be implemented in addition to
antiplatelet therapy (ESC 2012 I-C), but the duration of
dual antiplatelet therapy should be minimized to reduce
bleeding risk. The lowest efficacious INR (2-2.5) should be
targeted. In patients with left ventricular thrombus, antico-
agulation should be instituted for a minimum of 3 months.
(ESC 2012 IIa-B). In selected patients who receive aspirin
and clopidogrel, low-dose rivaroxaban (2.5 mg twice daily)
may be considered if the patient is at low bleeding risk (ESC
IIb-B).!* Tt is still not approved by FDA for this purpose.
Influenza vaccination should be provided to all patients
with CAD. Chelation therapy is not recommended (III-C
by AVCCF/AHA 2012 on stable CAD). There has been
some recent evidence that it may be beneficial in combina-
tion with high-dose vitamins in post-MI patients.'*

The ACC/AHA and ESC recommendations for risk re-
duction and secondary prevention are discussed in Chap-
ter 29 on stable CAD.

Stem cell transplantation

Since the discovery that the heart is not a post-mitotic or-
gan and myocardial tissue regeneration is possible, human
embryonic stem cells, skeletal myoblasts, and adult bone
marrow stem cells have been used to limit infarct size. Hu-
man embryonic stem cells form heart teratomas and have
to be differentiated into cardiac progenitor cells prior to
transplantation, and immune rejection must be prevented.
Transplanted autologous skeletal myoblasts do not form
electromechanical connections with host cardiomyocytes,
and thus reentrant ventricular arrhythmias can occur. Au-
tologous bone marrow mononuclear cells that mainly con-
tain haematopoietic, mesenchymal, and endothelial stem
cells do not have these side effects, and several trials have
used them for myocardial regeneration after myocardial
infarction. Increases in LVEF and reduction of infarct size
has been shown.'”” Results, however, have been inconsist-
ent, and several questions regarding mechanism of action,
optimal timing of transplantation, and type of cells used
remain.
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Chapter 29

Stable coronary artery disease

Definition

Stable coronary artery disease is a non-acute condition
due to coronary artery atherosclerosis and is diagnosed
following a diagnostic ischaemia test or an acute coronary
syndrome.

Presentation

Patients with coronary artery disease (CAD) may be
asymptomatic or present with angina pectoris or an acute
coronary syndrome (unstable angina or MI), congestive
heart failure, cardiac arrhythmias, or sudden death. An-
gina pectoris is characterized by substernal discomfort,
heaviness, or a pressure-like feeling, which may radiate to
the jaw, shoulder, back, or arm. It does not resemble local-
ized, stabbing pain. These symptoms are usually brought
on by exertion, emotional stress, cold, or a heavy meal and
are relieved by rest or nitrates (Table 29.1). Angina equiva-
lents are shortness of breath on exertion (SOBOE), epigas-
tric discomfort, fatigue, or faintness, particularly in elderly
patients. Pain that is stabbing, positional, or reproducible
with palpation is usually non-cardiac.

Physical examination

May be unremarkable. Hypertension, xanthelasma, de-
creased peripheral pulses, carotid or renal artery bruits,
and abdominal aortic aneurysm may be present. History
may reveal smoking, diabetes, or family history of MI be-
fore age of 60 years.
Cardiac auscultation may reveal S, or S, or MR, particu-
larly during an episode of chest pain (LV or papillary mus-
cle dysfunction).

Crepitations over the lung bases in ischaemic heart fail-
ure.

Investigations

Basic biochemistry are essential (FBC, lipids, glucose,
creatinine, markers of myocardial damage as well as
thyroid function tests and oral glucose tolerance test if
clinically indicated).

Diagnostic tests for the detection of myocardial ischae-
mia are most useful in patients with an intermediate pretest
probability of CAD (Bayes theorem) and are recommended
for all patients with an intermediate or high probability of

Table 29.1 Grading of angina pectoris by the Canadian
Cardiovascular Society classification system

Class |

Ordinary physical activity does not cause angina, such as walking,
climbing stairs. Angina (occurs) with strenuous, rapid, or prolonged
exertion at work or recreation.

Class I

Slight limitation of ordinary activity. Angina occurs on walking or
climbing stairs rapidly, walking uphill, walking or stair climbing after
meals or in cold, in wind, or under emotional stress, or only during the
few hours after awakening. Angina occurs on walking more than two
blocks on the level and climbing more than one flight of ordinary stairs
at a normal pace and in normal condition.

Class 1l

Marked limitations of ordinary physical activity. Angina occurs on
walking one to two blocks on the level and climbing one flight of
stairs in normal conditions and at a normal pace.

Class IV

Inability to carry on any physical activity without discomfort—anginal
symptoms may be present at rest.

Campeau L. The Canadian Cardiovascular Society grading of angina pectoris
revisited 30 years later. Can J Cardiol. 2002;18:371-9.

CAD (Table 29.2, Figure 29.1). Sensitivity and specificity
data of used tests are presented in Table 29.3. In patients in
whom intervention is contemplated, stress echocardiogra-
phy or perfusion imaging are indicated.

12-lead resting ECG is essential."” It is normal in ap-
proximately half of patients with stable angina, even with
severe CAD. ST-T wave changes, Q waves, LV hypertrophy,
LBBB, AV block, AF and ventricular arrhythmias may be
present and are associated with worse prognosis. During
an episode of angina pectoris, 50% of patients with normal
findings on resting electrocardiography develop ECG ab-
normalities, usually ST-T depression.

Chest X-ray is indicated in suspected heart failure, valvu-
lar heart disease, pericardial disease or aortic dissection/
aneurysm, or clinical evidence of pulmonary disease.
Echocardiography LV function is the major predictor of
long-term survival in patients with CAD, and LVESD is the
best predictor of survival after MI. MR or other concomi-
tant abnormalities may be seen (Table 29.4). Correspond-
ence of LV segments with coronary arteries is presented in
Figure 29.2.

Exercise treadmill test is indicated in all patients with an-
gina or intermediate pretest probability of CAD (Tables 29.4
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Table 29.2 ACCF/AHA 2012 GL on stable CAD. Pretest likelihood of coronary artery disease in symptomatic patients
according to age and sex

Non-anginal chest pain Atypical angina Typical angina
Age (y) Men Women Men Women Men Women
30-39 4 2 34 12 76 26
40-49 13 3 51 22 87 55
50-59 20 7 65 31 93 73
60-69 27 14 72 51 94 86

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.
2012;60:e44—e164.

Risk factor Score contribution Individual’s score

Comorbidity

No 0

Yes 86

Diabetes L 60

No 0 g

Yes 57 ] 50

Angina score —

Class | 0 _%

Class I 54 E 40

Class Il 91 =

Duration of symptoms % 30

>6 months 0 =

<6 months 80 3 20

Abnormal ventricular function °

No 0 =

Yes 14 5 10

ST depression or T wave inversion on resting electrocardiogram 3

No 0 O

Yes 34 0 100 200 300 400 500
Total = Individual total score

Figure 29.1 Left panel: Euro Heart score sheet to calculate risk score for patients presenting with stable angina (derived
from 3779 patients with newly diagnosed SIHD).

* >1 of previous cerebrovascular event; hepatic disease defined as chronic hepatitis or cirrhosis or other hepatic disease
causing elevation of transaminases >3 times upper limit of normal; PVD defined as claudication either at rest or on
exertion, amputation for arterial vascular insufficiency, vascular surgery (reconstruction or bypass) or angioplasty to the
extremities, documented aortic aneurysm, or non-invasive evidence of impaired arterial flow; chronic renal failure defined
as chronic dialysis or renal transplantation or serum creatinine >200 mmol/L; chronic respiratory disease defined as a
diagnosis previously made by physician or patient receiving bronchodilators or FEV, <75%, arterial pO, <60%, or arterial
pPCO, >50% predicted in previous studies; chronic inflammatory conditions defined as a diagnosis of rheumatoid arthritis,
systemic lupus erythematosus or other connective tissue disease, polymyalgia rheumatica, and so on; malignancy defined
as a diagnosis of malignancy within a year of active malignancy.

Right panel: risk of death or Ml over 1 year after diagnosis of SIHD, according to Euro Heart score.
Plot to assign estimated probability of death or non-fatal Ml within 1 year of presentation, according to a combination of

clinical and investigative features in patients with stable angina.

Ml indicates myocardial infacrtion; FEV,, forced expiratory volume; pO,, partial pressure of oxygen; pCO,, partial pressure of carbon dioxide; and PVD,
peripheral vascular disease.
Daly CA, et al. Predicting prognosis in stable angina—results from the Euro heart survey of stable angina:prospective observational study. BMJ. 2006;332:262-7.
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Table 29.3 Sensitivity and specificity of non-invasive stress
tests for the diagnosis of coronary artery disease

Sensitivity (%) Specificity (%)

Exercise electrocardiography 68 77
Exercise echocardiography 85 81
Dobutamine 82 84
echocardiography

Exercise SPECT 87 73
Adenosine SPECT 89 75
Dobutamine magnetic 89 84
resonance imaging

Adenosine magnetic 84 85
resonance imaging

Adenosine PET 89 86

and 29.5,and Figure 29.3). All stress tests are contraindicated
within 2 days after acute M, in severe AS, and decompen-
sated heart failure. Exercise treadmill test is non-diagnostic
in patients with LBBB, WPW syndrome, paced rhythm, in-
traventricular conduction delay, and digoxin therapy. Due
to low sensitivity and specificity, the test is of less prognostic
value in low-risk populations, such as women. However, ex-
ercise testing is still the initial diagnostic strategy in sympto-
matic women with suspected CAD.? The use of myocardial
perfusion imaging in this clinical setting should be reserved
for those with abnormal, equivocal, or non-diagnostic stud-
ies.

The Duke treadmill score incorporates exercise ca-
pacity, ST segment deviation, and angina as major risk
determinants. The score is calculated using the following
formula:

Exercise time in minutes - (5 X the maximum ST
segment deviation in millimetres) - (4 x the angina
index [0, no pain; 1, angina; and 2, angina that caused
discontinuation of the test]).

Low risk (=5%) indicates a 97% 5-year survival, moder-
ate risk (-10 to 4) 91%, and high risk (<-11) 72% survival.
Other risk factor determinants include extensive and pro-
longed ST segment depression, transient ST segment el-
evation, abnormal heart rate recovery, and delayed systolic
blood pressure response to exercise. Stress test-induced ST
elevation in lead aVR is highly suggestive of left main or
ostial LAD disease.* The exercise stress test is terminated
for one of the following reasons:*

Table 29.4 Echocardiography is stable CAD

ACCF/AHA 2013 GL on stable CAD. Resting imaging to
assess cardiac structure and function

Doppler echocardiography in patients with known or I-B
suspected IHD and a prior MI, pathological Q waves,

symptoms or signs suggestive of heart failure, complex
ventricular arrhythmias, or an undiagnosed heart murmur.

Echocardiography in hypertension or diabetes mellitus and  1lb-C
abnormal ECG.
Measurement of LV function with radionuclide imagingin ~ llb-C

patients with a prior Ml or pathological Q waves, provided
there is no need to evaluate symptoms or signs suggestiveof
heart failure, complex ventricular arrhythmias, or an
undiagnosed heart murmur.

Echocardiography, radionuclide imaging, CMR, and cardiac  Ill-C
computed tomography are not recommended for routine
assessment of LV function in patients with a normal ECG,

no history of MI, no symptoms or signs suggestive of heart
failure, and no complex ventricular arrhythmias.

Routine reassessment (<1 year) of LV function with INI-C
echocardiography, radionuclide imaging, CMR, or cardiac

computed tomography in patients with no change in clinical

status and for whom no change in therapy is contemplated.

ESC 2006 GL on stable CAD. recommendations for
echocardiography for initial diagnostic assessment of
angina

Patients with abnormal auscultation, suggesting valvular I-B
heart disease or HCM.

Patients with suspected heart failure. I-B
Patients with prior MI. I-B
Patients with LBBB, Q waves, or other significant I-C

pathological changes on ECG, including ECG LVH (level of
evidence C).

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis

and management of patients with stable ischemic heart disease. J Am Coll
Cardiol. 2012;60:e44—e164.

Guidelines on the management of stable angina pectoris: executive
summary: the Task Force on the management of stable angina pectoris of the
European Society of Cardiology. Eur Heart J. 2006;27:1341-81.

o Symptom limitation, e.g. pain, fatigue, dyspnoea, and
claudication

+ Combination of symptoms, such as pain with signifi-
cant ST changes

o Marked ST depression (>2 mm ST depression can
be taken as a relative indication for termination and
>4 mm as an absolute indication to stop the test)

o ST elevation 21 mm

& Significant arrhythmia

o Sustained fall in systolic blood pressure >10 mmHg

o Marked hypertension (>250 mmHg systolic or
>115 mmHg diastolic)

o Achievement of maximum predicted heart rate.

Stress echocardiography The most popular test is dob-
utamine stress echocardiography (DSE) which is more
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Circumferential Vertical
plot polar map Short axis long axis
Apical Mid
13
14 16
15
LAD LAD orRCA RCAorLCX LAD or LCX LCX

1. Basal anterior 5. Basal inferolateral

7. Mid-anterior
8. Mid-anteroseptal

3. Basal inferoseptal
4. Basal inferior

9. Mid-inferoseptal
2. Basal anteroseptal 6. Basal anterolateral 10. Mid-inferior

11. Mid-inferolateral
12. Mid-anterolateral

13. Apical anterior 17. Apex
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Figure 29.2 Correspondence of left ventricular 17 myocardial segments with each coronary artery.

Pereztol-Valdés O, et al. Correspondence between left ventricular 17 myocardial segments and coronary arteries. Eur Heart J. 2005,26:2637-43

specific but less sensitive, than perfusion imaging for
detection of ischaemia. Both ischaemia and myocardial
viability can be assessed. Life-threatening events, mainly
ventricular arrhythmias, are rare (0.01%),” and the prog-
nostic significance of induced VT remains uncertain. The
diagnostic accuracy of DSE is reduced in patients with
poor acoustic window (obese, COPD), severe LV dysfunc-
tion, prior cardiac surgery, and severe hypertension (Ta-
ble 29.5).

Myocardial perfusion tests Exercise myocardial per-
fusion is assessed with single photon emission tomography
(SPECT) (Table 29.5). Technetium or thallium (better for
detection of myocardial viabilty) are used, and there is a
relatively good correlation of standardized left ventricular
segments with each coronary artery.® Adenosine or dipy-
ridamole nuclear perfusion imaging is the preferred test
for patients with LBBB or ventricular paced rhythm be-
cause of increased false positive findings with exercise or
dobutamine echocardiography. In asthmatics, adenosine
may cause bronchospasm and dipyridamole is preferred,
unless the patient has significant hepatic impairment. Nu-
clear imaging exposes the patient to a moderate amount
of ionizing radiation (approximately 15 mSv). Attenuation
artefacts (obese patients and women with large breasts) de-
crease the specificity of nuclear testing. Global ischaemia
(left main or severe multivessel disease) may also produce
false negative results. Because higher myocyte fraction is
needed to maintain contractile reserve than to achieve ra-
diotracer uptake, nuclear imaging has higher sensitivity
but lower specificity than dobutamine stress echocardiog-
raphy in the detection of viability. However, the predictive
accuracy of dobutamine stress echocardiography for func-
tional recovery is higher than SPECT.” Myocardial con-

trast echocardiography is a new modality for assessment
of myocardial perfusion.

Magnetic resonance imaging is a new stress imaging
technique that may be used for both adenosine perfusion
and dobutamine wall motion imaging.® It has high spatial
and temporal resolution and, apart from ischaemia, iden-
tifies non-viable scar tissue, identifies myocarditis, and
detects subendocardial ischaemia that may be missed by
other tests. It can be performed in patients with stents and
most orthopaedic implants. Patients with pacemakers and
defibrillators may also undergo CMR under specific con-
ditions and protocols. Following the intravenous adminis-
tration of gadolinium, first-pass perfusion sequences can
identify myocardial perfusion abnormalities. Low-dose
dobutamine, or late gadolinium-enhancement protocols
are used. Administration of gadolinium is contraindicated
in patients with a creatinine clearance >30 mL/min due to
the rare, but potentially life-threatening, complication of
nephrogenic systemic fibrosis. MRI may show false posi-
tive defects related to transient dark rim artefacts in the
subendocardium. If not properly recognized, such arte-
facts may limit the specificity of MRI perfusion imaging
for detecting small subendocardial perfusion defects.’

Ambulatory ECG monitoring may also be useful in
suspected arrhythmias (ESC 2006 I-B) or vasospastic an-
gina (ESC 2006 IIa-C).

Coronary artery computed tomography (CCT) with
multidetector scanners may visualize the coronary artery
lumen and detect calcification (Table 29.5).'° It is still lim-
ited by a high number of false positive results (up to 50%
with severe calcification and coronary stents). Further-
more, its prognostic value as a substitute for conventional
angiography has not been validated in clinical studies. In
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patients with acute chest pain, CT angiography in an ex- o Patients with low or intermediate risk or pretest

perienced centre is faster to obtain than a stress test and probability for CAD and stable disease or acute
improves diagnostic ability, albeit at an increased radiation syndromes or positive imaging tests

exposure.''? Doses of radiation get smaller with new scan- & For evaluation of graft patency in symptomatic patients
ners, i.e. 1.5-7 mSv compared to 6-7 mSv of conventional and stenting only in the main stem and with stents >3
coronary angiography, and CCT with doses <1 mSv is now mm.

possible.” In 2010, the ACC and other American societies
published criteria for appropriate use of CCT." CCT angi-
ography is considered appropriate in:

CCT in high-risk patients and for general screening is
not considered appropriate.

Table 29.5 Investigations

ACCF/AHA 2012 on stable CAD. Stress testing and advanced imaging for initial diagnosis in patients with suspected
SIHD who require non-invasive testing

Test Exercise status ECG interpretable Pretest probability of IHD COR-LOE
Able Unable Yes No Low Intermediate High
Patients able to exercise”
Exercise ECG X X X [-A
Exercise with nuclear MPI or echo X X X X I-B
Exercise ECG X X lla-C
Exercise with nuclear MPI or echo X X lla-B
Pharmacological stress CMR X X X lla-B
CCTA X Any X Ib-B
Exercise echo X X X IIb-C
Pharmacological stress with nuclear X X Any lII-C (no benefit)
MPI, echo, or CMR
Exercise stress with nuclear MPI X X X I-C (no benefit)
Patients unable to exercise
Pharmacological stress with nuclear X Any X X
MPI or echo
Pharmacological stress echo X Any X lla
CCTA X Any X X lla
Pharmacological stress CMR X Any X X lla
Exercise ECG X X Any 11I-C (no benefit)
Other
CCTA Any Any X lla-C
If patient has any of the following:
a) Continued symptoms with prior
normal test, or
b) Inconclusive exercise or
pharmacological stress, or
¢) Unable to undergo stress with MPI
or echo
CAC score Any Any X Ilb-C

* Patients are candidates for exercise testing if they are capable of performing at least moderate physical functioning (i.e. moderate household, yard, or recreational
work and most activities of daily living) and have no disabling co-morbidity. Patients should be able to achieve 85% of age-predicted maximum heart rate.

CAC indicates coronary artery calcium; CCTA, cardiac computed tomography angiography; CMR, cardiac magnetic resonance imaging; COR, class of
recommendation; ECG, electrocardiogram; echo, echocardiography; IHD, ischaemic heart disease; LOE, level of evidence; MPI, myocardial perfusion imaging;
N/A, not available; and SIHD, stable ischaemic heart disease.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.
2012,60:e44—e164.
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Table 29.5 (Continued)

ACCF/AHA 2012 GL on stable CAD. Stress testing and advanced imaging for initial diagnosis in patients with
suspected SIHD who require non-invasive testing

Test Exercise status ECG interpretable COR-LOE Additional considerations
Able Unable Yes No
Patients able to exercise”

Exercise ECG X X I-B

Exercise with nuclear MPI X X I-B Abnormalities other than LBBB or

or echo ventricular pacing

Exercise with nuclear MPI X X lla-B

or echo

Pharmacological stress CMR X lla-B

CCTA X X Ib-B

Pharmacological stress X X 1lI-C (no benefit)

imaging (nuclear MPI, echo,

CMR) or CCTA

Patients unable to exercise

Pharmacological stress with X Any I-B

nuclear MPI or echo

Pharmacological stress CMR X Any lla-B

CCTA X Any lla-C Without prior stress test

Regardless of patient’s ability to exercise

Pharmacological stress with ~ Any X I-B LBBB present

nuclear MPI or echo

Exercise/pharmacological Any Any I-B Known coronary stenosis of unclear

stress with nuclear MPI, echo, physiological significance being

or CMR considered for revascularization

CCTA Any Any lla-C Indeterminate result from
functional testing

CCTA Any Any Ilb-C Unable to undergo stress imaging
or as alternative to coronary
catheterization when functional
testing indicates moderate to high
risk and angiographic coronary
anatomy is unknown

Requests to perform multiple  Any Any III-C (no

cardiac imaging or stress benefit)

studies at the same time

* Patients are candidates for exercise testing if they are capable of performing at least moderate physical functioning (i.e. moderate household, yard, or
recreational work and most activities of daily living) and have no disabling co-morbidity. Patients should be able to achieve 85% of age-predicted maximum
heart rate.

CCTA indicates cardiac computed tomography angiography; CMR, cardiac magnetic resonance imaging; COR, class of recommendation; ECG,
electrocardiogram; echo, echocardiography; LBBB, left bundle branch block; LOE, level of evidence; MPI, myocardial perfusion imaging; and N/A, not available.
2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll
Cardiol.2012;60:e44-e164.

ESC 2006 GL on stable CAD. Recommendations for exercise ECG for initial diagnostic assessment of angina

Patients with angina and intermediate pretest probability of coronary disease, based on age, gender, and symptoms, unless I-B
unable to exercise or displays ECG changes which make ECG non-evaluable.

Patients with >1 mm ST depression on resting ECG or taking digoxin. IIb-B
Patients with low pretest probability (<10% probability) of coronary disease, based on age, gender, and symptoms. IIb-B

ESC Guidelines on the management of stable angina pectoris: executive summary: The Task Force on the Management of Stable Angina Pectoris of the
European Society of Cardiology. Eur Heart J. 2006,27:1341-81.

(Continued)
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Table 29.5 (Continued)

ESC 2010 GL on revascularization. Indications of different imaging tests for the diagnosis of obstructive coronary
artery disease and for the assessment of prognosis in subjects without known coronary artery disease®

Asymptomatic Symptomatic Prognostic value of  Prognostic value of
(screening) positive result? negative result?
Pretest likelihood"® of
obstructive disease
Low Intermediate High
Anatomical test
Invasive angiography IN-A I-A lIb-A I-A I-A I-A
MDCT angiography IIl-B¢ Ilb-B lla-B 1I-B Ilb-B lla-B
MRI angiography -8 I-B II-B II-B III-C I-C
Functional test
Stress echo 1A A IA I A A IA
Nuclear imaging A A IA Il A9 IA IA
Stress MRI e Inc llaB I B¢ llaB llaB
PET perfusion B nc llaB Il B¢ llaB llaB

2 For the prognostic assessment of known coronary stenosis, functional imaging is similarly indicated.
° The pretest likelihood of disease is calculated based on symptoms, sex, and risk factors.

< This refers to MDCT angiography, not calcium scoring.

91n patients with obstructive CAD documented by angiography, functional testing may be useful in guiding the revascularization strategy, based on the extent,

severity, and localization of ischaemia.

CAD, coronary artery disease; MDCT, multidetector computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography.
ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal 2010;31:2501-2555.

The detection of coronary artery calcium has prognos-
tic significance,” and a calcium scoring system has been
devised, based on the X-ray attenuation coefficient or CT
number measured in Hounsfield units and the area of cal-
cium deposits.'* An Agatston score <100 indicates low risk
and a score >300 high risk, and, in the MESA (Multi-Ethnic
Study of Atherosclerosis) trial, addition of calcium score
to traditional risk factors, such as blood pressure, smok-
ing, and hypercholesterolaemia, improves classification
of risk as estimated by the Framingham risk calculation
(http://www.mesa-nhlbi.org). * Coronary artery calcifica-
tion is also an independent stroke predictor in subjects at
low or intermediate vascular risk."” However, in the recent
CONFIRM trial, a score of 0 did not rule out the presence
of significant coronary disease, and, in intermediate-risk
populations, calcium score did not add incremental prog-
nostic information to that provided by clinical risk factors
and the severity of CAD." Its presence does not, by itself,
justify coronary angiography."

Positron emission tomography stress has high sensitiv-
ity for detection of ischaemia and myocardial viability and

perhaps characterization of atherosclerotic plaques. Dis-
advantages are the high cost and lack of clinical verifica-
tion studies for its prognostic ability.

Coronary angiography is indicated for diagnostic pur-
poses (Table 29.6) in patients with:

& Significant angina

o High-risk clinical characteristics or non-invasive test-
ing criteria

o LV dysfunction (LVEF <45%) or CCF

# Aborted sudden death or VI/VF

o Inconclusive non-invasive testing

o Previous CABG or PCI with recurrent symptoms or
at high risk of restenosis of a prognostically important
site.

Serious complications of coronary angiography, such
as death, MI or stroke, and aortic dissection or aor-
tic valve avulsion, had been previously reported in the
order of 0.1%' but are probably even less in modern
catheter labs.
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Suspected ischemic heart disease
(or change in clinical status in a patient with known IHD)

: v : : See ACCF/AHA UA/NSTEMI
’ Intermediate or high-risk UA?t }—Yes Guideline

0 Symptoms or findings suggest
high-risk lesion(s)*
OR

A
Comprehensive clinical assessment of risk, including personal
characteristics, coexisting cardiac and medical conditions, and —

health status

Prior sudden death or serious
ventricular arrhythmia

OR
Prior stent in unprotected left
v main coronary artery
4{ Technically adequate? kYes{ Recent exercise or cardiac imaging study HNU L—Ves
No
v
—No—ﬂ Contraindications to stress testing? }—l
No
Low ; \ 4 i Yes
— likelihood No [ Patient able to exercise? | |
IHD T
Intermediate Yes OR
to high
“KEI'LhSOd Yes—{Previous coronary revascularization? ‘
T
No

v
No Resting ECG
interpretable?
Yes
T T * 1
Low Intermediate Intermediate to high
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Standard W/ exercise or
exeéase oharm CMR

Test results suggest
high-risk coronary
lesion(s)?

[
Yes

No

v

Regular
Monitoring

Figure 29.3a ACCF/AHA 2012 GL on Stable IHD. Diagnosis of Patients with Suspected IHD.

*: Colors correspond to the class of recommendations in the ACCF/AHA (ie green is for Class I, yellow for lla). The algorithms do not represent a comprehensive
list of recommendations (see full guideline text for all recommendations). tSee Table 27.3 in UA/NSTEMI Chapter for short-term risk of death or nonfatal Ml in
patients with UA/NSTEMI.

$CCTA is reasonable only for patients with intermediate probability of IHD. CCTA indicates computed coronary tomography angiography; CMR, cardiac
magnetic resonance; ECG, electrocardiogram; Echo, echocardiography; IHD, ischaemic heart disease; MI, myocardial infarction; MPI, myocardial perfusion
imaging; Pharm, pharmacological; UA, unstable angina; and UA/NSTEMI, unstable angina/non-ST elevation myocardial infarction.
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Figure 29.3b ACCF/AHA 2012 GL on stable IHD. Algorithm for risk assessment of patients with SIHD.*

* Colours correspond to the class of recommendations in the ACCF/AHA (ie green is for Class I, yellow for lla). The algorithms do not represent a
comprehensive list of recommendations (see full guideline text for all recommendations). CCTA indicates coronary computed tomography angiography; CMR,
cardiac magnetic resonance; ECG, electrocardiogram; Echo, echocardiography; LBBB, left branch bundle block; MPI, myocardial perfusion imaging; and Pharm,
pharmacological.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.
2012;60:e44-164.
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Differential diagnosis

Cardiac causes of angina-like pain

Apart from epicardial coronary artery stenosis, other car-
diac conditions that may cause myocardial ischaemia are:

# Aortic stenosis, hypertension and LV hypertrophy
(reduced coronary blood flow)

# Microvascular coronary dysfunction. It has been
attributed to endothelial dysfunction and carries
adverse prognosis. More common in women (WISE
study)®

+ Abnormal cardiac nociception. Increased perception
of pain centrally mediated or due to changed sensitiv-
ity of chemical and mechanical atrial and ventricular
receptors

o Coronary artery spasm (smooth muscle dysregula-
tion probably due to inflammation)

+ Congenital coronary abnormalities Myocardial
bridging involves a segment of a coronary artery,
usually the LAD, embedded within the myocar-
dium in a way that arterial compression occurs with
systole.”’ With intense symptoms and documented
ischaemia, CABG may be required. The value of
stenting is debated. Fistulas, anomalous origins of
coronary arteries, compression by the PA, as may
happen with ASD, are other relevant anomalies (see
Chapter 2).

¢ Syndrome X refers to exercise-induced angina-like
symptoms in the context of ischaemic changes on
treadmill stress testing and normal coronary arter-
ies on angiography.”? The exact cause is not known,
but microvascular disease and endothelial dysfunc-
tion due to inflammation, hypercholesterolaemia,
smoking, and obesity have been proposed. Insulin
resistance, hormonal dysfunction, and psychological
factors may also play a role. Microvascular coronary
dysfunction is highly prevalent and associated with an
adverse prognosis.” Coronary reactivity testing may
be helpful in establishing the diagnosis of coronary
spasm, microvascular dysfunction, or abnormal car-
diac nociception. The test involves passing a Doppler
flow wire into the coronary artery and assessing flow
after injecting vasoactive agents that provoke spasm,
such as acetylcholine (intracoronary incremental
doses of 20-100 micrograms to the left and 20-50
micrograms to the right coronary artery over a period
of 20 s) and ergonovine (20-60 micrograms to the left
and 20-60 micrograms to RCA over a period of 2-5
min), or vasodilators, such as adenosine (150 micro-
grams/kg/min) and nitrates (Table 29.7). Provocations
tests are considered safe, with an incidence of VT/VE
or bradyarrhythmias of 3%.2* Adenosine stress per-
fusion using MRI is also a promising modality for the

DIFFERENTIAL DIAGNOSIS

Table 29.6 Coronary angiography in patients with stable IHD

ACCF/AHA 2012 GL on stable CAD. Coronary
angiography as an initial testing strategy to assess risk

To assess cardiac risk in patients who have survived sudden I-B
cardiac death or potentially life-threatening ventricular

arrhythmia.

Patients who develop symptoms and signs of heart failure I-B
should be evaluated to determine whether coronary

angiography should be performed for risk assessment.
ACCF/AHA 2012 GL on stable CAD. Coronary
angiography to assess risk after initial work-up with
non-invasive testing

Coronary arteriography is recommended for patients whose I-C
clinical characteristics and results of non-invasive testing

indicate a high likelihood of severe IHD and when the benefits
are deemed to exceed risk.

Patients with LVEF <50% and moderate risk criteria on non- lla-C
invasive testing with demonstrable ischaemia.

Inconclusive prognostic information after non-invasive testing  Ila-C
or non-invasive testing is contraindicated or inadequate.
Unsatisfactory quality of life due to angina, LVEF >50%, and lla-C

intermediate-risk criteria on non-invasive testing.

Patients who elect not to undergo revascularization or who are lI-B
not candidates for revascularization because of co-morbidities
or individual preferences.

LVEF >50% and low-risk criteria on non-invasive testing. I1-B
Low risk according to clinical criteria and no non-invasive risk  1lI-C
testing.

Asymptomatic patients with no evidence of ischaemia on non- IlI-C

invasive testing.
ESC 2006 GL on stable CAD. Recommendations

for coronary arteriography for the purposes of
establishing a diagnosis in stable angina

Severe stable angina (>Class 3 of CCS classification), with a I-B
high pretest probability of disease, particularly if the symptoms

are inadequately responding to medical treatment.

Survivors of cardiac arrest. I-B
Patients with serious ventricular arrhythmias. I-C

Patients previously treated by myocardial revascularization (PCI, 1-C
CABG) who develop early recurrence of moderate or severe
angina pectoris.

Patients with an inconclusive diagnosis on non-invasive testing lla-C
or conflicting results from different non-invasive modalities at
intermediate to high risk of coronary disease.

Patients with a high risk of restenosis after PCl if PCl has been  lla-C

performed in a prognostically important site.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis

and management of patients with stable ischemic heart disease. J Am Coll
Cardiol. 2012;60:e44—-e164.

Guidelines on the management of stable angina pectoris: executive
summary: the Task Force on the management of stable angina pectoris of the
European Society of Cardiology. Eur Heart J. 2006;27:1341-81.

detection of transmural coronary flow distribution
(endocardial less than epicardial) due to microvascu-
lar coronary dysfunction.”

# Prinzmetal’s angina refers to chest pain at rest, associ-
ated with ST elevation, and was thought to be due to
coronary artery spasm (Table 29.7).
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Table 29.7 Syndrome X

ACCF/AHA 2012 GL on UA/NSTEMI. Cardiovascular
‘syndrome X’

Nitrates, beta blockers, and calcium channel blockers, alone  1-B
or in combination.

Risk factor reduction. I-B

Intracoronary ultrasound to assess the extent of IIb-B
atherosclerosis and rule out missed obstructive lesions.

Coronary angiography and provocative testing with llb-C
acetylcholine, adenosine, or methacholine and 24 h

ambulatory ECG.

Invasive physiological assessment (i.e. coronary flow reserve  1lb-C
measurement) if coronary angiography does not reveal a

cause of chest discomfort.

Imipramine or aminophylline for continued pain despite Ib-C
implementation of Class | measures.

Transcutaneous electrical nerve stimulation and spinal cord  11b-B

stimulation for continued pain, despite the implementation

of Class | measures may be considered for patients with

syndrome X.

Medical therapy with nitrates, beta blockers, and calcium -
channel blockers for patients with non-cardiac chest pain is

not recommended.

ESC 2006 GL on stable CAD. Recommendations for
investigation in patients with classical triad of syndrome X

Resting echocardiogram to assess for ventricular hypertrophy |-C
and/or diastolic dysfunction.

Intracoronary acetylcholine during coronary arteriography llb-C
to assess endothelium-dependent coronary flow reserve and
exclude vasospasm.

Intracoronary ultrasound, coronary flow reserve, or FFR Ib-C

measurement to exclude suspected obstructive lesions
(suspicious angiographic appearances or stress imaging).

ESC 2006 GL on stable CAD. Recommendations for
diagnostic tests in suspected vasospastic angina
ECG during angina if possible. I-B
Coronary arteriography in patients with characteristic I-B
episodic chest pain and ST segment changes that resolve

with nitrates and/or calcium antagonists to determine the

extent of underlying coronary disease (level of evidence B).

Intracoronary provocative testing to identify coronary spasm lla-B
in patients with clinical picture of coronary spasm.

Ambulatory ST segment monitoring to identify ST deviation.

lla-C

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis

and management of patients with stable ischemic heart disease. J Am Coll
Cardiol. 2012;60:e44-e164.

Guidelines on the management of stable angina pectoris: executive
summary: the Task Force on the management of stable angina pectoris of the
European Society of Cardiology. Eur Heart J. 2006;27:1341-81.

Non-cardiac causes of angina-like pain

# Oesophageal reflux, oesophagitis, and abnormal
oesophageal motility have similar distribution with
cardiac pain but are not related to exercise. These find-
ings are common in patients, presenting with chest
pain, but not necessarily the causative factor.

# Duodenal ulcer and gall bladder pain.

o Pericardial pain. Retrosternal or epigastric, precipi-
tated by inspiration and relieved by sitting forward.
May radiate to left shoulder.

o Aortic dissection. Tearing pain radiating to the back.
Aortic aneurysms may also produce chronic pain.

o Costochondritis. Tenderness on palpation.

¢ Pulmonary embolism is usually associated with sud-
den onset of shortness of breath rather than pain.

A full list of conditions that may cause chest pain are pre-
sented in Table 29.8.

Risk stratification

The major clinical and angiographic predictors of survival
of patients with CAD are:

o LV function

o Anatomical extent and severity of coronary athero-
sclerosis

# Severity of documented ischaemia

o Severity of angina.

LV function and viability

Echocardiographic LVEF <50% is considered abnor-
mal. LVEF <35% denotes patients at high risk and is an
independent predictor of mortality. Dobutamine stress
echocardiography, myocardial perfusion tests, cardiac
magnetic resonance, and positron emission tomography
are used for assessment of viability of apparently scarred
ventricular tissue.” The demonstration of viable myo-
cardium in patients with coronary artery disease and LV
dysfunction consistently identifies patients with poor
prognosis that usually,”*” although not invariably,>! im-
prove with revascularization (see Therapy).

Coronary anatomy indices

The extent of significant lesions on the coronary arteries has
been correlated with long-term mortality,*> and risk strati-
fication can be based on coronary anatomy (Table 29.9).
Coronary stenoses are now considered haemodynami-
cally significant when >50% diameter stenosis of the left
main and >70% diameter stenosis of the other epicardial
arteries.” However, intermediate angiographic stenosis
(30-70%), either by quantitative coronary angiography or
by subjective assessment at time of angiography, are not
reliable criteria for risk stratification. The SYNTAX score
is an angiographic grading tool, calculated as the sum of
the points assigned to each lesion identified in the 16 seg-
ments of the coronary tree with greater than 50% diameter
narrowing in vessels with a diameter greater than 1.5 mm
(http://www.syntaxscore.com) (Table 29.10). The clinical
SYNTAX score (SYNTAX score II) combines the angi-
ographic SYNTAX Score with a clinical risk score incor-
porating age, ejection fraction, and creatinine clearance. It
is calculated as:
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Table 29.8 Causes of chest pain

Cardiovascular

Acute coronary syndrome
Aortic stenosis
Hypertension

Aortic dissection
Myocarditis

Pericarditis

Hypertrophic cardiomyopathy

Musculoskeletal

Cervical disc disease
Costochondritis

Fibrositis

Herpes zoster (before the rash)
Neuropathic pain

Rib fracture

Pulmonary
Pneumonia

Pulmonary embolism
Tension pneumothorax

Pleuritis

Gastrointestinal

Cholecystitis

Cholangitis

Peptic ulcer

Gastro-oesophageal reflux

Oesophageal spasm

Boerhaave syndrome (oesophageal rupture with mediastinitis)

Pancreatitis

Psychiatric

Hyperventilation

Affective disorders (depression)

Anxiety disorder/panic attack

Somatization and psychogenic pain disorder

Thought disorders (fixed delusions)

Clinical SYNTAX score = SYNTAX score X
[(Age/LVEF) + 1 point for each 10 mL
creatinine clearance <60 mL.min/1.73 mm?)].

It predicts major cardiac and cerobrovascular events and
mortality better than angiographic score and has been
proposed for use in patients with anticipated PCI.** Incor-
porating functional assessment by considering coronary
lesions with FFR measurements <0.80 improves its clinical
usefulness.” The specificity of the coronary calcium score,

THERAPY

as identified by CCT for obstructive coronary lesions, is
low. However, it may be useful in asymptomatic subjects
classified in intermediate Framingham risk range.’®*

Extent of ischaemia

Inlongitudinal studies, in patients with known or suspected
coronary artery disease, detection of ischaemia predicts a
significantly higher overall mortality, cardiac death, or MI,
even in the absence of angina, whereas normal scintigra-
phy studies identify patients with a good prognosis at a low
risk for future cardiac events.”** Myocardial ischaemia is
an established cause of polymorphic ventricular tachycar-
dia or fibrillation and sudden cardiac death.” The majority
of sudden deaths due to ischaemic heart disease are not
associated with an acute MI, but transient acute ischae-
mia is an important trigger, preceding 35 to 80% of deaths
due to a ventricular tachyarrhythmia."’ However, imaging
tests, such as exercise scintigraphy results, do not corre-
late well with angiographic findings, both in patients with
and without angina, and they may not identify the culprit
lesion(s) with certainty in the presence of multivessel dis-
ease.”? Fractional flow reserve shows modest concordance
with imaging tests, such as perfusion scintigraphy and do-
butamine stress echocardiography, and quantitative coro-
nary angiography and fractional flow reserve, particularly
with 30% to 70% diameter stenoses.” Thus, no single test
can serve as a gold standard, particularly when equivocal
or borderline results are produced (Table 29.11 and Fig-
ure 29.3). Recently, an analysis of the STICH trial cohort
revealed that in patients with LVEF <35% (but not with left
main stem significant stenosis or class II or greater angina),
inducible myocardial ischemia does not identify patients
with worse prognosis or those with greater benefit from
CABG over optimal medical therapy.**

Therapy

Therapy of patients with CAD is aimed at alleviating is-
chaemia and affecting the natural history of the disease by
improving endothelial function, stabilizing atherosclerotic
plaques, and modifying risk factors.

Medical therapy

Lifestyle modification is essential for risk reduction and
symptomatic relief (Tables 29.12 and 29.13 and Figure
29.4). Smoking cessation, regular physical activity 30-60
min daily for at least 5 days a week, loss of weight (aimed
at a BMI 18.5-24.9 kg/m?) and a waist circumference of
<89 cm in women and <102 in men are essential, although
BMI, waist circumference, and waist-to-hip ratio do not
provide significant additional information about car-
diovascular risk beyond that already provided by systolic
blood pressure, diabetes, and lipids.* Reduction of calorie

najafidm
cardiology.blog.ir

223


http://cardiology.blog.ir/

224

STABLE CORONARY ARTERY DISEASE

Table 29.9 Coronary artery disease prognostic index with
medical therapy

Extent of CAD Prognostic 5-year survival
weight (0-100) rate (%)

1-vessel disease, 75% 23 93

>1-vessel disease, 50% 23 93

to 74%

1-vessel disease, 95% 32 91

2-vessel disease 37 88

2-vessel disease, both 95% 42 86

1-vessel disease, 95% 48 83

proximal LAD

2-vessel disease, 95% LAD 48 83

2-vessel disease, 95% 56 79

proximal LAD

3-vessel disease 56 79

3-vessel disease, 95% in 63 73

atleast 1

3-vessel disease, 75% 67 67

proximal LAD

3-vessel disease, 95% 74 59

proximal LAD

Califf RM, et al. Task Force 5. Stratification of patients into high-, medium-,
and low-risk subgroups for purposes of risk factor management. J Am Coll
Cardiol. 1996;27:964-1047.

uptake and regular exercise are the best means to lose
weight. Although several drugs are currently approved in
the USA to treat obesity, only orlistat is FDA-approved for
long-term use.*® Some physical activity is better than none,
and additional benefits occur with more physical activity.*’
Women who smoke may have a 25% greater risk ratio of
coronary artery disease than do male smokers, independ-
ent of other cardiovascular risk factors.*® Recommended
diet is low-fat Mediterranean diet with high fibre, fruits
and vegetables, olive oil, and omega-3 fatty acids content.
This reduces total mortality, as well as mortality from
cardiovascular disease and cancer, and the incidence of
parkinsonism and Alzheimer’s.*' Dietary supplementa-
tion with omega-3 fatty acids has been shown to reduce
mortality after MI in some trials, but recent data refute
any established benefit.*>** Vitamins B (that lower homo-
cysteine), however, do not reduce risk in patients with a
previous cardiovascular event.”> Moderate alcohol intake
(1 to 2 drinks per day for women and up to 2 to 3 drinks
per day for men) reduces cardiovascular risk.*® Flavanols
are theoretically beneficial, but their role is not clinically
established.” Sedentary behaviour, such as prolonged TV
watching, increases the risk of cardiovascular disease, dia-
betes, and all-cause mortality.*®

Blood pressure should be <140/90 mmHg (<130/80 mmHg
in the presence of diabetes or chronic renal disease). In

Table 29.10 The SYNTAX score algorithm

1. Dominance

2. Number of lesions

3. Segments involved per lesion
Lesion characteristics

4. Total occlusion

i. Number of segments involved

ii. Age of the total occlusion (>3 months)
iii. Blunt stump

iv. Bridging collaterals

v. First segment beyond the occlusion visible by antegrade or
retrograde filling

vi. Side branch involvement

5. Trifurcation

i. Number of segments diseased

6. Bifurcation

i. Type

ii. Angulation between the distal main vessel and the side branch <70°
7. Aorto-ostial lesion

8. Severe tortuosity

9. Length >20 mm

10. Heavy calcification

11. Thrombus

12. Diffuse disease/small vessels

i. Number of segments with diffuse disease/small vessels

diabetics, a HbA | <7% used to be recommended, but re-
cent guidelines emphasize changes in lifestyle and dietary
measures rather than strictadherence to HbA  _reduction.”
However, in young patients, efforts to lower glycosylated
haemoglobin (HbA, ) to <7.0% are justified to reduce the
incidence of microvascular complications. Ideally, pre-
prandial and postprandial glucose should be maintained at
<130 mg/dL and <180 mg/dL, respectively.®’ Pioglitazone
achieves greater increases in HDL and reductions in gly-
cated haemoglobin, triglycerides, and C-reactive protein
compared to glimepiride, with a resultant slower progres-
sion of atherosclerosis.” However, thiazolidinediones in-
crease the risk of heart failure and should not be used in
the presence of impaired LV function. Pioglitazone is safer
than rosiglitazone in this respect,** but concerns about as-
sociation with bladder cancer have appeared, and its use
has been banned in France. Early addition of insulin con-
fers no benefit in patients with prediabetes (for definition
see Chapter 24) or patients whose type 2 diabetes is well
controlled on diet or medication.®

Aspirin (75-162 mg/d) should be continued indefi-
nitely, unless contraindicated. In high-risk patients, it
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Table 29.11 ACCF/AHA GL 2012 on stable IHD

THERAPY

Non-invasive risk stratification

High risk (>3% annual death or M)

. Severe resting LV dysfunction (LVEF <35%) not readily explained by non-coronary causes

2. Resting perfusion abnormalities >10% of the myocardium in patients without prior history or evidence of Ml

3. Stress ECG findings, including >2 mm of ST segment depression at low workload or persisting into recovery, exercise-induced ST segment

elevation, or exercise-induced VT/VF

4. Severe stress-induced LV dysfunction (peak exercise LVEF <45% or drop in LVEF with stress >10%)

5. Stress-induced perfusion abnormalities encumbering >10% myocardium or stress segmental scores indicating multiple vascular territories with

abnormalities

. Stress-induced LV dilation

6
7. Inducible wall motion abnormality (involving >2 segments or two coronary beds)
8

. Wall motion abnormality developing at low dose of dobutamine (<10 mg/kg/min) or at a low heart rate (<120 beats/min)

9. CAC score >400 Agaston units

10. Multivessel obstructive CAD (>70% stenosis) or left main stenosis (>50% stenosis) on CCTA

Intermediate risk (1% to 3% annual death or M)

1. Mild/moderate resting LV dysfunction (LVEF 35-49%) not readily explained by non-coronary causes

. Resting perfusion abnormalities in 5-9.9% of the myocardium in patients without a history or prior evidence of Ml

2
3.>1 mm of ST segment depression occurring with exertional symptoms
4

. Stress-induced perfusion abnormalities encumbering 5% to 9.9% of the myocardium or stress segmental scores (in multiple segments)
indicating one vascular territory with abnormalities but without LV dilation

5. Small wall motion abnormality, involving one to two segments and only one coronary bed

6. CAC score 100 to 399 Agaston units

7. One-vessel CAD with >70% stenosis or moderate CAD stenosis (50% to 69% stenosis) in >2 arteries on CCTA

Low risk (<1% annual death or MI)

1. Low-risk treadmill score (score >5) or no new ST segment changes or exercise-induced chest pain symptoms when achieving maximal levels of exercise

2. Normal or small myocardial perfusion defect at rest or with stress encumbering <5% of the myocardium*

3. Normal stress or no change of limited resting wall motion abnormalities during stress

4. CAC score <100 Agaston units

5. No coronary stenosis >50% on CCTA

* Although the published data are limited, patients with these findings will probably not be at low risk in the presence of either a high-risk treadmill score or

severe resting LV dysfunction (LVEF <35%).

CAC indicates coronary artery calcium; CAD, coronary artery disease; CCTA, coronary computed tomography angiography; LV, left ventricular; LVEF, left

ventricular ejection fraction; and MI, myocardial infarction.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.

2012;60:e44—-e164.

reduces arterial thrombosis by 25% by inhibiting platelet
cyclo-oxygenase-1 and decreasing synthesis of thrombox-
ane A.> 64 After CABG, aspirin (100-325 mg/d) should be
continued indefinitely (ACCF/AHA 2011 GL on CABG,
I-A). Higher doses of aspirin are no more recommended
following stent implantation (81 mg/day considered by the
ACCF/AHA 2011 GL on PCI).

Clopidogrel (75 mg/d) may replace aspirin if aspirin is
absolutely contraindicated. In patients receiving DES for
a non-ACS indication, clopidogrel 75 mg daily should be
added to aspirin and given for at least 12 months if patients

are not at high risk of bleeding (ACCF/AHA 2011 on PCI).
In patients receiving BMS, clopidogrel should be given for
aminimum of 1 month and ideally up to 12 months (unless
the patient is at increased risk of bleeding; then, it should
be given for a minimum of 2 weeks) (ACCF/AHA 2011 on
PCI). With BMS or new generation DES, continuation of
clopidogrel beyond 1 year does not appear beneficial.®

Statins are the first choice for lipid management, aiming
at LDL <100 mg/dL (or ideally <70 mg/dL). LDL levels are
calculated by the Friedwald equation (LDL-C = total cho-
lesterol - HDL-C - triglycerides/5), that underestimates
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Table 29.12 ACCF/AHA 2012 GL on stable IHD. Treatment of patients with stable IHD (similar recommendations have
been provided by AHA/ACCF 2011 GL on secondary prevention and risk reduction)

Patient education
Patients should have an individualized education plan to optimize care and promote wellness, including:
a. Education on the importance of medication adherence for managing symptoms and retarding disease progression. I-C

b. An explanation of medication management and cardiovascular risk reduction strategies in a manner that respects the patient’s level |-B
of understanding, reading comprehension, and ethnicity.

¢. A comprehensive review of all therapeutic options. .I—B
d. A description of appropriate levels of exercise, with encouragement to maintain recommended levels of daily physical activity. .I—C
e. Introduction to self-monitoring skills. .I—C
f. Information on how to recognize worsening cardiovascular symptoms and take appropriate action. I-C

Patients should be educated about the following lifestyle elements that could influence prognosis: weight control; maintenance ofa  I-C
body mass index of 18.5-24.9 kg/m? and maintenance of a waist circumference <100 cm (40 inches) in men and <88 cm (35 inches)

in women (less for certain racial groups); lipid management; blood pressure control; smoking cessation and avoidance of exposure

to second-hand smoke; individualized medical, nutrition, and lifestyle changes for patients with diabetes mellitus to supplement

diabetes treatment goals and education.

It is reasonable to educate patients about:

a. Adherence to a diet that is low in saturated fat, cholesterol, and trans fat; high in fresh fruits, whole grains, and vegetables; and lla-B
reduced in sodium intake, with cultural and ethnic preferences incorporated.

b. Common symptoms of stress and depression to minimize stress-related angina symptoms. .IIa—C
c. Comprehensive behavioural approaches for the management of stress and depression. lla-C
d. Evaluation and treatment of major depressive disorder when indicated. lla-B

Risk factor modification

Lipid management

Lifestyle modifications, including daily physical activity and weight management. .I—B
Reduced intake of saturated fats (to <7% of total calories), trans fatty acids (to <1% of total calories), and cholesterol .I—B
(to <200 mg/d).

Moderate or high dose of a statin in the absence of contraindications or documented adverse effects. I-A
In statin intolerance, low density lipoprotein cholesterol-lowering therapy with bile acid sequestrants,* niacin,t or both. .Ila—B

Blood pressure management

Lifestyle modification: weight control; increased physical activity; alcohol moderation; sodium reduction; and emphasis on increased  |-B
consumption of fresh fruits, vegetables, and low-fat dairy products.

In blood pressure >140/90 mmHg, antihypertensive drug therapy in addition to, or after a trial of, lifestyle modifications. I-A

Medications used for treatment of high blood pressure should be based on specific patient characteristics and may include ACE I-B
inhibitors and/or beta blockers, with addition of other drugs, such as thiazide diuretics or calcium channel blockers, to achieve a goal
blood pressure <140/90 mmHg.

Diabetes management
A goal HbA, of <7% for patients with a short duration of diabetes mellitus and a long life expectancy. lla-B

A goal HbA, 7% to 9% for certain patients according to age, history of hypoglycaemia, presence of microvascular or macrovascular  lla-C
complications, or coexisting medical conditions.

Initiation of pharmacotherapy interventions to achieve target HbA, . lIb-A
Therapy with rosiglitazone should not be initiated in patients with stable IHD. IN-C
Physical activity

For all patients, 30 to 60 minutes of moderate-intensity aerobic activity, such as brisk walking, at least 5 days, and preferably 7 days, |

-B
per week, supplemented by an increase in daily lifestyle activities (e.g. walking breaks at work, gardening, household work) to
improve cardiorespiratory fitness and move patients out of the least-fit, least-active, high-risk cohort (bottom 20%).
Risk assessment with a physical activity history and/or an exercise test to guide prognosis and prescription. I-B
Medically supervised programs (cardiac rehabilitation) and physician-directed, home-based programmes for at-risk patients at first I-A
diagnosis.
(Continued)
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Table 29.12 (Continued)

Risk factor modification

Complementary resistance training at least 2 days per week. lla-C
Weight management

Body mass index and/or waist circumference should be assessed at every visit. Encourage weight maintenance or reduction through ~ I-B
an appropriate balance of lifestyle physical activity, structured exercise, caloric intake, and formal behavioural programmes when
indicated to maintain or achieve a body mass index between 18.5 and 24.9 kg/m? and a waist circumference <102 cm (40 inches) in

men and <88 cm (35 inches) in women (less for certain racial groups).

Initial goal of weight loss therapy to reduce body weight by 5% to 10% from baseline. With success, further weight loss can be I-C
attempted if indicated.

Smoking cessation counselling

Smoking cessation and avoidance of exposure to environmental tobacco smoke at work and home. Follow-up, referral to special I-B
programmes, and pharmacotherapy and a stepwise strategy for smoking cessation (Ask, Advise, Assess, Assist, Arrange, Avoid).

Management of psychological factors
Screening SIHD patients for depression and refer or treat when indicated. lla-B

Treatment of depression has not been shown to improve cardiovascular disease outcomes but might be reasonable for its other lIb-C
clinical benefits.

Alcohol consumption

Non-pregnant women may have 1 drink (4 ounces of wine, 12 ounces of beer, or 1 ounce of spirits) a day and men 1 or 2 drinks a lIb-C
day, unless alcohol is contraindicated (such as in patients with a history of alcohol abuse or dependence or with liver disease).

Avoiding exposure to air pollution

Avoid exposure to increased air pollution to reduce the risk of cardiovascular events. lla-C

Additional medical therapy to prevent Ml and death
Antiplatelet therapy

Aspirin 75-162 mg daily indefinitely in the absence of contraindications. .I—A
Clopidogrel when aspirin is contraindicated. .I—B
Aspirin 75-162 mg daily and clopidogrel 75 mg daily in certain high-risk patients. .IIb-B
Dipyridamole is not recommended as antiplatelet therapy in stable IHD. .III—B

Beta blocker therapy
Beta blockers for 3 years in all patients with normal LV function after Ml or ACS. I-B

Beta blockers in all patients with LVEF <40% with heart failure or prior MI, unless contraindicated. (Use should be limited to carvedilol, I-A
metoprolol succinate, or bisoprolol, which have been shown to reduce risk of death.)

Beta blockers as chronic therapy for all other patients with coronary or other vascular disease. Ilb-C
Renin-angiotensin-aldosterone blocker therapy

ACE inhibitors in all patients with hypertension, diabetes mellitus, LV ejection fraction <40%, or chronic kidney disease, unless I-A
contraindicated.

ARBs for patients with hypertension, diabetes mellitus, LV systolic dysfunction, or chronic kidney disease and have indications for, but  I-A
are intolerant of, ACE inhibitors.

ACE inhibitor in patients with both SIHD and other vascular disease. lla-B
ARBs in other patients who are ACE inhibitor intolerant. lla-C
Influenza vaccination

Annual influenza vaccine for patients with SIHD. I-B

Additional therapy to reduce risk of Ml and death

Qestrogen therapy in post-menopausal women with SIHD. lIl-A
Vitamin C, vitamin E, and beta carotene supplementation. lll-A
Treatment of elevated homocysteine with folate or vitamins B6 and B12. I-A
Chelation therapy lNI-C
Treatment with garlic, coenzyme Q10, selenium, or chromium. IN-C
(Continued)
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Table 29.12 (Continued)

Medical therapy for relief of symptoms

Use of anti-ischaemic medications

Beta blockers as initial therapy for relief of symptoms. I-B
Calcium channel blockers or long-acting nitrates when beta blockers are contraindicated or cause unacceptable side effects. I-B
Calcium channel blockers or long-acting nitrates, in combination with beta blockers, when initial treatment with beta blockers is I-B
unsuccessful.

Sublingual nitroglycerin or nitroglycerin spray for immediate relief of angina. I-B
Long-acting non-dihydropyridine calcium channel blocker (verapamil or diltiazem) instead of a beta blocker as initial therapy. lla-B
Ranolazine as a substitute for beta blockers if initial treatment with beta blockers leads to unacceptable side effects or is ineffective or lla-B
if initial treatment with beta blockers is contraindicated

Ranolazine in combination with beta blockers when initial treatment with beta blockers is not successful in patients with SIHD. lla-A
Alternative therapies for relief of symptoms in patients with fefractory angina

Enhanced external counterpulsation for relief of refractory angina. IIb-B
Spinal cord stimulation for relief of refractory angina. lIb-C
Transmyocardial revascularization for relief of refractory angina. lb-B
Acupuncture for the purpose of improving symptoms or reducing cardiovascular risk. IN-C

* The use of bile acid sequestrant is relatively contraindicated when triglycerides are =200 mg/dL and is contraindicated when triglycerides are =500 mg/dL.
t Dietary supplement niacin must not be used as a substitute for prescription niacin.
2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.

2012;60:e44-e164.

LDL when triglycerides are 2150mg/dL.* The reduction
of major cardiac events is proportional to the reduction
of LDL cholesterol (Tables 29.12 and 29.13).*” If triglycer-
ides are >200 mg/dL, elimination of sugar and trans fats
intake, as well as weight reduction and regular exercise,
may achieve reductions of up to 50%. Tests of apolipopro-
tein B and A-I, lipoprotein(a), or lipoprotein-associated
phospholipase A2 do not add significant improvement in
CVD prediction.®® The vascular benefits of statins may be
independent of baseline CRP concentrations.®”® Elevated
liver enzymes (up to 3 times normal values) due to non-
alcoholic fatty liver disease do not constitute a contrain-
dication (Table 29.13).”" All statins may result in elevated
CKB levels, but simvastatin has been particularly associ-
ated with myopathy,”> and the FDA has warned against
its use in high doses (80 mg od; 9 June 2011). Statins may
be lipophilic (lovastatin, simvastatin, atorvastatin) or hy-
drophilic (pravastatin, rosuvastatin). Hydrophilic statins
may have fewer side effects due to less muscle cell pen-
etration and lower dependence on the cytochrome P450
enzyme, but differences between the two groups by means
of clinical outcomes are not established. CYP3A4 inhibi-
tors ketoconazole, posaconazole, erythromycin, clari-
thromycin, telithromycin, nefazodone, and especially
itraconazole, HIV protease inhibitors (such as lopina-
vir, ritonavir, atazanavir, darunavir, and fosampenavir),
and hepatitis C virus protease inhibitors (such as bo-
ceprevir and telaprevir) may significantly increase statin

(and especially lovastatin and simvastatin) exposures and
result in rhabdomyolysis. Fibrates typically increase the
risk of myopathy. According to a FDA Drug Safety Com-
munication (1 March 2012), the concomitant adminis-
tration of lovastatin and simvastatin with HIV protease
inhibitors or HCV protease inhibitors is contraindicated.
Atorvastatin should be restricted to 20 mg od, rosuv-
astatin to 10 mg, and pravastatin does not need dosage
modification, whereas no data are available for fluvasta-
tin, in patients taking HIV or HCV protease inhibitors.
Ciclosporin and, rarely, calcium antagonists, digoxin, and
sildenafil may also increase the risk of myopathy. Statin
therapy (as well as niacin) is associated with a slightly in-
creased risk of development of diabetes, especially in high
doses and in predisposed patients, but the risk is low, both
in absolute terms and when compared with the reduc-
tion in coronary events.”””> Although there is probably
a small increased risk of new-onset type 2 diabetes and
statin medications, statins should not be stopped in high
risk primary and secondary prevention patients. Regular
screening of individuals with evidence of metabolic syn-
drome is reasonable. In a Drug Safety Communication
(28 February 2012), FDA eliminated the requirement for
routine monitoring of liver enzymes from the drug labels
and added information about the potential for generally
non-serious and reversible cognitive side effects, such
as memory loss and reports of increased blood sugar and
HbA,_levels. Recently, in a retrospective observational
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Table 29.13 ESC recommendations for patients with stable CAD

ESC 2006 GL on stable IHD. Recommendations for pharmacological therapy to improve prognosis in patients with
stable angina

Aspirin 75 mg od in all patients without contraindications (i.e. active Gl bleeding, aspirin allergy, or previous aspirin intolerance). I-A
Statin therapy for all patients with coronary disease. ‘I—A
ACE inhibitor therapy in patients with hypertension, heart failure, LV dysfunction, prior Ml with LV dysfunction, or diabetes. ‘I—A
Oral beta blocker therapy in patients post-MI or with heart failure. ‘I—A
ACE inhibitor therapy in all patients with angina and proven coronary disease. :IIa-B
Clopidogrel in patients who cannot take aspirin (e.g. aspirin allergic). lla-B
High-dose statin therapy in high-risk (>2% annual CV mortality) patients with proven coronary disease. lla-B
Fibrate therapy in patients with low HDL and high triglycerides who have diabetes or the metabolic syndrome. ‘IIb—B
Fibrate or nicotinic acid as adjunctive therapy to statin in patients with low HDL and high triglycerides at high risk (>2% annual CV ‘IIb—C
mortality).

ESC Guidelines on the management of stable angina pectoris: executive summary: The Task Force on the Management of Stable Angina Pectoris of the
European Society of Cardiology. Eur Heart J. 2006;27:1341-81.

ESC 2011 GL on revasularization. Long-term medical therapy after myocardial revascularization

ACE inhibitors in all patients with LVEF <40% and for those with hypertension, diabetes, or CKD, unless contraindicated. I-A
ACE inhibitors in all patients, unless contraindicated. ‘Ila—A
Angiotensin receptor blockers in patients who are intolerant of ACE inhibitors and have HF or Ml with LVEF <40%. ‘I—A
Angiotensin receptor blockers in all ACE inhibitor-intolerant patients. ‘Ila—A
Beta blocker therapy in all patients after Ml or ACS or LV dysfunction, unless contraindicated. ‘I—A
High-dose lipid lowering drugs in all patients, regardless of lipid levels, unless contraindicated. ‘I—A
Fibrates and omega-3 fatty acids (1 g/day) in combination with statins and in patients intolerant of statins. ‘Ila—B
Niacin to increase HDL cholesterol. ‘IIb—B

ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal 2010;31:2501-2555.

ESC 2012 GL on CVD prevention. Recommendations on diet

# A healthy diet has the following characteristics:

# Saturated fatty acids to account for <10% of total energy intake through replacement by polyunsaturated fatty acids.

# Trans-unsaturated fatty acids: as little as possible, preferably no intake from processed food and <1% of total energy intake from natural origin.
& <5 g of salt per day.

# 30-45 g of fibre per day, from wholegrain products, fruits, and vegetables.

# 200 g of fruit per day (2-3 servings).

# 200 g of vegetables per day (2-3 servings).

# Fish at least twice a week, one of which to be oily fish.

& Consumption of alcoholic beverages should be limited to two glasses per day (20 g/day of alcohol) for men and one glass per day (10 g/day of
alcohol) for women.

Energy intake should be limited to the amount of energy needed to maintain (or obtain) a healthy weight, i.e. a BMI <25 kg/m?.
In general, when following the rules for a healthy diet, no dietary supplements are needed.
European Guidelines on cardiovascular disease prevention in clinical practice (version 2012). Eur Heart J. 2012;33:1635-701.

ESC 2012 GL on CVD prevention. The ‘Five As’ for a smoking cessation strategy

A-SK Systematicaly inquire about smoking status at every opportunity.

A-ADVISE ‘Unequivocally urge all smokers to quit.

A-ASSESS ‘Determine the person’s degree of addiction and readiness to quit.

A-ASSIST Agree on a smoking cessation strategy, including setting a quit date, behavioural counselling, and pharmacological support.

A-ARRANGE Arrange a schedule of follow-up.

(Continued)
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Table 29.13 (Continued)

ESC 2012 GL on CVD prevention.

Recommendations regarding physical activity

Healthy adults of all ages should spend 2.5-5 h a week on physical activity or aerobic exercise training of at least moderate [-A
intensity or 1-2.5 h a week on vigorous intense exercise. Sedentary subjects should start light-intensity exercise programmes.

Physical activity/aerobic exercise training should be performed in multiple bouts, each lasting >10 min and evenly spread lla-A
throughout the week, i.e. on 4-5 days a week.

Patients with previous acute myocardial infarction, CABG, PCl, stable angina pectoris, or stable chronic heart failure should I-A
undergo moderate to vigorous intensity aerobic exercise training >3 times a week and 30 min per session. Sedentary patients
should start light-intensity exercise programmes after adequate exercise-related risk stratification.

ESC 2012 GL on CVD prevention.

Recommendations on blood pressure

Lifestyle measures, such as weight control, increased physical activity, alcohol moderation, sodium restriction, and increased consum- I-B
ption of fruits, vegetables, and low-fat dairy products, in all patients with hypertension and in individuals with high normal BP.

All major antihypertensive drug classes (i.e. diuretics, ACE inhibitors, calcium antagonists, angiotensin receptor antagonists, and I-A
beta blockers) do not differ significantly in their BP-lowering efficacy.

Beta blockers and thiazide diuretics are not recommended in hypertensive patients with multiple metabolic risk factors increasing I-A
the risk of new-onset diabetes.

In patients with diabetes, an ACE inhibitor or a renin-angiotensin receptor blocker. I-A
Risk stratification using the SCORE risk chart as a minimal requirement in each hypertensive patient. I-B
Subclinical organ damage predicts cardiovascular death independently of SCORE, and a search for subclinical organ damage lla-B
should be encouraged, particularly in individuals at low or moderate risk (SCORE 1-4%).

Drug treatment to be initiated promptly in patients with grade 3 hypertension as well as in patients with grade 1 or 2 hypertension I-C
who are at high or very high total cardiovascular risk.

In patients with grade 1 or 2 hypertension and at moderate total cardiovascular risk, drug treatment may be delayed for several llb-C
weeks and, in grade 1 hypertensive patients without any other risk factor, for several months while trying lifestyle measures.

Systolic BP should be lowered to <140 mmHg (and diastolic BP <90 mmHg) in all hypertensive patients. lla-A
All hypertensive patients with established cardiovascular disease or with type 2 diabetes or with an estimated 10-year risk of lla-B
cardiovascular death >5% (based on the SCORE chart) should be considered for statin therapy.

Antiplatelet therapy, in particular low-dose aspirin, for hypertensive patients with cardiovascular events. I-A
Antiplatelet therapy in hypertensive patients without a history of cardiovascular disease but with reduced renal function or at high llb-A

cardiovascular risk.

ESC 2012 GL on CVD prevention. Recommendations on diabetes mellitus

A target HbA, _for the prevention of CVD in diabetes of <7.0% (<53 mmol/mol). I-A

Statins to reduce cardiovascular risk in diabetes. I-A

Hypoglycaemia and excessive weight gain must be avoided, and individual approaches (both targets and drug choices) may be I-B

necessary in patients with complex disease.

Metformin as first-line therapy if tolerated and not contraindicated. lla-B
Further reductions in HbA, _to a target of <6.5% (<48 mmol/mol) (the lowest possible safely reached HbA, ) may be useful at lIb-B
diagnosis. For patients with a long duration of diabetes, this target may reduce risk of microvascular outcomes.

BP targets in diabetes are <140/80 mmHg. I-A

Target LDL cholesterol is <2.5 mmol/L, for patients without atherosclerotic disease total cholesterol may be <4.5 mmol/L, with a IIb-B
lower LDL cholesterol target of <1.8 mmol/L (using higher doses of statins) for diabetic patients at very high CVD risk.

Antiplatelet therapy with aspirin is not recommended for people with diabetes who do not have clinical evidence of atherosclerotic lN-A
disease.

ACS, acute coronary syndrome; BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease; HbA, , glycated haemoglobin; LDL, low density
lipoprotein.

(Continued)
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Table 29.13 (Continued)

ESC 2012 GL on CVD prevention. Recommendations on antithrombotic therapy

THERAPY

In the acute phase of coronary artery syndromes and for the following 12 months, dual antiplatelet therapy with a P2Y12 inhibitor
(ticagrelor or prasugrel) added to aspirin is recommended, unless contraindicated due to excessive risk of bleeding.

Clopidogrel (600 mg loading dose, 75 mg daily dose) for patients who cannot receive ticagrelor or prasugrel.
In the chronic phase (>12 months) after myocardial infarction, aspirin for secondary prevention.

In patients with non-cardioembolic transient ischaemic attack or ischaemic stroke, secondary prevention with either dipyridamole
plus aspirin or clopidogrel alone.

In the case of intolerance to dipyridamole (headache) or clopidogrel, aspirin alone is recommended.
In patients with non-cardioembolic cerebral ischaemic events, anticoagulation is not superior to aspirin and is not recommended.

Aspirin or clopidogrel cannot be recommended in individuals without cardiovascular or cerebrovascular disease due to the
increased risk of major bleeding.

I-A
-8
-8

European Guidelines on cardiovascular disease prevention in clinical practice (version 2012). Eur Heart J. 2012;33:1635-701.

ESC 2012 GL on CVD prevention.

Recommendations on management of hyperlipidaemia

The recommended target levels are <5 mmol/L (less than ~190 mg/dL) for total plasma cholesterol and <3 mmol/L (less than ~115
ma/dL) for LDL cholesterol for subjects at low or moderate risk.

In patients at high CVD risk, an LDL cholesterol goal <2.5 mmol/L (less than ~100 mg/dL) is recommended.

In patients at very high CVD risk, the recommended LDL cholesterol target is <1.8 mmol/L (less than ~70 mg/dL) or a >50% LDL
cholesterol reduction when the target level cannot be reached.

All patients with familial hypercholesterolaemia must be recognized as high-risk patients and be treated with lipid-lowering therapy.
In patients with an ACS, statin treatment in high doses has to be initiated while the patients are in hospital.

Prevention of non-haemorrhagic stroke: treatment with statins must be started in all patients with established atherosclerotic
disease and in patients at high risk for developing CVD. Treatment with statins must be started in patients with a history of non-
cardioembolic ischaemic stroke.

Occlusive arterial disease of the lower limbs and carotid artery disease are CHD risk-equivalent conditions, and lipid-lowering
therapy is recommended.

Statins as the first-line drugs in transplant patients with dyslipidaemia.

Chronic kidney disease (stages 2-5, i.e. GFR <90 mL/min/1.73 m?) is acknowledged as a CHD risk-equivalent, and the LDL
cholesterol target in these patients should be adapted to the degree of renal failure.

I-A
I-A

I-A
I-A

lla-B
lla-C

Selected drugs that may increase risk of myopathy and rhabdomyolysis when used concomitantly with statin

(CYP3A4 inhibitors/substrates or other mechanisms)

Ciclosporin, tacrolimus

Macrolides (azithromycin, clarithromycin, erythromycin)

Azole antifungals (itraconazole, ketoconazole, fluconazole)

Calcium antagonists (mibefradil, diltiazem, verapamil)

Nefazodone

HIV protease inhibitors (amprenavir, indinavir, nelfinavir, ritonavir, saquinavir)
Sildenafil

Others

Digoxin, niacin, fibrates (particularly gemfibrozil)
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Table 29.13 (Continued)

ESC/EAS 2011 GL on dyslipidaemias. Lipid analyses as treatment target in the prevention of CVD

LDL-C is recommended as target for treatment.

TC should be considered as treatment target if other analyses are not available.

TG should be analysed during the treatment of dyslipidaemias with high TG levels.

Non-HDL-C should be considered as a secondary target in combined hyperlipidaemias, diabetes, the MetS, or CKD.
Apo B should be considered as a secondary treatment target.

HDL-C is not recommended as a target for treatment.

The ratios apo B/apo Al and non-HDL-C/HDL-C are not recommended as targets for treatment.

I-A
lla-A
lla-B
lla-B
lla-B
l-C
-

Apo, apolipoprotein: CKD, chronic kidney disease; CVD, cardiovascular disease; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein

cholesterol; MetS, metabolic syndrome; TC, total cholesterol; TG, triglyceride.

ESC/EAS Guidelines for the management of dyslipidaemias: the Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC)

and the European Atherosclerosis Society (EAS). Eur Heart J. 2011;32:1769-818.

ESC/EAS 2011 GL on dyslipidaemias. Impact of lifestyle changes on lipid levels

Magnitude of the effect Level of evidence

Lifestyle interventions to reduce TC and LDL-C levels

Reduce dietary saturated fat ;+++ A
Reduce dietary trans fat .+++ A
Increase dietary fibre .++ A
Reduce dietary cholesterol ;F+ .B
Utilize functional foods enriched with phytosterols .+++ A
Reduce excessive body weight + .B
Utilize soy protein products + .B
Increase habitual physical activity + A
Utilize red yeast rice supplements + .B
Utilize polycosanol supplements - .B
Lifestyle interventions to reduce TG levels
Reduce excessive body weight ;++ A
Reduce alcohol intake ;+++ A
Reduce intake of mono- and disaccharides .+++ A
Increase habitual physical activity .++ A
Reduce total amount of dietary carbohydrate ;F+ A
Utilize supplements of n-3 polyunsaturated fat ;+ A
Replace saturated fat with mono- or polyunsaturated fat + .B
Lifestyle interventions to increase HDL-C levels
Reduce dietary trans fat .+++ A
Increase habitual physical activity .+++ A
Reduce excessive body weight ;r+ A
Reduce dietary carbohydrates and replace them with unsaturated fat .++ A
Use alcohol with moderation ;+ .B
Among carbohydrate-rich foods, prefer those with low glycaemic index and high + .C
fibre content
Quit smoking + .B
Reduce intake of mono- and disaccharides + .C
(Continued)
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Table 29.13 (Continued)

ESC/EAS 2011 GL on dyslipidaemias. Monitoring lipids and enzymes in patients on lipid-lowering therapy

Testing lipids

How often should lipids be tested?

# Before starting lipid-lowering drug treatment, at least two measurements should be made, with an interval of 1-12 weeks, with the exception
of conditions where immediate drug treatment is suggested, such as in ACS.

How often should patients’ lipids be tested after starting lipid-lowering treatment?
# 8 (+ 4) weeks after starting drug treatment.

# 8 (+ 4) weeks after adjustments to treatment until within the target range.

How often should cholesterol or lipids be tested once a patient has reached target or optimal cholesterol?

# Annually (unless there are adherence problems or another specific reason for more frequent reviews).

Monitoring liver and muscle enzymes

How often should liver enzymes (ALT) be routinely measured in patients taking lipid-lowering drugs?
# Before treatment.

# 8 weeks after starting drug treatment or after any dose increase.

# Annually thereafter if liver enzymes are <3 x ULN.

What if liver enzymes become raised in a person taking lipid-lowering drugs?
If <3 x ULN:

# Continue therapy.

@ Recheck liver enzymes in 4-6 weeks.

If values rise to >3 x ULN:

# Stop statin or reduce dose; recheck liver enzymes within 4-6 weeks.

# Cautious reintroduction of therapy may be considered after ALT has returned to normal.

How often should CK be measured in patients taking lipid-lowering drugs?
Pre-treatment

# Before starting treatment.

# |f baseline CK level >5 x ULN, do not start drug therapy; recheck.

Monitoring

# Routine monitoring of CK is not necessary.

# Check CK if patient develops myalgia.

Increase alertness regarding myopathy and CK elevation in patients at risk, such as elderly patients, concomitant interfering therapy, multiple
medications, liver or renal disease.

Monitoring liver and muscle enzymes

What if CK becomes raised in a person taking lipid-lowering drugs?

If >5 x ULN:

# Stop treatment; check renal function, and monitor CK every 2 weeks.

# Consider the possibility of transient CK elevation for other reasons, such as muscle exertion.

# Consider secondary causes of myopathy if CK remains elevated.

If <5 x ULN:

# If no muscle symptoms, continue statin (patients should be alerted to report symptoms; consider further checks of CK).

& If muscle symptoms, monitor symptoms and CK regularly.

ACS, acute coronary syndrome; ALT, alanine aminotransferase; CK, creatine phospholdnase; ULN, upper limit of normal.
ESC/EAS Guidelines for the management of dyslipidaemias: the Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC)
and the European Atherosclerosis Society (EAS). Eur Heart J. 2011;32:1769-818.

najafidm
cardiology.blog.ir

233


http://cardiology.blog.ir/

234 | STABLE CORONARY ARTERY DISEASE

Stable ischemic heart disease
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Figure 29.4 ACC/AHA 2012 GL on stable IHD. Algorithm for guideline-directed medical therapy for patients with SIHD.*

* Colours correspond to the class of recommendations in the ACCF/AHA. The algorithms do not represent a comprehensive list of recommendations (see full

guideline text for all recommendations).

T The use of bile acid sequestrant is relatively contraindicated when triglycerides are >200 mg/dL and is contraindicated when triglycerides are =500 mg/dL.

+ Dietary supplement niacin must not be used as a substitute for prescription niacin.

ACCF indicates American College of Cardiology Foundation; ACEI, angiotensin-converting enzyme inhibitor; AHA, American Heart Association; ARB,
angiotensin receptor blocker; ASA, aspirin, ATP lll, Adult Treatment Panel 3; BP, blood pressure; CCB, calcium channel blocker; CKD, chronic kidney disease;
HDL-C, high density lipoprotein cholesterol; JNC VII, Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure; LDL-C, low density lipoprotein cholesterol; LV, left ventricular; MI, myocardial infarction; NHLBI, National Heart, Lung, and Blood Institute;

and NTG, nitroglycerin.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.

2012;60:e44-e164.

analysis of databases, an increased risk of acute kidney
injury was found with high potency statins, defined as
>10 mg rosuvastatin, 220 mg atorvastatin, and 240 mg
simvastatin. This effect, was strongest in the first 120 days
after initiation of treatment.” There is no increased risk
of developing cognitive defects” or cancer with statins,”
and these agents may actually reduce the risk of cancer
in heart transplant recipients.”” Statin exposure follow-
ing ischaemic stroke was not associated with intracranial
haemorrhage,” but avoiding statins should be considered
for patients with a history of intracranial haemorrhage,
particularly those cases with a lobar location.! Some
worsening in energy and exertional fatigue, especially in

women, may be seen.®” Fibrates added to statin have not
been found to reduce cardiovascular events (ACCORD
trial),® and, according to new guidelines by the AHA,
treatment with fibrates is indicated only for values >500
mg/dL.** Combinations of a statin with a fibrate might
be considered in high-risk individuals, such as diabetics,
with a high triglyceride/low HDL cholesterol pattern.®>
The combination (especially with gemfibrosil) increases
the risk of myopathy, and fibrates increase homocysteine
levels that may be prothrombotic; in addition, the abil-
ity of fibrates to increase HDL may be attenuated in pa-
tients with type 2 diabetes. 7 The addition of ezetimibe
or niacin to statins is not beneficial (ENHANCE and
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AIM-HIGH trials), despite significant improvements in
HDL cholesterol and triglyceride levels,*”*$ and niacin has
been recently shown to be associated with significant ad-
verse events such as new-onset diabetes, infections, and
Gl and intracranial bleeding.® Addition of n-3 fatty acids
to statins may also have beneficial effects, regardless of
possible triglyceride reduction, but their clinical value is
not proven.” Plant sterol (phytosterols) supplements re-
duce cholesterol absorption by competitive inhibition and
transcriptional induction of genes implicated in choles-
terol metabolism, but concerns have been raised that they
may be atherogenic, although no association between car-
diovascular disease and serum sterol concentration was
detected in a recent meta-analysis.”" Recently, a fully hu-
man proprotein convertase subtilisin/kexin 9 (PCSK9)
monoclonal antibody was found to increase the recycling
of low density lipoprotein receptors and reduce LDL cho-
lesterol levels to a higher degree than atorvastatin.®

Beta blockers should be given in patients with a past MI,
acute coronary syndrome, or LV dysfunction in the context
of coronary artery disease, unless contraindicated (severe
asthma, sick sinus syndrome, AV block). Metoprolol and
bisoprolol have been shown to reduce adverse effects in
stable patients.”® However, they confer no survival benefit
in patients with CAD without prior MI or in patients with
aremote MI (>1 year).”*

ACE inhibitors should be given indefinitely in patients
with LVEF <40% or hypertension, diabetes, chronic kid-
ney, and possibly to all patients with CAD disease, unless
contraindicated. Angiotensin II receptor blockers may be
used in patients intolerant of ACE inhibitors. Aldosterone
blockers are recommended in all patients with LVEF <40%
and diabetes or heart failure but without renal dysfunction
or hyperkalaemia.

Calcium channel blockers If beta blocker treatment is
unsuccessful or contraindicated. Long-acting non-dihy-
dropyridines can be used instead of beta blockers. When
dihydropyridines are used, they should be combined pref-
erably with a beta blocker.

Nitrates are useful for immediate angina relief. Short-
acting nitrates are preferred. They may be also considered
for long-acting therapy if beta blocker treatment is unsuc-
cessful or contraindicated but with adequate nitrate-free
interval to decrease nitrate tolerance. However, prolonged
exposure to nitrates induces endothelial dysfunction, and
long-term therapy may worsen the prognosis of patients
with CAD.*>%

Ranolazine For chronic angina relief, usually in addition
to, or instead of, beta blockers. Ranolazine is a sodium ion
channel inhibitor that does not affect heart rate or blood
pressure. It does not affect the incidence of cardiac mortal-
ity or MI (MERLIN-TIMI 36). Initial evidence suggesting
that it may suppress reentrant and EAD-induced multifo-
cal VF needs to be verified.”

THERAPY

Nicorandil and ivabradine are new anti-ischaemic drugs,
but clinical experience is rather limited.

Vorapaxar, an inhibition of the protease-activated recep-
tor PAR-1 through which thrombin activates platelets, re-
duced the risk of cardiovascular death or ischaemic events
in patients with stable atherosclerosis who were receiving
standard therapy but also increased the risk of moderate
or severe bleeding, including intracranial haemorrhage.”
Proton pump inhibitors are given in patients on dual an-
tiplatelet therapy and at high risk of GI bleed (advanced
age, warfarin, steroids, NSAIDs, peptic ulcer). Routine use
is not recommended (ACC/AHA 2011 on PCI, III-C).
NSAIDs (both non-selective and selective COX-2 in-
hibitors) are associated with an increased thrombotic
risk, with diclofenac conferring the highest risk, and
naproxen being the safest agent.”” Since the withdrawal
of COX-2 inhibitor rofecoxib due to increased inci-
dence of MIs, concerns have also been raised about
celecoxib that inhibits neointimal formation, and thus
theoretically stent restenosis, but has been associated
with a higher thrombotic risk.'” In a recent meta-anal-
ysis, naproxen was the safest agent whereas diclofenac
and, probably, ibuprofen conferred the same risk as
coxibs.'"!

Influenza vaccine Annually for all patients with CAD.
Hormone therapy with oestrogen plus progestin, or oes-
trogen alone, should not be given, and the value of antioxi-
dant vitamin supplements (vitamins E, C, or beta carotene)
or folic acid, with or without B6 and B12, is not proven.
Chelation therapy (ethylenediamine tetraacetic acid or
EDTA) is not indicated and may be harmful because of its
potential to cause hypocalcaemia. Specific guidelines on
CAD prevention have been published by ACC/AHA and
ESC.>*192 All patients should be screened for depression,
particularly following an ACS.

In syndrome X, nitrates, beta blockers, and calcium
channel blockers nay be used but with variable success
(ESC 2006 GL on stable CAD, I-B). Nicorandil (ESC 2006
GL on stable CAD, Ila-C), aminophylline (ESC 2006 GL
on stable CAD, IIb-C), and imipramine (ESC 2006 GL on
stable CAD, ITa-C) may also be tried. Recommendations of
ACCF/AHA are similar (Table 29.7).

Revascularization

Studies considering both CABG and PCI for revascu-
larization usually,'®-'% although not invariably,'”” show a
greater survival benefit than medical therapy in patients
with significant inducible ischaemia (>10% of LV myocar-
dium). As a general rule, the greater the risk, the greater
the benefit by revascularization (Tables 29.14 to 29.18 and
Figures 29.4 to 29.6). The use of myocardial viability test-
ing in guiding revascularization has been questioned,”-!
although concerns about the limitations of these trials have
been raised.’”
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The issue of complete revascularization is not settled
in patients with stable coronary artery disease, as opposed
to those with acute coronary syndromes. Although there
has been some evidence of improved survivalwith com-
plete revascularization in some studies, this is not estab-
lished either for CABG,'%1% or PCL.""'"'¥¥ In a recent study
on asymptomatic patients (33% of them diabetic) who had
been subjected to previous revascularization with CABG
or PCI the detection of inducible ischemia on myocardial
perfusion scintifraphy did not indicate a survival benefit
from repeat revascularization.'*

Surgical revascularization

The earliest trials of coronary artery bypass grafting
(CABG) vs medical therapy in patients with chronic sta-
ble angina were conducted in the 1970s and 1980s.">'"
Despite major advances in medical therapy (especially
antiplatelet and lipid-lowering therapy) and surgical tech-
niques (including the use of the internal mammary artery),
the overall conclusions from these trials and associated
registry studies remain valid today. Symptomatic relief
was better with CABG; however, no overall difference was
observed in survival or freedom from MI with CABG vs
medical therapy, except in patients with:

¢ Left main disease (VA trial),

o Multivessel disease plus LV dysfunction but not
overt heart failure (35% < LVEF <50%) (VA and
CASS trials), and

# Probably proximal LAD disease in conjunction with
multivessel disease (European trial).

Table 29.14 Revascularization in CAD

Revascularization may also offer a survival benefit to
patients with severe or post-infarction angina. It is now
accepted that in high- and medium-risk patients, CABG
(particularly left main or three-vessel disease or one or two-
vessel disease with proximal LAD involvement) decreases
mortality compared to medical therapy. In low-risk pa-
tients, it is detrimental.""*'"? In the STICH trial on patients
with LVEF <35%, the value of CABG over medical therapy
was not proven by means of reducing total mortality (al-
though cardiac mortality is reduced), even if performed
in patients with proven myocardial viability.** However,
CABG may offer improved survival/MI/stroke rates in
diabetics with extensive coronary disease or impaired LV
function (BARI 2D trial).'* The beneficial effects of CABG
do not last beyond 10 years after surgery, presumably due
to the limited longevity of used grafts (Table 29.16). Fur-
thermore, grafting a coronary artery increases the risk of
disease progression 3 to 6 times, especially in the right
coronary artery.'?! Saphenous vein graft intimal hyperpla-
sia is not reduced by the addition of clopidogrel to aspirin
(CASCADE)."”* CABG procedures carry a 3% periopera-
tive mortality, 0-10% risk of myocardial infarction, 5%
risk of need for prolonged intubation, 2-6% of re-opera-
tion for bleeding, 1-4% of wound infection, 0.5-1% renal
failure, 1.6% of stroke, and a 6% risk of residual cognitive
defects that may not be less, even with beating heart pro-
cedures.'” One year after coronary surgery, 10-20% of
saphenous vein grafts fail while, at 10 years, only about half
of saphenous vein grafts are patent, and, of those, only half
are free of angiographic arteriosclerosis.”**'* Vein graft
failure is associated with repeat revascularization but not

ACC/AHA 2012 GL on stable IHD. Revascularization to improve survival compared with medical therapy

Anatomical setting
UPLM or complex CAD
CABG and PCI Heart Team approach recommended I-C
CABG and PCI Calculation of the STS and SYNTAX scores lla-B
UPLM* (>50% diameter stenosis)
CABG I-B
PCI for SIHD when both of the following are present: lla-B
# Anatomical conditions associated with a low risk of PCI procedural complications and a high likelihood
of good long-term outcome (e.g. a low SYNTAX score of <22, ostial or trunk left main CAD)
# Clinical characteristics that predict a significantly increased risk of adverse surgical outcomes (e.g.
STS-predicted risk of operative mortality >5%)
for UA/NSTEMI if not a CABG candidate lla-B
for STEMI when distal coronary flow is TIMI flow grade 3 and PCl can be performed more rapidly and lla-C
safely than CABG
(Continued)
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Table 29.14 (Continued)
Anatomical setting
UPLM* (>50% diameter stenosis)
PCI for SIHD when both of the following are present: IIb-B
# Anatomical conditions associated with a low to intermediate risk of PCI procedural complications
and intermediate to high likelihood of good long-term outcome (e.g. low-intermediate SYNTAX
score of <33, bifurcation left main CAD)
# Clinical characteristics that predict an increased risk of adverse surgical outcomes (e.g. moderate-severe
COPD, disability from prior stroke, or prior cardiac surgery; STS-predicted risk of operative mortality >2 %)
for SIHD in patients (versus performing CABG) with unfavourable anatomy for PCl and who are good 1II-B (harm)
candidates for CABG
3-vessel disease (>70% diameter stenoses) with or without proximal LAD artery disease*

CABG I-B
choose CABG over PCl in patients with complex 3-vessel CAD (e.g. SYNTAX >22) who are good lla-b
candidates for CABG

PCl of uncertain benefit IIb-B

2-vessel disease (>70% diameter stenoses) with proximal LAD artery disease”

CABG I-B

PCI of uncertain benefit Ib-B

2-vessel disease (>70% diameter stenoses) without proximal LAD artery disease’

CABG with extensive ischaemia (e.g., high-risk criteria on stress testing, abnormal intracoronary lla-B
hemodynamic evaluation, or 20% perfusion defect by myocardial perfusion stress imaging) or target
vessels supplying a large area of viable myocardium
of uncertain benefit without extensive ischaemia Ib-C

PCl of uncertain benefit IIb-B

1-vessel proximal LAD artery disease (>70% diameter stenosis)

CABG with LIMA for long-term benefit in the presence of extensive ischemia lla-B

PCl of uncertain benefit IIb-B

1-vessel disease (>70% diameter stenosis) without proximal LAD artery involvement

CABG lII-B (harm)

PCI 11I-B (harm)

LV dysfunction

CABG EF 35% to 50% and multivessel CAD or proximal LAD coronary artery stenosis, when viable lla-B
myocardium is present in the region of intended revascularization

CABG EF <35% without significant left main CAD whether or not viable myocardium is present. Ib-B

PCl Insufficient data

Survivors of sudden cardiac death with presumed ischaemia-mediated VT
CABG -B
PCl I-C

No anatomical or physiological criteria for revascularization

(e.g. <70% diameter non-left main coronary artery stenosis, fractional flow reserve >0.80, no or only mild ischaemia on
non-invasive testing)

CABG I1I-B (harm)

PCI 11I-B (harm)
Previous CABG and extensive anterior wall ischemia

CABG lIb-B

PCI llb-B

* In patients with multivessel disease who also have diabetes, it is reasonable to choose CABG (with LIMA) over PCI (Class Ila/LOE: B).

CABG indicates coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; EF, ejection fraction; LAD, left
anterior descending; LIMA, left internal mammary artery; LV, left ventricular; N/A, not applicable; PCI, percutaneous coronary intervention; SIHD, stable
ischaemic heart disease; STEMI, ST elevation myocardial infarction; STS, Society of Thoracic Surgeons; SYNTAX, Synergy between percutaneous coronary
intervention with TAXUS and cardiac surgery; TIMI, Thrombolysis In Myocardial Infarction; UA/NSTEMI, unstable angina/non-ST elevation myocardial infarction;
UPLM, unprotected left main; and VT, ventricular tachycardia.
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Table 29.14 (Continued)

ACC/AHA 2012 GL on stable IHD. Revascularization to improve symptoms with significant anatomical (>50% left main or
>70% non-left main CAD) or physiological (FFR <0.80) coronary artery stenoses

Clinical setting

>1 significant stenoses amenable to revascularization and unacceptable angina despite GDMT I-A (CABG)
I-A (PCI)
>1 significant stenoses and unacceptable angina in whom GDMT cannot be implemented because of lla-C (CABG)
medication contraindications, adverse effects, or patient preferences lla-C (PCI)
Previous CABG with >1 significant stenoses associated with ischaemia and unacceptable angina despite GDMT lla-C (PCI)
llb-C (CABG)
Complex 3-vessel CAD (e.g. SYNTAX score >22) with or without involvement of the proximal LAD artery and lla-B (CABG
a good candidate for CABG preferred over PCI)
Viable ischaemic myocardium that is perfused by coronary arteries that are not amenable to grafting llb-B (TMR as an
adjunct to CABG)
No anatomical or physiological criteria for revascularization lI-C (harm-CABG)
III-C (harm-PCl)

CABG indicates coronary artery bypass graft; CAD, coronary artery disease; COR, class of recommendation; FFR, fractional flow reserve; GDMT, guideline-
directed medical therapy; LOE, level of evidence; N/A, not applicable; PCl, percutaneous coronary intervention; SYNTAX, Synergy between Percutaneous
Coronary Intervention with TAXUS and Cardiac Surgery; and TMR, transmyocardial laser revascularization.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.
2012; 60 :e44-e164.

ESC 2010 GL on revascularization. Indications for revascularization in stable angina or silent ischaemia

Subset of CAD by anatomy

For prognosis Left main >50%? I-A
Any proximal LAD >50%? I-A
2VD or 3VD with impaired LV function? I-B
Proven large area of ischaemia (>10% LV) I-B
Single remaining patent vessel >50% stenosis? I-C
IVD without proximal LAD and without >10% ischaemia I-A

For symptoms Any stenosis >50% with limiting angina or angina equivalent, unresponsive to OMT I-A
Dyspnoea/CHF and >10% LV ischaemia/viability supplied by >50% stenotic artery lla-B
No limiting symptoms with OMT l-C

2 With documented ischaemia or FFR 0.80 for angiographic diameter stenoses 50-90%.
CAD, coronary artery disease; CHF, chronic heart failure; FFR, fractional flow reserve; LAD, left anterior descending; LV, left ventricle; OMT, optimal medical
therapy; VD, vessel disease.

ESC 2010 GL on revascularization. Indications for coronary artery bypass grafting vs percutaneous coronary
intervention in stable patients with lesions suitable for both procedures and low predicted surgical mortality

Subset of CAD by anatomy Favours CABG  Favours PCI
IVD or 2VD—non-proximal LAD lIb-C I-C
IVD or 2VD—proximal LAD I-A lla-B
3VD simple lesions, full functional revascularization achievable with PCI, SYNTAX score >22 I-A lla-B
3VD complex lesions, incomplete revascularization achievable with PCI, SYNTAX score >22 I-A I-A
(Continued)
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THERAPY

Subset of CAD by anatomy Favours CABG  Favours PCI
Left main (isolated or IVD, ostium/shaft) I-A lla-B

Left main (isolated or IVD, distal bifurcation) .I-A .

Left main + 2VD or 3VD, SYNTAX score <32 .I—A .IIa—B

Left main + 2VD or 3VD, SYNTAX score >33 .I—A .

CABG, coronary artery bypass graft; CAD, coronary artery disease; LAD, left anterior descending; PCI, percutaneous coronary intervention; VD, vessel disease.

ESC 2010 GL on revascularization. Crossed revascularization procedures

Following CABG

In early graft failure

Coronary angiography is indicated for highly symptomatic patients or in the event of post-operative instability or with abnormal . I-C
biomarkers/ECG suggestive of perioperative MI.

Decision of redo CABG or PCl should be made by the Heart Team. I-C
PCl is a superior alternative to reoperation in patients with early ischaemia after CABG. I-B
The preferred target for PCl is the native vessel or ITA graft, not the freshly occluded SVG. I-C
For freshly occluded SVG, redo CABG is recommended, rather than PCl, if the native artery appears unsuitable for PCl or several . I-C
important grafts are occluded.

In late graft failure following CABG

PCl or redo CABG is indicated in patients with severe symptoms or extensive ischaemia despite OMT. I-B
PClis recommended as a first choice, rather than redo CABG. I-B
PCl of the bypassed native artery is the preferred approach when stenosed grafts >3 years old. I-B
ITA is the conduit of choice for redo CABG. I-B
Redo CABG should be considered for patients with several diseased grafts, reduced LV function, several CTO, or absence of a lla-C
patent ITA.

PCl should be considered in patients with patent left ITA and amenable anatomy. lla-C
Following PCI

In early failure following PCI

Repeat PCl is recommended for early symptomatic restenosis after PCI. I-B
Immediate CABG is indicated if failed PCl is likely to cause a large MI. I-C
In late failure following PCI

Patients with intolerable angina or ischaemia will eventually require CABG if:

(a) Lesions are unsuitable for PCI. I-C
(b) There is additional non-discrete disease progression in other vessels. I-C
(c) Restenoses are repetitive, and interventional options are not favourable. I-C

CABG, coronary artery bypass grafting; CTO, chronic total occlusion; ECG, electrocardiogram; ITA, internal thoracic artery; LV, left ventricle; MI, myocardial

infarction; OMT, optimal medical therapy; PCl, percutaneous coronary intervention; SVG, saphenous vein graft.

ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the

European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal. 2010;31:2501-2555.

Table 29.15 Revascularization in special patient subsets

ESC 2010 GL on revascularization. Specific recommendations for diabetic patients

Revascularization in stable patients with extensive CAD to improve MACCE-free survival. I-A

Use of DES to reduce restenosis and repeat TVR. .I—A

In patients on metformin, renal function should be carefully monitored after coronary angiography/PCl. .I—C

CABG, rather than PCI, when the extent of the CAD justifies a surgical approach (especially MVD) and the patient’s risk profile is .IIa—B

acceptable.

In patients with known renal failure undergoing PCI, metformin may be stopped 48 h before the procedure. .IIb—C
(Continued)
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Table 29.15 (Continued)

ESC 2010 GL on revascularization. Specific recommendations for diabetic patients

Systematic use of GIK in diabetic patients undergoing revascularization. I1-B

DES, drug-eluting stent; GIK, glucose-insulin potassium; MACCE, major adverse cardiac and cerebral event; MVD, multivessel disease; MI, myocardial
infarction; TVR, target vessel revascularization.

ESC 2010 GL on Revascularization. Specific recommendations for patients with mild to moderate chronic kidney disease

CABG, rather than PCI, when the extent of the CAD justifies a surgical approach, the patient’s risk profile is acceptable, and life lla-B
expectancy is reasonable.

Off-pump CABG rather than on-pump CABG. .IIb—B
For PCI, DES rather than BMS. .IIb»C
ACCF/AHA 2011 GL on CABG. Renal dysfunction

Off-pump CABG in patients with preoperative renal dysfunction (creatinine clearance <60 mL/min). llb-B
Maintenance of a perioperative haematocrit >19% and mean arterial pressure >60 mmHg in patients undergoing on-pump CABG. .Ilb-C
Delay of surgery after coronary angiography until the effect of radiographic contrast material on renal function is assessed. .IIb—B
The effectiveness of pharmacological agents to provide renal protection during cardiac surgery is uncertain .IIb—B
ACCF/AHA 2011 GL on CABG. Patients with end-stage renal disease on dialysis

CABG to improve survival rate in patients with end-stage renal disease undergoing CABG for left main coronary artery stenosis >50%.  llb-C
CABG to improve survival rate or to relieve angina despite GDMT for patients with end-stage renal disease with significant stenoses .IIb—B

(>70%) in three major vessels or in the proximal LAD artery plus one other major vessel, regardless of LV systolic function.

CABG in patients with end-stage renal disease whose life expectancy is limited by non-cardiac issues. IN-C

2011 ACCF/AHA Guideline for Coronary Artery Bypass Graft Surgery. J Am Coll Cardiol. 2011,58:e123-210.
ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal. 2010;31:2501-2555.

Table 29.16 Graft patency after CABG

Graft Patency Patency Patency
At 1 year At 4-5 years At 10-15 years
SVG .>9O .65—80 .2 5-50
Radial artery .86—96 .89 .ND
Left ITA .>91 .88 .88
Right ITA 'ND .96 '65

ITA, internal thoracic artery; ND, no data.
ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal 2010;31:2501-2555.

Table 29.17 Combined CABG and valve surgery

ACCF/AHA 2011 GL on CABG. Patients with concomitant valvular disease

Cconcomitant aortic valve replacement in patients undergoing CABG who have at least moderate aortic stenosis. I-B

Concomitant mitral valve repair or replacement at the time of CABG, in patients undergoing CABG who have severe ischaemic mitral valve |-B
regurgitation not likely to resolve with revascularization.

Concomitant mitral valve repair or replacement at the time of CABG, in patients undergoing CABG who have moderate ischaemic mitral  lla-B
valve regurgitation not likely to resolve with revascularization.

Concomitant aortic valve replacement when evidence (e.g. moderate-severe leaflet calcification) suggests that progression of the aortic Ib-C
stenosis may be rapid and the risk of the combined procedure is acceptable in patients undergoing CABG who have mild aortic stenosis.

2011 ACCF/AHA Guideline on CABG. Circulation. 2011;124:2610-42.
(Continued)
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Table 29.17 (Continued)

ESC 2010 GL on revascularization. Recommendations for combined valve surgery and coronary artery bypass grafting

Combined valve surgery and:

CABG in patients with a primary indication for aortic/mitral valve surgery and coronary artery diameter stenosis >70%. ‘I—C
CABG in patients with a primary indication for aortic/mitral valve surgery and coronary artery diameter stenosis 50-70%. ‘IIa—C
Combined CABG and: ‘
Mitral valve surgery in patients with a primary indication for CABG and severe ischaemic mitral regurgitation and EF >30%. ‘I—C
Mitral valve surgery in patients with a primary indication for CABG and moderate ischaemic mitral regurgitation, provided valve repair is ‘IIa—C

feasible and performed by experienced operators.

Aortic valve surgery in patients with a primary indication for CABG and moderate aortic stenosis (mean gradient 30-50 mmHg or Doppler lla-C
velocity 3—4 m/s or heavily calcified aortic valve, even when Doppler velocity 2.5-3 m/s).

ESC Guidelines on myocardial revascularization. Eur Heart J.2010;31:2501-55.

Table 29.18 Technical aspects of CABG
ACCF/AHA 2011 GL on CABG

The role of preoperative carotid artery non-invasive screening in CABG patients

A multidisciplinary team approach (consisting of a cardiologist, cardiac surgeon, vascular surgeon, and neurologist) for patients with ~ 1-C
clinically significant carotid artery disease for whom CABG is planned.

Carotid artery duplex scanning in selected patients with high-risk features, i.e. age >65 years, left main coronary stenosis, peripheral  lla-C
artery disease, history of cerebrovascular disease (transient ischaemic attack, stroke, etc.), hypertension, smoking, and diabetes
mellitus).

In previous transient ischaemic attack or stroke and a significant (50% to 99%) carotid artery stenosis, consider carotid lla-C
revascularization in conjunction with CABG. The sequence and timing (simultaneous or staged) of carotid intervention and CABG
should be determined by the patient’s relative magnitudes of cerebral and myocardial dysfunction.

If there is no history of transient ischaemic attack or stroke, carotid revascularization may be considered in the presence of bilateral llb-C
severe (70% to 99%) carotid stenoses or a unilateral severe carotid stenosis with a contralateral occlusion.

Patients with chronic obstructive pulmonary disease/respiratory insufficiency

Preoperative intensive inspiratory muscle training is reasonable to reduce the incidence of pulmonary complications in patients at high lla-B
risk for respiratory complications after CABG.

After CABG, non-invasive positive pressure ventilation may be reasonable to improve pulmonary mechanics and to reduce the need ‘IIb—B
for reintubation.

High thoracic epidural analgesia may be considered to improve lung function after CABG. ‘IIb—B
Bypass graft conduit

The left internal mammary artery (LIMA) should be used to bypass the LAD. ‘I—B
The right internal mammary artery to bypass the LAD when the LIMA is unavailable or unsuitable. ‘IIa—C
Use of a second internal mammary artery to graft the left circumflex or right coronary artery is reasonable. ‘IIa—B
Complete arterial revascularization in patients <60 years of age with few or no co-morbidities. ‘Ilb—C
Arterial grafting of the right coronary artery may be reasonable when a critical (>90%) stenosis is present. ‘IIb—B

Contraindicated in <90% RCA stenosis. lN-C

Use of a radial artery graft may be reasonable when grafting left-sided coronary arteries with severe stenoses (>70%) and right-sided  llb-B
arteries with critical stenoses (=90%).

Preoperative antiplatelet therapy

Aspirin (100 mg to 325 mg daily) to CABG patients preoperatively. I-B
In patients referred for elective CABG, clopidogrel and ticagrelor should be discontinued for at least 5 days before surgery. I-B
Prasugrel should be discontinued for at least 7 days I-C
In patients referred for urgent CABG, clopidogrel and ticagrelor should be discontinued for at least 24 hours. I-B
(Continued)
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Table 29.18 (Continued)

In patients referred for CABG, short-acting intravenous glycoprotein llb/llla inhibitors (eptifibatide or tirofiban) should be discontinued  I-B
for at least 2 to 4 hours before surgery and abciximab for at least 12 hours beforehand.

In patients referred for urgent CABG, it may be reasonable to perform surgery less than 5 days after clopidogrel or ticagrelor has been  llb-C
discontinued and less than 7 days after prasugrel has been discontinued.

Perioperative beta blockers and antiarrhythmic drugs

Beta blockers should be administered for at least 24 hours before CABG and should be reinstituted as soon as possible after CABG to  |-B
all patients without contraindications to reduce the incidence or clinical sequelae of post-operative AF.

Beta blockers should be prescribed to all CABG patients without contraindications at the time of hospital discharge. I-C
Beta blockers in patients without contraindications, particularly in those with LVEF >30% for reducing the risk of in-hospital mortality  lla-B
and perioperative myocardial ischaemia.

Intravenous administration of beta blockers in clinically stable patients unable to take oral medications is reasonable in the early post-  Ila-B
operative period.

The effectiveness of preoperative beta blockers in reducing in-hospital mortality rate in patients with LVEF less than 30% is uncertain.  IIb-B
Preoperative administration of amiodarone to reduce the incidence of post-operative AF is reasonable for patients at high risk for post- lla-B
operative AF who have contraindications to beta blockers.

Digoxin and non-dihydropyridine calcium channel blockers can be useful to control the ventricular rate in the setting of AF but are not  lla-B
indicated for prophylaxis.

2011 ACCF/AHA Guideline on CABG. Circulation. 2011;124:2610-42.

ESC 2010 GL on revascularization. Technical considerations for CABG

Procedures should be performed in a hospital structure and by a team specialized in cardiac surgery, using written protocols. I-B
Arterial grafting to the LAD system. I-A
Complete revascularization with arterial grafting to non-LAD coronary systems in patients with reasonable life expectancy. I-A
Minimization of aortic manipulation is recommended. I-C
Graft evaluation before leaving the operating theatre. I-C
ESC 2010 GL on revascularization. Prevention of AF after CABG

Beta blockers to decrease the incidence of AF after CABG. I-A
Sotalol to decrease the incidence of AF after CABG. lla-A
Amiodarone to decrease the incidence of AF after CABG. lla-A
Statins to decrease the incidence of AF after CABG. lla-B
Corticosteroids to decrease the incidence of AF after CABG. IIb-B
Restoring sinus rhythm in patients having CABG in order to increase survival. Ib-B
AF ablation during CABG may be considered an effective strategy. llb-C

ESC Guidelines on myocardial revascularization. Eur Heart J.2010;31:2501-55.

with death and/or ML The use of the left internal tho-
racic artery to the LAD is superior to venous grafts, and
the right internal thoracic artery is preferable to the radial
to the best recipient vessel after the LAD."*>'?” The use of
bilateral internal thoracic arteries is safe, even in diabet-
ics, despite a trend for more deep wound infections,'?#-'%
and multiple arterial grafts improve survival compared
to vein grafts.””! Bilateral internal thoracic artery graft-
ing should also be considered even in patients >65 years
of age."** A reduced risk of stroke with off-pump beating
heart bypass surgery (OPCAB), that was suggested by a
recent meta-analysis,"* has not been verified in the larg-

est randomized trials so far. Similar (CORONARY and
GOPCABE trials)**!* or even worse outcomes (ROOBY
trial)'** with OPCAB have been reported, and the issue
of less effective revascularization with this approach has
been raised. However, off-pump surgery may be protective
against new-onset ventricular arrhythmias,'”” and may be
preferable in high-risk patients. In patients with a patent
LIMA to the LAD artery and ischaemia in the distribution
of the right or left circumflex coronary arteries, it is rea-
sonable to recommend reoperative CABG to treat angina
if medical therapy has failed and the coronary stenoses are
not amenable to PCI (ACCF/AHA 2011 on CABG, IIa-B).
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Figure 29.5 ACC/AHA GL 2012 on stable IHD. Algorithm for revascularization to improve survival of patients with SIHD.*

* Colours correspond to the class of recommendations in the ACCF/AHA (ie green is for Class |, yellow for lla). The algorithms do not represent a
comprehensive list of recommendations (see full guideline text for all recommendations).
2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.

2012;60:e44-e164.

The European System for Cardiac Operative Risk Evalu-
ation, logistic EuroSCORE and EuroSCORE II (http://
www.euroscore.org) and the Society of Thoracic Surgeons
STS score (http://riskcalc.sts.org) that is probably more
accurate in high risk patients are useful guides for calcula-
tion of the intraoperative risk. If the patient has already re-
ceived a stent, cangrelor, a selective P2Y12 inhibitor, may
be more effective as bridging therapy than heparin.'** Aor-
tocoronary saphenous vein graft aneurysms occur, with
an approximate incidence of 0.07%, as a late complication
of CABG. They are associated with significant morbidity

and mortality since they grow with time, and percutane-
ous or surgical management is recommended.'After
CABG, patients should receive beta blockers (that should
be started at least 24 h pre-op to reduce post-op AE, ACCF/
AHA on CABG 2011 I-B), statins (ACCF/AHA 2011 I-A),
and IV insulin to maintain a blood glucose <180 mg/dL
while avoiding hypoglycaemia (ACCF/AHA 2011 I-B).
Indications for concomitant valve surgery are presented in
Table 29.17.

Choice of the graft conduit and perioperative medica-
tion are presented in Table 29.18.
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Persistent symptoms despite
adequate trial of guideline-
directed medical therapy

Yes

Potential revascularization procedure
warranted based on assessment of
coexisting cardiac and non-cardiac factors
and patient preferences?

I
Yes
v

Perform coronary angiography

3b

Heart Team concurs that anatomy
and clinical factors indicate revascularization
may improve symptoms

|
Yes
v

Lesions correlated with
evidence of ischemia

Yes
h 4

No

Determine optimal method of
revascularization based upon
patient preferences, anatomy,
other clinical factors, and local
resources and expertise

CABG preferred PCl preferred

See text for indications | | See text for indications

Figure 29.6 ACC/AHA 2012 GL on stable IHD. Algorithm for revascularization to improve symptoms of patients with SIHD.*

* Colours correspond to the class of recommendations in the ACCF/AHA. The algorithms do not represent a comprehensive list of recommendations (see full
guideline text for all recommendations).

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.
2012;60:e44-e164.
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Percutanous coronary intervention (PCl)

General recommendations on PCI are presented in Ta-
ble 29.19. In the absence of acute coronary syndrome or
recent myocardial infarction, elective percutaneous coro-
nary intervention with balloon, bare meta stents (BMS), or
drug-eluting stents (DES) has not been shown to improve
survival or decrease the risk of MI compared to medical
therapy alone, regardless of the use of stents.'*"'*> PCI is
associated with greater freedom from angina compared
with medical therapy, although this benefit is attenuated
with the use of modern, evidence-based medications.'*
BMS is superior to balloon, and DES is superior to BMS
by decreasing target lesion revascularization but without
any effect on mortality or the risk of MI.'* The COUR-
AGE trial enrolled 2287 patients with greater than 70%
coronary stenosis in at least one proximal epicardial
coronary artery and evidence of myocardial ischaemia or
angina. For the composite of death and non-fatal MI, no
statistical difference was found between the two groups
after a mean follow-up of 4.6 years. Rates of angina were
consistently lower in the PCI group than in the medical
therapy group during follow-up but were no longer statis-
tically significant at 5 years. Rates of subsequent revascu-
larization were also lower in the PCI group.'* There was
a trend for better survival in a subgroup of patients with
substantial ischaemia (>10% myocardium)."** PCI may be
beneficial in stable patients who had an MI within the pre-
vious 3 months,'” particularly in the presence of residual
ischaemia."” However, opening of an occluded artery be-
yond 24 hours after the MI in patients without residual
ischaemia does not decrease the risk of death, re-infarc-
tion rate, or development of LV failure (Occluded Artery
Trial).!#* Coronary lesions with fractional flow reserve
(FFR) >0.8 can be safely left on medical therapy without
intervention (DEFER, FAME, and FAME 11 trials).!*® Le-
sions with FFR<0.80 should be treated with PCL'>' Ap-
proximately 12-38% of PCI performed on stable patients
in the USA may not fulfill the appropriateness criteria of
ACC.

Although MIs frequently occur at sites of mild to
moderate stenoses,'*>'>* post-mortem examinations have
demonstrated that ruptured plaques that lead to throm-
bosis more likely occur within the segment of significant
stenoses.’*>'* The majority of ruptured plaques and half of
thin cap fibroatheromas (i.e. vulnerable plaques) exhibit
a >50% diameter stenosis.”” Thus, subtotal occlusions of
a vessel supplying non-infarcted myocardium, stenoses
greater than 90% that, by definition, represent vulnerable
plaques,'® significant, complex lesions that are prone to
develop total occlusions,' and stenoses with unequivo-
cally reduced fractional flow reserve (<0.75%)'® may
represent optimal targets for PCI. However, randomized
studies of PCI vs medical therapy to support this view
are missing, although observational studies on registries

THERAPY

argue in favour of PCL'®' Possible explanations for the
failure of PCI to improve prognosis might be the limited
number of patients with proven ischaemia enrolled in
these trials and the adoption of complex, elaborate tech-
niques that have not proved their usefulness, but expose
the patient to additional risk of iatrogenic MI (approxi-
mately 7% measured my CK-MB elevation)'®* that has
prognostic significance, regardless of its extent.'®"'% PCI
may reduce spontaneous MI compared to medical ther-
apy, but at the expence of procedural MI that results in no
difference in MI in total.*® Additionally, PCI is directed
at the lesions that cause ischaemic symptoms and does
not change the natural history of coronary atherosclero-
sis in which non-obstructive lesions might progress sud-
denly to high-grade stenoses or vessel occlusion. These
sites might have been bypassed by a coronary graft. The
in-hospital mortality of PCI is estimated 0.4-1.9%
whereas periprocedural infarction is 0.4-4.9%, and
emergency CABG is required in 0.3% of patients.””'s” In
the National Cardiovascular Data Registry report, PCI
in-hospital mortality was 1.27%, ranging from 0.65% in
elective PCI to 4.81% in ST-segment elevation myocardial
infarction patients.'®® Stent thrombosis with DES is 0.3—
0.6% per year but with a potentially continuous steady
rate up to 5 years.'” Independent risk factors are acute
coronary syndrome and target of proximal left anterior
descending coronary artery for early and side branch
stenting, diabetes mellitus, and end-stage renal disease,
with or without haemodialysis, for late stent thrombo-
sis, smoking, and total stent length >28 mm for late stent
thrombosis.”* Following stenting, clinical events occur in
25% of patients within the next 5 years, with a 10% inci-
dence of death and 8.4% of myocardial infarction. New
ischaemic perfusion defects (usually silent) are expected
in 23% of patients, and 40% of them are due to disease
progression not related to stents.'”” DES have been tra-
ditionally associated with a higher stent thrombosis
rate than BMS (Figure 29.3), but this may not be true
with second generation DES, such as cobalt-chromium
everolimus-eluting stents, and dual antiplatelet therapy
for at least 1 year after stent implantation.'”" IV cangrelor
added to clopidogrel for PCI may reduce periprocedural
ischemic events; the potential value of this strategy is not
known when prasugrel or ticagrelor are used.'”?

PCI should be performed by operators with a work-
load of at least 75 cases per year in an institution per-
forming more than 400, and certainly not less than 200,
cases per year. On-site surgical backup is no more man-
datory for elective PCI, provided there have been plans
for rapid transport to a cardiac surgery operating room
in a nearby hospital (Table 29.19). Rates of in-hospital
mortality and emergency CABG for primary and non-
primary PCI appear similar at centres with and without
on-site surgery (CPORT and MASS COMM trials).'7*-176
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Table 29.19 Technical aspects of PCl

ACCF/AHA/SCAI 2011 GL for PCI. Summary of recommendations for preprocedural considerations and interventions
in patients undergoing PCI

Contrast-induced AKI

Patients should be assessed for risk of contrast-induced AKI before PClI. I-C

Patients undergoing cardiac catheterization with contrast media should receive adequate preparatory hydration. I-B
In patients with CKD (creatinine clearance <60 mL/min), the volume of contrast media should be minimized. I-B
Administration of N-acetyl-L-cysteine is not useful for the prevention of contrast-induced AKI. II-A (no benefit)

Anaphylactoid reactions

Patients with prior evidence of an anaphylactoid reaction to contrast media should receive appropriate prophylaxis  1-B

before repeat contrast administration.

In patients with a prior history of allergic reactions to shellfish or seafood, anaphylactoid prophylaxis for contrast II-A (no benefit)

reaction is not beneficial.

Statins

Administration of a high-dose statin before PCl to reduce the risk of periprocedural Ml. lla-A (statin-naive patient)
lla-B (chronic statin therapy)

Bleeding risk

All patients should be evaluated for risk of bleeding before PClI. I-C

CKD

In patients undergoing PCl, the glomerular filtration rate should be estimated and the dosage of renally cleared I-B

medications should be adjusted.

AKl indicates acute kidney injury; CKD, chronic kidney disease; COR, class of recommendation; LOE, level of evidence; MI, myocardial infarction; N/A, not
applicable; and PCl, percutaneous coronary intervention.

ACCF/AHA/SCAI 2011 GL on PCI. Antiplatelet and Antithrombin Pharmacotherapy at the time of PCI

Oral antiplatelet agents

Patients already on daily aspirin therapy, 81 mg to 325 mg before PCI. I-B
Patients not on aspirin therapy, non-enteric aspirin 325 mg before PCI. I-B
Loading dose of a P2Y 12 inhibitor with stenting. I-A
Clopidogrel—600 mg loading dose. I-B
Prasugrel—contraindicated in patients with prior TIA/CVA (I1I-B) Not recommended in patients >75 years of age. Lower I-B

maintenance dose in persons weighing <60 kg

Ticagrelor—issuess of patient compliance may be especially important. I-B

GP lib/llla inhibitors (abciximab, double-bolus eptifi batide, high-bolus dose tirofiban)

No clopidogrel pre-treatment lla-B

Clopidogrel pretreatment lIb-B

Antithrombin agents

UFH Dosing based on whether or not GPI was administered I-C
Bivalirudin—lower bleeding rates associated with bivalirudin are mitigated when used concomitantly with a GPI. I-B
Enoxaparin—an additional dose of 0.3 mg/kg IV enoxaparin should be administered at the time of PCl to patients who have Ib-B

received <2 therapeutic SC doses (e.g. 1 mg/kg) or received the last SC enoxaparin dose 8 to 12 h before PClI (I-B) Patients
treated with SC enoxaparin within 12 h of PCl should not receive additional treatment ‘with UFH during PCI (‘stacking’) (lll-B)

Anti-Xa inhibitors

Fondaparinux—PCl should not be performed with fondaparinux as the sole antithrombin agent in patients treated with lIIl-C (harm)
upstream fondaparinux. An additional anticoagulant with anti-lla activity should beadministered.

ACT indicates activated clotting time; COR, class of recommendation; CVA, cerebrovascular accident; FDA, U.S. Food and Drug Administration; GP,
glycoprotein; GPI, glycoprotein lib/llla inhibitor; IC, intracoronary; IV, intravenous; LOE, level of evidence; MI, myocardial infarction; N/A, not applicable;
PCl, percutaneous coronary intervention; SC, subcutaneous; SIHD, stable ischemic heart disease; STEMI, ST-elevation myocardial infarction; TIA, transient
ischemic attack; UA/NSTEMI, unstable angina/non-ST-elevation myocardial infarction; and UFH, unfractionated heparin.

(Continued)
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Table 29.19 (Continued)
Vascular access
Use of radial artery access to decrease access site complications. .Ila—A
Adjunctive diagnostic/therapeutic devices
Fractional flow reserve to assess angiographic intermediate coronary lesions (50% to 70% diameter stenosis) and can be .Ila—A
useful for guiding revascularization decisions in patients with SIHD.
IVUS for the assessment of angiographically indeterminant left main CAD. .Ila—B
IVUS and coronary angiography 4 to 6 weeks and 1 year after cardiac transplantation to exclude donor CAD, detect rapidly .Ila—B
progressive cardiac allograft vasculopathy, and provide prognostic information.
IVUS to determine the mechanism of stent restenosis. .Ila—C
IVUS for the assessment of non-left main coronary arteries with angiographically intermediate coronary stenosis (50% to 70% .Ilb-B
diameter stenosis).
IVUS for guidance of coronary stent implantation, particularly in cases of left main coronary artery stenting. .Ilb—B
IVUS to determine the mechanism of stent thrombosis. .Ilb»C
Not recommended when PCl or CABG is not being contemplated .III—C
Rotational atherectomy for fibrotic or heavily calcified lesions that might not be crossed by a balloon catheter or adequately .Ila—C
dilated before stent implantation.
Rotational atherectomy should not be performed routinely for de novo lesions or in-stent restenosis. .III—A
Laser angioplasty for fibrotic or moderately calcified lesions that cannot be crossed or dilated with conventional balloon .Ilb-C
angioplasty.
Laser angioplasty should not be used routinely during PCI. .III—A
Cutting balloon angioplasty to avoid slippage-induced coronary artery trauma during PCl for in-stent restenosis or ostial .Ilb»C
lesions in side branches.
Cutting balloon angioplasty should not be used routinely during PCI. .III—A
Percutaneous haemodynamic support devices .
Elective insertion of an appropriate haemodynamic support device as an adjunct to PCl in carefully selected high-risk patients. .Ilb»C
No-reflow pharmacological therapies .
Administration of an intracoronary vasodilator (adenosine, calcium channel blocker, or nitroprusside) to treat PCl-related no- .Ila—B
reflow that occurs during primary or elective PCI.
Chronic total occlusions
PCI of a chronic total occlusion in patients with appropriate clinical indications and suitable anatomy when performed by .Ila-B
operators with appropriate expertise.
Saphenous vein grafts
Embolic protection devices should be used during saphenous vein graft PCl when technically feasible. .I—B
Platelet GP IIb/llla inhibitors are not beneficial as adjunctive therapy during saphenous vein graft PCI. .III-B
PCl is not recommended for chronic saphenous vein graft occlusions. .III—C
Bifurcation lesions .
Provisional side branch stenting should be the initial approach inpatients with bifurcation lesions when the side branch is not .I—A
large and has only mild or moderate focal disease at the ostium.
Vascular Bifurcation lesions
Use elective double stenting in patients with complex bifurcation morphology involving a large side branch where the risk of side .Ila-B
branch occlusion is high and the likelihood of successful side branch reaccess is low.
Aorto-ostial stenoses
IVUS for the assessment of angiographically indeterminant lla-B left main CAD. .Ila—B
Use of DES when PCl is indicated in patients with an aorto-ostial stenosis. .Ila-B
Coronary stents .
DES in high risk of restenosis and the patient is likely to be able to tolerate and comply with prolonged DAPT.

(Continued)
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Table 29.19 (Continued)

Elective PCl and STEMI.
UA/NSTEMI.

Balloon angioplasty or BMS in patients with high bleeding risk, inability to comply with 12 months of DAPT, or anticipated
invasive or surgical procedures within the next 12 months.

PCI with coronary stenting should not be performed if the patient is not likely to be able to tolerate and comply with DAPT.

DES should not be implanted if the patient is not likely to be able to tolerate and comply with prolonged DAPT or this cannot be
determined before stent implantation.

Restenosis

Patients who develop clinical restenosis after balloon angioplasty should be treated with BMS or DES if anatomical factors are
appropriate and if the patient is able to comply with and tolerate DAPT.

Patients who develop clinical restenosis after BMS should be treated with DES if anatomical factors are appropriate and the
patient is able to comply with and tolerate DAPT.

Patients who develop clinical restenosis after DES may be considered for repeat PCI with balloon angioplasty, BMS, or DES
containing the same drug or an alternative antiproliferative drug if anatomical factors are appropriate and the patient is able to
comply with and tolerate DAPT.

Vascular closure devices

Patients considered for vascular closure devices should undergo a femoral angiogram to ensure their anatomical suitability for
deployment.

I-A
I-C
I-B

I-B
-8

I-C

Use of vascular closure devices for the purposes of achieving faster haemostasis and earlier ambulation compared with the use of lla-B

manual compression.

The routine use of vascular closure devices is not recommended for the purpose of decreasing vascular complications, including
bleeding.

Clopidogrel genetic testing

Genetic testing to identify whether a patient at high risk for poor clinical outcomes is predisposed to inadequate platelet
inhibition with clopidogrel.

When a patient predisposed to inadequate platelet inhibition with clopidogrel is identified by genetic testing, treatment with an
alternate P2Y 12 inhibitor (e.g. prasugrel or ticagrelor).

Platelet function testing
Platelet function testing may be considered in patients at high risk for poor clinical outcomes.

In patients treated with clopidogrel with high platelet reactivity, alternative agents, such as prasugrel or ticagrelor, might be
considered.

Operator and institutional competency and volume

Elective/urgent PCl should be performed by operators with an acceptable annual volume (=75 procedures) at high-volume
centres (>400 procedures) with on-site cardiac surgery.

Elective/urgent PCl should be performed by operators and institutions whose current risk-adjusted outcomes statistics are
comparable to those reported in contemporary national data registries.

Primary PCI for STEMI should be performed by experienced operators who perform more than 75 elective PCI procedures per
year and, ideally, at least 11 PCl procedures for STEMI per year. Ideally, these procedures should be performed in institutions that
perform more than 400 elective PCls per year and more than 36 primary PCl procedures for STEMI per year.

It is reasonable that operators with acceptable volume (>75 PCI procedures/year) perform elective/urgent PCI at low-volume
centres (200 to 400 PCI procedures/year) with on-site cardiac surgery.

Low-volume operators (=75 PCl procedures per year) perform elective/urgent PCl at high-volume centres (>400 PCI procedures
per year) with on-site cardiac surgery. Ideally, operators with an annual procedure volume of fewer than 75 procedures per year
should only work at institutions with an activity level of more than 600 procedures per year. Operators who perform fewer than
75 procedures per year should develop a defined mentoring relationship with a highly experienced operator who has an annual
procedural volume of at least 150 procedures.

The benefit of primary PCI for STEMI patients eligible for fibrinolysis when performed by an operator who performs fewer than
75 procedures per year (<11 PCls for STEMI per year) is not well established.

It is not recommended that elective/urgent PCl be performed by low-volume operators (<75 procedures per year) at low-volume
centres (200 to 400 procedures per year) with or without on-site cardiac surgery. An institution with a volume of fewer than 200
procedures per year, unless in a region that is underserved because of geography, should carefully consider whether it should
continue to offer this service.
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Table 29.19 (Continued)

PCl in hospitals without on-site surgical backup

Primary PCl is reasonable in hospitals without on-site cardiac surgery, provided that appropriate planning for programme lla-B
development has been accomplished.

Elective PCI might be considered in hospitals without on-site cardiac surgery, provided that appropriate planning for programme  IIb-B
development has been accomplished and rigorous clinical and angiographic criteria are used for proper patient selection.

Primary or elective PCl should not be performed in hospitals without on-site cardiac surgery capabilities without a proven plan for rapid ~ 1ll-C
transport to a cardiac surgery operating room in a nearby hospital or without appropriate haemodynamic support capability for transfer.

2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention. A Report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines and the Society for Cardiovascular Angiography and Interventions. J Am Coll Cardiol 2011;58:e44-122.

ESC 2010 GL on revascularization. Specific PCl devices and pharmacotherapy

FFR-guided PCl is recommended for detection of ischaemia-related lesion(s) when objective evidence of vessel-related ischaemia is I-A

not available.

DES? are recommended for reduction of restenosis/reocclusion if no contraindication to extended DAPT. . I-A

Distal embolic protection is recommended during PCl of SVG disease to avoid distal embolization of debris and prevent M. . I-B

Rotablation is recommended for preparation of heavily calcified or severely fibrotic lesions that cannot be crossed by a balloon or . I-C

adequately dilated before planned stenting.

Manual catheter thrombus aspiration should be considered during PCI of the culprit lesion in STEMI. lla-A
For PCI of unstable lesions, IV abciximab should be considered for pharmacological treatment of no-reflow. . lla-B
Drug-eluting balloons? should be considered for the treatment of in-stent restenosis after prior BMS. . lla-B
Proximal embolic protection may be considered for preparation before PCl of SVG disease. . IIb-B
For PCl of unstable lesions, intracoronary or IV adenosine may be considered for pharmacological treatment of no-reflow. . IIb-B
Tornus catheter may be used for preparation of heavily calcified or severely fibrotic lesions that cannot be crossed by a balloon or . lIb-C
adequately dilated before planned stenting.

Cutting or scoring balloons may be considered for dilatation of in-stent restenosis, to avoid slipping-induced vessel trauma of . lIb-C
adjacent segments.

IVUS-guided stent implantation may be considered for unprotected left main PCI. . lIb-C
Mesh-based protection may be considered for PCI of highly thrombotic or SVG lesions. . lIb-C
For PCI of unstable lesions, intracoronary nitroprusside or other vasodilators may be considered for pharmacological treatment of . lIb-C
no-reflow.

ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal 2010;31: 2501-2555.

a: Recommendation is only valid for specific devices with proven efficacy/safety profile, according to the respective lesion characteristics of the studies.
DAPT, dual antiplatelet therapy; DES, drug-eluting stent; FFR, fractional flow reserve; IVUS, intravascular ultrasound; MI, myocardial infarction; PCl,
percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; SVG, saphenous vein graft.

ESC 2010 GL on revascularization. Recommendations for prevention of contrast-induced nephropathy

All patients with CKD

OMT (including statins, beta blockers, and ACE inhibitors or Dose according to clinical indications. I-A
sartans) is recommended.

Hydration with isotonic saline is recommended. 1 mlukg/h I-A
12 h before and continued for 24 h after the procedure
(0.5 mlskg/h if EF <35% or NYHA >2).

N-acetylcysteine administration may be considered. 600-1200 mg Ib-A
24 h before and continued for 24 h after the procedure.

Infusion of sodium bicarbonate 0.84% may be considered. 1 h before: bolus = body weight in kg x 0.462 mEq lb-A
IV infusion for 6 h after the procedure = body weight in kg
x 0.154 mEq per hour.

(Continued)
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Table 29.19 (Continued)

Patients with mild, moderate, or severe CKD

Use of LOCM or IOCM is recommended. <350 mL or <4 ml/kg [-Ad
Patients with severe CKD

Prophylactic haemofiltration 6 h before complex PCl should  Fluid replacement rate 1000 mL/h without weight loss and saline lla-B
be considered. hydration, continued for 24 h after the procedure.

Elective haemodialysis is not recommended as a preventive II-B

measure.

ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal 2010: 31: 2501-2555.

There has been some evidence that concomitant balloon
counterpulsation may improve long-term outcomes in
high-risk patients undergoing PCIL."””'”® In patients with
chronic kidney disease, either an isosmolar or a low mo-
lecular weight, other than ioxaglate or iohexol, contrast
medium has been previously recommended, but subse-
quent studies on this issue have been contradictory to
allow certain recommendations. N-acetylcysteine does
not appear to be beneficial.'"”” A recently verified policy
is to administer 250 mL of normal saline solution over 30
min and IV furosemide (0.5 mg/kg up to a maximum of
50 mg), approximately 90 min before the coronary pro-
cedure, and perform the procedure when a urine output
>300 mL/h is achieved. Additional doses of furosemide
(up to a maximal cumulative dose of 2.0 mg/kg) are given
in cases where the urine output is <300 mL/h during
treatment, and matched hydration is continued for 4 h
after the last contrast dose.’®® High-dose statin such as
atorvastatin 80 mg within 24 hour preprocedure, may
also reduce contrast-induced renal injury.'® Although
the use of closure devices is not recommended on a rou-
tine basis by the ACC/AHA/SCAI 2011 guideline on PCI,
their use may decrease complications, even after elective
intervention.'®

PCl vs CABG

Studies comparing CABG to PCI with balloon or BMS,
in general, have shown similar 5-year mortality rates in
patients with single or multivessel disease.'®"'%¢ Repeat
revascularization is consistently lowered with CABG
but at a probable risk of higher stroke rate compared to
PCL."2°1% The large New York state registry of 60 000 pa-
tients has reported an advantage of CABG in the pres-
ence of two-vessel disease with proximal LAD stenosis.'s’
No difference in outcome after CABG or PCI has been
shown in patients with isolated proximal LAD disease.'®
CABG is superior in patients with severe, multivessel
disease, and especially diabetics.'®"'** The BARI 2D trial
in diabetics detected similar rates of death and major ad-

verse cardiac events between PCI or CABG and optimum
pharmacological therapy. Repeat revascularizations were
more frequent in the drug treatment group, and patients
with more complex coronary artery disease, as treated
by CABG, had a greater benefit of early revasculariza-
tion.'® In the FREEDOM trial, 1900 patients with diabe-
tes were randomLy assigned to undergo either CABG or
PCI with DES.™ After 5 years of follow-up, the 947 pa-
tients assigned to undergo CABG had significantly lower
mortality (10.9% vs 16.3%) and fewer myocardial infarc-
tions (6.0% vs 13.9%) than the 953 patients assigned to
undergo PCI. However, patients in the CABG group had
significantly more strokes (5.2% vs 2.4%), mostly because
of strokes that occurred within 30 days after revascu-
larization. In the SYNTAX trial, 1800 patients with pre-
viously untreated left main stem or three-vessel disease
were randomly assigned to undergo CABG or PCI with
DES."* Five-year all-cause mortality and stroke were not
significantly diferent between CABG (11.4% and 3.7%,
respectively) and PCI (13.9% and 2.4%, respectively. Ma-
jor adverse cerebrovascular and cardiac rates were signifi-
cantly increased with PCI in patients with intermediate
SYNTAX Score, ie23-32, (36.0% vs 25.8%, p=0.008) or
high ie >33 SYNTAX Score (44.0% vs 26.8%, <0.0001).
Adverse rates were not significantly different for patients
with a low (0-22) baseline SYNTAX score. A higher rate
of stroke in the CABG group was detected at the first year
of follow-up. These results suggest that CABG remains
the standard of care for patients with complex disease (in-
termediate or high SYNTAX scores); however, PCI may
be an acceptable alternative revascularization method
to CABG when treating patients with less complex dis-
ease, but its superiority over medical therapy alone is
not proven. The SYNTAX II Score may be a more useful
guide for decision making between CABG and PCU in
this respect.’ The ASCERT study recently reported re-
sults from the ACC PCI and STS CABG registries: among
patients older than 65 years and with two- or three-ves-
sel CAD that did not require emergency therapy, CABG
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offered a better survival compared to PCI (mortality rates
16.4% vs 20.7%, RR: 0.79, 95% CI: 0.76-0.82)."¢ In a re-
cent extensive analysis of Medicare beneficiaries, aged
>=66 years, multivessel CABG was associated with lower
long-term mortality than multivessel PCI. Patients with
diabetes, heart failure, peripheral arterial disease, or to-
bacco use had the largest predicted differences in survival
after CABG, whereas those with none of these factors had
slightly better survival after PCL'* Thus, PCI is consid-
ered inappropriate for left main stenosis and additional
CAD with intermediate to high CAD burden (multiple
diffuse lesions, presence of chronic total occlusion, or
high SYNTAX score), or triple-vessel CAD and high CAD
burden.?* PCI may also be used for unprotected left main
stem lesions'*® (see Table 29.14), and double kissing crush
stenting is preferred for unprotected distal left main bi-
furcation lesions.’*” In conclusion, according to available
evidence:

& No revascularization is indicated in asymptomatic or
mildly symptomatic patients, no moderate or sig-
nificant ischaemia on non-invasive testing or only
a small area of viable myocardium or one- or two-
vessel CAD without proximal LAD involvement,
or an occluded vessel after MI and no significant
residual ischaemia.

¢ In left main disease (>50% and demonstration of
ischaemia) or triple-vessel disease with LVEF < 50%
or proximal LAD involvement, or triple-vessel CAD
with high CAD burden, or triple-vessel CAD in dia-
betics, CABG is indicated.

o For patients with one- or two-vessel disease, data
are not definitive and the superiority of revasculari-
zation over medical therapy is not proven. CABG is
probably indicated in patients with symptoms and
documented extensive ischaemia and with two-vessel
disease with LVEF <50%, particularly in the presence
of proximal LAD disease, and probably diabetes. PCI
may be indicated in one- or two-vessel disease with
FFR <0.80, or in the presence of significant ischae-
mia, or if angina persists despite optimum medical
therapy.

Hybrid coronary revascularization

Hybrid coronary revascularization (defined as the
planned combination of LIMA-to-LAD artery grafting
and PCI of 21 non-LAD coronary arteries) is reason-
able in patients with heavily calcified proximal aorta or
poor target vessels for CABG (but amenable to PCI) or
unfavourable LAD artery for PCI (i.e. excessive vessel
tortuosity or chronic total occlusion (ACCF/AHA 2011
on CABG, ITa-B). It can also be considered as an alterna-
tive to multivessel PCI or CABG in an attempt to improve

the overall risk-benefit ratio of the procedures (ACCF/
AHA 2011 on CABG, IIb-C, ESC 2010 on revasculariza-
tion IIb-B).

Long-term therapy

Measures for secondary prevention are implemented,
as described in Tables 29.12 and 29.13. Detailed recom-
mendations on prevention have been released by the
ACC/AHA* and the ESC.* Echocardiography and tests
for ischaemia are indicated when new symptoms appear
(Table 29.20). Annual treadmill exercise testing in pa-
tients who have no change in clinical status may also be
performed in moderate- or high-risk patients. In patients
entering a formal cardiac rehabilitation programme af-
ter PCI, treadmill exercise testing is reasonable (ACCF/
AHA 2011 PCI, ITa-C), but routine periodic stress test-
ing of asymptomatic patients after PCI without specific
clinical indications are not recommended (ACCF/AHA
2011 PCI, III-C). Sexual activity is allowed in patients
who can exercise >3 to 5 METS without angina, excessive
dyspnoea, ischaemic ST segment changes, cyanosis, hy-
potension, or arrhythmia (AHA 2012 on sexual activity
and CVD, IIa-C), 1 or more weeks after uncomplicated
MI (IIa-C), several days after PCI if the vascular access
site is without complications (Ila-C), and 6-8 weeks after
CABG, provided the sternotomy is well healed (IIa-B).

Evaluation and risk assessment before
non-cardiac surgery

Although current perioperative risk prediction models
place greater emphasis on CAD, patients with HF or AF
have a significantly higher risk of post-operative mor-
tality than patients with CAD, and even minor proce-
dures carry a risk higher than previously appreciated.?”
Recommendations by the ACC/AHA 2009 guidelines on
perioperative cardiovascular evaluation are presented in
Tables 29.21 to 29.23 and Figure 29.7.2 The role of pre-
operative beta blockers has been questioned,*” and the
ESC guidelines are being reconsidered in this respect.?*
There has also been recent evidence that the earliest op-
timal time for elective surgery is 46 to 180 days after
bare metal stent implantation or >180 days after drug-
eluting stent implantation (Figure 29.8).2 Recommen-
dations on cardiac disease evaluation and management
in kidney and liver transplantation candidates have been
recently published by AHA/ACCE?* Transplantation is
generally not recommended 4 weeks after balloon angi-
oplasty, 3 months after BMS, and 12 months after DES.
In case of urgent surgery, however, clopidogrel must
be stopped for 5 days, or even continued in case of low

bleeding risk.
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Table 29.20 Follow-up of CAD patients

ACCF/AHA 2012 GL on stable CAD. Follow-up non-invasive testing in patients with known SIHD: new, recurrent, or
worsening symptoms not consistent with UA

Test ECG Additional considerations
Exercise status interpretable

Able Unable Yes No

Patients able to exercise”

Exercise ECG X X I-B

Exercise with nuclear MPI or echo X X I-B

Exercise with nuclear MPI or echo X Any lla-B # Prior requirement for imaging with
exercise

& Known or at high risk for multivessel

disease

Pharmacological stress nuclear MPl/lecho/CMR X X III-C (no benefit)

Patients unable to exercise

Pharmacological stress nuclear MPI or echo X Any I-B

Pharmacological stress CMR X Any lla-B

Exercise ECG X X III-C (no benefit)

Irrespective of ability to exercise

CCTA Any Any Ib-B Patency of CABG or coronary stent

>3 mm diameter

CCTA Any Any Ib-B In the absence of known moderate or
severe calcification and intent to assess
coronary stent <3 mm in diameter

CCTA Any Any II-C (no benefit) Known moderate or severe native
coronary calcification or assessment of
coronary stent <3 mm in diameter in
patients who have new or worsening
symptoms not consistent with UA

* Patients are candidates for exercise testing if they are capable of performing at least moderate physical functioning (i.e. moderate household, yard, or recreational
work and most activities of daily living) and have no disabling co-morbidity. Patients should be able to achieve 85% of age-predicted maximum heart rate.

CABG indicates coronary artery bypass graft surgery; CCTA, cardiac computed tomography angiography; CMR, cardiac magnetic resonance; ECG,
electrocardiogram; echo, echocardiography; MPI, myocardial perfusion imaging; N/A, not available; SIHD, stable ischaemic heart disease; and UA, unstable
angina.

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease. J Am Coll Cardiol.
2012;60:e44-e164.

Non-invasive testing in known SIHD: asymptomatic (or stable symptoms)

Test ECG Pretest probability of Additional
Exercise status interpretable ischaemia considerations
Able* Unable Yes No
Exercise or X X Prior evidence of silent ischaemia lla-C a) Unable to exercise to
pharmacological or high risk for recurrent cardiac adequate workload, or
stress with nuclear event. Meets criteria listed in b) Uninterpretable ECG, or
MPI, echo, or CMR at additional considerations. ¢) History of incomplete
>2-year intervals coronary revascularization
Exercise ECG at X X Any lIb-C a) Prior evidence of silent
>1-year intervals ischaemia, OR

b) At high risk for recurrent
cardiac event

(Continued)
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Table 29.20 (Continued)
Test ECG Pretest probability of Additional
Exercise status interpretable ischaemia considerations
Able* Unable Yes No
Exercise ECG X X No prior evidence of silent lIb-C For annual surveillance
ischaemia and not at high risk of
recurrent cardiac event.
Exercise or Any Any Any I-C a) <5-year intervals after
pharmacological stress (no benefit)y  CABG, or
with nuclear MPI, b) <2-year intervals after PCI

echo, or CMR or CCTA

* Patients are candidates for exercise testing if they are capable of performing at least moderate physical functioning (i.e. moderate household, yard, or
recreational work and most activities of daily living) and have no disabling co-morbidity. Patients should be able to achieve 85% of age-predicted maximum
heart rate.

CABG indicates coronary artery bypass graft surgery; CCTA, cardiac computed tomography angiography; CMR, coronary magnetic resonance; CCTA,
computed tomography angiography; CMR, cardiac magnetic resonance; ECG, electrocardiogram; echo, echocardiography; MPI, myocardial perfusion imaging;
N/A, not available; PCI, percutaneous coronary intervention; and SIHD, stable ischaemic heart disease.

ESC 2010 GL on revasularization

Strategies for follow-up and management in asymptomatic patients after myocardial revascularization

Stress imaging (stress echo or MPS) should be used rather than stress ECG. I-A

With low-risk findings (+) at stress testing, it is recommended to reinforce optimal medical therapy and lifestyle changes. ‘Ila—C
With high- to intermediate-risk findings (++) at stress testing, coronary angiography is recommended. ‘Ila—C
Early imaging testing should be considered in specific patient subsets.* ‘IIa—C
Routine stress testing may be considered >2 years after PCl and >5 years after CABG. ‘IIb»C

Strategies for follow-up and management in symptomatic patients after myocardial revascularization

Stress imaging (stress echo or myocardial perfusion stress) rather than stress ECG. ‘I-A
It is recommended to reinforce optimal medical therapy and lifestyle changes in patients with low-risk findings (+) at stress testing. ‘I—B
With intermediate- to high-risk findings (++) at stress testing, coronary angiography is recommended. ‘I—C
Emergent coronary angiography is recommended in patients with STEMI. ‘I—A
Early invasive strategy is indicated in high-risk NSTE-ACS patients. ‘I—A
Elective coronary angiography is indicated in low-risk NSTE-ACS patients. ‘I-C

* Specific patient subsets indicated for early stress testing with imaging:

— Predischarge or early post-discharge imaging stress test in STEMI patients treated with primary PCl or emergency CABG;

— Patients with safety critical professions (e.g. pilots, drivers, divers) and competitive athletes;

— Users of 5-phosphodiesterase inhibitors;

— Patients who would like to be engaged in recreational activities for which high oxygen consumption is required;

— Patients resuscitated from sudden death;

— Patients with incomplete or suboptimal revascularization, even if asymptomatic;

— Patients with a complicated course during revascularization (perioperative M, extensive dissection during PCl, endarterectomy during CABG, etc.);

— Patients with diabetes (especially those requiring insulin);

— Patients with MVD and residual intermediate lesions or with silent ischaemia.

(+) Low-risk findings at stress imaging are ischaemia at high workload, late-onset ischaemia, single zone of low-grade wall motion abnormality or small
reversible perfusion defect, or no evidence of ischaemia.

(++) Intermediate- and high-risk findings at stress imaging are ischaemia at low workload, early-onset ischaemia, multiple zones of high-grade wall motion
abnormality, or reversible perfusion defect.

ESC/EACTS Guidelines on myocardial revascularization The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal 2010; 31: 2501-2555.
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Table 29.21 ACCF/AHA 2009 GL on perioperative cardiovascular evaluation. Cardiac risk (combined incidence of cardiac
death and nonfatal M) stratification for non-cardiac surgical procedures

Risk stratification

Procedure examples

Vascular (reported cardiac risk often more than 5%)

Intermediate (reported cardiac risk generally 1% to 5%)

LowT (reported cardiac risk generally less than 1%)

Aortic and other major vascular surgery
Peripheral vascular surgery

Intraperitoneal and intrathoracic surgery
Carotid endarterectomy

Head and neck surgery

Orthopaedic surgery

Prostate surgery

Endoscopic procedures
Superficial procedure
Cataract surgery
Breast surgery
Ambulatory surgery

t These procedures do not generally require further preoperative cardiac testing.

2009 ACCF/AHA focused update on perioperative beta blockade incorporated into the ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation

and care for noncardiac surgery. / Am Coll Cardiol. 2009; 54: e13-e118.

Table 29.22 ACCF/AHA 2009. Perioperative cardiovascular
evaluation

Patients who have a need for emergency non-cardiac I-C
surgery should proceed to the operating room and

continue perioperative surveillance and post-operative risk
stratification and risk factor management.

Patients undergoing low-risk surgery are recommended to  I-B
proceed to planned surgery.

Patients with poor (<4 METs) or unknown functional I-B
capacity and no clinical risk factors* should proceed with
planned surgery.

Patients with functional capacity >4 METs without symptoms |-B
proceed to planned surgery.

Preoperative resting 12-lead ECG is recommended for I-B
patients with at least one clinical risk factor.*

Patients with poor (<4 METs) or unknown functional I-B
capacity and no clinical risk factors should proceed with
planned surgery.

LV function assessment is indicated in patients with I-C
dyspnoea of unknown origin to undergo preoperative
evaluation of LV function.

lla-B

Patients with poor (<4 METs) or unknown functional

capacity and three, or more, clinical risk factors who are

scheduled for intermediate-risk surgery proceed with

planned surgery with heart rate control.

Stress testing may be considered for patients with at least lIb-B

one to two clinical risk factors and poor functional capacity
(less than 4 METs) who require intermediate-risk or vascular
surgery.

* Clinical risk factors include history of ischaemic heart disease, history
of compensated or prior heart failure, history of cerebrovascular
disease, diabetes mellitus, and renal insufficiency (defined in the
Revised Cardiac Risk Index as a preoperative serum creatinine of greater
than 2 mg/dL).

2009 ACCF/AHA focused update on perioperative beta blockade
incorporated into the ACC/AHA 2007 guidelines on perioperative
cardiovascular evaluation and care for noncardiac surgery. J Am Coll
Cardiol. 2009; 54: e13-e118.

Table 29.23 Revascularization before non-cardiac surgery

ACCF/AHA 2011 GL on PCl. Revascularization before
non-cardiac surgery

For patients who require PCl and are scheduled for elective lla-B
non-cardiac surgery in the subsequent 12 months, a strategy
of balloon angioplasty, or BMS implantation followed by 4 to 6
weeks of DAPT, is reasonable.

For patients with DES who must undergo urgent surgical
procedures that mandate the discontinuation of DAPT, it

is reasonable to continue aspirin if possible and restart the
P2Y12 inhibitor as soon as possible in the immediate post-
operative period. ‘
Routine prophylactic coronary revascularization should not -8
be performed in patients with stable CAD before non-cardiac

surgery. ‘
Elective non-cardiac surgery should not be performed in the 4 III-B
to 6 weeks after balloon angioplasty or BMS implantation or

the 12 months after DES implantation in patients in whom the

P2Y12 inhibitor will need to be discontinued perioperatively.
ACCF/AHA 2009 GL on perioperative evaluation.
Recommendations for perioperative beta blocker therapy
Beta blockers should be continued in patients undergoing I-C
surgery who are receiving beta blockers for treatment of

conditions with AACF/AHA Class | indications. ‘

Beta blockers titrated to heart rate and blood pressure are probably I1a-B
recommended for patients undergoing vascular** or intermediate-

risk surgery who are at high cardiac risk due to coronary artery

disease, positive cardiac ischaemia tests, or >1 clinical factor.* ‘

The usefulness of beta blockers is uncertain in the presence of a llb-C
single clinical risk factor but absence of coronary artery disease.

lla-C

* Clinical risk factors include history of ischaemic heart disease, history

of compensated or prior heart failure, history of cerebrovascular disease,
diabetes mellitus, and renal insufficiency (defined in the Revised Cardiac Risk
Index as a preoperative serum creatinine of greater than 2 mg/dL).

** \/ascular surgery is defined by emergency aortic and other major vascular
surgery and peripheral vascular surgery.

2011 ACCF/AHA/SCAI Guideline on percutaneous coronary intervention.
JAm Coll Cardiol. 2011; 58:e44-122.

2009 ACCF/AHA focused update on perioperative beta blockade
incorporated into the ACC/AHA 2007 guidelines on perioperative
cardiovascular evaluation and care for noncardiac surgery. J Am Coll Cardiol.
2009; 54:e13-e118.
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Need for emergency Yes - Perioperative surveillance
noncardiac surgery? (Class I, LOE C) and post-operalive risk
! stratification and risk factor
| management
No
Active cardiac » » -
conditions* Yes Evaluate and treat per » Consider
| (Class I, LOE B) ACC/AHA guidelines operating room
No
o ——af Fodt
(Class I, LOE B) P surgery
No
Functional capacity greater than or -
equal to METs without symptoms+ Yes > | P:;czed \:V'ﬂ: +
(Class lla, LOE B) planned surgery
No or unknown
) 1-2 dinical
3 or more clinical risk faictors|| _
risk factors|| No clinical
Intermediate- | risk factors||
risk surgen
Vascula% gery Intermediate risk Class I,
Vascular surgery surgery LOE B
Class lla,
LOEB
A 4 -
Consider testing if it will 3 > ¥z Proceed with
change managgmenm Proceed with planned surgery with HR control | (Class Ila, LOE B) planned surgeryt
or consider non-invasive testing (Class llb LOE B) if it will change management

1 MET Can you... 4 METs Canyou ...
Take care of yourself? Climb a flight of stairs or walk up a hill?
Eat, dress, or use the toilet? Walk on level ground at 4 mph (6.4 kph)?
Walk indoors around the house? Run a short distance?
Walk a block or two on level ground at 2 to 3 mph (3.2 to 4.8 kph)? Do heavy work around the house like scrubbing floors or
Do light work around the house like dusting or washing dishes? lifting or moving heavy furniture?

4 METs Participate in moderate recreational activities like golf,
bowling, dancing, doubles tennis, or throwing a baseball or
football?

Canyou ...

Participate in strenuous sports like swimming, singles tennis,

Greater than football basketball, or skiing?

10 METs

Figure 29.7 ACC/AHA 2009 on perioperative cardiovascular evaluation. Cardiac evaluation and care algorithm for non-
cardiac surgery based on active clinical conditions, known cardiovascular disease, or cardiac risk for patients 50 years of
age or greater.

¥ MET level equivalent are indicated.

§ Non-invasive testing may be considered before surgery in specific patients with risk factors if it will change
management.

//Clinical risk factors include ischaemic heart disease, compensated or prior heart failure, diabetes mellitus, renal
insufficiency, and cerebrovascular disease.

91 Consider perioperative beta blockade for populations in which this has been shown to reduce cardiac morbidity/

mortality.

HR, heart rate; LOE, level of evidence; and MET, metabolic equivalent.
2009 ACCF/AHA focused update on perioperative beta blockade incorporated into the ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and
care for noncardiac surgery. J Am Coll Cardiol. 2009; 24,54:e13-e118.
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Figure 29.8 Hazard of stent thrombosis and target lesion revascularization over time according to type of stent.
Matteau A, Mauri L. Optimal timing of noncardiac surgery after stents, Circulation. 2012;126:1322-4.
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Heart failure

Relevant guidelines

ACCF/AHA 2013 guideline on heart failure
2013 ACCF/AHA Guideline for the Management of Heart Failure.
JACC 2013; doi: 10.1016/j.jacc.2013.05.019

ESC 2012 guidelines on heart failure
ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure 2012. Eur Heart J. 2012;33:1787-847.

ACCF/AHA/HRS 2012 guidelines for device-based therapy
of cardiac rhythm abnormalities
2012 ACCF/AHA/HRS focused update incorporated into the
ACCF/AHA/HRS 2008 guidelines for device-based therapy of
cardiac rhythm abnormalities. ] Am Coll Cardiol. 2013;61:e6-75

ESC 2013 guidelines on pacing and cardiac resynchronization

2013 ESC Guidelines on cardiac pacing and cardiac resyn-

chronization therapy. Eur Heart J 2013. doi:10.1093/eurheartj/
eht150

AHA 2012 scientific statement on sexual activity and
cardiovascular disease
Sexual activity and cardiovascular disease: a scientific state-
ment from the American Heart Association. Circulation.
2012;125:1058-72.

ESC 2011 guidelines on pregnancy
ESC Guidelines on the management of cardiovascular diseases
during pregnancy. Eur Heart J. 2011;32:3147-97.

2012 EHRA/HRS expert consensus statement on cardiac
resynchronization therapy in heart failure
2012 EHRA/HRS expert consensus statement on cardiac resyn-
chronization therapy in heart failure: implant and follow-up rec-
ommendations and management. Europace. 2012;14:1236-86.

najafidm
cardiology.blog.ir


http://cardiology.blog.ir/

This page intentionally left blank

najafidm
c