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Foreword

The diagnosis and successful management of congenital heart disease rep-
resents one of the greatest triumphs of cardiovascular medicine and surgery 
in the 20th century. As a consequence, the number of adults with congenital 
heart disease – both with repaired and unrepaired lesions – has grown rapidly, 
and is now approaching one million in North America. Similar increases have 
occurred in Western Europe. The care of adults with congenital heart disease 
represents a major challenge. They include a large number of diverse anatomic 
malformations of varying severities at various stages of their natural history 
and with different degrees of anatomic repair. Approximately one-third of 
these patients are considered to have ‘simple’ congenital heart disease, such 
as mild pulmonic stenosis or repaired ventricular septal defect. The majority, 
however, such as those with cyanotic congenital heart disease, have lesions of 
greater complexity.

The growing population of adults with congenital heart disease presents 
unique problems in management. Arrhythmias are frequent and are often of 
serious import. Pregnancy presents special problems. The risk of infective en-
docarditis and premature ventricular dysfunction may occur in patients even 
following successful correction. There is a delicate interplay between manag-
ing the usual risks for the development of coronary artery disease in adults 
and the residua of repaired congenital heart disease, such as coarctation of the 
aorta.

During the past two decades the approach to the diagnosis and treatment of 
adults with congenital heart disease has been totally transformed. For many 
years the catheterization laboratory was the site of diagnosis while the oper-
ating room the site of treatment. Now, the imaging laboratory is the primary 
diagnostic site and increasingly invasive treatment is carried out in the cath-
eterization laboratory.

Ideally, adults with congenital heart disease should be cared for at regional 
adult congenital heart disease centers, staffed by cardiologists trained in both 
pediatric and adult cardiology, who are trained in the special problems present-
ed by these patients. Regional centers alone, however, cannot do the whole job. 
Cardiologists not specifi cally trained to care for patients with congenital heart 
disease, other physicians and allied health professionals outside these regional 
centers are required to participate in the care of these patients. Adult Congenital 
Heart Disease: A Practical Guide by Gatzoulis, Swan, Therrien and Pantely will 
be a valued resource to these practitioners. This guide describes the various 
forms of congenital heart disease in suffi cient detail to allow the practitioner to 



diagnose and manage most of their problems, yet it is not the encyclopedic text 
required by the subspecialist and often overwhelming to the non-specialist. 
The sections on general principles, including pregnancy, contraception, infec-
tive endocarditis, anticoagulation, arrhythmias, syncope, heart failure and the 
care of the cyanosed patient, are particularly well written.

There has been fear that the adult with congenital heart disease could fall 
between the cracks and become a medical orphan. Adult Congenital Heart Dis-
ease: A Practical Guide will become an important educational resource to help 
diminish this fear.

Eugene Braunwald, MD
Boston, MA, USA
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Preface

Congenital heart disease with an approximate incidence of 1% is the most com-
mon inborn defect, which used to carry a very poor prognosis. Advances in di-
agnosis and management of patients with congenital heart disease over the latter 
part of the 20th century, however, have led to the majority of such patients sur-
viving to adulthood. There are currently hundreds of thousands of individuals 
around the world who either have survived life-saving childhood surgery or are 
diagnosed with congenital heart disease in later life—often during pregnancy. 
Most of these patients have ongoing lifelong congenital heart and other medi-
cal needs. They are regularly seen by their family physicians and, increasingly, 
by offi ce and hospital specialists, presenting both a signifi cant workload and a 
management challenge. While patients with congenital heart disease represent, 
therefore, a common challenge to health care, there has been and continues to be 
a marked shortfall in training programs and in resource allocation to provide for 
them.

It is the aim of this smaller textbook to introduce this important subject to a 
larger audience, namely general physicians, non-congenital heart specialists, 
health allied professionals and trainees, all of whom are now involved with 
the care of the congenital heart patient. Our main focus has been to introduce 
general principles in recognizing the problem, discuss management of com-
mon lesions and provide essential information on dealing with emergencies. 
Our ultimate goal was to familiarize the various disciplines involved with this 
important subject and facilitate appropriate and timely specialist referral of 
the congenital heart patient. Knowledge is power, and it is hoped that better 
informed health professionals (and patients) will improve further the longer-
term prospects of what is considered to be one of the most successful endeavors 
of modern medicine.

Michael A. Gatzoulis
Lorna Swan

Judith Therrien
George A. Pantely
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CHAPTER 1

Epidemiology of Congenital Heart 
Disease

A ‘congenital’ heart disease is by defi nition a disease that has been present 
since birth. However, many congenital clinics may see a wider variety of de-
fects that were either not present or not evident from birth.

Those present but not usually detected in early life include lesions such as a 
moderate size atrial septal defect. Others, that are only anatomically present 
in later years with a latent predisposition prior to this, such as many of the 
cardiomyopathies, are not strictly ‘congenital’ but are often included in this 
patient group.

Approximately 60% of all congenital heart disease is diagnosed in babies 
less than a year old, 30% in children and 10% in adults (those over 16 years of 
age). However, there are now more adults than children with congenital le-
sions and this has important implications for those practicing in any branch 
of adult medicine.

The majority of adults with congenital heart lesions will make their way to 
the adult practitioner via the pediatric cardiologist. These patients have been 
the benefi ciaries of advances in pediatric cardiology and cardiac surgery serv-
ices, exemplifi ed by the fact that 96% of children with congenital cardiac le-
sions who survive infancy will live to at least 15 years of age.

The live birth incidence of congenital heart disease is approximately 7 con-
fi rmed cases per 1000 or 1 in every 145 babies born. This fi gure obviously varies 
according to the population studied but is an approximation for many Western 
countries. This value has been affected little by antenatal diagnosis. The prev-
alence of congenital heart lesions is more diffi cult to determine, especially in 
adults. In the UK (with a population of approximately 60 million) it is thought 
there are at least 150,000 adults with congenital heart disease. This would be 
equivalent to a prevalence of 250 cases per 100,000. (See Table 1.1.)

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd



4 Chapter 1

Nomenclature

One of the main ‘turn-offs’ for the non-specialist regarding congenital heart 
disease is the confusing and apparently cumbersome nomenclature used. A 
prime example of this is the multiple terms used for a single condition, e.g. 
double discordance, L-transposition of the great arteries, or congenitally cor-
rected transposition.

Unfortunately, detailed descriptive nomenclature is vital to the understand-
ing of the anatomy, physiology and outcome of these patients. Segmental logi-
cal description should hopefully minimize confusion but it is still diffi cult for 
the non-specialist to unravel the implications of these terms. In many of these 
cases a picture speaks a thousand words, and in combination with a helpful 
congenital cardiologist at the end of the phone most of the pertinent details can 
be effectively communicated. A glossary and a list of helpful websites that also 
help explain cardiac anatomy are included towards the end of this book.

Etiology

The crucial period for fetal cardiac development occurs between weeks 6 and 
12. In addition, ductal abnormalities, valve lesions and abnormalities of the 
myocardium can occur later in pregnancy. Clinically, patients want to know: 
1 Why did this happen? and
2 Will it happen again (i.e. will other siblings and future offspring be affect-
ed)?

The etiology of congenital lesions can be separated into genetic and non-ge-
netic. Non-genetic causes (Table 1.2) would include illness in the mother (such 
as rubella or diabetes) or maternal drug ingestion (including anti-epileptics, 
alcohol, and lithium). Examples of common deletions and duplications are 
shown in Table 1.3.

Approximately 17% of congenital cardiac conditions occur in association 
with a recognized syndrome that ‘causes’ the defect. However, the genetic 
contribution to congenital heart lesions is much greater. Over the last decade 
numerous genetic loci and chromosomal abnormalities have been identifi ed 
for a whole range of conditions. One only needs to look at the recurrence rate 

Ventricular septal defect 30%
Atrial septal defect 10%
Patent ductus 10%
Pulmonary stenosis 7%
Coarctation 7%
Aortic stenosis 6%
Tetralogy of Fallot 6%
D-transposition 4%
Other 20%

Table 1.1 Commonest cardiac lesions (at 
birth)
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for mothers with congenital heart disease to realize that familial and genetic 
factors contribute to many of the most common lesions (see Chapter 3 for re-
currence rates).

Pediatric books list a plethora of rare congenital cardiac syndromes. Many 
of these are associated with multisystem involvement. The more complex of 
these lesions often result in the deaths of these children before they reach the 
adult practitioner. Table 1.4 lists some of the more common lesions the adult 
physician or surgeon might see.

Table 1.2 Non-genetic etiology of congenital lesions and cardiac involvement

Non-genetic etiology Cardiac involvement

Maternal rubella Patent ductus arteriosus, pulmonary stenosis, arterial stenoses, 
atrial septal defect

Lithium Tricuspid valve disease
Fetal alcohol syndrome Ventricular septal defect
Maternal lupus Congenital heart block

Table 1.4 Some of the more common lesions seen by the adult physician

Syndrome Cardiac manifestation Non-cardiac manifestations

Holt-Oram Septation defects
(ASD, VSD)

Limb reduction defects
Autosomal dominant – 12q35
TBXS transcription factor

Ellis-Van Creveld Single atrium
ASD

Limb and nail defects

Noonan Pulmonary valve dysplasia
Cardiomyopathy (hypertrophic, 
often right-sided)

Web neck, short stature, pectus, 
cryptorchism

Turner Coarctation
Bicuspid aortic valve

Chromosome XO
Lymphedema
Short stature
Web neck

Kartagener Dextrocardia Situs inversus, sinusitis, 
bronchiectasis

LEOPARD Pulmonary stenosis Multiple lentigines
Deaf, nevi, rib abnormalities

Table 1.3 Examples of common deletions/duplications

Hypoplastic left heart syndrome 11q23–25 deletion
Coarctation 4q31, 5q23–31 deletions
Tetralogy of Fallot 22q11, 8p22 deletions
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Commoner congenital cardiac syndromes

Several syndromes deserve specifi c mention, either due to their frequency or 
because of important non-cardiac features.

Trisomy 21 (Down syndrome)
The association between trisomy 21 and congenital heart disease is well rec-
ognized. Babies with Down syndrome and an atrioventricular septal defect 
(AVSD) should undergo early repair prior to the development of pulmonary 
hypertension. However, in the past, different long-term survival rates for 
Down syndrome per se and higher perioperative mortality were thought to be 
barriers to cardiac repair, resulting in a number of adult patients with trisomy 
21 and an AVSD who have undergone reparative surgery. In the adult popula-
tion it is not, therefore, uncommon to see patients with Down syndrome with 
cyanosis and secondary erthyrocytosis.

Atrioventricular septal defects (often complete defects with an atrial and 
ventricular septal defect and AV valve abnormalities, see Chapter 10) and te-
tralogy of Fallot are the most common cardiac lesions. Down syndrome co-
exists in 35% of patients with an AVSD and in >75% of those with complete 
AVSD.

In caring for these adults, other important components of their Down syn-
drome that may impact on their cardiac status include their tendency to ob-
structive sleep apnea and thyroid disease.

DiGeorge syndrome (CATCH 22)
DiGeorge syndrome or CATCH 22 is due to deletion of chromosome 22 (22q11 
deletion). This is a relatively common genetic defect amongst congenital heart 
patients. Approximately 15% of patients with tetralogy have this deletion. This 
is more likely if they also have a right-sided aortic arch, pulmonary atresia 
or aortic-to-pulmonary collaterals. Other components of the 22q11 deletion 
syndrome include (Cardiac defect) Abnormal facies, Thymic hypoplasia, Cleft 
palate and Hypocalcemia (hence the name CATCH 22). This genetic defect 
usually occurs sporadically, but affected subjects have a 50% risk of passing 
the defect to their offspring. There is a simple (although not 100% diagnostic) 
FISH blood test for DiGeorge syndrome and this should be offered to all pa-
tients with tetralogy who are considering pregnancy.

Other cardiac conditions commonly found in 22q11 deletion include inter-
rupted aortic arch and truncus arteriosus. 22q11 patients also have a higher 
risk of psychiatric disorder, usually depression, that can infl uence their qual-
ity of life and compliance with cardiac follow-up.

Williams syndrome
Williams syndrome is associated with cardiac, neurodevelopmental and mul-
tisystem abnormalities and is caused by a deletion of chromosome 7q11.23. 
The most common cardiac abnormalities are supravalvar aortic stenosis, pe-
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ripheral pulmonary artery stenoses and other arterial abnormalities such as 
coronary artery ostial stenoses. Left-sided lesions tend to progress (supraval-
var aortic stenosis), whereas right-sided abnormalities (pulmonary) are often 
static or may progress spontaneously. Subjects with Williams syndrome have 
also abnormalities of calcium metabolism, hence hypocalcemia—usually neo-
natal—may be a clinical problem.

Long-term outcome

Lesion-specifi c long-term outcome data will be discussed in following chap-
ters.

Mortality from congenital heart disease has declined dramatically in babies 
and children. The vast majority of these children are now expected to reach 
adult life. In the UK, in 1986 60% of deaths from congenital heart disease oc-
curred in babies less than a year old. By the 1990s this picture had dramatically 
changed and now the majority of congenital heart deaths occur in adults over 
the age of 20.

Further reading

Hoffman JIE & Kaplan S (2002) The incidence of congenital heart disease. Journal of the Ameri-
can College of Cardiology, 39, 1890–1900.

Petersen S, Peto V & Rayner M (2003) Congenital heart disease statistics 2003. British Heart 
Foundation Health Promotion Research Group, University of Oxford. www.heartstats.
org.

Warnes CA, Liberthson R, Danielson GK, et al. (2001) Task force: 1. The changing profi le 
of congenital heart disease in adult life. Journal of the American College of Cardiology, 37,
1170–1175.

Wren C & O’Sullivan JJ (2001) Survival with congenital heart disease and need for follow up 
in adult life. Heart, 85(4), 438–443.
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CHAPTER 2

Services for the Adult with 
Congenital Heart Disease

Brief history of the specialty

Adult congenital heart disease is a fast-growing cardiovascular specialty refl ect-
ing largely the successes of pediatric cardiology and cardiac surgery programs. 
Over 50% of infants would have died before reaching adulthood, had it not 
been for early surgical intervention. Prospects were far poorer for most patients 
with congenital heart disease until the second half of the 20th century.

‘Modern’ cardiology was born at the turn of the 19th century with the devel-
opment of radiography (Roentgen, 1895) and electrocardiography (Einthoven, 
1903). The fi rst therapeutic milestones for congenital heart disease came with 
Robert Gross in Boston (ligation of a patent arterial duct, 1939), Clarence Cra-
foord in Stockholm (resection of aortic coarctation, 1944), and Alfred Blalock 
and Helen Taussig in Baltimore (the shunt operation for palliation of cyanosed 
patients with congenital heart disease, 1944).

Until the 1940s, congenital heart disease was understood primarily from 
autopsy information. The 1947 publication of Congenital Malformations of the 
Heart by Helen Taussig illuminated the clinical perspective of the story, by 
making the malformations of the heart understandable and accessible.

The child with congenital heart disease was previously coddled and activi-
ties were restricted. Taussig strongly opposed this view: ‘The two most impor-
tant considerations in the care of patients with congenital malformations of the 
heart are: (1) allow the individual to lead as normal a life as possible and (2) 
surround him with an atmosphere of confi dence expectation that will grow.’

In 1953, John Gibbon in Philadelphia performed the fi rst successful operation 
employing a mechanical heart/lung bypass system for closure of an atrial sep-
tal defect. Walton Lillehei and Richard Varco in 1954 performed the fi rst suc-
cessful repair of tetralogy of Fallot—with the aid of controlled cross-circulation 
with another human as a pump-oxygenator—at the University of Minnesota. 
In 1955, John W. Kirklin at the Mayo Clinic reported eight cases of intracardiac 
surgery using the Gibbon type mechanical pump-oxygenator. Donald Ross 
in 1966 in London, England, used for the fi rst time aortic homografts (human 
valves) to repair tetralogy of Fallot with pulmonary atresia, and soon after to 
complete the pulmonary autograft procedure for aortic valve disease (an opera-
tion that carries his name). Further major surgical advances were the arterial 
switch procedure for transposition of great arteries (Jatene, 1976), the introduc-
tion of the Fontan concept (bypassing the right heart in patients with hypoplas-

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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tic ventricles, where a biventricular circulation is not possible, Fontan, 1971) and 
the rationale for normalizing pulmonary and systemic blood fl ow early in life 
by repairing defects in infancy, introduced and popularized by Drs Yacoub and 
Castaneda in the 1970s (from London and Boston, respectively).

Other major breakthroughs such as the development of echocardiography, 
the use of prostaglandins, the introduction of catheter interventions (starting 
with Rashkind’s balloon creation of an atrial septal defect as a palliation for 
patients with transposition of the great arteries in 1966) and more recently 
cardiac magnetic resonance imaging have all revolutionized the fi eld. Surgical 
mortality, initially high even for simple lesions (20–30%), has fallen over the 
years and is currently well down to single fi gures, including operations for 
complex congenital heart disease.

Immense technical resources are now at our disposal, allowing for precise 
anatomic and physiologic diagnoses, with high levels of perioperative care, 
advanced aids of myocardial protection and an astonishing armament of pal-
liative and reparative surgical and catheter procedures all being available 
for patients with congenital heart disease (CHD) in many places around the 
world.

Survival after pediatric cardiac surgery

Specifi c diagnostic categories are compared to a reference healthy population 
(Fig. 2.1).

While this is a dramatic success story of modern medicine, it has created a 
new population of patients who have not been cured. It is only recently that 
it has been appreciated that most ACHD patients have undergone reparative 
and not corrective surgery.Many of them face the prospect of further surgery, 
arrhythmias and heart failure and many are at increased risk of premature 
death. Furthermore, some patients with congenital lesions present late during 
adulthood. Most of these patients will, again, require and benefi t from expert 
cardiology care.

Service provision

Care of the adult with congenital heart disease requires knowledge of the 
morphologic substrate, the type of surgical intervention employed, the post-
operative cardiac and non-cardiac sequelae, and the acquired cardiac disease 
that accrues with age. Regional specialized comprehensive care facilities have 
evolved to address the needs of this complex and growing patient population 
around the world. These facilities do not compete with practicing physicians 
or community hospitals, but instead offer services diffi cult or impossible to 
duplicate elsewhere.

Attendance at a tertiary adult congenital cardiac center should be considered 
for:
1 the initial assessment of suspected or known congenital lesions;
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2 follow-up and continuing care of patients with moderate and severe complex 
lesions;
3 further surgical and catheter intervention;
4 risk assessment and support for non-cardiac surgery and pregnancy.

However, the majority of adults with congenital heart disease will still require 
local follow-up for geographic, social, and health economic reasons. Primary 
care physicians and general adult cardiologists must, therefore, have some 
understanding of the health needs and special issues in the general medical 
management of this population. Importantly, community and hospital physi-
cians must recognize when to promptly refer these patients to an expert center. 
Published management guidelines may assist in this process.

Organization of care
Care of the adult with congenital heart disease should be coordinated by 
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Fig. 2.1 Survival after pediatric cardiac surgery in the Finnish population study of patients with 
congenital heart disease. Specifi c diagnostic categories are compared to a reference healthy 
population. ASD, atrial septal defect; PDA, patent ductus arteriosus; COA, coarctation of the 
aorta; VSD, ventricular septal defect; TOF, tetralogy of Fallot; TGA, transposition of great arteries; 
UVH, univentricular heart. (With permission from Nieminen et al. (2001) Circulation, 104: 573.)
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regional or national centers. Approximately one expert center should be cre-
ated to serve a population of 5–10 million people. Satellite centers, with outpa-
tient-based specialized services, may be encouraged to form direct links with 
the regional center.

• Adults with moderate and severe CHD (Table 2.1) will require periodic evalu-
ation at a regional adult CHD center. These patients, as indeed all patients with 

Table 2.1 Types of patients who should be seen at regional adult CHD centers

Absent pulmonary valve syndrome
Aorto-pulmonary window
Atrioventricular septal defects
Coarctation of the aorta
Common arterial trunk (or truncus arteriosus)
Congenitally corrected transposition of the great arteries
Cor triatriatum
Coronary artery anomalies (except incidental fi ndings)
Criss-cross heart
Cyanotic congenital heart patients (all)
Double outlet ventricle
Double inlet ventricle
Ebstein anomaly
Eisenmenger syndrome
Fontan procedure
Interrupted aortic arch
Isomerism (heterotaxy syndromes)
Kawasaki’s disease
Infundibular right ventricular outfl ow obstruction (moderate to severe)
Marfan syndrome (unless already established under expert leadership)
Mitral atresia
Partial or total anomalous pulmonary venous connection
Patent ductus arteriosus (not closed)
Pulmonary atresia (all forms)
Pulmonary hypertension complicating CHD
Pulmonary valve regurgitation (moderate to severe)
Pulmonary valve stenosis (moderate to severe)
Single ventricle
Sinus of Valsalva fi stula/aneurysm
Subvalvar or supravalvar aortic stenosis
Tetralogy of Fallot
Transposition of the great arteries
Tricuspid atresia
Valved conduits
Vascular rings
Ventricular septal defects with: aortic regurgitation, coarctation, history of endocarditis, mitral 
valve disease, right ventricular outfl ow tract obstruction, straddling tricuspid and/or mitral valve, 
subaortic stenosis

Modifi ed from Therrien J. et al. (2001) CCS Consensus Conference 2001 update: recommendations 
for the management of adults with congenital heart disease. Canadian Journal of Cardiology, 17,
940–959, 1029–1050, and 1135–1158 (with permission).
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CHD, should also have regular contact with their primary care physician (in a 
joint care model).
• Existing pediatric cardiology programs should identify an adult CHD center 
to which transfer of care should be made when patients reach adult age.
• Adult cardiology and cardiac surgical centers should have a referral relation-
ship with a regional adult CHD center.
• Emergency care facilities should have an affi liation with a regional adult CHD 
center.
• Physicians without specifi c training and expertise in adult CHD should not 
manage adults with moderate and severe CHD independently, but in collabora-
tion with colleagues with advanced training and experience in the care of such 
patients.
• Patients with moderate or severe CHD may require admission or transfer to a 
regional adult CHD center for urgent or acute care.
• Most cardiac catheterization and electrophysiologic procedures for adults 
with moderate and severe CHD should be performed at the regional center, 
where appropriate personnel and equipment are available. If such procedures 
are planned at the local cardiac center, prior consultation with adult CHD cardi-
ology colleagues should be sought to avoid unnecessary duplication of invasive 
procedures.
• Cardiovascular surgical procedures in adults with moderate and severe CHD 
should generally be performed in a regional adult CHD center with specifi c 
experience in the surgical care of these patients.
• Appropriate links should be made for provision of care during pregnancy and 
for non-cardiac surgery. The need to develop an integrated team of high-risk 
obstetricians, anesthetists and adult CHD cardiologists cannot be overstated.
• Each regional center should develop a joint medical and surgical database, to 
record activity and outcomes, audit results and facilitate research. Comprehen-
sive patient records should be kept in the regional adult CHD center and copied 
to the primary care physician and to the individual patient.

Manpower, training and research
The American College of Cardiology Task Force states that a minimum of two 
years of full-time ACHD training is needed for a senior cardiology trainee 
(with an adult or pediatric cardiology background) to become clinically com-
petent, to contribute academically, and to effectively train others. Training 
programs for other key staff (e.g. nurses, obstetricians, imaging staff, techni-
cians, psychologists) in adult CHD teams should also be established.

National and international curricula in adult CHD are held regularly to dis-
seminate existing information on the management of the adult with CHD and 
stimulate research. Educational material is available to guide both patients 
and physicians. Barriers to multidisciplinary services should be challenged, 
with the objective of making expert resources available for all adult patients 
with CHD who need them.
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There is a pressing need for clinical research on potential factors infl uenc-
ing the late outcome of this population. The effects of medical, catheter and 
surgical intervention need to undergo further prospective assessment. Clini-
cal and research resources must, therefore, be secured for this large patient 
population.

Transition of care
Structural plans for transition from pediatric to adult CHD care need to be 
developed. Different models will apply depending on local circumstances. 
Collaboration between different disciplines is the key element to any tran-
sition program. Individual patient education regarding their diagnosis and 
specifi c health behaviors is part of this process and should start early. Patients 
and their families need to appreciate early the need for and merits of lifelong 
follow-up for their condition, and that further intervention including surgery 
may be required. Comprehensive information including diagnosis, previous 
surgical and or catheter interventions, medical therapy, investigations, current 
outpatient clinic reports and medication should be kept by the patient and 
also be sent to the adult CHD facility. The development of a patient electronic 
health ‘passport’ is to be encouraged for all patients and is absolutely essential 
for patients with complex CHD and numerous previous interventions.

The multiple needs of this population can be best fulfi lled through national 
networks with the following objectives:
• to establish a network of regional centers;
• to foster professional specialist training;
• to coordinate national or local registries;
• to facilitate research.

Effective communication between units
Within this framework of patient care, general cardiologists with an interest 
need to be supported locally in district hospitals and be facilitated to work with 
both tertiary and primary care physicians to provide for the adult with CHD. 
Pediatric cardiology expertise must be utilized and transition care programs 
developed to ensure seamless care for CHD patients. Patients, and their fami-
lies, need to realize that lifelong follow-up is required for most of them and 
that they may well require further intervention, medical and/or surgical, pref-
erably before overt symptoms develop. Databases shared amongst pediatric, 
adult and non-tertiary care centers and easy access to regional facilities should 
be in place to promote this multilevel collaboration. Clinic records need to be 
communicated to all disciplines involved and copied to patients, who them-
selves should be encouraged to create their own health records. Patient advo-
cacy groups need to continue to develop and participate actively in increasing 
general awareness of adult CHD issues and lobbying for and securing addi-
tional resources for clinical and research purposes.



14 Chapter 2

Patient support groups
There are numerous patient self-help and awareness groups that both patients 
and physicians should be aware of and utilize.
• GUCH: Grown-Up Congenital Heart; term introduced by Dr Jane Somer-
ville, one of the founders of the fi eld. The Grown-Up Congenital Heart Patients 
Association (GUCH) is a UK charity, founded in 1993 to provide information 
and support for young people and adults who were born with a heart condi-
tion, and their families. www.guch.org
• CACHNET.ORG (Canada). CACHNET.ORG is home to the Canadian 
Adult Congenital Heart Network and the Toronto Congenital Cardiac Centre 
For Adults at the University of Toronto. Their aim is to provide comprehensive 
care and information to adult patients with congenital heart disease and their 
care providers. www.cachnet.org
• Adult Congenital Heart Association (US). The Adult Congenital Heart 
Association (ACHA) is an international organization that provides informa-
tion and support for patients, their families and healthcare professionals. 
www.achaheart.org
• Children’s Heart Society. At this site you will fi nd information on the Soci-
ety and resources for parents, family and children. www.childrensheart.org
• National Marfan Foundation (US). The National Marfan Foundation was 
founded in 1981 by people who have the Marfan syndrome and their families. 
www.marfan.org
• Noonan Syndrome Support Group (US). The group is intended for people 
whose lives are touched by Noonan syndrome. www.noonansyndrome.org
• Down Syndrome Association (UK). The Down Syndrome Association 
exists to support people with Down syndrome, their family and carers, as well 
as providing information for those with a professional interest. The associa-
tion also aims to improve general understanding and awareness of the con-
dition and to champion the rights of people with Down syndrome. www.
dsa-uk.com
• Congenital Heart Defects.com. This site is devoted to providing informa-
tion to members of the worldwide congenital heart defect (CHD) community. 
www.congenitalheartdefects.com
• The Congenital Heart Disease Resource Page. Provides a collection of 
resources, including books, web resources, support groups and defect infor-
mation. www.csun.edu/~hcmth011/heart
• Children’s Heart Information Network. CHIN is an international organi-
zation that provides reliable information, support services and resources to 
families of children with congenital heart defects and acquired heart disease, 
adults with congenital heart defects, and the professionals who work with 
them. www.tchin.org
• Pulmonary Hypertension Association (UK). The main aims of the PHA are 
to provide support, fellowship and educational resources for patients with pul-
monary hypertension, their families, friends and members of the nursing and 
medical profession involved in the provision of their care. www.pha-uk.com
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Professional and other useful websites
Numerous websites provide useful information on adult CHD exclusively or 
as part of a cardiology forum.
• ISACCD: International Society for Adult Congenital Cardiac Disease; 
ISACCD seeks to promote, maintain and pursue excellence in the care of ado-
lescents and adults with congenital cardiac disease. The Society is dedicated to 
the advancement of knowledge and training in medical disciplines pertinent 
to congenital heart disease in adults. www.isaccd.org
• European Society of Cardiology (ESC) and the ESC Grown-up Congenital 
Heart Disease. www.escardio.org/society/wg/wg22.htm
• The Association for European Paediatric Cardiology. www.aepc.org/home.
htm
• British Cardiac Society. www.bcs.com/
• British Heart Foundation. www.bhf.org.uk
• American College of Cardiology. www.acc.org
• American Heart Association. www.americanheart.org
• Canadian Adult Congenital Heart Network. www.cachnet.org
• Royal Brompton Adult Congenital Heart Unit. www.rbh.nthames.nhs.uk
• Japanese Society for Adult Congenital Heart Disease. www.jsachd.org
• Congenital Heart Surgeon’s Society. www.chssdc.org
• 2000 Canadian Cardiovascular Society Consensus Conference on Adult 
Congenital Heart Disease. www.rbh.nthames.nhs.uk/Cardiology/Consen-
sus/index.htm
• Proceedings of the 32nd Bethesda Conference Care of the Adult with Con-
genital Heart Disease. Journal of the American College of Cardiology 2001; 37: 1161–
1198. www.acc.org/clinical/bethesda/beth32/dirindex.htm

Further reading

Brickner ME, Hillis LD & Lange RA (2000) Congenital heart disease in adults. New England 
Journal of Medicine, 342, 334–342.

Gatzoulis MA, Balaji S, Webber SA, et al. (2000) Risk factors for arrhythmia and sudden death 
in repaired tetralogy of Fallot: a multi-centre study. Lancet, 356, 975–981.

Nieminen HP, Jokinen EV & Sairanen HI (2001) Late results of pediatric cardiac surgery in 
Finland: a population based study with 96% follow-up. Circulation, 104, 570–575.

Therrien J et al. (2001) CCS Consensus Conference 2001 update: recommendations for the 
management of adults with congenital heart disease. Canadian Journal of Cardiology, 17,
940–59, 1029–1050, and 1135–1158.

Webb GD, Williams RG, et al. (2001) 32nd Bethesda Conference: Care of the adult with con-
genital heart disease. Journal of the American College of Cardiology, 37, 1161–1198.
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CHAPTER 3

Pregnancy and Contraception

Professor Philip J. Steer
Academic Department of Obstetrics and Gynaecology, Chelsea and 
Westminster Hospital & Faculty of Medicine, Imperial College, London, UK

Introduction

In the UK, the incidence of heart disease in pregnancy has declined during 
the last half-century from about 3% to less than 1%. This has been due to the 
dramatic reduction in the incidence of rheumatic fever following the intro-
duction of penicillin (although rheumatic defects are still common in women 
born overseas). However, about 0.8% of babies born have a congenital cardiac 
anomaly, making this one of the largest groups of congenital defects. Because 
of the improving results of surgical intervention over the last 30 years, more 
now survive into the reproductive age group.

Current incidence of heart disease in pregnant women in the UK:
• Congenital 0.8%
• Acquired 0.1%

In the last UK confi dential enquiry into maternal death (Lewis & Drife, 2004), 
cardiac disease was the leading cause of maternal death after suicide. Moreo-
ver, the incidence is rising, with 44 deaths associated with cardiac disease in 
the triennium 2000–2002 inclusive (up from 18 in 1988–1990), compared with 
30 associated with thrombosis (33 in 1988–1990), 14 associated with hyperten-
sion (27 in 1988–1990) and 17 associated with hemorrhage (22 in 1988–1990).

Pre-conception counseling

More than 80% of women with congenital heart disease know about their treat-
ment, occupational choices, and dental hygiene (Moons et al., 2001). Most have 
some idea of the risks of pregnancy, but these are often inaccurate, ranging from 
the unduly pessimistic to the inappropriately optimistic. Women approaching 
reproductive age (from 12 years onwards) should be effectively counseled about 
contraception, so that any pregnancies can be planned appropriately. Before be-
coming pregnant, they should receive detailed and tailored information about 
the risks to them and their babies. Counseling should be set in motion by the 
lead clinician involved in their care, which will usually be the cardiologist and 
should involve an obstetrician/gynecologist with relevant experience. It is im-
portant that prior to conception a thorough and up-to-date understanding of the 
woman’s cardiologic status is made available and shared between all profession-
als involved and the patient and her partner. Therefore, as many investigations 
as possible should be completed before pregnancy, so as to achieve this goal.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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The cardiologist should discuss with each woman not only the effects of 
her heart disease on pregnancy, but also the effects of pregnancy on her heart 
disease.

Life expectancy
This is important because the woman may become unwell during her baby’s 
childhood, and the need for family support during such a stressful time should 
be discussed. The issue of potential mortality both during pregnancy, and fol-
lowing the birth, should be addressed directly. Moreover, from the medicole-
gal perspective, it is important to give the woman some statistical estimate of 
the likelihood of mortality. This should be documented in the notes, and also 
communicated to the woman and her general practitioner in writing. Sending 
the woman a copy of a clearly written letter to the general practitioner is a use-
ful way of doing this.

To put matters into context, it can be helpful to quote comparisons with the 
maternal mortality in the United Kingdom in the 1920s, which was one in 250. 
This is the same as India in the present day. In some parts of the developing 
world, the lifetime risk of dying from pregnancy can be as high as one in 10. 
Quoting these risks helps the woman to put her risk into perspective. It is im-
portant to make it clear to the woman that the risk of pregnancy is just that, a 
risk. Half the women with a 50% risk will survive pregnancy, but one in 1000 
women with a ‘low risk’ will not. (See Table 3.1.)

It is not possible to give a list of lesions with precise risks attached, because 
few women have exactly the same lesion, and the risk is also strongly modu-
lated by complications that may or may not develop during pregnancy. For 
this reason, there is no substitute for a careful appraisal of the facts for each 
individual, made jointly by the cardiologist and an obstetrician.

However, conditions in which risk of maternal death is likely to exceed 1% 
include:
• any form of cyanotic congenital heart disease;
• pulmonary hypertension;
• poor systemic ventricular function (for example, a systemic RV);
• severe left heart obstructive lesions (for example, mitral and aortic stenosis);
• Marfan disease, especially if the aortic root is dilated;
• women who have had a repair of coarctation with a Dacron patch;
• previous peripartum cardiomyopathy;
• poor cardiac function for any reason at the time of conception.

An entirely healthy woman 1 in 20,000
Average for the population 1 in 10,000
Corrected Fallot’s or similar 1 in 1,000
Severe aortic stenosis 1 in 100
Pulmonary hypertension 1 in 3
Eisenmenger’s complex 1 in 2

Table 3.1 Approximate risks of mortality 
associated with pregnancy
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Risks to the fetus
Intrauterine growth restriction
Women with cyanotic congenital heart disease often have to be delivered early 
because of poor fetal growth (up to 50% risk of intrauterine growth restric-
tion).

Fetal abnormality
Women with congenital heart lesions should be advised that their children 
are likely to be at increased risk of a similar defect. It has been traditional to 
quote a fi gure for recurrence of approximately 3–5%, but there is increasing 
evidence that the risk varies according to the maternal defect (see Table 3.2), 
for example:

Women with mechanical heart valves requiring warfarin therapy experi-
ence a high rate of fetal loss, from warfarin embryopathy in the fi rst trimester, 
to intracranial hemorrhage from fetal anticoagulation in the middle trimester 
(Romano-Zelekha et al., 2001).

The issue of the possibility of termination of pregnancy if the fetus is found 
to have a severe lesion should be explained and discussed.

In some women, the desire for pregnancy may be an important indication 
for expediting surgery, if this is likely to be necessary at some time anyway. For 
example, the risk of death or major complications associated with pregnancy 
in a woman with uncorrected Fallot’s tetralogy may be as high as 10%, but falls 
dramatically for most patients who have undergone corrective surgery.

An important issue is that of patient autonomy. It has been traditional in the 
past to talk about ‘allowing women with heart disease to become pregnant’, 
or ‘telling women with heart disease that they must not become pregnant’. 
Current best practice is to treat the patient wherever possible as a partner in 
the management of their condition, eschewing a paternalistic (or maternalis-
tic) approach. Rather, one should explore sympathetically a woman’s natural 
desire to have children and help her to work through the implications of this 
for herself, the children, her partner and their families. One should encourage 
the woman to make her own decision about her personal priorities, and then 

Maternal abnormality Recurrence risk (%)

Marfans syndrome 50
Ventricular septal defect 15
Atrial septal defect 10
Aortic stenosis 10
Tetralogy of Fallot* 3

*Assuming the mother is negative for the 
DiGeorge microdeletion mutation. The full 
22q11 deletion has a dominant inheritance 
and causes a variety of phenotypes plus 
metabolic defects secondary to hypoplasia of 
the parathyroid and thymus glands.

Table 3.2 Recurrence risks of maternal 
abnormalities
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support her in the decision. It is particularly for this reason that one must not 
obfuscate the risk of death, as otherwise one can be accused of encouraging 
pregnancy in women who are not fully aware of the risks.

Finally, the need for detailed and time-consuming antenatal care should be 
emphasized. Maternal cardiac disease is one of the few remaining valid indi-
cations for hospital admission for bed rest. Because many women live some 
distance from the nearest maternity/cardiac center, they may need to reside 
in the hospital for medical or social reasons for anything from 4 weeks to 4 
months in the latter stages of pregnancy.

The effects of pregnancy on the cardiovascular system
Pregnancy is an additional stress on an already compromised cardiovascular 
system. There is a 50% expansion in blood volume, mostly due to retention 
of fl uid and relative enlargement of the plasma volume, which is necessary 
to provide appropriate blood fl ow to the uterus and fetoplacental unit. This 
increase in volume is associated with:
• an increase in heart rate from as early as 6 weeks’ gestation;
• peripheral vasodilatation to allow for increased blood fl ow and heat loss 
(heat is generated by the growing fetus);
• a fall in systemic venous resistance;
• a 50% increase in cardiac output.

Women who just manage to cope in the non-pregnant state may experience 
cardiac decompensation during pregnancy. On the other hand, if the increase 
in cardiac output is limited, fetal growth may be adversely affected. Chang-
es in peripheral vascular resistance often lead to changes in left-to-right and 
right-to-left shunting. The aortic dilatation associated with increased cardiac 
output increases the risk of aortic rupture in women with repaired coarctation, 
bicuspid aortic valve aortopathy and in Marfan syndrome.

Another major issue is the activation of the coagulation system that occurs 
during pregnancy, probably as an adaptation to limit postpartum hemorrhage. 
Pregnant women are fi ve times more likely to have a thrombotic episode than 
non-pregnant women, and this likelihood is further increased if the woman has 
a high hemoglobin concentration, such as occurs in cyanotic heart disease.

Another major cardiovascular threat that can occur even in normal preg-
nancy is the development of pre-eclampsia. Although there is a moderate fall 
in blood pressure in the middle trimester, blood pressure usually rises again 
towards term. In 12–15% of women, this rise is marked (pregnancy-induced 
hypertension). In 2–3% of women, multisystem disorder accompanies this 
hypertension, and when signifi cant proteinuria develops, the woman is di-
agnosed as having pre-eclampsia. However, more important than the renal 
dysfunction is the clotting abnormality (diffuse intravascular coagulation) 
that complicates a signifi cant proportion of cases. More rarely there is liver 
and cerebral involvement, both of which can be fatal. The combination of pre-
eclampsia and Eisenmenger’s syndrome is usually fatal.

Other increased risks in pregnancy include:
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• infection (for example urinary tract infection);
• increased risk of subacute bacterial endocarditis;
• hemorrhage (both antepartum and postpartum hemorrhage pose particu-
lar risks for women with limited cardiac reserve);
• arrhythmia (myocardial excitability is increased during pregnancy).

Antenatal care

Care of this high-risk group of pregnant women should be provided by fully 
trained personnel, preferably at consultant level. Moreover, such consultants 
should have experience or training in pregnancy in women with cardiac dis-
ease, who are best looked after in a specialist unit. Regular visits will need to 
be more frequent than in women with a normal pregnancy (for example, every 
2 weeks until 24 weeks and then weekly), and a much more thorough exami-
nation should be carried out at each visit than is necessary in women without 
medical complications. It is probably good practice at each visit to:
• measure the pulse rate and blood pressure
• assess the heart rhythm
• auscultate the heart sounds
• listen to the lung bases.

Such a thorough examination can pick up the early signs of pathology de-
veloping, such as:
• ventricular decompensation (results in a tachycardia)
• onset of arrhythmia
• the development of bacterial endocarditis
• incipient pulmonary edema.

Prompt management before major decompensation occurs can prevent 
many problems. At each visit, the woman should be asked specifi cally about 
any shortness of breath or palpitations. Antenatal records which we have de-
signed specifi cally for the care of women with cardiac disease during preg-
nancy are illustrated in Fig. 3.1. Periodic echocardiography and other imaging 
should be individualized according to patients’ specifi c cardiovascular status. 
Typically, close monitoring is required for patients with evidence of deteriorat-
ing cardiac function, the appearance of a new murmur, or those at risk of silent 
deterioration (for example, aortic root dilatation in Marfan syndrome).

Because of the increased risk of congenital heart disease in the fetus, it is 
essential to offer the woman appropriate screening ultrasound scans. These 
are listed below.

Fetal nuchal translucency measurement at 12–13 weeks
This involves the measurement of the nuchal skinfold thickness at the back of 
the fetal neck. The normal thickness is less than 4 mm. The thickness, taken 
in conjunction with a woman’s age (and increasingly, with other biochemi-
cal measurements such as beta HCG) has about 85% sensitivity for Down 
syndrome (which is itself associated with cardiac defects). Studies have also 
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shown that congenital heart disease per se is associated with about a 60% 
chance of an increased nuchal thickness (>95th centile), although the positive 
predictive value of an increased nuchal thickness for cardiac disease is not 
very high (1.5%) (Hyett et al., 1999). However, the incidence of congenital car-
diac disease if the nuchal thickness is normal is only one in 1,000, so it is useful 
for reassuring mothers at increased risk because they have congenital heart 
disease themselves. In addition, improving ultrasound resolution has enabled 
the direct detection of structural lesions even at this early gestation, so that 
detection rates of up to 90% have been reported (Carvalho, 2001).

Fetal echocardiography at 14–16 weeks
This is offered if there is a particularly strong history of congenital heart dis-
ease. It allows early detection of moderate to severe lesions, but because the 
fetal heart is still very small at this gestation, additional echocardiography 
later is necessary.

Routine fetal anomaly scan at 20 weeks
Most women in the UK are now offered a routine screening fetal anomaly scan 
at about 20 weeks’ gestation. This includes a four-chamber view of the fetal 
heart, which has been shown to detect up to 80% of major cardiac lesions.

Fetal echocardiography at 18–22 weeks
Because of the increased risk attached to mothers with congenital heart dis-
ease, it is important that a scan is carried out by a trained fetal cardiologist in 
addition to the routine anomaly scan. The structures are easier to make out 
at 18–22 weeks’ gestation. If there remains any doubt, additional scans at 24 
or even 26 weeks may be necessary. It is also good practice for the baby of the 
mother with congenital heart disease to be examined carefully following birth 
and before discharge from hospital, as some lesions can only be detected once 
the ductus arteriosus and the physiological atrial septal defect closes follow-
ing birth. A postnatal echocardiogram is only necessary if a clinical abnormal-
ity is found.

Fetal surveillance
In women with good hemodynamic function and normal oxygen saturations, 
there is no evidence that routine ultrasound surveillance of fetal growth is nec-
essary. Indeed, excessively frequent scans may increase maternal anxiety, and 
can lead to over-intervention, such as unnecessary induction of labor. Instead, 
ultrasound scans for fetal growth should be ordered when specifi cally indi-
cated. Indications include increased hemoglobin concentrations in the mother 
(reduces placental perfusion), restrictive lesions where cardiac output is limited, 
women who are underweight or markedly hypo- or hypertensive, and women 
with a previous history of intrauterine growth restriction. Clinical monitoring 
of fetal growth is carried out using symphysio-fundal height measurements, 
and scans should also be ordered if clinical growth is unsatisfactory.
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Other aspects of care
Joint clinics between the obstetrician, cardiologist and anesthetist are an es-
sential component of good management. They enable careful planning of 
pregnancy care, and in particular, discussion of labor and delivery.

It is also important that women have access to experienced midwives during 
their antenatal care, because the majority of these women will have a relatively 
normal labor and delivery, for which they will need supervision from an ex-
perienced midwife with appropriate high dependency skills. In addition, they 
need instruction in how to deal with labor and care for their newborn baby. In 
many European countries, the midwife is the expert in these areas of care.

Risks related to specifi c cardiac conditions

For more information on risks, see Further reading: Task Force on the Management 
of Cardiovascular Diseases During Pregnancy of the European Society of Car-
diology (2003).

Tetralogy of Fallot
The main risk in patients with unrepaired tetralogy is related to the degree of 
maternal cyanosis. When the oxygen saturation falls below 85%, further de-
saturation can interfere with fetal oxygenation, leading either to fetal growth 
restriction or even intrauterine death. Close monitoring of blood pressure and 
oxygen saturations is needed, and vasodilators should be avoided because 
they increase the right-to-left shunt.

Coarctation of the aorta
Most women with this condition will have been diagnosed before pregnancy, 
and the repair will have been carried out. However, aneurysm formation at 
the site of the repair, or even rupture of the aorta, can occur and such compli-
cations are reported in about 1% of cases. In addition, even following repair, 
some women are left with a persistent hypertension which is diffi cult to con-
trol. Restriction of physical activity should be recommended to avoid surges in 
blood pressure, and clinical management should also be directed at avoiding 
high blood pressure. In this context, pre-eclampsia presents a particular risk.

Transposition of the great arteries
In most women born in the last 25 years, this will have been anatomically cor-
rected by the ‘switch’ operation and the residual risk will be small. However, 
physiologic correction using ‘atrial baffl es’ like the Mustard procedure leaves 
some women with impaired systemic ventricular function and a substantially 
increased risk of thrombotic complications secondary to impaired fl ow. Use of 
subcutaneous low-molecular-weight heparin should be considered.
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Congenitally corrected transposition of the great arteries
The main problem here is that the systemic right ventricle may fail under the 
additional strain of pregnancy. Again, stress limitation is important. If the pa-
tient shows any signs of developing right ventricular decompensation, early 
delivery is recommended.

Marfan syndrome
Marfan syndrome is relatively common, with an incidence of one in 5000 
women. There is defi cient elastic tissue in the blood vessels due to a domi-
nantly inherited fi brillin-1 defi ciency disorder. The major risk is of aortic root 
dilatation, producing either aortic incompetence, or even more seriously, dis-
section of the aorta. The risk of death or serious morbidity is probably about 
1% when the aortic root is less than 4 cm in diameter, but increases to as much 
as 10% as the diameter of the root increases. Although successful pregnancies 
have been reported with aortic root diameters as large as 7.9 cm, the risk is 
reduced if such dilated roots are electively replaced with Dacron grafts before 
pregnancy. Similar problems can occur in women with the Ehlers-Danlos syn-
drome or bicuspid aortic valves.

Mitral stenosis
This is the main lesion seen in women who have had rheumatic fever. The 
normal area of the mitral valve is about 4–6 cm2. Below an area of 1.5 cm2 there 
is a risk that blood cannot pass through the valve at an adequate rate at times 
of stress, leading to the development of pulmonary edema, congestive heart 
failure and intrauterine growth restriction. In the past, closed valvotomy was 
used if symptoms or signs developed, but more recently percutaneous balloon 
mitral valvotomy has been used successfully.

Aortic stenosis
Less common than mitral stenosis, aortic stenosis can lead to similar problems, 
and as with left ventricular infl ow stenosis, restriction of activity and avoid-
ance of increasing output requirements are key to management. Occasionally, 
patients with evidence of early left ventricular decompensation require relief of 
aortic stenosis with either catheter balloon valvuloplasty or cardiac surgery.

Pregnancy in women with heart valve prostheses
The problem in managing such women is balancing the risk to the mother with 
the risk to the fetus. In most cases, the hemodynamic performance of the heart 
is good. The main risk is of valve thrombosis. For this reason, most women are 
anticoagulated with warfarin. This drug is very effective at preventing valve 
thrombosis, but unfortunately it crosses the placenta. This can lead to warfa-
rin embryopathy in up to 80% of fetuses. In addition, because the fetus is also 
anticoagulated, 70% of pregnancies have a poor fetal outcome, with increased 
incidence of middle trimester miscarriage, internal fetal bleeding, and central 
nervous system fetal abnormalities. The latter can be due to cerebral intraven-
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tricular hemorrhage and resultant hydrocephalus. For many years, the usual 
recommendation has been to change the women on to intravenous heparin for 
the fi rst trimester. This appears to be effective at preventing valve thrombosis, 
but carries long-term problems of bone demineralization, maternal bleeding, 
and infection from the venous access sites required. For this reason, most au-
thorities have recommended recommencing warfarin at 12 weeks’ gestation, 
reverting to intravenous heparin from 36 weeks, and stopping the heparin 
temporarily during the time of delivery. Following this, the warfarin is re-
started (it is safe in breastfeeding mothers as very little passes into the breast 
milk). Because of the high fetal loss rate with warfarin, subcutaneous low-
molecular-weight heparin in the second and third trimester has been tried 
instead. Unfortunately, most reports suggest that valve clotting complications 
still occur (in about 10% of women). Thus, women are faced with a strategy 
which either minimizes the risk to themselves, or to their fetus, with currently 
no therapeutic approach which is safe for both.

Cardiomyopathy
It is important to distinguish between pre-existing cardiomyopathy not as-
sociated with pregnancy, and peripartum cardiomyopathy. The outcome for 
the former, whether it is dilated or hypertrophic, is good (with appropriate 
management). However, with peripartum cardiomyopathy, mortality rates 
between 6% and 50% have been reported. Systemic and pulmonary embolism 
from mural thrombosis, and dysrhythmias, are important complications. Fail-
ure of the heart to return to its normal size within 6 months is a poor prognos-
tic indicator, and suggests that any future pregnancies will be high risk.

Pulmonary hypertension
At one time it was thought that secondary pulmonary hypertension might be 
less serious than the primary form. However, more recent reports suggest that 
both are very risky, with maternal mortality rates of 30–50%. Many of those af-
fl icted have a shunt, which eventually leads to cyanosis. A key part of the man-
agement strategy is anticoagulant prophylaxis. Subcutaneous low-molecular-
weight heparin seems effective and may even need to be at therapeutic levels 
in the puerperium, when the risk of thrombosis is highest. Continuous nasal 
oxygen at 3 to 5 liters per minute antenatally raises maternal oxygen satura-
tion by about 5%, and experience suggests that it improves fetal growth. It may 
also prevent pulmonary hypertensive crises. Management of delivery should 
be absolutely pain-free. In severe cases inhaled nitric oxide or prostacyclin, or 
even intravenous prostacyclin, may play an additional role.

Arrhythmias
Arrhythmias can usually be managed in much the same way as in women 
who are not pregnant. All commonly used anti-arrhythmic drugs cross the 
placenta, but most (for example, adenosine and fl ecainide) appear to be rela-
tively safe for the fetus. Exceptions include some beta-blockers such as sotalol 
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or propranolol, which interfere with fetal growth and may prevent proper fetal 
response to stress during labor. Amiodarone can be used, but may produce 
neonatal thyroid dysfunction, and the neonate should be followed up care-
fully with thyroid function tests. Most reports of electrical cardioversion are 
reassuring, with only rare anecdotal evidence of any fetal side-effects.

Special investigations and procedures during pregnancy

With modern echocardiographic techniques, there is usually no need to per-
form fl uoroscopic or invasive investigations during pregnancy. However, if 
these are needed, chest radiography carries a negligible risk for the fetus, es-
pecially if the fetus is shielded by a lead apron over the mother’s abdomen 
during any procedures. Computerized tomography, however, involves a much 
higher dosage of x-rays, and should therefore be avoided. Magnetic resonance 
imaging is safe. Transesophageal echocardiography can be carried out also if 
necessary.

If surgical intervention is necessary, this should be done without cardiopul-
monary bypass whenever possible, as this procedure carries a signifi cant risk 
for the fetus. However, the major risk of fetal damage occurs with hypothermia, 
and as long as normothermia and good maternal oxygenation is maintained, 
the fetus is likely to survive even cardiopulmonary bypass successfully.

Labor and delivery

The place of cesarean section
It has been customary in the past to recommend elective cesarean section for 
many women with congenital heart disease. The rationale for this has been the 
ability to program timing of delivery and ensure the presence of senior expe-
rienced personnel. In fact, any service that provides care for women with heart 
disease must be able to provide a 24-hour 7 days a week service for all 52 weeks 
of the year, because pregnant women can present with complications, labor, 
or other emergencies, at any time of the day or night. Accordingly, great effort 
should be made to ensure a consistent standard of care 24 hours a day.

Ensuring the availability of high-quality care at all times means that it is 
unnecessary to recommend routine cesarean section (CS). Vaginal delivery 
carries about half the risk of an elective cesarean section. For example, even 
elective CS increases the risks of hemorrhage twofold, clotting threefold and 
infection tenfold. While it is true that emergency cesarean sections can be par-
ticularly dangerous, and they are prevented by elective CS, detailed supervi-
sion during labor can reduce the incidence of unexpected emergencies to a low 
level. Under these circumstances, the risk of an intrapartum CS will be closer 
to that of an elective CS.

The key principle is to manage the stress of labor so that it does not exceed 
the woman’s capacity to cope with it. In this regard, epidural anesthesia has 
a major part to play. The development of the low-dose slow incremental epi-
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dural, with its minimal effects on hemodynamic performance, has proved to 
be an important advance in the care of pregnant women with heart disease.

Induction of labor
Spontaneous labor is quicker, and carries a higher chance of a successful vagi-
nal delivery, than induced labor. Accordingly, induction of labor should be 
carried out only for the usual obstetric indications. The commonest of these 
will be post-dates pregnancy, and currently induction is recommended at 7 to 
10 days after the due date. Exceptions are obviously the cases where cardiac 
decompensation is likely or actually occurring. For such patients, careful con-
sideration should be given to elective CS. Another indication for elective CS is 
the possibility of a sudden onset of a decompensating arrhythmia.

First and second stages of labor
Uterine contractions have been suggested in themselves to increase cardio-
vascular stress. Our experience is that with effective epidural anesthesia they 
have no readily observable effect. On the other hand, maternal ‘bearing down’ 
in the second stage of labor is a high-risk time, as it calls for very intense effort 
on the part of the mother. Accordingly, an estimation of hemodynamic reserve 
should be made antenatally, and recommendations made as to how long the 
woman can reasonably bear down without undue risk. A time limit should be 
set, after which delivery should be assisted either by ventouse extraction, or 
by forceps.

The third stage of labor
Management of the third stage (delivery of placenta and membranes) is anoth-
er high-risk time. This is because, with uterine retraction, there is a transfusion 
of extra blood (previously in the maternal placental bed) into the maternal cir-
culation, which can cause circulatory overload. On the other hand, if retraction 
fails to occur effectively, uterine hemorrhage will begin, and this can destabi-
lize the circulation in the opposite direction. Management should therefore 
aim to minimize these fl uctuations. Oxytocic drugs which are routinely used 
in the third stage also have major hemodynamic effects. Ergometrine increas-
es the blood pressure substantially in most women, whereas Syntocinon®
reduces it. The combination often used (Syntometrine®) has unpredictable 
effects, which can go either way. Our practice has therefore been not to give 
bolus injections of these medications, but to start a continuous infusion of a 
low-dose rate of Syntocinon® (at about 10–12 mU min-1), which at this dos-
age has minimal cardiovascular effects. It should be given in a low volume of 
fl uid, so as not to overload the circulation with crystalloid. The infusion can 
be continued for 4 to 12 hours, depending on the circumstances. At the time of 
cesarean section, one can also use uterine compression sutures, thus avoiding 
the need for oxytocics altogether.
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Monitoring in labor
Continuous fetal monitoring is recommended in all cases to ensure maximum 
surveillance of the fetus. Particular attention needs to be paid to patients on 
beta-blockers, as the latter may suppress signs of fetal distress. Maternal moni-
toring during labor should be individualized according to the mother’s par-
ticular pathology, but is likely to include:
• continuous EKG monitoring;
• pulse oximetry;
• invasive blood pressure monitoring using an arterial line.
An arterial line in place is particularly useful if the mother’s cardiac output 
falls substantially, as automated external blood pressure monitors and pulse 
oximetry often provide unreliable information when systemic hypotension 
with hemodynamic compromise are present.

Antibiotic prophylaxis
There is no evidence that routine antibiotic prophylaxis is necessary if the 
woman has a spontaneous vaginal delivery. It is probably wise, however, to 
give such prophylaxis (usually with penicillin and gentamicin) if the woman 
has any form of operative vaginal delivery, or a cesarean section. The repair of 
a small or moderate size episiotomy or tear does not require antibiotic prophy-
laxis, but if the tear is extensive, and particularly if it is third degree, then 
antibiotics should be given. They should also be given if the woman has previ-
ously had endocarditis or has artifi cial heart valves. (See Chapter 4 on infective 
endocarditis prophylaxis.)

We fi nd it useful to have a ready prepared sheet outlining the clinical man-
agement plan for delivery (Fig. 3.2). It has on it ready prepared options which 
simply have to be ticked or circled in order to indicate the consensus about pre-
ferred management. This not only structures predelivery multidisciplinary 
discussion, but also acts as a useful aide memoire for the staff present at the 
delivery. A second sheet gives examples of common complications that arise, 
together with specifi c recommendations for dealing with them (Fig. 3.3).

The puerperium
The most important routine aspect of care in the puerperium is thrombo-
prophylaxis. It is usual to give a prophylactic dose of subcutaneous low-mo-
lecular-weight heparin.

Another important aspect which is often overlooked is breastfeeding. Most 
of the medications used in cardiac women, such as digoxin, or fl ecainide, are 
safe during breastfeeding because insignifi cant amounts get into the breast 
milk. However, as some beta-blockers such as sotalol or propranolol can get 
into the breast milk in suffi cient amounts to cause fetal bradycardia, either 
they should be avoided or the mother should be advised to breastfeed only 
with careful supervision of the baby to ensure that it is not being affected. The 
British National Formulary provides useful and authoritative information on 
this aspect of care. Involvement of the neonatologist is also important, espe-
cially if the baby is preterm or growth restricted.
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Joint Cardiac Obstetric Service (JCOS) management plan for delivery

Cardiac diagnosis  ………………………………………………………………

Please circle agreed plan and tick box when actioned
If admitted to labor 
ward

Please inform Grade
Obstetrician on call Consultant/registrar
Anesthetist on call Consultant/registrar
Cardiac team Y/N

Tick

Antenatal admission From ……………….. weeks

Mode of delivery Elective lower cesarean section/trial of vaginal delivery

Cesarean section 3rd stage: Prophylactic compression suture/Syntocinon 5 units 
over 10–20 mins/Syntocinon – low dose infusion (8–12 milliunits/
min)
Anesthetic technique: Epidural/spinal/general/other
Comments …………………………………………….
Maternal monitoring: EKG/SaO2/non-invasive BP/invasive 
BP/CVP
Other instructions/warnings: …………………
Inform JCOS member if admitted to labor before scheduled 
LSCS date

Vaginal delivery 1st

stage
HDU chart/TEDS in labor/medication to be continued …………
Prophylactic antibiotics: Elective/if operative delivery
Epidural for analgesia: none/when requested/as soon as in 
established labor
Comments re anesthetic ……………………………………
Maternal monitoring: EKG/SaO2/non-invasive BP/invasive 
BP/CVP

Vaginal delivery 2nd

stage
Normal second stage/short second stage (then assist if not del 
max ………… mins pushing)/elective assisted delivery only

Vaginal delivery 3rd

stage
Normal active management (oxytocin and CCT)/Syntocinon 
infusion 8–12 milliunits/min
Continue syntocinon infusion ………. hours

Post delivery High Dependency Unit (min stay ……… hrs)/LMW heparin 
(duration ……………)
Other drugs postpartum …………………….

Please inform the consultant obstetrician on call if there is departure from 
planned management or if new clinical situations develop

Fig. 3.2 Delivery management plan for women with cardiac disease. Courtesy of High Risk 
Obstetric Team, Chelsea & Westminster Hospital, London, UK. EKG, electrocardiogram; SaO2,
oxygen saturations; BP, blood pressure; CVP, central venous pressure; HDU, high depend-
ency unit; TEDS, thromboembolic deterrent stockings; CCT, controlled cord traction; LMW, low 
molecular weight.
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Contraception

The ideal contraceptive has not yet been invented; all methods have advantag-
es and disadvantages. In women with heart disease, many of the side-effects of 
contraceptive techniques are increased or particularly important. On the other 

Please inform the consultant obstetrician on call if there is departure from planned 
management or if clinical situations develop in women with cardiac disease

Examples of clinical situations Consider the following

Spontaneous labor and recent 
thromboprophylaxis use eg LMWH/
Warfarm

Inform anesthetist ASAP
Discuss with senior obstetric physicians
Options may include
………………...
………………...
………………...

Need for Syntocinon augmentation in 
labor

• Use double strength Syntocinon but halve rate to 
reduce total volume of fl uids given
(This decision needs to be taken at consultant level)

Postpartum hemorrhage • Inform anesthetic consultant on call
• Consider use of compression suture
• Consider use of intrauterine balloon (antibiotic cover 
is required)
• Strict input/output charts to be maintained
• Consider central access or arterial monitoring
• Caution should be exercised in use of usual 
uterotonics eg misoprostol/hemabate/high dose 
Syntocinon infusion

Preterm labor Do not use Ritrodrine or Salbutomol
Atosiban (Tractocile) should be fi rst line Mx

Pacemaker Avoid bipolar diathermy and use unipolar

Useful contact details of JCOS team

Please seek advice from JCOS member if there are concerns or if clarifi cation is required 
on clinical management

Fig. 3.3 Examples of common complications during delivery and what to do. Courtesy of High 
Risk Obstetric Team, Chelsea & Westminster Hospital, London, UK. LMWH, low-molecular-
weight heparin; Mx, management; JCOS, cardiac obstetric care service.
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hand, unplanned and unwanted pregnancies almost invariably carry an even 
higher risk. Accordingly, some additional risks from use of the contraceptive 
may have to be accepted. The key features of contraception are reliability and 
safety.

Reliability
No method of contraception, even hysterectomy, is totally guaranteed to pre-
vent pregnancy. Failure rates are measured as the PEARL index. This is the 
number of pregnancies that would occur if 100 women of average fertility used 
the method for 1 year. The average pregnancy rate if no contraception is used 
is 85 (about 15% of couples have a problem conceiving).

Safety
Women with heart disease are especially susceptible to those methods which 
increase the tendency of thrombosis. This is due in part to impaired circu-
lation in the periphery, and in some women to an elevated hemoglobin con-
centration secondary to hypoxemia. In addition, if the heart is malformed it 
can cause sluggish blood fl ow that also increases the risks of clot formation 
and embolism. Another risk is infection. The roughened surfaces of the heart, 
valves or blood vessels can allow bacteria circulating in the blood to settle and 
cause endocarditis.

Methods available
‘Natural methods’
There are a variety of techniques that use our understanding of how concep-
tion occurs to try and prevent pregnancy. Although often called ‘natural’, 
many seem far from natural in practice. For example, abstinence is completely 
effective but for many defeats the purpose of having a relationship!

Withdrawal (removing the penis before ejaculation) is not reliable because 
many men ejaculate a little sperm even before orgasm. Many couples intend to 
use it but at the vital moment prefer not to withdraw.

The so-called ‘safe period’ relies on the assumption that the average woman 
ovulates 14 days from the beginning of her last menstrual period. Conception 
usually only occurs if intercourse takes place around the time of ovulation 
(sperm can survive for up to 72 hours and the egg for about 24 hours if not fer-
tilized). Unfortunately, many women have irregular cycles and so they cannot 
rely on timing alone. In addition, recent studies suggest that some women may 
ovulate more than once during a single cycle. There are various devices for 
measuring temperature (the woman’s temperature rises after ovulation due to 
secretion of progesterone from the developing corpus luteum) or the thickness 
of the mucus from the cervix (progesterone causes thickening of the cervical 
mucus). They can usually detect when ovulation has occurred, so if 48 hours 
is allowed, intercourse is unlikely to result in a pregnancy until after the next 
period. This means that love-making is only safe for about 10 days a month, 
and many couples fi nd this irksome (it is sometimes known as the ‘rhythm 
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and blues’ method). The reliability of these techniques is not very good (for 
example, a viral cold plays havoc with a temperature chart), and depends very 
much on how carefully they are used. They don’t have any side-effects them-
selves, but tend to be associated with frustration and also with pregnancy! For 
women with high-risk lesions who cannot afford any risk of accidental preg-
nancy, such methods are inadequate.

Barrier methods
The commonest method is the male sheath or condom. It is quite effective, but 
sometimes condoms tear or slip off. They have to be used very carefully, and to 
make them really reliable, the woman has to insert a spermicide jelly into the 
vagina before intercourse. They are very safe, and have almost no side-effects 
(other than unwanted pregnancy, and the very rare problem of latex allergy), 
and also protect against sexually transmitted diseases. The failure rate ranges 
from 2% to 50%, depending on how carefully they are used.

Women can also use condoms made of polyurethane rather than latex or 
rubber. They are open at the outside end and closed at the inside end. Both 
ends have a fl exible ring used to keep the condom in place. Among typical 
couples who use female condoms, about 21% will experience an accidental 
pregnancy in the fi rst year. If these condoms are used consistently and cor-
rectly, about 5% will become pregnant. It is sometimes awkward to insert and 
it can make rustling noises during use, which puts some people off.

The diaphragm fi ts into the vagina, and lies between the introitus and the 
cervix, wedged between the posterior fornix and the symphysis pubis. It has 
to be used with a spermicide cream and inserted into the vagina before inter-
course. It needs to be left in place for at least 6 hours after intercourse, until all 
the sperm have been killed. It requires some practice to use it effectively. It is 
not quite as effective as the condom in preventing pregnancy or infection.

The main problem for all these methods is the failure rate. If pregnancy oc-
curs, termination may be the best option other than carrying on with the preg-
nancy. Many hormone changes occur in early pregnancy which make it quite 
stressful for the heart, and the anesthetics and procedures associated with 
termination of pregnancy are not without risk in women with severe heart 
disease. Termination of pregnancy is about half as dangerous as continuing 
with the pregnancy.

Coils or intrauterine contraceptive devices (IUCDs)
These are much more reliable than barrier methods. Some studies suggest that 
as few as one woman in 100 will get pregnant every 5 years of use (PEARL 
index 0.2). There are two main types; those wrapped in copper (e.g. Saf-T-coil)
and those impregnated with a progestagen (hormone similar to progester-
one) (e.g. the Mirena coil). Copper coils have been used for a long time and are 
widely available. Their main problems are that they can make periods heavy, 
and they can cause infection in the uterus, which can even spread to the fallo-
pian tubes. For this reason, they are not suitable for nulliparous women (their 



Pregnancy and Contraception 33

uterus is much more susceptible to infection, for reasons that are not fully 
understood). Some cardiologists worry about the release of bacteria into the 
bloodstream, causing endocarditis, although the risk is probably very small. 
The most dangerous time is during insertion, and antibiotics should then be 
given as for dental work, except that a broader spectrum antibiotic is needed to 
deal with bacteria found in the vagina. In addition, although most intrauterine 
coils are inserted without anesthetic, they can occasionally cause a marked 
vagal bradycardia with hypotension. This can be dangerous in women with 
heart disease, and it is therefore recommended that any coil insertions are 
done in an operating theatre with appropriate anesthetic staff in attendance, 
in case a complication should occur. Mirena coils reduce menstrual bleeding 
rather than increasing it, and amenorrhea is common. They also cause much 
less infection than copper coils. A rare complication of all coils is ectopic preg-
nancy, but these are very rare with the Mirena coil. Many now consider this the 
contraceptive of choice for women with heart disease. They can be left in situ 
for up to 5 years at a time, and there are of course no problems with compli-
ance. Expulsion rates are also very low.

Oral contraceptive pills
There are two main sorts, those with both estrogen and progestagen hormones 
(the combined pill), and those with only a very low dose of progestagen (the 
low-dose or mini pill). The combined pill is the most effective, with failure rates of 
less than one in 1000 women per year (PEARL index 0.1) if taken correctly—al-
though studies show that up to a third of women fi nd it diffi cult to remember 
to take their pill every day. It has many advantages, especially in regulating 
periods and reducing the amount of blood loss. However, the most important 
complication is that it can cause thrombosis. This risk is about three to four 
times higher in women taking the pill – up from one in 20,000 per year to about 
one in 5000 per year. In about a quarter of cases, the thrombosis is fatal. How-
ever, the risk for the average woman is still only about half that of dying from 
being pregnant. However, as long as the heart condition does not especially 
predispose to thrombosis, this may be a good choice because it is so effective.

By contrast, the low-dose or progestagen-only pill (POP) has almost no dan-
gerous side-effects. It does not cause thrombosis. However, it has a failure rate 
considerably higher than the combined pill. When used perfectly, only about 
one woman in 200 will become pregnant each year (PEARL index 0.5). How-
ever, it works best about 4–6 hours after it is taken. If a couple prefer to have sex 
at night, after they have gone to bed, the best time to take the POP is late after-
noon. This is easy to forget, and in the fi rst year of use, about 5% of women fi nd 
themselves pregnant because they have forgotten to take their pill, or taken 
it at an inappropriate time. Effectiveness is also more affected by vomiting 
and diarrhea, which prevents the absorption of the hormone (although the 
combined pill may also not work if women have been vomiting for more than 
24 hours). An annoying side-effect in about 40% of women is that it makes 
periods irregular, leading to ‘pregnancy scares’.
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With both types of oral contraceptive, normal fertility almost always resumes 
once the medication is stopped.

‘Depot’ injections of progestagen
The commonest is ‘depot Provera®’ (medroxyprogesterone acetate). The injec-
tions have to be given by a nurse or doctor. Effectiveness lasts 6–10 weeks. Dur-
ing use, amenorrhea is common. However, there can be quite heavy bleeding 
as the effects wear off, or when the woman decides to stop using the method. 
However, the failure rate is only one per 300 women per year (PEARL index 
0.3).

Post-coital contraception
These contain both estrogen and progestagen, at four times the dose of the 
ordinary combined pill. They need to be taken within 72 hours of intercourse. 
They can prevent up to 99% of pregnancies, depending on when they are 
taken. However, they cause vomiting in about 20% of women, and there is 
a particular concern about thrombosis because of the high dose of estrogen. 
Perhaps a better option for ‘emergency’ contraception is to insert a copper coil 
(IUCD). This can be done up to a week after intercourse and will prevent 999 
out of 1000 pregnancies.

Sterilization
If a couple have decided that they never want to have children, or that their 
family is defi nitely complete, then sterilization is an option they should con-
sider. It has the advantage of being permanent, with few if any long-term ad-
verse effects. Both men and women can be sterilized, although it is more often 
the woman who chooses to be sterilized because she is the one who has the risk 
of being pregnant! If a woman with heart disease decides not to have children,  
her partner may wish to preserve his fertility in case he has another partner in 
the future. On the other hand, the risk of an operation is considerably less for a 
healthy partner than for someone with heart disease.

In current practice, most sterilizations are done with clips (or sometimes 
rings) applied to the fallopian tubes. This is done laparoscopically, but there is 
clearly a surgical and anesthetic risk that must be taken into account. The like-
lihood of pregnancy once the clips have been applied was traditionally quoted 
as one in 500, but recent studies suggest that the risk may be as high as 1%. 
Tubal ligation can be performed at cesarean section, but this procedure signifi -
cantly increases the operative risk, and the chance of tubal recanalization is 
signifi cantly higher than with interval elective laparoscopic sterilization.

If the man decides he should be sterilized, a vasectomy is performed. In the 
early years, reversal of sterilization is quite effective, but eventually in most 
men antisperm antibodies develop which impair the effectiveness of their 
sperm at fertilization. In such cases, intracytoplasmic sperm injection (ICSE) 
becomes necessary for conception.
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In summary, when discussing contraception, couples should be assessed as 
individuals, taking into account the nature of the woman’s cardiac lesion, her 
current medication, co-morbidities, any thrombotic tendency, and fi nally their 
personal preferences. One couple’s perception of an acceptable risk may be 
unacceptable to another.
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CHAPTER 4

Infective Endocarditis Prophylaxis

Infective endocarditis (IE) denotes an infection of the endocardial surface 
of the heart or major vessels by microorganisms. Although the heart valves 
are most commonly affected, other sites can be involved in those with car-
diac anomalies such as ventricular septal defect, patent ductus arteriosus and 
coarctation of the aorta.

Some features of IE have not changed over the past 30 years.
• The incidence remains at about 1.7–3.8 cases per 100,000 patient-years.
• Despite improvements in diagnosis and treatment, mortality remains high 
at approximately 20–25%. Death is primarily related to central nervous system 
embolic events and hemodynamic deterioration.
• The two essential risk factors for endocarditis are (1) structural abnormality 
of the heart or great arteries with signifi cant pressure gradient or turbulent 
fl ow and (2) bacteremia.
• The oral cavity is still the primary source of bacteremia.
• Individuals with congenital heart anomalies are at increased risk for devel-
oping infective endocarditis and account for up to 20–35% of cases.

Other aspects have changed.
• While Streptococcus viridans, enterococci and Staphylococcus aureus still 
account for the majority of cases, an increasing number of more diverse organ-
isms are involved (gram-negative, HACEK group, and fungal organisms).
• Median age has increased.
• Some treatment modalities have increased the number of patients at risk 
(immunosuppressive therapy with organ transplantation, cancer therapy, 
increased use of chronic in-dwelling central catheters, and surgery for con-
genital heart disease).

More children with congenital heart disease now survive into adulthood. 
The surgical procedures that have enabled them to live longer have two con-
trasting effects on the risk of IE. Certain operations eliminate or decrease the 
risk (repaired coarctation, ventricular septal defect and patent ductus arterio-
sus), while others increase the risk (prosthetic material and mechanical or bio-
prostheses). It is helpful to categorize the risk for IE of various unoperated and 
repaired congenital heart anomalies as (1) little or no risk, (2) moderate risk 
and (3) high risk. Endocarditis prophylaxis is not recommended in those at 
low level of risk, while it is recommended in those at moderate and high risk.

Little-or-no-risk category
• Atrial septal defect (ASD) (unoperated or repaired)
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• Pulmonic stenosis, mild (unoperated or repaired)
• Repaired patent ductus arteriosus (PDA) and ventricular septal defect (VSD) 
without residual leak after 6 months
• Congenitally corrected transposition of the great arteries (TGA) (no associated 
lesions)
• Total or partial anomalous pulmonary venous return
• Coarctation of the aorta (unoperated) with small or absent gradient
• Ebstein anomaly (unoperated or repair of native valve)
• Cardiac pacemaker/implanted defi brillators

Moderate-risk category
• PDA and VSD with residual leak after repair
• Fontan repair
• Coarctation with more than mild obstruction
• Repaired defects including primum ASD with cleft mitral valve, complete 
atrioventricular septal defect, tetralogy of Fallot, TGA, truncus arteriosus
• Acquired valvular abnormalities (rheumatic)
• Mitral valve prolapse with valvular regurgitation/thickened leafl ets
• Hypertrophic cardiomyopathy

High-risk category
• Prosthetic heart valves (mechanical, bioprosthesis and homograft)
• Previous IE
• Complex congenital heart disease with hypoxemia
• Surgically created systemic-to-pulmonary artery shunt or conduit
• VSD, unoperated
• Bicuspid aortic valve, aortic stenosis, sub-aortic stenosis

Endocarditis prophylaxis is recommended when patients in the moderate- and 
high-risk categories undergo procedures that place them at risk for signifi cant 
or prolonged bacteremia. The major sources of bacteremia are the oral cavity, 
skin, genitourinary tract, reproductive tract, gastrointestinal tract, respiratory 
tract, and during surgery.

Dental procedures

Prophylaxis recommended Prophylaxis not recommended
• Tooth extraction
• Restoration of decayed teeth
• Peridontal procedures
• Dental implants
• Endodontic (root canal) procedures
• Local anesthetic injection, intraliga-
mentary
• Cleaning of teeth when bleeding is 
anticipated

• Local anesthetic injections, non-
intraligamentary
• Post-procedure suture removal
• Orthodontic appliance placement or 
adjustment
• Shedding of primary teeth
• Taking of oral radiographs
• Fluoride treatment
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Genitourinary tract

Prophylaxis recommended Prophylaxis not recommended
• Prostatic surgery • Uncomplicated vaginal delivery
• Cystoscopy • Vaginal hysterectomy
• Urethral dilatation • Cesarean section (debatable)
• Urethral catheterization if infection 
present or traumatic
• Uterine dilatation and curettage, 
therapeutic abortion, sterilization 
procedure, insertion or removal of 
intrauterine device, especially if tissue 
infected

• Urethral catheterization, uterine 
dilatation and curettage, therapeutic 
abortion, sterilization procedure

Gastrointestinal tract

Prophylaxis recommended Prophylaxis not recommended
• Dilatation of esophageal stricture
• Sclerotherapy for varices
• Biliary tract surgery or endoscopic 
procedure
• Surgery involving intestinal mucosa

• Endoscopic (upper or lower) with or 
without biopsy
• Transesophageal echocardiography

Respiratory tract

Prophylaxis recommended Prophylaxis not recommended
• Tonsillectomy or adenoidectomy • Endotracheal intubation
• Surgical procedure involving the 
respiratory mucosa

• Bronchoscopy with fl exible scope 
with or without biopsy

• Bronchoscopy with rigid scope • Tympanostomy tube insertion

Other procedures

Prophylaxis recommended Prophylaxis not recommended
• 3–6-month period after repara-
tive heart surgery for lesions that 
will qualify as low risk and not need 
prophylaxis

• Cardiac catheterization including 
balloon angioplasty (debatable)
• Implanted cardiac pacemaker/defi -
brillator (debatable)
• Incision of surgically prepared skin
• Circumcision

• Body piercing
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Infective endocarditis prophylaxis
Prophylaxis involves education of individuals regarding both health mainte-
nance and the need for antibiotic prophylaxis. All patients with congenital 
heart disease are encouraged to maintain good oral hygiene. This includes 
daily brushing and fl ossing of teeth as well as regular dental care. Dental prob-
lems (decayed teeth, abscessed teeth and gum disease) should be promptly 
cared for. Good skin and nail care is important as this is a prime source of sta-
phylococcus bacteremia. This includes avoiding biting of the skin around the 
nails and treatment of signifi cant acne. Body piercing, especially involving the 
oral cavity or genitourinary system, puts individuals at risk for bacteremia.

The American Heart Association and the British Society for Antimicrobial 
Chemotherapy have published guidelines for antibiotic prophylaxis based on 
the risk categories, type of procedure and likely organisms that will get into 
the bloodstream. While it is acknowledged that no adequate controlled trials 
are available that confi rm the effi cacy of antibiotic prophylaxis against endo-
carditis, it seems prudent in individuals who have cardiac abnormalities that 
increase their risk.

The recommended antibiotics for endocarditis prophylaxis are listed in the 
table below. The American Heart Association has a pocket-size card outlining 
its recommendations that can be given to patients.

Prophylactic regimens

Dental, oral, respiratory tract, or esophageal procedures

Situation Agent Dosage

Standard Amoxicillin Adult: 2.0 g orally 1 hour before procedure
Unable to take oral 
medications

Ampicillin Adult: 2.0 g IM or IV within 30 minutes 
before procedure

Allergic to penicillin Clindamycin Adult: 600 mg orally 1 hour before 
procedure

Cefalexin or cefadroxil Adult: 2.0 g orally 1 hour before procedure
Azithromycin or 
clarithromycin

Adult: 500 mg orally 1 hour before 
procedure

Unable to take oral 
medications and allergic 
to penicillin

Clindamycin Adult: 600 mg IV within 30 minutes before 
procedure

 Cefazolin Adult: 1.0 g IM or IV within 30 minutes 
before procedure
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Genitourinary and gastrointestinal tract procedures

Situation Agent Dosage

High-risk patients Ampicillin plus gentamicin Adults: ampicillin 2.0 g IM or IV 
plus gentamicin 1.5 mg/kg (not to 
exceed 120 mg) within 30 minutes 
of starting the procedure. In 
addition, ampicillin 1.0 g IM or IV or 
amoxicillin 1.0 g orally 6 hours later

High-risk patients allergic 
to ampicillin or amoxicillin

Vancomycin plus gentamicin Adults: vancomycin 1.0 g IV over 
1–2 hours plus gentamicin 1.5 mg/
kg IV or IM (not to exceed 120 mg) 
with administration of medication 
completed within 30 minutes of 
starting procedure

Moderate-risk patients Amoxicillin or ampicillin Adults: amoxicillin 2.0 g orally 
1 hour before procedure or 
ampicillin 2.0 g IM or IV within 30 
minutes of starting the procedure

Moderate-risk patients 
allergic to ampicillin or 
amoxicillin

Vancomycin Adults: vancomycin 1.0 g IV over 
1–2 hours; complete infusion within 
30 minutes of starting procedure

Key clinical points

• Infective endocarditis still has signifi cant morbidity and mortality despite 
current diagnostic and therapeutic options.
• Endocarditis prevention focuses on health maintenance and antibiotics given 
prior to procedures that cause signifi cant bacteremia in individuals at risk for 
developing IE.
• Individuals with congenital heart disease should be educated on issues related 
to care of teeth and skin to decrease the risk of IE.
• Those in moderate- and high-risk categories should be informed for what pro-
cedures antibiotic prophylaxis is advised and provided with a card outlining 
current antibiotic recommendations.

Further reading

Bayer AS, Bolger AF, Taubert KA, et al. (1988) Diagnosis and management of infective endo-
carditis and its complications. Circulation, 98, 2936–2948.

Dajani AS, Taubert KA, Wilson, et al. (1997) Prevention of bacterial endocarditis. Recom-
mendations by the American Heart Association. Circulation, 96, 358–366 and Journal of the 
American Medical Association, 277, 1794–1801.

Gersony WM, Hayes CJ, Driscoll DJ, et al. (1993) Bacterial endocarditis in patients with aortic 
stenosis, pulmonary stenosis, or ventricular septal defect. Circulation, 87 (Suppl I), I-121–I-
126.
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CHAPTER 5

Anticoagulation

In adults with congenital heart disease, anticoagulation and antiplatelet thera-
py may be necessary to prevent thrombosis or embolism related to:

• mechanical or bioprosthetic valves;
• supraventricular arrhythmia;
• cardioversion;
• issues specifi c to congenital heart disease:
– Blalock-Taussig shunt,
– Fontan circulation,
– cyanosis,
– Eisenmenger syndrome,
– conduits, stents and closure devices.

In addition, those on chronic anticoagulation therapy require adjustment dur-
ing:
• surgery;
• pregnancy.

Prosthetic and native valve disease

Mechanical valves
All patients with a mechanical valve should receive warfarin therapy if pos-
sible. The following table outlines recommendations.

Type of valve Recommendation

Aortic valve Warfarin (INR 2.0–3.0)
Aortic valve + AF Warfarin (INR 2.5–3.5) or INR 2.0–3.0 plus low-dose aspirin
Mitral valve +/- AF Warfarin (INR 2.5–3.5)
Caged ball type prosthesis Warfarin (INR 2.5–3.5) plus low-dose aspirin

If an embolus occurs despite adequate INR, two options are to add low-dose 
aspirin or increase the INR to the next higher therapeutic range. For individu-
als unable to take aspirin, alternatives are dipyridamole or clopidogrel.

Bioprosthetic valve
Recommended therapy for bioprosthetic valves is outlined below.
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Type of valve Recommendation

Mitral valve Warfarin (INR 2.0–3.0) for 3 months, then low-dose aspirin
Aortic valve Low-dose aspirin
Aortic or mitral valve with AF Warfarin (INR 2.0–3.0)
Pulmonary or tricuspid valve Low-dose aspirin for at least 3 months

Supraventricular arrhythmias

If intermittent or chronic atrial fl utter or fi brillation occurs, the necessity for 
anticoagulation therapy needs to be considered. Certain factors predict a high 
risk for embolic events in association with atrial fl utter or fi brillation. These 
include a previous stroke/TIA or other systemic emboli, hypertension, poor 
systemic ventricular function and age.

Recommendations for anticoagulation therapy for intermittent or chronic 
atrial fi brillation suggest warfarin (INR 2–3) for those with risk factors and 
high-dose aspirin for those at lesser risk.

Electrical cardioversion

When electrical cardioversion for atrial fl utter/fi brillation is indicated, recom-
mendations are as follows:
• Minimum of warfarin (INR 2–3) for 3 weeks before and 4 weeks after cardio-
version.
• For urgent cardioversion, IV heparin is given as soon as possible, then a 
transesophageal echocardiogram. Cardioversion can be performed if no 
thrombus is seen. Warfarin is continued for at least 4 weeks after cardiover-
sion.
• For atrial fl utter/fi brillation of less than 48 hours duration, IV heparin is 
given during the peri-cardioversion period and warfarin for at least 4 weeks 
afterwards. The need for long-term warfarin or aspirin needs to be addressed 
in all patients undergoing a cardioversion.

Issues specifi c for congenital heart disease

Blalock-Taussig shunt
Although the use of palliative systemic-to-pulmonary shunts has decreased, 
the modifi ed Blalock-Taussig shunt with a Gore-Tex® tube graft continues to 
be performed. Some use heparin during the perioperative period followed by 
aspirin to reduce the risk of acute shunt thrombosis.

Fontan circulation
After Fontan surgery, individuals have increased risk of venous thrombosis 
and emboli to either the lungs or the systemic circulation (incidence of 3–19%). 
This may occur at any time following surgery, but no predisposing factors 
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have been clearly identifi ed. The effi cacy of anticoagulation in reducing the 
thrombotic risk has not been proven in clinical trials. Consequently, differ-
ent approaches are taken. Some advocate warfarin for the fi rst few months 
after surgery followed by long-term aspirin. Others just use long-term aspirin. 
Some centers taking care of adults recommend that all who have had a Fontan 
procedure take warfarin, especially old-style Fontans.

Another indication for anticoagulant therapy in the Fontan patient is pro-
tein-losing enteropathy (PLE). Low-dose, subcutaneous heparin (5,000 units/
day) can improve or reverse the abnormalities associated with PLE. The benefi t 
is not due to the anticoagulant effects of the heparin, but possibly to stabiliza-
tion of the capillary endothelium.

Cyanotic patients
These patients have both a bleeding and a thrombotic diathesis. The bleeding 
diathesis is due to:
• decreased vitamin K-dependent clotting factors;
• thrombocytopenia;
• platelet dysfunction;
• von Willebrand-like abnormality;
• increased fi brinolytic activity.

These coagulation abnormalities are evident by prolongation of activated 
partial thromboplastin time (APTT), INR and bleeding time. Mucosal bleed-
ing and easy bruising are the most frequent problems. Bleeding can be dra-
matic and life-threatening with hemoptysis and intrapulmonary hemorrhage. 
Anticoagulation and antiplatelet agents should be avoided and bleeding treat-
ed, if necessary, by correcting the specifi c abnormality causing the problem. 
Those with cyanosis are also at risk for venous thrombosis, pulmonary arterial 
thrombosis and systemic emboli. Cyanotic patients frequently develop atrial 
fi brillation, another predisposing factor for embolism. Since anticoagulation 
therapy is high risk, indications for its use should be strong and well docu-
mented.

Achieving the desired INR can be diffi cult. The cyanotic individual may be 
very sensitive to warfarin. Measuring the INR when the hematocrit is elevated 
is problematic. Blood is drawn into a tube with a fi xed volume of anticoagulant. 
The amount of anticoagulant in the tube, normally suitable for a hematocrit in 
the normal range, is excessive for the volume of plasma when the hematocrit is 
elevated. This excessive dilution of the plasma gives a falsely elevated value.

Eisenmenger syndrome
In primary pulmonary hypertension, microvascular and macrovascular 
thrombosis increase morbidity and mortality. Anticoagulation therapy ef-
fectively reduces these risks. Since a similar pulmonary pathology is present 
in Eisenmenger syndrome, some advocate routine warfarin anticoagulation 
for these patients. Others feel that anticoagulation should be used only in the 
presence of venous thrombosis, embolic events, or atrial fl utter/fi brillation. 
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No clinical trials are available to support routine anticoagulation use in Eisen-
menger syndrome.

Conduits, stents, and closure devices
Stents are used to manage branch stenosis of the branch pulmonary arteries, 
pulmonary vein stenosis, coarctation of the aorta, and stenoses related to sur-
gery. Heparin is given at the time of insertion followed by aspirin for a period 
of months (usually 3–6 months).

The most effective, low-risk therapy to prevent thrombus on these closure 
devices has not been adequately established. Various approaches are currently 
used, but are likely to evolve as experience increases. The majority of units use 
a combination of peri-procedural heparin followed by aspirin and/or clopi-
dogrel.

Management of anticoagulation in the perioperative 
period

Patients receiving chronic anticoagulation therapy need to have their antico-
agulation interrupted when undergoing a surgical procedure. Most surgeries 
can be done safely with an INR <1.5. While there is no consensus on the opti-
mal management, the following guidelines are suggested.

In patients at low risk for thrombus taking warfarin with an INR in the 
therapeutic range the protocol is as follows:

• Withhold 4 scheduled doses of warfarin.
• Check INR the day prior to surgery.
• If >1.5, a small dose of oral or subcutaneous vitamin K can be given.
• Warfarin can be started the day after surgery if bleeding risk is low or as soon as 
safely possible. The INR usually returns to the therapeutic range by the third day.

With this protocol, the patient is sub-therapeutic for 2 days prior to surgery 
and at least 2 days after surgery. During the days after surgery when the INR 
is less than 2.0, subcutaneous heparin can be given.

Those at high risk for thrombus are usually fully anticoagulated with intra-
venous heparin perioperatively. The heparin can be stopped 6 hours prior to 
surgery and restarted without a bolus 12 hours after surgery if bleeding is not 
a concern.

Management of anticoagulation during pregnancy

Anticoagulation may be necessary during pregnancy for therapy of venous 
thromboembolism or to prevent thrombus on a mechanical heart valve. Risks 
to both the mother and fetus need to be considered. The maternal risks are 
bleeding, osteoporosis and thrombocytopenia. The fetal complications are 
spontaneous abortion, stillbirth, premature delivery, teratogenesis and bleed-
ing. Some risks are agent-specifi c.
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Unfractionated heparin (UFH), low molecular-weight heparin (LMWH) 
and warfarin are three anticoagulants used during pregnancy. The use of 
LMWH rather than UFH is attractive due to its superior bioavailability, ease 
of use and reduced risk of osteoporosis. Problems include the uncertainty of 
dosage and how best to monitor therapy. Thrombotic events and deaths have 
been reported with use of LMWH during pregnancy. Hopefully, additional 
data will be available soon that establish whether LMWH is a safe and effec-
tive anticoagulant to use during pregnancy.

Maternal risks
• Warfarin
– Changing dose requirements during the pregnancy.
– Half-life is days.

• Heparin
– Variable response to standard dose.
– Short half-life (60 minutes).
– APTT results can be variable.
– Osteoporosis and risk of fractures. LMWH has a much lower risk of osteo-
porosis than heparin.
– Heparin tends to decrease platelet count to some degree, although the risk of 
heparin-induced thrombocytopenia is low at 3%. This is defi ned as a platelet 
count below 100,000 or a fall to <50% of baseline. Low normal or low platelets 
counts are present in many patients with congenital heart disease.
– Risk of valve thrombosis.

Fetal risks
• Warfarin
– Crosses the placenta, increasing the risk of bleeding (may be fatal) and tera-
togenesis (risk = 6.4%).
– Embryopathy (nasal hypoplasia, microcephaly and stippled epiphyses) is 
highest in the fi rst trimester, especially between 6 and 12 weeks.
– Embryopathy risk may be minimal with low doses (less than 5 mg/day).
– No anticoagulant effect has been found in infants being breastfed by moth-
ers taking warfarin.

• Heparin
– Since neither UFH nor LMWH cross the placenta, bleeding or teratogenesis 
in the fetus are not an issue. Bleeding at the uteroplacental junction is possi-
ble.
– Infants are not affected by anticoagulation used by a nursing mother. UFH 
and LMWH are not secreted into breast milk.

Recommendations
Women of childbearing age on long-term warfarin therapy need to be coun-
seled about the risks of anticoagulation during pregnancy. These risks are 
not inconsequential and include maternal mortality of 2.9%, major bleeding 
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(2.9%) and thrombus/embolus (3.9%). If a pregnancy is planned, one of two 
approaches to anticoagulation can be selected.
• Perform frequent pregnancy tests and switch to UFH when pregnancy is de-
tected. This approach assumes that warfarin is safe during the fi rst 4–6 weeks 
of pregnancy.
• An alternative approach is to switch to UFH before pregnancy (during the 
time the woman is trying to become pregnant). The disadvantage of this ap-
proach is the more prolonged use of UFH and increased risk for an osteoporot-
ic fracture.

Once pregnancy is confi rmed (usually by 6 weeks) in a woman receiving 
long-term warfarin, three options are available.
• UFH from the time pregnancy is identifi ed through 12 weeks, returning 
to warfarin use, and switching back to heparin close to term. This approach 
provides the lowest risk of valve thrombosis or systemic emboli. The recom-
mended INR range during pregnancy is 2.5–3.5.
• Continue warfarin even after the pregnancy is confi rmed and switch to 
heparin close to term. This approach may be the best option if the warfarin 
dosage during pregnancy will be ≤5 mg/day. These low doses pose little or no 
risk for embryopathy, although the risk of fetal bleeding is still present.
• Heparin throughout pregnancy. This approach avoids the risk of warfarin 
embroypathy, but is the least effective at preventing thrombus or emboli.

Aspirin
• Potential risks include bleeding in the woman or fetus and birth defects 
(overall very small).
• Low-dose aspirin during the second and third trimester is safe.
• The safety of higher doses is uncertain.
• No data are available regarding the risk/benefi t of addition of low-dose as-
pirin to warfarin or heparin during pregnancy.

Key clinical points

• Anticoagulation therapy may be indicated for:
– mechanical or bioprosthetic valves;
– rheumatic mitral valve disease;
– supraventricular arrhythmia;
– cardioversion.

• Anticoagulation may be needed in adults with congenital heart disease under 
the following circumstances:

– Blalock-Taussig shunt, Fontan circulation;
– cyanosis, Eisenmenger syndrome;
– conduits, stents, and closure devices.

• Recommendations are outlined for anticoagulation management during non-
cardiac surgery in individuals who require long-term anticoagulation therapy.
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• Management of anticoagulation during pregnancy is a balance of risk/benefi t 
to the mother and fetus.
• Knowledge of the interaction of other medications with warfarin, heparin and 
aspirin is essential to their safe and effective use.
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CHAPTER 6

Lifestyle Issues

Exercise

Exercise capacity has been shown to be greatly diminished in patients with 
congenital heart disease, whether ‘unrepaired’ or ‘repaired’. Maximum oxygen 
uptake is about half the predicted normal level for age and sex and diminishes 
with age. Factors responsible for a diminished exercise capacity are thought 
to include diminished vital capacity, chronotopic incompetence, decreased 
ventricular function, as well as abnormal sympathetic and parasympathetic 
response to exercise.

Exercise rehabilitation programs in stable patients with congenital heart 
disease show some benefi ts, with improvements of maximum oxygen con-
sumption.

Recommendations for exercise prescription in adult patients with congeni-
tal heart disease are detailed in a consensus report from 1994 and summarized 
below.

No restriction in physical 
activity

Restricted physical activity 
to class IA type activities 
(low static and low dynamic 
impact)

Contraindication to physical 
activity

Patients with left-to-right 
shunting lesions with normal 
pulmonary pressure and no 
cardiomegaly

Patients with mild right-sided 
or left-sided obstructive 
lesions (mild pulmonary 
stenosis (PS), mild aortic 
stenosis (AS) and mild 
coarctation of the aorta)

Patients with left-to-right 
shunting lesions and some 
degree of pulmonary 
hypertension or cardiomegaly

Patients with moderate to 
severe obstructive lesions

Patients with clinically stable 
repaired tetralogy of fallot, 
Mustard, arterial switch, Ebstein 
and the Fontan procedure

Patients with severe pulmonary 
hypertension

Patients with severe 
cardiomegaly

Patients with life-threatening 
arrhythmias

Patients with class IV symptoms

Although the recommendations for the permitted level of activity presented 
in the 1994 American College of Cardiology document are helpful, they are 
intended to be used as a guideline only, with the understanding that a physi-
cian with knowledge of a particular patient’s lesion severity and physiologic 
response to exercise may choose to modify these recommendations accord-
ingly, on a case-by-case basis.

Appropriate advice regarding exercise prescription for these patients is 
important but often neglected at the time of routine clinical visits. Without 
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proper guidance, low-risk patients will limit their physical activities unduly, 
while high-risk patients may engage in improper high-risk physical activities. 
Education of patients regarding the type of exercise they can safely perform 
is paramount.

Work and insurance

Work
Vocational choices for the adolescent with congenital heart disease (CHD) are 
important issues that need to be addressed in a timely fashion. There are two 
aspects that need to be discussed.
• The patient’s physical ability to match the demands of a given occupation, 
without compromising cardiovascular wellbeing. This largely, but not solely, 
depends on the type of CHD defect, the effects of previous intervention(s) and 
anticipated long-term outcomes.
• The question as to whether to choose a career that would enhance the chanc-
es for recruitment by larger employers who often provide health, disability 
and/or life insurance through group policies. This is of particular relevance 
for patients with moderate to severe forms of CHD, normally deemed uninsur-
able or having to pay very high premiums (see also Insurability below).

In general, the following applies.
• Patients with small or repaired septal defects or PDAs and those with mild 
pulmonary stenosis do not require any occupational restrictions.
• Patients with moderate CHD or CHD which is progressive in nature may 
require tailoring of their jobs, generally towards white-collar occupations.
• Patients with major CHD such as severe left-sided obstructive lesions, aortic 
dilatation, advanced myocardial dysfunction, single ventricle physiology and 
more than mild pulmonary vascular disease clearly need to be restricted from 
high-risk occupations. These patients are unsuitable for physically demanding 
jobs or employment on which the lives of others are directly dependent (for 
example, pilots or heavy equipment operators).

Informed counseling of patients (during early adolescence) and their fami-
lies on this sensitive issue enables appropriate career planning and overcomes 
unrealistic expectations, and occasionally allows patients with relatively minor 
defects to consider wider career options. Clearly, the right balance needs to be 
achieved between discussing the realities of the patient’s condition and apply-
ing too much pressure on young individuals. It is our personal impression that 
most patients and families welcome such an initiative and are relieved when 
this important matter is brought up for discussion.

Insurability
A number of large-scale, long-term studies are available for prognostication of 
outcomes in many congenital heart lesions. This has facilitated estimation of 
mortality risks compared to healthy control populations, which in turn is the 
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basis of life insurance policies. Among the most important of these studies is a 
report from the pediatric cardiac surgical database of 6,461 children operated 
in Finland between the years 1953 and 1989. After exclusion of perioperative 
mortality, the late mortality rate over 45 years among congenital heart patients 
as a group was 16%, compared to 7% for an age, time and sex-matched popula-
tion. Mortality rates for specifi c lesions with up to fi ve decades of follow-up 
after surgery were calculated and ranged between 5% for atrial septal defects 
to 85% for patients with single ventricle physiology.

In general terms, prognosis can be grouped as follows.
• Lesions with a good outcome (normal or near normal prognosis): atrial 
septal defect (ASD), ventricular septal defect (VSD), patent ductus arteriosus 
(PDA), and pulmonary stenosis.
• Lesions with an intermediate outcome (residual hemodynamic abnormali-
ties and therefore a more guarded prognosis): aortic stenosis, tetralogy of Fal-
lot and transposition after the Mustard or Senning procedure.
• Lesions with an uncertain or poor outcome (complex uncorrected anatomy, 
large variability between individuals with the same lesion, and/or limited 
data to guide prognosis); transposition of great arteries after the arterial switch 
procedure, congenitally corrected transposition, Ebstein’s anomaly and single 
ventricle physiology.

For purposes of life insurance, companies consider the expected mortality of a given 
patient group compared to the observed mortality in a reference population (usually 
a cohort of insured individuals of the same age) in order to derive a mortality ratio. 
For example, patients whose mortality rate is the same as a reference population have 
a mortality ratio of 100%, while patients with a mortality rate of 5% over 10 years, 
compared to a reference population rate of 1% over 10 years, have a mortality ratio of 
500%. For each 100% increase in mortality ratio, the premium paid for insurance is 
increased by approximately 90%. Patients with a predicted mortality ratio >500% are 
rarely considered insurable.

Prognosis varies within individual lesions. For example, patients with te-
tralogy of Fallot as a whole have a reduced survival rate compared to healthy 
controls. However, patients repaired early, not requiring a transannular patch, 
without signifi cant pulmonary stenosis or regurgitation and a short QRS on 
their EKG have a long-term prognosis which is not different from normal. A 
good to excellent prognosis can also be expected in a number of lesions when 
present in mild form, not requiring surgery or other intervention. In general, 
the presence of biventricular circulation and a systemic left ventricle, repair 
at early age, good functional capacity and the absence of major or progressive 
hemodynamic lesions are positive prognostic markers and need to be empha-
sized when physicians are asked to produce a supportive letter for insurance 
purposes.

Guidelines for patients and physicians
• Declined patients or those offered insurance at high premiums should shop 
around, as not all companies rate risk the same.
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• The local adult CHD patient association may be able to provide advice about 
insurers with a track record of providing coverage for this growing patient 
population.
• One important avenue for obtaining health, disability and/or life insurance 
is through group insurance policies available through employers or profes-
sional associations. Group policies do not require an individual evaluation, as 
they are based on the assumption that the majority of an unselected employee 
group or association will be healthy. Hence, even adult patients with complex 
CHD may obtain insurance via this route, without the need for individual as-
sessment.
• Another product that may be available in certain places is the non-renewable 
term policy, which provides short-term coverage ending after a fi xed period of 
time (usually 10 years). These may be useful to some patients until the natural 
history of their congenital lesion is better understood.
• Finally, other factors, especially age and smoking status, affect insurabil-
ity. Since mortality in the general population predictably increases with age, 
whereas the mortality associated with a congenital heart defect may remain 
the same, mortality ratios of congenital heart patients inevitably decrease with 
age. Hence, those who were uninsurable at age 30 may be able to obtain cover-
age after age 50. Avoidance of smoking and adoption of good health practices 
will lower a patient’s overall risk, and further increase their chances of insura-
bility. Attention to reducing coronary risk factors to a minimum is more likely 
to allow a favorable insurance decision.

Key points

• Vocational choice for the adolescent with CHD depends on the type of defect, 
previous intervention(s) and long-term outcomes.
• Like the general population, adult patients with CHD desire the fi nancial 
security that comes with insurance.
• Patients with repaired ASD, PDA, PS and VSD with low mortality ratios should 
be able to obtain insurance without problem.
• Patients with intermediate prognosis lesions represent a higher-risk group to 
insurers, but may achieve insurance on the basis of individual consideration, 
especially in the absence of negative prognostic features.
• Patients with uncertain or poor prognosis lesions, such as those with complex 
CHD, will for the most part be considered uninsurable on an individual basis. 
However, alternative routes via group policies may exist.
• With newer surgical and catheter techniques, advancing medical therapy and 
improved risk stratifi cation, overall prognosis and hence insurability will con-
tinue to improve for adults with CHD. 

Table 6.1 summarizes currently published mortality data for common defects 
from a variety of sources. In addition, where permitted by available data, the 
best-case scenario mortality rates are shown for low-risk patients within each 
anatomical subgroup. Also shown for each lesion are mortality ratios calculated 
from the published mortality rates in patients compared to their reference popu-
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lation. For comparison purposes, the last column shows the range of mortality 
ratios quoted in three insurance underwriting manuals.

Travel

Physicians are frequently asked by patients with chronic heart disease wheth-
er they can safely travel. Questions usually relate to commercial aircraft travel 
or visiting locations at higher elevations. Concerns, especially during com-
mercial aircraft travel, include:
• hypoxemia, especially in cyanotic patients;
• venous thromboembolism;
• physical and emotional stress of travel;
• risk of cardiac events and death;
• exposure to other illnesses:
– gastroenteritis,
– upper respiratory tract infections,
– other infectious diseases.

Hypoxemia
• Commercial aircraft cabins are pressurized to 6000–8000 feet (1829–2438 
meters).
• Healthy people have little diffi culty in adapting to the decrease in ambient 
oxygen and compensate by increasing ventilation. This moderates the average 
fall in arterial oxygen saturation of about 8 percentage points.
• Patients with cyanotic congenital heart disease also have a similar 8 percent-
age points decrease from their baseline oxygen saturation, but tolerate this well 
without supplemental oxygen. They maintain adequate tissue oxygen delivery 
due to the chronic rightward shift in their oxyhemoglobin dissociation curve 
and to secondary erythrocytosis. Infl ight inhaled oxygen is rarely indicated.

Venous thrombosis
• Venous thrombosis and embolism are a risk with any form of prolonged 
travel. The mechanism is stasis in the venous circulation of the lower limbs.
• The incidence is uncertain, but the overall risk is small.
• Venous thrombosis is rarely observed after fl ights of <5 hours. The incidence 
increases with fl ights ≥12 hours.
• Symptoms of thromboembolism may develop during or immediately after 
the fl ight, but more commonly occur 1 to 3 days after travel.
• Risk factors for venous thrombosis include age >50, previous venous throm-
bosis, thrombophilic abnormality, CHF, obesity, prolonged immobility, dehy-
dration, estrogen therapy and pregnancy.
• General preventive measures are as follows.
– If possible, delay travel if the risk factor for venous thrombosis will de-
crease over a short time period (e.g. recovery from surgery).
– Regularly change position and walk when possible.
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– Perform leg exercises during prolonged sitting (fl exion, extension, and ro-
tation of ankles).
– Maintain hydration. It is not necessary to abstain from alcohol, but it does 
promote diuresis and inactivity.
– It is not necessary to stop BCP or HRT unless the risk of venous thrombo-
sis is increased.

• Additional preventive measures may be considered for individuals judged 
at increased risk for venous thrombosis.
– Below-knee elastic stockings properly fi tted.
– Aspirin; while the value of aspirin against venous thrombosis is uncer-
tain, some data do suggest a benefi t in preventing venous thrombosis.
– Heparin is considered in the infrequent individual at high risk for throm-
bus (e.g. previous venous thrombosis). A single subcutaneous injection 
of LMWH a few hours before the fl ight should be suffi cient in almost all 
cases.

Physical and emotional stress of travel
In people with limited exercise capacity, the following options may help re-
duce the physical and emotional stress of traveling.
• The actual fl ight is rarely physically stressful, but can be fatiguing. It may be 
helpful to schedule a rest day between connections of a very long trip.
• Ensure transportation in the airport, especially between connecting fl ights.
• Arrange for porters to transport luggage.
• A companion traveler may be desirable to provide reassurance and assist-
ance.

Serious events
Serious events are rare, but little data are available about the actual number of 
events.
• Death during a fl ight is very rare.
• Acute myocardial infarction in fl ight is infrequent and does not appear to 
relate to hypoxemia.
• Acute pulmonary emboli may cause acute symptoms and accounted for 18% 
of deaths that occurred either infl ight or shortly after arrival to a single major 
airport.
• Individuals with a history of arrhythmias may have an event precipitated by 
the stress of travel.

Specifi c situations
Development of high-altitude pulmonary edema during air travel is a rare 
event. An association between high-altitude pulmonary edema (HAPE) in 
children with Down syndrome has been reported during rapid ascent to mod-
erate elevation (1738–3252 meters). It is uncertain whether this risk translates 
to air travel for these individuals, as the cabin pressure would be in this same 
range.
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Driving

In contrast to the low risk of travel, driving a motorized vehicle is an inher-
ently dangerous activity with associated signifi cant mortality and morbidity. 
Societies have accepted these risks in order to have the freedom and lifestyle 
alternatives that motor vehicles provide. Societies have also determined that 
driving privileges should be restricted in those people who are likely to place 
themselves and others at unacceptable risk. The level of risk chosen varies 
between countries and even between states in the USA. A distinction is also 
made between types of drivers. Those who drive large trucks, large passenger-
carrying vehicles (buses, subways or trains) and smaller passenger-carrying 
vehicles such as a taxi must conform to stricter standards compared with those 
who drive a small personal vehicle.

Physicians are frequently consulted to judge whether a specifi c medical ill-
ness should lead to driving restrictions. The medical communities in Canada, 
the USA and Europe have published guidelines for patients with various car-
diovascular abnormalities (see Further reading). The overriding concern is 
that a medical problem may increase the individual’s risk to drive due to a sud-
den loss of consciousness or signifi cant alteration of mental awareness. Some 
general concepts are important to consider.
• Driver errors, excessive speed for the conditions, and excessive alcohol in-
take are by far the most important factors that lead to death and injury due to 
driving.
• The corollary to this is that the medical condition of the driver is an uncom-
mon factor in accidents involving injury or death. Sudden driver incapacity 
due to a medical illness occurs in approximately 1 per 1,000 accidents resulting 
in injury or death.
• In the people who became incapacitated while driving due to a medical ill-
ness, most continued to drive despite a recent similar incapacitating event.

In most societies, any episode of loss of consciousness or signifi cant altera-
tion of mental status disqualifi es an individual from driving. After such an 
episode, the person should not drive until he or she has undergone an appro-
priate medical evaluation. The more common etiologies identifi ed as likely 
causes are:
• neurocardiogenic or vasovagal syncope;
• seizures;
• tachyarrhythmias (supraventricular and ventricular);
• bradyarrhythmias.

Less common etiologies include hypoglycemia, acute myocardial infarction 
or prolonged severe anginal episode, stroke and carotid sinus syndrome. De-
spite a thorough evaluation, no etiology will be established in up to 20% of 
cases.

Various therapies or procedures designed to prevent recurrent syncope are 
available. The issue for the physician is to determine when it is safe for the 
patient to resume driving after therapy has been initiated to prevent recurrent 
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loss of consciousness. Two general methods are used for determining effective-
ness of therapy. First, a test can be done to establish effi cacy. For arrhythmias, 
this may include electrophysiologic testing or prolonged EKG event monitor-
ing. The second, and more commonly applied method, assumes a reasonable 
degree of effi cacy after the patient is observed for a specifi c period of time 
without recurrence of the event.

The following table provides recommendations for small vehicle driving 
after initiation of therapy or procedures designed to prevent recurrent synco-
pal episodes. The recommendations cover issues most likely to be seen in the 
adult with CHD. These are guidelines based on sparse data and not standards 
of practice. The recommendations will change as better information becomes 
available.

Cause of impaired consciousness Recommendation for driving

Seizure After 6 months if no recurrence

Ventricular tachycardia (VT)/
fi brillation (VF)

After 6 months if either no recurrence or no impairment of 
consciousness with arrhythmia

Automatic implantable cardiac 
defi brillator (AICD) placement for 
VT/VF

After 6 months if no impairment of consciousness with 
arrhythmias or at time of AICD discharge; after 1 week if 
AICD was placed prophylactically in a high-risk patient 
without VT/VF event

Supraventricular tachycardia After 1 month if either no recurrence or no impairment of 
consciousness with arrhythmia

Bradycardia 1 week after either pacemaker insertion or removal of 
cause of bradycardia (e.g. medications)

Neurally mediated syncope with 
mild symptoms

No restrictions

Neurally mediated syncope with 
severe symptoms

After 3 months if either no symptoms or only mild 
symptoms

Cause not established After 3 months if no recurrence of loss or impairment of 
consciousness

Key clinical points

Travel

• Travel is generally very safe for people with CHD.
• The reduced oxygen content in the cabins of commercial aircraft is well toler-
ated even by those with cyanotic CHD. Infl ight oxygen is rarely required for 
chronically hypoxemic people.
• Venous thrombosis is a risk during prolonged fl ights (>12 hours) and in people 
with known risk factors.
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• General measures to prevent venous thrombosis include frequently changing 
position, leg exercises if prolonged sitting is required, and maintaining adequate 
hydration.
• Additional preventive measure such as below-knee elastic stockings, aspirin, 
or rarely, LMWH, are considered in people identifi ed at high risk for venous 
thrombosis.

Driving

• Driving a motor vehicle is an inherently dangerous activity that societies have 
accepted in order to have the freedom and lifestyle alternatives this provides.
• Most deaths and injuries related to driving are due to driver error, excessive 
speed and excessive alcohol intake.
• A medical condition that causes loss of consciousness of the driver is an uncom-
mon cause of an accident (estimated at 1 in 1,000 accidents).
• Any loss of consciousness or signifi cant alteration of mental status should dis-
qualify an individual from driving and prompt a thorough medical evaluation 
to seek the etiology.
• Most common causes of loss of consciousness are neurocardiogenic or vaso-
vagal syncope, seizures, supraventricular and ventricular tachycardias, and 
bradyarrhythmias. No etiology for the event can be identifi ed in up to 20% of 
cases.
• Most people can resume driving if episodes of loss of consciousness or altered 
mental status do not recur after an appropriate period of observation.
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CHAPTER 7

Long-Term Outcome

There has been a marked improvement in the pediatric mortality data for con-
genital lesions over the last 60 years (see Table 7.1). This has primarily been 
due to improved surgical techniques. Improving on the mortality rates due 
to progressive decline in cardiac function or pulmonary vascular disease are 
the equivalent 21st-century challenges. As new generations of patients with 
very complex lesions reach adulthood, mortality in adulthood may actually 
increase. For example, the fi rst patients with hypoplastic left heart syndrome 
are now reaching adult practitioners.

At present, only the simplest cardiac defects are associated with a nor-
mal long-term survival. Even simple lesions like secundum atrial septal 
defects(ASDs) and coarctation reduce life expectancy. Unfortunately, unlike 
the pediatric population, detailed fi gures are unavailable regarding lifelong 
outcome. There is to date no effective risk stratifi cation for these adult groups.

Lesions thought to be associated with poor outcome in adults

• Anything to do with ventricular dysfunction!
• Univentricular hearts: repaired and unrepaired.
• Cyanotic lesions.
• Pulmonary hypertension.
• Shone’s syndrome, especially if multiple procedures.
• Pulmonary atresia with ventricular septal defect (VSD) and aortopulmonary 
collaterals.

Figure 7.1 illustrates congenital heart disease (CHD) mortality in the UK in 
2001.

Table 7.1 Incidence of congenital lesions and outcomes in the UK

 Birth year No. born with CHD Survival at 1 year Survival at 18 years

Complex lesions 1940–60 24,930 20% 10%
1960–80 25,890 50% 35%
1980–90 11,325* 70% 50%

Simple lesions 1940–60 74,790 90% 90%
1960–80 77,680 90% 90%

 1980–90 33,980* 90% 90%

*Refl ects fall in total birth rate; no change in % of live births affected.
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Transplantation

Cardiac transplantation with or without lung transplantation offers a second 
chance for congenital patients with failing hearts. However, this is not a pana-
cea and is reserved for those who will gain symptomatic, as well as prognostic, 
benefi t.

The barriers to transplantation are as for the non-congenital groups, with 
organ shortage being the most important. However, congenital patients have 
added diffi culties. These include an increased incidence of hepatitis B and C 
from childhood transfusions; previous sternotomies and thoracotomies; ab-
normal venous connections requiring extra tissue at the time of the transplant 
and clotting disorders (especially if cyanosed). Indeed, outcome has been 
guarded for certain lesions, such that centers may be reluctant to accept partic-
ular patient groups for transplantation, for example, patients with pulmonary 
atresia and a VSD (also called tetralogy with pulmonary atresia and multiple 
aortic-to-pulmonary artery collaterals—MAPCAs; see Chapter 16). These pa-
tients have multiple aortopulmonary collaterals which cause excessive bleed-
ing at the time of surgery. At present patients with congenital heart disease 
comprise about 1% of adult heart transplants.

Heart or heart–lung transplantation
The crucial issue here is the degree of pulmonary vascular disease, if present. 
Pulmonary pressures and pulmonary vascular resistance should always be 
assessed, including a full reversibility study (e.g. using high fl ow oxygen, ni-
tric oxide, sodium nitroprusside) before scheduling surgery. Most transplan-
tation units will not support lone heart transplantation if the trans-pulmo-
nary gradient (mean pulmonary artery pressure minus the mean pulmonary 
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Fig. 7.1 Total numbers of deaths from congenital heart disease in the UK in 2001 (categorized 
by age at the time of death).
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wedge pressure) is 15 mmHg or greater. Other units use pulmonary resistance 
measurements (needs to be less than 6 Wood units at rest or 3 with maximal 
vasodilation). The outcome for heart–lung transplant is less encouraging than 
that for heart transplantation alone (a 5-year survival of 36% compared to 60% 
in heart transplantation alone). Other options include a single lung transplant 
in combination with an intracardiac repair.

Assist devices
With the limitation in organ availability, transplantation is unlikely to be the 
answer for the failing adult congenital patient at least in the next decade. There 
is therefore a gap in our treatment options that may be fi lled by intra-aortic 
balloon pumps in the short term and assist devices/mechanical hearts in the 
long term. There is, at present, limited experience in this group of patients with 
regard to left ventricular or biventricular assist devices, either as a bridge to 
transplantation or as destination therapy.

Palliative care

Unfortunately, several of the most severe forms of congenital heart disease 
are associated with marked shortening of life expectancy. In this setting, it is 
hoped that improving surgical techniques and newer treatment modalities 
(such as automatic implantable cardiac defi brillators; AICDs) will go some 
way to improve long-term outcomes.

However, for a subgroup of patients there are limited options. Although 
one-third of deaths occur suddenly, other patients deteriorate over a period 
of months or even years. In this scenario it is helpful, if possible, to have dis-
cussed end-of-life issues such as resuscitation and to have the patient’s wishes 
documented. This potentially lessens the pain for family members who may 
need to make treatment decisions at a time of great stress and upset.

Heart failure nurse specialists and/or palliative care teams may be help-
ful in improving symptom control and smoothing the ‘hospital–home’ inter-
face for patients. Being able to remain at home with support is very important 
for many patients and is something cardiologists can learn from their oncol-
ogy/palliative care colleagues. Patient help groups and bereavement support 
groups are very helpful resources for a family coming to terms with the critical 
nature of their relative’s illness.

Symptoms in terminal cardiac disease

• Breathlessness (may respond to home oxygen therapy).
• Anxiety (small doses of benzodiazepines, opiates; treat depression).
• Anorexia (treat right heart failure; steroids may increase fl uid retention).
• Cachexia.
• Profound lethargy.
• Syncope (exclude treatable rhythm disturbances).
• Refractory edema (home administration of intravenous diuretic).
• Abdominal distension (as above).
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CHAPTER 8

Atrial Septal Defects and Anomalous 
Pulmonary Venous Drainage

Atrial septal defect

Description of the lesion
An atrial septal defect (ASD) is a direct communication between the cavities 
of the atrial chambers, which permits shunting of blood. In the normal heart, 
the true atrial septum is within the rims of the oval fossa, the majority of the 
remaining tissue separating the atrial chambers being composed of an infold-
ing of the atrial wall. The morphology of the various types of ASDs is shown 
in Fig. 8.1.

Secundum ASDs—defects of the oval fossa—are by far the most common. A 
superior sinus venosus ASD occurs when there is a defi ciency of infolding of the 
atrial wall in the environs of the superior vena cava (SVC). It is overridden by 
the mouth of the SVC, which in turn has a biatrial connection. Most frequently, 
the pulmonary veins from part of the right lung are also involved, connect-
ing anomalously to the SVC near to its junction with the atria. Inferior sinus 

Fig. 8.1 Various types of ASD as seen from the right side of the heart. RA, right atrium; RV, right 
ventricle.
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venosus ASDs overriding the inferior vena cava (IVC) are much less common. 
The rarest type of ASD is a defi ciency of the party wall between the coronary 
sinus and the left atrium, producing an interatrial communication through 
the mouth of the coronary sinus, a so-called coronary sinus ASD. Primum ASDs
or partial atrioventricular septal defects (AVSD) will be discussed in Chapter 10. 
Large intra-atrial communications may represent a confl uence of one type of 
ASD with another.

The size of the ASD and the relative compliance of the right ventricle and the 
pulmonary vascular bed (in relationship to the left ventricle) determine the 
degree of intra-atrial shunting (left to right under normal circumstances for 
the vast majority of isolated ASDs).

Associated lesions
When ASD is the primary diagnosis, associated malformations occur in about 
30% of cases.
• Partial anomalous pulmonary venous connection (almost universal with 
superior sinus venosus ASDs, less common with secundum ASDs and rare 
with primum ASDs).
• Pulmonary valve stenosis.
• Mitral stenosis or mitral valve prolapse.
• Ventricular septal defect.
• Patent ductus arteriosus.
• Coarctation of the aorta.

Incidence and etiology
• One of the most common congenital heart disease (CHD) defects as an iso-
lated lesion, occurring in about 6–10% of all cardiac malformations.
• ASD and a bicuspid aortic valve are the two most common CHD defects 
presenting in adulthood.
• More common in females (2:1).
• There is a well-recognized association of ASD with Down syndrome (se-
cundum or primum), with Holt Oram syndrome (secundum, see glossary) 
and occasionally as a familial occurrence (secundum, associated with delayed 
atrioventricular conduction).
• Secundum defects are the most common (60%), with primum defects ac-
counting for 20% and superior sinus venosus defects 15%. The other types are 
rare.

Presentation and course in childhood
• Most children with an ASD present with a murmur and are asymptomatic.
• Occasionally, infants may present with breathlessness, recurrent chest in-
fections and even heart failure.
• In the current era, many children are referred to a pediatric cardiologist 
for spurious reasons and found to have an atrial septal defect on echocardio-
graphic testing.
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• Children with sizeable ASDs and right heart dilatation should undergo elec-
tive closure of their defect for prognostic reasons during the fi rst decade of life, 
irrespective of symptoms.

Course in adulthood
• Most adults present with symptoms usually in the third or fourth decade of 
life. These are usually breathlessness on exertion and/or palpitations due to 
atrial tachyarrhythmias. This often correlates with an increase in left-to-right 
shunting seen with increasing age.
• Occasionally, adults may present with cardiac enlargement on routine chest 
radiograph or a heart murmur. The latter type of presentation is particularly 
common among pregnant women, due to enhanced clinical signs (more ob-
vious fl ow murmur and fi xed splitting of the second heart sound) refl ecting 
increased circulating plasma volume.
• Adults with ASDs have reduced survival if ASD closure takes place after the 
age of 25 years. Other late complications of unrepaired ASDs are right heart 
failure, recurrent pneumonia and pulmonary hypertension, atrial fl utter and 
fi brillation and paradoxical embolus and stroke.

Examination

The diagnostic work-up should:
• document the ASD, its type and size;
• determine its hemodynamic effects:

– presence and degree of right atrial and ventricular dilatation,
– status of right ventricular function,
– shunt magnitude,
– pulmonary arterial pressure;

• determine the presence of associated anomalies that need to be addressed; 
and
• establish whether there is a history of sustained arrhythmia that required 
arrhythmia intervention at the time of ASD closure.

It should include a detailed history and clinical examination:
• right ventricular left parasternal impulse;
• wide and fi xed splitting of the second heart sound: cardinal physical sign of an 
ASD, not always present;
• pulmonary ejection systolic murmur at the upper left sternal edge;
• tricuspid mid-diastolic murmur at the lower left sternal edge, which may radi-
ate towards the cardiac apex;
• accentuated pulmonary component of the second heart sound, suggesting 
raised pulmonary arterial pressure;
• cyanosis; uncommon, more likely with a large defect or virtually common 
atrium, an inferior sinus venosus defect, a large coronary sinus defect, with pul-
monary vascular disease, or associated pulmonary stenosis, right ventricular 
dysfunction or Ebstein’s malformation.



70 Chapter 8

F
ig

. 8
.2

 1
2-

le
ad

 e
le

ct
ro

ca
rd

io
gr

am
 fr

om
 a

 p
at

ie
nt

 w
ith

 a
n 

in
tr

a-
at

ri
al

 c
om

m
un

ic
at

io
n.

 N
ot

e 
pr

es
en

ce
 o

f r
ig

ht
 b

un
dl

e 
br

an
ch

 b
lo

ck
 (

R
B

B
B

).
 L

ef
t a

xi
s 

de
vi

at
io

n 
in

 
ke

ep
in

g 
w

ith
 a

 p
ri

m
um

 A
S

D
 (

95
%

 o
f p

at
ie

nt
s 

w
ith

 a
 p

ri
m

um
 A

S
D

 h
av

e 
a 

su
pe

ri
or

 a
xi

s,
 i.

e.
 e

xt
re

m
e 

ri
gh

t o
r l

ef
t a

xi
s 

de
vi

at
io

n)
. A

bs
en

ce
 o

f R
V

H
 s

ug
ge

st
in

g 
no

 
pu

lm
on

ar
y 

hy
pe

rt
en

si
on

. N
ot

e 
no

rm
al

 P
 w

av
e 

a
xi

s 
(0

–
6

0°
) m

ak
in

g 
a 

hi
gh

 s
in

us
 v

en
os

us
 A

S
D

 u
nl

ik
el

y.
 1

° 
he

ar
t b

lo
ck

 (
co

m
m

on
 w

ith
 p

ri
m

um
 A

S
D

).



Atrial Septal Defects and Anomalous Pulmonary Venous Drainage 71

Useful investigations
• Pulse oximetry: normal oxygen saturations are expected.
• EKG (see Fig. 8.2)

– Right axis deviation and incomplete right bundle branch block pattern are 
common.
– Evidence of right ventricular hypertrophy, and lengthening of PR interval 
may be present.
– Large P waves, suggesting atrial overload.

• Chest radiography in adults with signifi cant ASDs reveals:
– cardiac enlargement with retrosternal fi lling in the lateral fi lm
– right atrial dilatation
– prominent central pulmonary arteries and pulmonary vascular markings.

• Echocardiography (see Fig. 8.3)
– The diagnosis is usually confi rmed by cross-sectional echocardiography, 
using a combination of subcostal and parasternal four-chamber sections 
with colour fl ow Doppler interrogation.
– The most important fi nding is an enlarged right ventricle which might be 
the only clue to an ASD in the adult with a poor window.
– The presence of tricuspid regurgitation will permit a Doppler estimate of 
pulmonary artery pressure.

Fig. 8.3 Transthoracic echocardiogram from patient with a large secundum ASD. Note massive 
dilatation of the right atrium (RA) and right ventricle (RV) with an echo drop-out at the level 
of ASD and a squashed left ventricle (LV). Smaller ASDs can be missed with transthoracic 
echocardiography. If right heart dilatation is present, transesophageal imaging may be neces-
sary. LA, left atrium.
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– A high index of suspicion is sometimes required to make the correct di-
agnosis and transesophageal studies are often needed in the adult patient to 
establish the site and size of the defect and the connection of the pulmonary 
veins.
– Three-dimensional and intracardiac echocardiogram may also have a role.

Management options for adults with ASD
The management of the adult with an ASD is primarily determined by the size 
and type of the defect, associated lesions and the presence and degree of pulmo-
nary vascular resistance. Currently, indications for ASD closure are as follows:
• Presence of an ASD with cardiac enlargement on the chest radiography, a 
dilated right ventricle on an echocardiogram and a pulmonary artery systolic 
or mean pressure 50% or less than the corresponding aortic pressures. This is 
irrespective of symptoms (many of these patients have symptoms such as exercise in-
tolerance without being aware of it). Patients should be considered for elective clo-
sure irrespective of age provided there are no specifi c contraindications (see 
below). Younger and older patients would benefi t from ASD closure compared 
to medical therapy in terms of:
– survival;
– functional class;
– exercise tolerance;
– reduction of risk of heart failure; and
– reduction of risk of pulmonary hypertension; however,
– patients older than 40 years of age and particularly those with preopera-
tive rhythm disturbance remain at risk of sustained atrial arrhythmia after 
closure. For the latter group, consideration should be given to arrhythmia targeted 
intervention either via transcatheter techniques, with new mapping and ablative 
systems or surgical atrial ablative procedures.

• History of cryptogenic TIA or stroke in the presence of an ASD or persistent 
foramen ovale and right-to-left shunting demonstrated on contrast echocar-
diogram.
Contraindications for closure include a pulmonary vascular resistance of more 
than 7–8 units or a defect diameter of less than 8 mm (with no evidence of right 
heart dilatation) in a patient who is symptom-free.

All secundum defects should be considered for transcatheter closure with one 
of the various devices that are available. Defects up to 40 mm in diameter can 
be closed with the Amplatzer® septal occluder, usually resulting in improve-
ment in symptoms at any age. Very large oval fossa defects and other types can 
be closed only by surgery using cardiopulmonary bypass with the potential 
for greater morbidity in the elderly with arrhythmias. Minimally invasive sur-
gery is also an alternative for selected patients.

Device closure 
Figure 8.4 shows the sequence of device closure.
• Early and intermediate follow-up is excellent after device closure.
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• The intermediate results are comparable to surgery with a high rate of shunt 
closure and few major complications.
• As with the surgical group, functional capacity improves and supraven-
tricular arrhythmias are better tolerated and more responsive to medical man-
agement.
• Occasionally, residual atrial septal defects are encountered either after cath-
eter or surgical closure. Unless responsible for a signifi cant left-to-right shunt 
(i.e. large residual ASDs) generally they do not require additional interven-
tion.
• Longer follow-up is needed to determine the incidence of arrhythmias and 
thromboembolic complications late after device closure.

Surgical outcomes
• Secundum ASDs without pulmonary hypertension should undergo surgi-
cal closure with a very low (<1%) operative mortality.
• Early and long-term follow-up is excellent. Preoperative symptoms, if any, 
should decrease or abate.

Fig. 8.4 Transcatheter closure of a secundum ASD. Catheter introduced from the right atrium 
through the defect to the left atrium (top left panel). Distal part of the device released (top right 
panel). Device and introducer are pulled back with the former opposing against the left atrial 
aspect of the intra-atrial wall (bottom left panel). Finally, proximal part of the device is released 
and deployed (bottom right panel).
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• Pre-existing atrial fl utter and fi brillation may persist unless concomitant ar-
rhythmia targeting procedures are performed. Likewise, atrial fl utter and/or 
fi brillation may arise de novo after repair in the older patient, but are better 
tolerated and often more responsive to antiarrhythmic therapy.

Medical management
This is primarily the management of the associated complications of right heart 
failure, atrial tachyarrhythmia and occasionally pulmonary hypertension (see 
management of patients with Eisenmenger physiology), when present.

Endocarditis recommendations
Endocarditis prophylaxis is only needed for primum defects and patients 
with valvular regurgitation or other associated lesions. Endocarditis prophy-
laxis is also advised for patients undergoing catheter closure for a period of 6 
months.

Exercise
Most adults are in New York Heart Association functional class 1 or 2 and 
require no limitation on their permitted exercise.

Pregnancy and contraception
Pregnancy is well tolerated by most women with an unoperated atrial septal 
defect. Cardiological review is recommended because of the small risk of para-
doxical embolus and stroke, arrhythmia and heart failure. If circumstances 
allow, ASDs should be closed prior to pregnancy. However, pregnancy can 
usually be allowed to continue. For a secundum defect, transcatheter device 
closure can be performed during pregnancy (with transesophageal or intra-
cardiac echocardiography). The only contraindication to pregnancy in women 
with ASDs, operated or not, is persisting pulmonary hypertension.

Late complications
• Premature death
• Right heart failure
• Left ventricular dysfunction
• Tricuspid and mitral valve regurgitation
• Atrial fl utter/fi brillation
• Sinus node dysfunction
• Paradoxical thromboembolism
• Endocarditis (rare)
• Systemic arterial hypertension
• Pulmonary hypertension/pulmonary vascular disease (usually a very late 
complication)
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Key clinical points

• ASDs with right heart dilatation merit elective closure for symptomatic 
improvement and prognostication irrespective of age.
• Catheter closure is preferable and indeed possible for the majority of secun-
dum ASDs.
• Atrial tachyarrhythmias are likely to persist or develop following late ASD 
closure. Arrhythmia targeting intervention should be considered at the time of 
ASD closure. Prophylactic anticoagulation for 6 months after closure is recom-
mended for the older patient, while right heart and pulmonary venous remod-
eling takes place (Fig. 8.5).

Further reading
Attie F, Rosas M, Granados N, Buendia A, Zabal C, Calderon J (2001) Anatomical closure for 

secundum atrial septal defect in patients aged over 40 years. A randomised clinical trial. 
Journal of the American College of Cardiology, 38(7), 2035–2042.

Brochu M-C, Baril J-F, Dore A, Juneau M, De Guise P, Mercier L-A (2002) Improvement in ex-
ercise capacity in asymptomatic and mildly symptomatic adults after atrial septal defect 
percutaneous closure. Circulation, 106, 1821–1826.

Gatzoulis MA, Freeman MA, Siu SC, Webb GD, Harris L (1999) Atrial arrhythmia after surgi-
cal closure of atrial septal defects in adults. New England Journal of Medicine, 40, 839–846.

Kobayashi J, Yamamoto F, Nakano K, Sasako Y, Kitamura S, Kosakai Y (1998) Maze proce-
dure for atrial fi brillation associated with atrial septal defect. Circulation, 98, 399–402.

Murphy J, Gersh B, McGoon M, et al. (1999) Long-term outcome after surgical repair of iso-
lated atrial septal defect. New England Journal of Medicine, 323, 1645–1650.

Rigby M (1999) The era of transcatheter closure of atrial septal defects. Heart, 81, 227–228.
St John Sutton M, Tajik A, McGoon D (1981) Atrial septal defects in patients aged 60 years or 

older: operative results and long-term postoperative followup. Circulation, 64, 402–409.

Fig. 8.5 Cardiac magnetic resonance imaging (MRI) showing right heart remodeling follow-
ing closure of a secundum ASD with an Amplatzer® device. Interval between the baseline and 
the post-ASD closure MRI of 6 months. The magnitude of reduction in right heart dilatation is 
inversely related to age and leads to improved left ventricular fi lling, increased cardiac output 
and better exercise capacity.
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Partial anomalous pulmonary venous drainage

Description of the lesion
Partial anomalous pulmonary venous drainage (PAPVD) is defi ned as at least 
one pulmonary vein connected to the right (rather than the left) atrium. The 
connection can be directly to the right atrium or indirectly via either the (supe-
rior or inferior) vena cava. The most common variant of PAPVD is the anoma-
lous connection of right pulmonary vein/s to the superior vena cava or the 
right atrium. Anomalous pulmonary venous drainage from the left lung is less 
common, usually to the left brachiocephalic vein or to the coronary sinus.

Scimitar syndrome
The scimitar syndrome constitutes a specifi c entity characterized by:
• PAPVD of the right pulmonary vein/s to the inferior vena cava;
• anomalous systemic arterial supply to the right lung; and
• variable degree of right lung hypoplasia with or without pulmonary seques-
tration.

Associated lesions
The most frequently lesion associated with PAPVD is an atrial septal defect. 
PAPVD is extremely common in sinus venosus defects (particularly superior) 
and is seen in approximately 2% of patients with secundum defects. Other as-
sociated lesions which may occur with PAPVD are congenital mitral stenosis 
or atresia, tetralogy of Fallot, ventricular septal defect, coarctation of the aorta, 
patent ductus arteriosus, aortic stenosis and hypoplasia of the aorta.

Genetics/epidemiology
Partial anomalous pulmonary venous connection is a rare congenital lesion 
(between 0.4 and 0.7% in an autopsy series). Risk of recurrence is small.

Presentation in childhood and adulthood
Patients with isolated PAPVD are usually asymptomatic early in life. Patients 
who develop symptoms usually have more than one anomalously draining 
pulmonary vein and/or associated lesions. Symptoms resemble those of pa-
tients with an atrial septal defect, namely exertional dyspnea, atrial tachyar-
rhyrhmia and later on in the course of the disease right heart failure and pul-
monary hypertension.

Early development of pulmonary hypertension during childhood—al-
though rare—has been reported in patients with or without an atrial septal de-
fect and in patients with scimitar syndrome, and carries a poorer prognosis.

Examination
The diagnostic work-up should document:

• PAPVD;
• the presence or not of right heart dilatation;
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• the presence of associated intracardiac lesions; and
• the degree of pulmonary hypertension, if present.
Seek the following signs on clinical examination:
• right ventricular left parasternal impulse;
• wide and fi xed splitting of the second heart sound, not always present;
• tricuspid mid-diastolic murmur at the lower left sternal edge, which might 
radiate towards the cardiac apex;
• accentuated pulmonary component of the second heart sound, suggesting 
raised pulmonary arterial pressure.

Useful investigations
• EKG:
– right bundle branch block pattern is common;
– right axis deviation may present if right heart dilation is present;
– fi rst-degree heart block is common with signifi cant PAPVD.

• Chest radiography:
– right heart dilatation in the lateral fi lm;
– dilatation of central pulmonary arteries;
– increased pulmonary vascular markings are common;
– signs of pulmonary hypertension may be present.

• Echocardiography:
– right atrial/ventricular dilation in the four-chamber and long parasternal 
axis views (in patients with a signifi cant PAPVD);
– transesophageal echocardiography may assist in documenting the site of 
drainage of the PAPVDs;
– pulse-wave Doppler would exclude stenoses at the anastomotic site for 
those who have undergone repair (uncommon).

• Cardiac MRI (with MR angiography): assist in the delineation of origin, 
course and anastomotic site of the anomalous vein(s).
• Cardiac catheterization: should be employed when pulmonary hyperten-
sion is suspected or for patients older than 40 years of age referred for surgery 
(to exclude coexisting coronary artery disease).

PAPVD closure in adulthood should be considered in the presence of right 
heart dilatation, irrespective of age and presence of symptoms. Patients with 
established arrhythmia—atrial fl utter in particular—should be considered for 
concomitant arrhythmia intervention at the time of surgery.

Pregnancy
Pregnancy in operated patients should be tolerated well in the absence of pul-
monary hypertension. Patients who have undergone late repair may have per-
sisting right atrial dilatation and be at risk of atrial arrhythmia.

Level of follow-up
Provided that there is no residual pulmonary hypertension, and important 
stenoses of pulmonary and systemic venous channels have been ruled out, 
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patients do not require tertiary follow-up. Patients who have undergone late 
repair should be alerted about the risk of late atrial fl utter and/or fi brillation 
and/or bradycardia.

Endocarditis prophylaxis
Patients with unoperated PAPVD require endocarditis prophylaxis when as-
sociated lesions, such as tricuspid regurgitation, are present.

Exercise
Patients with repaired PAPVD need no exercise restrictions, with the excep-
tion of those with pulmonary hypertension and or exercise-induced atrial 
tachyarrhythmia.

Scimitar syndrome
Associated lesions are common in scimitar syndrome (in 25% of patients, es-
pecially atrial and ventricular septal defects, patent ductus arteriosus, coarcta-
tion of the aorta, and tetralogy of Fallot).

Scimitar syndrome is a rare condition with low recurrence rate.

Presentation
• Coincidental fi nding on chest radiography; heart in middle or dextro-posi-
tion, due to right lung hypoplasia with scimitar vein.
• Heart murmur, due to associated lesions.
• Exertional dyspnea and/or palpitations, depending on the degree of the he-
modynamic abnormalities involved.
• Frequent pulmonary infections with or without hemoptysis, due to lung 
sequestration.

Examination

• Cardiac apex may be displaced to the right (secondary to right lung hypopla-
sia).
• Signs of associated defects (ASD or VSD) may be present.
• Signs of right heart dilatation and/or pulmonary hypertension may be present 
(as per ASD patients).

Useful investigations
• Chest radiography:
– degree of right lung hypoplasia (Fig. 8.6);
– presence of the scimitar vein;
– dilatation of central pulmonary arteries may be present (usually with as-
sociated intracardiac defects);
– increased pulmonary vascular markings or signs of pulmonary hyper-
tension may be present.
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• Echocardiography:
– defi nes intracardiac anatomy;
– demonstrates pulmonary venous return;
– delineates hemodynamics and the need for intervention;
– when tricuspid regurgitation is present, it assists in estimation of right 
ventricular and pulmonary arterial pressure.

• Cardiac MRI (with MR angiography): assists greatly in delineating the 
scimitar vein and the anomalous arterial lung supply from the aorta.
• Spiral CT: provides additional information on pulmonary pathology (se-
questration, bleeding or bronchiectasis).
• Cardiac catheterization: should be employed when pulmonary hyperten-
sion is suspected, or for patients older than 40 years of age referred for sur-
gery.

��

Fig. 8.6 Patient with scimitar syndrome following repair. Note persisting right lung hypoplasia 
(with secondary right heart displacement), dilated central pulmonary arteries in keeping with the 
previous large left-to-right shunt (patient had also a large secundum ASD, now repaired) and the 
ectatic scimitar vein previously draining to the IVC to RA junction. IVC, inferior vena cava; RA, 
right atrium.
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Repair of the scimitar syndrome should be guided by the direct hemodynamic 
effects of the anomalous pulmonary venous return and the effects of associ-
ated lesions. The same principles as with ASD and PAPVD should apply.

Additional indication for cardiothoracic intervention may exist in patients 
with recurrent respiratory infections and/or hemoptysis, and this needs to be 
assessed in conjunction with respiratory physicians and thoracic surgeons. 
Such patients with severe sequestration of the lung and recurrent pulmonary 
infections may benefi t from resection of the sequestrated lung and ligation or 
catheter occlusion of the anomalous arterial blood supply to respective lung 
segment(s).

Pregnancy
Pregnancy in operated patients should be tolerated well in the absence of pul-
monary hypertension.

Level of follow-up
Patients with scimitar syndrome should remain under periodic tertiary care 
follow-up.

Endocarditis prophylaxis
Patients require lifelong endocarditis prophylaxis when valvular regurgita-
tion or associated lesions, other than an ASD, are present.

Exercise
Patients with repaired scimitar syndrome, in general, need no exercise restric-
tions.

Late complications of PAPVD and scimitar syndrome
(In patients with signifi cant left-to-right shunts and right heart dilatation):
• reduced lifespan;
• right heart failure;
• atrial fl utter/fi brillation;
• sinus node disease;
• endocarditis (very rare);
• pulmonary hypertension/pulmonary vascular disease (may occur earlier 
than in patients with ASD alone);
• recurrent pulmonary infections and or hemoptysis in patients with the 
Scimitar syndrome

Key clinical points

• All patients with PAPVD or the scimitar syndrome with left-to-right shunt-
ing and right heart dilatation merit consideration for repair for symptomatic 
improvement and prognostication.
• This should be done irrespective of the presence of overt symptoms and age of 
the patient.
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• Pulmonary hypertension may develop in patients with PAPVD or scimitar syn-
drome earlier than in those with an ASD (for reasons which are not clear), hence 
repair should not be delayed when indications for intervention are present.
• Patients with scimitar syndrome may need thoracic surgery for pulmonary 
complications, and this needs to be addressed in conjunction to their hemody-
namics relating to the cardiac defect(s).
• Follow-up is advisable for patients with any degree of pulmonary hyperten-
sion and all patients with the scimitar syndrome.

Further reading
Mathey J, Galey JJ, Logeais Y, et al. (1968) Anomalous pulmonary venous return into inferior 

vena cava and associated bronchovascular anomalies (the scimitar syndrome). Report of 
three cases and review of the literature. Thorax, 23, 398–407.

Prasad SK, Soukias N, Hornung T, Pennell DJ, Gatzoulis MA, Mohiaddin RH (2004) Role of 
MRA in the diagnosis of multiple aorto-pulmonary collateral arteries and partial anoma-
lous pulmonary venous drainage. Circulation, 109(2), 207–214.

Saalouke MG, Shapiro SR, Perry LW (1977) Isolated partial anomalous pulmonary venous 
drainage associated with pulmonary vascular obstructive disease. American Journal of 
Cardiology, 39, 439–444.

Smallhorn JF, Pauperio H, Benson LM, Rowe RD (1985) Pulsed Doppler assessment of pul-
monary vein obstruction. American Heart Journal, 110, 483–486.

Vogel M, Berger F, Kramer A, Alexi-Meskishvili V, Lange PE (1999) Incidence of secondary 
pulmonary hypertension in adults with atrial septal or sinus venosus defect. Heart, 82,
30–33.



82

CHAPTER 9

Ventricular Septal Defect

Description of the lesion

The ventricular septum is composed of a muscular septum that can be di-
vided into three major components (inlet, trabecular and outlet) and a small 
membranous septum lying just underneath the aortic valve. Ventricular septal 
defects (VSDs) are classifi ed into three main categories according to their loca-
tion and margins (see Fig. 9.1).

• Muscular VSD: bordered entirely by myocardium; trabecular, inlet or outlet in 
location.
• Membranous VSD: often with inlet, outlet or trabecular extension and bordered 
in part by fi brous continuity between the leafl ets of an atrioventricular valve and 
an arterial valve.
• Doubly committed subarterial VSD: situated in the outlet septum and bordered 
by fi brous continuity of the aortic and pulmonary valves.

Incidence

Ventricular septal defects are one of the most common congenital malforma-

Supraventricular 
crest

Perimembranous 
defect

Tricuspid valve

Muscular inlet 
defect

Subarterial doubly 
committed defect

Muscular outlet 
defect

Central muscular 
defect

Multiple apical 
muscular defects

A

P

RA

RV

Fig. 9.1 Various types of ventricular septal defect as seen from the right side of the heart. RA, 
right atrium; RV, right ventricle; A, aorta; P, pulmonary artery.
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tions of the heart, accounting for approximately 20% of all congenital cardiac 
malformations.

Presentation and course in childhood

• A restrictive VSD is defi ned as a defect which produces a signifi cant pressure 
gradient between the left ventricle and the right ventricle, is usually accompa-
nied by a small (<1.5/1.0) shunt and does not cause signifi cant hemodynamic 
derangement. Spontaneous closure of a perimembranous VSD or of a small 
muscular VSD during childhood is common. Children are most often asympto-
matic.
• A moderately restrictive VSD is accompanied by a moderate shunt (Qp/Qs = 
1.5–2.5/1.0) and will pose a hemodynamic burden on the left ventricle. Children 
will present with failure to thrive and congestive heart failure.
• A large or nonrestrictive VSD (Qp/Qs >2.5/1.0) results initially in left ventricu-
lar volume overload early in life with a progressive rise in pulmonary artery 
pressure in childhood.

Physical examination

• Small restrictive VSD: high-frequency holosystolic murmur, usually grade 3–
4/6, heard with maximal intensity at the left sternal border in the third or fourth 
intercostal space.
• Moderately to large nonrestrictive VSD: displaced cardiac apex with holosystolic 
murmur as well as an apical diastolic rumble and third heart sound at the apex 
from the increased fl ow through the mitral valve.
• Eisenmenger VSD: central cyanosis and clubbing of the nail beds with signs of 
pulmonary hypertension—a right ventricular heave, palpable and loud P2, and 
a right-sided S4—are typically present. In many patients, a pulmonary ejection 
click and a soft and scratchy systolic ejection murmur, attributable to dilatation 
of the pulmonary trunk, and a high-pitched decrescendo diastolic murmur of 
pulmonary regurgitation (Graham Steell) are audible.

Useful investigations

• EKG: the EKG mirrors the size of the shunt and the degree of pulmonary hy-
pertension. Small restrictive VSDs usually produce a normal tracing. Moderate 
size VSDs produce a broad notched P wave characteristic of left atrial overload 
as well as signs of left ventricular volume overload, namely deep Q and tall R 
waves with tall T waves in lead V5–6. Atrial fi brillation may also be present.
• Chest radiography: the chest radiograph refl ects the magnitude of the shunt 
as well as the degree of pulmonary hypertension. A moderate sized shunt 
causes signs of left ventricular dilatation with some pulmonary plethora.
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• Echocardiography: transthoracic echocardiography can identify the loca-
tion, size and hemodynamic consequences of the VSD as well as any associ-
ated lesions.
• Cardiac catheterization: this may be performed to determine the severity of 
pulmonary vascular disease and the magnitude of intracardiac shunts.

Surgical management

• Moderately restrictive and nonrestrictive VSDs need timely surgical clo-
sure.
• When pulmonary hypertension is present, surgical closure may still be con-
sidered if there is any of the following:

– a net left-to-right shunt of at least 1.5/1.0;
– pulmonary reactivity when challenged with a pulmonary vasodilator 
(oxygen, nitric oxide);
– lung biopsy evidence that pulmonary artery changes are reversible.

• Successful transcatheter device closure of perimembranous or muscular 
VSDs has recently been reported in highly selected cases where the defect is 
far away from the aortic valve.

Late complications

• A restrictive VSD poses an ongoing and relatively high risk of endocardi-
tis. Perimembranous or outlet VSDs can be associated with progressive aortic 
valve regurgitation due to aortic cusp(s) prolapse into the defect (Fig. 9.2). Late 
development of subaortic and subpulmonary stenosis has also been reported.
• A moderately restrictive VSD, if left untreated, will lead to left atrial and ven-
tricular dilatation and dysfunction in adulthood as well as a variable increase 
in pulmonary vascular resistance. Important atrial arrhythmias, and less 
often ventricular arrhythmias, can occur.
• A nonrestrictive VSD will lead to irreversible pulmonary vascular changes 
and systemic pulmonary pressures, the so-called Eisenmenger syndrome (un-
less the pulmonary bed is protected by pulmonary stenosis).

Recommended follow-up

• Yearly cardiac evaluation is suggested for patients with associated aortic 
regurgitation, Eisenmenger patients, and adults with signifi cant atrial or ven-
tricular arrhythmias.
• Cardiac surveillance is also recommended for patients who have undergone 
late repair of moderate or large defects, which are often associated with left 
ventricular impairment and elevated pulmonary artery pressure at the time of 
surgery.
• Maintenance of good dental hygiene and antibiotic prophylaxis in these pa-
tients with residual patch leaks is very important.
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• Patients with small restrictive defects need to be seen infrequently.

Endocarditis recommendations
• Subacute bacterial endocarditis prophylaxis is indicated in patients with 
unrepaired VSD, residual VSD patch leak, associated aortic regurgitation or 
pulmonary outfl ow tract obstruction.

Exercise
• Patients with restrictive VSD do not require exercise restrictions.
• Patients with a moderate size VSD and some degree of pulmonary hyper-
tension should limit their exercise to class IA type activities (see Chapter 6).
• Patients with VSD and Eisenmenger physiology should not exercise.

Pregnancy and contraception
• Pregnancy is well tolerated in women with small or moderate VSD and in 
women with repaired VSD.
• SBE prophylaxis at the time of delivery is indicated in patients with unre-
paired VSD or residual VSD patch leak.

Fig. 9.2 Ventricular septal defect (VSD) with aortic cusp prolapse and secondary aortic regurgita-
tion. Long axis echocardiographic views. Note aortic cusp prolapse into the VSD (arrow, left panel) 
and aortic regurgitation on color Doppler (right panel). VSD is partially occluded by the protruding 
cusp. Patient referred for surgery. AO, aorta; LA, left atrium; LV, left ventricle; RV, right ventricle.
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• Patients with pulmonary hypertension are at an increased risk during preg-
nancy and should be assessed on an individual basis.
• Pregnancy is contraindicated in patients with VSD and the Eisenmenger 
syndrome.

Long-term outcome

• For patients with good to excellent functional class and good left ventricular 
function prior to surgical closure, life expectancy after surgical correction is 
close to normal.
• The risk of progressive aortic regurgitation is markedly reduced after sur-
gery, as is the risk of endocarditis, unless a residual VSD persists.
• Intraventricular conduction disturbances are increased after surgical clo-
sure and may be responsible for the slight increase in risk of sudden death 
encountered in this patient population.

Key clinical points

• VSD with Qp/Qs > 2/1 requires surgical closure before irreversible pulmo-
nary hypertension develops.
• Restrictive perimembranous VSD may cause progressive aortic regurgitation 
and needs careful long-term follow-up.

Further reading

Freed MD (1993) Infective endocarditis in the adult with congenital heart disease. [Review.] 
Cardiology Clinics, 11, 589–602.

Kidd L, Driscoll DJ, Gersony WM, et al. (1993) Second natural history study of congenital 
heart defects. Results of treatment of patients with ventricular septal defects. Circulation,
87, 38–51.

Neumayer U, Stone S & Somerville J (1998) Small ventricular septal defects in adults. Euro-
pean Heart Journal, 19, 1573–1582. Rhodes LA, Keane JF, Keane JP, et al. (1990) Long follow-
up (to 43 years) of ventricular septal defect with audible aortic regurgitation. American 
Journal of Cardiology, 66, 340–345.

Rigby ML & Redington AN (1994) Primary transcatheter umbrella closure of perimembra-
nous ventricular septal defect. British Heart Journal, 72, 368–371.



87

CHAPTER 10

Atrioventricular Septal Defect

Description of the lesion

Atrioventricular septal defects (AVSDs) comprise a spectrum of anomalies 
caused by abnormal development of the endocardial cushions which may give 
rise to partial, intermediate or complete AVSDs (see Fig. 10.1).

• Partial AVSD: ostium primum ASD with a ‘cleft’ left AV valve. The ventricular 
septum is intact.
• Intermediate AVSD: primum ASD with a restrictive VSD and separate, abnor-
mal AV valves.
• Complete AVSD: contiguous primum ASD and nonrestrictive VSD, separated 
only by a common AV valve.

Incidence and etiology

• Most partial AVSDs occur in non-Down syndrome patients (>90%).
• Most complete AVSDs occur in Down syndrome patients (>75%).
• AVSD may also occur in association with tetralogy of Fallot and other forms 
of complex congenital heart disease.

Presentation and course in childhood

• Partial and intermediate AVSD: patients with partial and intermediate AVSDs 
have a course similar to that of patients with large secundum ASDs, with the 
caveat that symptoms may appear sooner when signifi cant mitral regurgitation 
occurs through the cleft left AV valve. Children are usually asymptomatic or 
only mildly symptomatic with dyspnea if they have a signifi cant left-to-right 
shunt and/or if signifi cant ‘mitral’ regurgitation coexists.
• Complete AVSD: most children with complete defects will present with symp-
toms of congestive heart failure. Down syndrome patients may have already 
established signifi cant pulmonary hypertension at presentation.

Physical examination

• Partial AVSD: systolic ejection murmur with fi xed split S2, a prominent left 
ventricular apex and holosystolic murmur when signifi cant left AV valve regur-
gitation is present.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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• Intermediate AVSD: resembles partial AVSD with the addition of a holosystolic 
VSD murmur heard best at the left sternal border.
• Complete AVSD: a single S1 (common AV valve), a mid-diastolic murmur from 
augmented AV valve infl ow, and fi ndings of pulmonary hypertension and/or a 
right-to-left shunt.

Useful investigations

• EKG: fi rst-degree AV block (common) and left axis deviation. Partial or 
complete right bundle branch block is usually associated with right ventricu-
lar dilation.
• Chest radiography: cardiomegaly and pulmonary plethora are the rule with 
an enlarged left atrium commonly present.
• Echocardiography: echocardiography is essential to document the type of 
AVSD, assess the magnitude and direction of intracardiac shunting, the degree 
of AV valve regurgitation, the presence/absence of subaortic stenosis, and to 
estimate pulmonary artery pressure.

– The lack of ‘offsetting’ between the left and right AV valves (the right AV 
valve being apically displaced in normal hearts) is readily seen in the four-
chamber view and is the echo hallmark of AVSD.

• Cardiac catheterization: may be performed to determine the severity of 
pulmonary vascular disease and the magnitude of intracardiac shunts.

Surgical management

Partial AVSD: pericardial patch closure of the primum ASD with concomitant 
suture (+/– annuloplasty) of the ‘cleft’ left AV valve should be performed.
Intermediate/complete AVSD: in the absence of irreversible pulmonary hyper-
tension, all patients should undergo surgical repair. The goals of intracardiac 
repair are ventricular and atrial septation with adequate mitral and tricuspid 
reconstruction. ‘Mitral’ valve replacement is sometimes needed when ‘mitral’ 
valve repair is not possible.

Late complications

Postoperative complications include:
• recurrent left AV valve regurgitation (most common complication);
• left AV valve stenosis;
• patch dehiscence or residual septal defects;
• development of complete heart block;
• late atrial fl utter/fi brillation;
• progressive or de novo subaortic stenosis.

Recommended follow-up

• All patients require long-term follow-up by a cardiologist because of the 
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risk of progressive left AV valve regurgitation (or stenosis), the development 
of subaortic stenosis, signifi cant atrial arrhythmias, or progression of the com-
monly present fi rst-degree AV block.
• Particular attention should be paid to those patients with established pul-
monary hypertension preoperatively.

Endocarditis recommendations
• SBE prophylaxis is recommended in all patients with unrepaired AVSD.
• SBE prophylaxis is recommended in patients with residual LVOT obstruc-
tion, LAVV regurgitation or residual shunt post AVSD repair.

Exercise
• Patients with repaired AVSD and no residual signifi cant hemodynamic le-
sions have no contraindication to exercise.
• Patients with moderate AVSD shunt and some degree of pulmonary hyper-
tension, moderate to severe residual LVOT obstruction or cardiomegaly should 
restrain their activities to class IA type (see Chapter 6).
• Patients with AVSD and Eisenmenger physiology should not exercise.

Pregnancy and contraception
• Pregnancy is well tolerated in patients with complete repair and no signifi -
cant residual lesions.
• Women in NYHA class I and II with unoperated partial AVSD usually toler-
ate pregnancy very well, but have an increased risk of paradoxical emboliza-
tion.
• As is the case for VSD, patients with pulmonary hypertension present an 
increased risk and need specialized advice.

Long-term outcome

• Long-term outcome in patients after surgical correction is relatively good.
• The worst outcome occurs in patients with established pulmonary arterial 
hypertension preoperatively.
• Recurrent left AV valve regurgitation is the principal cause of late morbid-
ity after surgical repair of AVSDs, necessitating reoperation in at least 10% of 
patients.
• SBE prophylaxis is needed in most patients after surgical repair due to the 
persistence of left AV valve regurgitation.

Key clinical points

• Patients with Down syndrome have a propensity to develop pulmonary hyper-
tension at an even earlier age than do other patients with AVSD.
• Recurrent left AV valve regurgitation is the most common complication seen 
after surgical repair of AVSDs and needs careful follow-up.
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Further reading

Bando K, Turrentine MW, Sun K, et al. (1995) Surgical management of complete atrioven-
tricular septal defects. A twenty-year experience. Journal of Thoracic and Cardiovascular 
Surgery, 110, 1543–1552; discussion 1552.

Barnett MG, Chopra PS & Young WP (1988) Long-term follow-up of partial atrioventricular 
septal defect repair in adults. Chest, 94, 321–324.

Burke RP, Horvath K, Landzberg M, Hyde P, Collins JJ, Jr & Cohn LH (1996) Long-term fol-
low-up after surgical repair of ostium primum atrial septal defects in adults. Journal of the 
American College of Cardiology, 27, 696–699.

Michielon G, Stellin G, Rizzoli G, et al. (1995) Left atrioventricular valve incompetence after 
repair of common atrioventricular canal defects. Annals of Thoracic Surgery, 60, S604–
S609.
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CHAPTER 11

Left Ventricular Outfl ow Tract 
Disorders

Description of the lesion

Left ventricular outfl ow tract obstruction (LVOTO) can occur at three levels.

• Subvalvar LVOTO can either be discrete (most commonly) or tunnel-shaped.
• Valvar LVOTO: a bicuspid aortic valve causing aortic stenosis consists of two 
cusps, often of unequal size, the larger usually containing a false raphe. Aortic 
root enlargement from cystic medial changes is commonly seen in these patients.
• Supravalvar LVOTO may occur rarely in isolation as an hourglass deformity. 
However, it is more often diffuse, involving other major arteries (pulmonary, 
coronary and renal arteries) to varying degrees.

Incidence and etiology

• Subvalvar LVOTO has a male predominance (2:1). A genetic predisposition 
has been suggested as there are reports of a familial incidence.
• Bicuspid aortic valve (Fig. 11.1) is the most common congenital cardiac anom-
aly, occurring in 1–2% of the population with a male predominance (4:1).
• Supravalvar LVOTO is usually part of Williams syndrome, which is a con-
tiguous gene syndrome associated with neurodevelopmental and multisys-
tem manifestations caused by a deletion at chromosome 7q11.23, but may be 
familial with normal facies, or associated with rubella syndrome.

Presentation and course in childhood

• Subvalvar LVOTO often progresses, but the rate is variable. It is often associ-
ated with mild to moderate aortic regurgitation (up to 60% of cases) through 
an otherwise normal valve that has been damaged by the subvalvar jet of 
blood. Symptoms vary from none when the obstruction is mild or moderate to 
dyspnea, chest pain and syncope when the obstruction is severe.
• Valvar LVOTO commonly progresses as the patient grows but the rate is vari-
able. Some children will present with aortic stenosis or aortic regurgitation 
and symptoms will vary from none to mild dyspnea, exertional syncope and/
or chest pain.
• Supravalvar LVOTO is usually progressive and aortic regurgitation is com-
mon. With Williams syndrome, there are often associated peripheral pulmo-

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely
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nary artery or systemic arterial (including coronary ostial) stenoses, which 
may give rise to chest pain and systemic hypertension.

Physical examination

• Subvalvar LVOTO: ejection systolic murmur best heard at the left parasternal 
border.
• Bicuspid aortic valve: ejection systolic click best heard at the apex with either 
systolic ejection murmur best heard at the second left intercostal space radiating 
towards the carotids (AS) or diastolic murmur (AR) best heard at the left par-
asternal border.
• Supravalvar LVOTO: ejection systolic murmur best heard at the second left 
intercostal space, radiating toward the carotids (right > left).

Useful investigations

• EKG: the EKG ranges from normal to showing marked left ventricular 
hypertrophy from severe LVOT obstruction or aortic regurgitation.
• Chest radiography: dilatation of the ascending aorta is common with a bi-
cuspid aortic valve (BAV). The left ventricle may be enlarged if severe aortic 
regurgitation is present.

Fig. 11.1 Morphologic specimen of a bicuspid aortic valve. Fusion of two cusps (top part) 
producing an eccentric functional orifi ce with the third cusp (bottom part); true bicuspid, i.e. two 
leafl et aortic valve is uncommon. Note limited opening of the valve with thickening of the cusp 
edges and failure of complete leafl et coaption, leading to both aortic stenosis and regurgitation.
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• Echocardiography: this procedure permits identifi cation of the level as well 
as degree of LVOT obstruction. Assessment of severity of aortic root dilatation 
and aortic regurgitation can also be performed.

Surgical management

• Subvalvar LVOTO should be considered for surgical intervention when a 
resting catheter gradient or mean echocardiographic gradient is >50 mmHg, 
symptoms develop, or if combined with progressive aortic regurgitation which 
is more than mild.
• Bicuspid aortic valve requires intervention for:

– aortic stenosis causing symptoms (dyspnea, angina, presyncope or syn-
cope) or, arguably, ‘critical’ aortic stenosis (valve area <0.6 cm2).
– moderate or severe regurgitation associated with exertional symptoms, or 
left ventricular end systolic dimensions >55 mm or LVEF <55%.

• Prophylactic surgery for proximal aortic dilatation (>55 mm) is usually rec-
ommended.
• Bicuspid aortic stenosis can be treated with balloon valvuloplasty if the 
valve is non-calcifi ed. Alternatively, signifi cant stenosis or regurgitation can 
be treated with valve replacement using a mechanical valve, a biological valve 
or a pulmonary autograft (‘Ross procedure’—replacing the aortic valve with 
the patient’s pulmonary valve and implanting a homograft in the pulmonary 
position).
• Supravalvar LVOTO may require surgical intervention for a catheter gradient 
or mean echocardiographic gradient of >50 mmHg.

Late complications

• Subvalvar LVOTO: recurrence of subvalvar LVOTO as well as development of 
signifi cant aortic regurgitation following repair is not uncommon.
• Bicuspid aortic valve stenosis treated by valvuloplasty is associated with pro-
gressive recurrent stenosis and/or progressive regurgitation, and may even-
tually require valve replacement. Aortic root dilatation and dissection also 
occur.
• In patients with the Ross procedure, the pulmonary autograft occasionally 
deteriorates, giving rise to neo-aortic regurgitation, whereas the pulmonary 
homograft is expected to stenose with time.
• Recurrence of supravalvar LVOTO is uncommon. The long-term durability of 
the patches or conduits used to relieve the obstruction may be a problem and 
surveillance should include assessment for aneurysm and endocarditis.

Endocarditis recommendations
• Subacute bacterial endocarditis prophylaxis is recommended in patients 
with unrepaired LVOT obstruction.
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• Subacute bacterial endocarditis prophylaxis is recommended in patients 
with any residual LVOT obstruction or aortic regurgitaion after surgical repair 
or balloon dilatation.
• SBE is recommended in any patients with an aortic valve prosthesis.

Exercise
• Patients with mild or no residual LVOT obstruction should have no restric-
tion on physical activities.
• Patients with moderate or severe LVOT obstruction should limit their activi-
ties to class IA types (see Chapter 6).

Pregnancy and contraception
LVOTO lesions associated with increased maternal and fetal risk during preg-
nancy include the following.
• Severe LVOTO with or without symptoms.
• Aortic regurgitation with functional class III to IV.
• LVOTO with moderate or severe LV dysfunction.
• Mechanical prosthetic valves requiring anticoagulation. The latter under-
scores the importance, when feasible, of valve reconstruction or consideration 
of a bioprosthesis or pulmonary autograft procedure rather than replacement 
with a mechanical prosthesis in women having preconception cardiac sur-
gery.
• The presence of bicuspid aortic valve and ascending aortic medial abnor-
mality may predispose to spontaneous aortic dissection in the third trimes-
ter.

Recommended follow-up
All patients should have regular cardiology follow-up. Particular attention 
should be paid to:
• progressive/recurrent stenosis at any level;
• aortic regurgitation;
• ventricular function and/or dilatation;
• aortic root dilatation.

Key clinical points

• Recurrence of subvalvar LVOTO is not uncommon, hence the need for lifelong 
follow-up.
• High prevalence of aortic root enlargement in patients with bicuspid aortic valve
occurs irrespective of altered hemodynamics or age.
• Supravalvar LVOTO is often a diffuse disease involving the great arteries as 
well as pulmonary and coronary arteries.
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CHAPTER 12

Coarctation of the Aorta

Description of the lesion

Coarctation of the aorta is a stenosis in the aortic arch usually at, or beyond, the 
site of the duct (Fig. 12.1). In neonates this is often a sling of ductal tissue that 
causes narrowing of the lumen when the patent ductus arteriosus closes. In 
adults there is often a more defi nite obstruction with luminal narrowing distal 
to the left subclavian artery. Rarely, coarctation can occur at other sites such as 
the abdominal aorta. Associated vascular abnormalities include hypoplasia of 
the aortic arch (common) and anomalies of the head and neck vessels includ-
ing aneurysm formation.

Coarctation

Coarctation

Patent arterial 
duct

RA

RV

LA

LV

A

P

Fig. 12.1 Coarctation of the aorta. Left panel: Coarctation with patent arterial duct, common in 
neonates. Often patent duct dependent systemic circulation. One of the few pediatric emergen-
cies, with infants presenting with reduced or absent femoral pulses and cardiovascular collapse. 
Patients require prostaglandin infusion for maintaining patency of the arterial duct until transfer 
to a cardiothoracic center for prompt coarctation repair.
Right panel: Coarctation with closed arterial duct. Usual pattern in older children or adults (also 
called native coarctation). Collateral fl ow is common. Patients often present with either proximal 
systemic hypertension and/or weak and delayed femoral pulses. RA, right atrium; RV, right 
ventricle; LA, left atrium; LV, left ventricle; P, pulmonary trunk; A, aorta.
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Associated lesions
• Bicuspid aortic valve (with or without aortic stenosis): up to 85%
• Patent arterial ductus, ventricular septal defect
• Bronchial collateral network
• Anomalies of head and neck vessels: 5%
• Intra-cerebral berry aneurysms: 5%
• Proximal arteriopathy (ascending aorta, etc.)
• Multiple left heart obstructive lesions (valvar and subvalvar aortic stenosis, 
parachute mitral valve—Shone’s syndrome)

Incidence and etiology

• 7% of congenital heart lesions
• More common in males (1.5:1)
• A common lesion in Turner syndrome (occurs in up to 25%)
• Rarely—autosomal dominant inheritance

Presentation and course in childhood

The condition often presents in the neonatal period and early childhood de-
pending on the site of the coarctation, the presence of other lesions and the 
extent to which collaterals are developed.

Neonates usually present with heart failure or ‘ductal shock’ following 
closure of the duct. Older children and adults with milder disease come to 
medical attention with hypertension, murmurs, diminished femoral pulses 
and occasionally, in adults, acute cardiovascular complications such as cer-
ebrovascular events.

Course in adulthood

The majority of adults with coarctation will already have had surgery. Re-co-
arctation and aneurysm formation are the commonest repair site complica-
tions. Most post-repair adults will be asymptomatic. With increasing age, the 
incidence of hypertension rises steeply even in the absence of repair site rest-
enosis. By middle age the majority of repaired patients will be hypertensive. 
Early atherosclerotic disease is common and represents the commonest cause 
of death in adulthood. Even in the setting of early neonatal repair, life expect-
ancy may not be normal.

Surgical management

Coarctation should be repaired at the time of diagnosis to minimize the long-
term adverse sequelae. Surgical repair is by:
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• direct end-to-end anastomosis (common in childhood, but interposition 
graft may be necessary in adulthood);
• subclavian fl ap repair, arch augmentation using the left subclavian artery 
(more often in children). Following surgery the left radial pulses may be weak 
and left arm blood pressure artifi cially low and unreliable;
• patch grafting (now abandoned due to an increased risk of aneurysm forma-
tion);
• long tube grafting or bypass grafting, often needed to deal with long or com-
plex lesions (in adulthood). This includes various forms of anterior grafting 
with a long conduit from the ascending to the descending intrathoracic aorta 
running anteriorly over the front of the heart.

Catheter management
Primary stenting is becoming standard treatment for adults with native coarc-
tation or in re-coarctation. This is a relatively safe and highly effective tech-
nique, although long-term follow-up data are not yet available. Its use should 
be confi ned to tertiary referral centers.

When there is concomitant aortic stenosis, it is customary to deal with the 
most severe lesion fi rst. A joint surgical and catheter laboratory-based ap-
proach may be optimal.

Repair of aortic aneurysm has until now involved major vascular surgical 
repair. The use of covered wall stents in selected patients may be a less trau-
matic option but again requires expertise in a tertiary center.

Medical management

Primarily, this is management of the associated complications of hypertension, 
left ventricular hypertrophy and accelerated atherosclerotic disease. ACE in-
hibitors and beta-blockers are particularly effective, although ACE inhibitors 
should be avoided in those with signifi cant repair site gradients or in women 
considering pregnancy. Aggressive primary prevention for these patients is 
paramount and, therefore, should not be forgotten.

Examination

• Resting right arm blood pressure
• Nature and volume of femoral pulses
• Arm–leg blood pressure gradient (especially helpful)
• Resting saturations—normal
• Rhythm—usually sinus
• Heart sounds—systolic apical click from bicuspid aortic valve
• Murmurs—of repair site, collaterals, aortic valve disease including aortic 
regurgitation
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Required follow-up

Coarctation patients need periodic follow-up at a specialist clinic. Those 
with known re-stenosis, small aneurysms and bicuspid aortic valve disease 
need close review. It is advisable that all patients have a baseline cardiac MRI 
(Fig. 12.2), which needs to be repeated periodically in those with any evidence 
of aneurysm formation. Cardiac MRA (angiography) has almost replaced in-
vasive catheter investigations with regard to assessing re-coarctation and an-
eurysm formation (Fig. 12.3).

Pregnancy
Pregnancy carries a morbidity and mortality risk. Patients with unrepaired 
tight coarctation are at risk of severe hypertension, heart failure, stroke and 
aortic dissection. In addition, placental and fetal perfusion in such patients 
will be greatly diminished. In patients with repaired coarctation the risks are 
less, although there needs to be meticulous control of blood pressure, while 
avoiding placental and fetal hypoperfusion and drug-induced teratogenic-
ity. Patients with aortic aneurysms and/or re-coarctation present a particular 
challenge. Pregnancy is contraindicated in those with a known signifi cant aor-
tic aneurysm. (See Chapter 3 for further details.)

Long-term outcome

• Outcome overall is good, although function may not return to normal even 
with early repair.

Fig. 12.2 Native coarctation of the aorta (cardiac MRI). Note marked dilatation of the left subcla-
vian artery, proximal to coarctation suggesting excessive collateral fl ow. Also moderate ascend-
ing aortic dilatation, secondary to a coexistent bicuspid aortic valve. Ascending aortopathy is 
uncommon in patients with isolated aortic coarctation (without aortic valve involvement). Patient 
referred for primary stent implantation (transcatheter intervention).
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• The commonest cause of death is atherosclerotic disease. Meticulous blood 
pressure control and addressing other risk factors may impact on prognosis. 
There may be justifi cation for treating coarctation patients as secondary pre-
vention subjects.

Endocarditis recommendations
For life! For all patients with coarctation (treated or untreated).

Exercise
Patients with repaired coarctation should be encouraged to exercise regularly. 
However, extreme isometric exercise should be avoided, especially by hyper-
tensive patients.

Fig. 12.3 Large paracoarctation aneurysm (chest radiograph). Patient presenting with hemop-
tysis and systemic hypertension many years after previous surgical repair of coarctation (note 
surgical clips) and referred for emergency surgery. Smaller aortic aneurysms may not be seen 
with chest radiography and we recommend routine cardiac MRI for all patients with previous 
repair of aortic coarctation.
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Complications

• Arrhythmia: rare.
• Endocarditis: often diffi cult to detect; need low index of suspicion.
• Systemic hypertension: common.
• Ventricular dysfunction: rare unless hypertensive heart disease or aortic 
valve disease.
• Thrombotic events: rare.
• Sudden death: rare unless ruptured aortic or berry aneurysm.

Lesion-specifi c complications
• Repair site aneurysm, especially patch grafts (no longer used routinely).
• Re-coarctation: common.
• Accelerated atherosclerosis.
• Stroke disease: hemorrhagic and ischemic (including berry aneurysms).
• Ascending aortopathy.
• Aortic valve disease: stenosis or regurgitation.

Key clinical points

• Hemoptysis requires urgent aortic imaging with CT or MRI and referral to a 
tertiary center as it may herald aortic dissection or ruptured aneurysm.
• Low index of suspicion for ischemic heart disease.
• Meticulous control of blood pressure, lifelong.
• Coexisting re-coarctation may be missed in the setting of aortic valve dis-
ease—need a low index of suspicion.
• Pregnancy may present signifi cant problems for these patients and should not 
be undertaken without specialist advice.

Further reading

Bromberg BI, Beekman RH, Rocchini AP, et al. (1989) Aortic aneurysm after patch aortoplasty 
repair of coarctation: a prospective analysis of prevalence, screening tests and risks. Jour-
nal of the American College of Cardiology, 14(3), 734–741.

de Divitiis M, Pilla C, Kattenhorn M, et al. (2001) Vascular dysfunction after repair of coarcta-
tion of the aorta: impact of early surgery. Circulation, 104(12), I165–70.

Hornung TS, Benson LN & McLaughlin PR (2002) Catheter interventions in adult patients 
with congenital heart disease. Current Cardiology Reports, 4(1), 54–62.

Swan L, Wilson N, Houston AB, et al. (1998) The long-term management of the patient with 
an aortic coarctation repair. European Heart Journal, 19(3), 382–386.

Toro-Salazar OH, Steinberger J, Thomas W, et al. (2002) Long-term follow-up of patients after 
coarctation of the aorta repair. American Journal of Cardiology, 89(5), 541–547.
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CHAPTER 13

Complete Transposition of the Great 
Arteries

Description of the lesion
In patients with complete transposition of the great arteries (TGA; Fig. 13.1), 
there is atrioventricular concordance and ventriculoarterial discordance—i.e. 
the right atrium connects to the morphological right ventricle which gives rise 
to the aorta and the left atrium connects to the morphologic left ventricle which 
gives rise to the pulmonary artery (Fig. 13.2). Consequently, the pulmonary 
and systemic circulations are connected in parallel rather than the normal in-
series connection. This situation is incompatible with life unless mixing of the 
two circuits occurs.

Presentation and course in childhood
Newborns are typically pink at birth but become progressively cyanotic as the 
ductus closes. Survival before surgical repair is dependent upon mixing of the 
circulations at one level or another, whether natural (ventricular septal defect, 
VSD; atrial septal defect, ASD; patent ductus arteriosus, PDA) or by intervention 
(Blalock-Hanlon atrial septectomy or Rashkind balloon atrial septostomy).

Unoperated transposition is a lethal condition with 90% mortality by the 
age of one year. Nearly all patients will have had surgical intervention (atrial 
switch (Fig. 13.3), arterial switch, or Rastelli operation—see below) early on, 
with the exception perhaps of patients with a large VSD who may survive into 
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Fig.13.1 Transposition of great arteries. Left panel: normal heart. Middle panel: complete (or 
simple) transposition—patients present with cyanosis soon after birth. Right panel: congenitally 
corrected transposition—patients present usually later depending on associated lesions (see 
Chapter 14). RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle; P, pulmonary 
trunk; A, aorta.
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adulthood without intervention and present with pulmonary vascular dis-
ease.

Physical examination

• Atrial switch: right ventricular parasternal lift, a normal S1, a single loud S2 (P2

is not heard because of its posterior location), a holosystolic murmur from tricus-
pid regurgitation if present.
• Arterial switch: appears normal on physical examination. Diastolic murmur 
from neo-aortic valve regurgitation and systolic ejection murmur from right 
ventricular outfl ow tract obstruction (RVOTO) may be present. 

Useful investigations
• EKG: sinus bradycardia or junctional rhythm, in the absence of a right atrial 
overload pattern, with evidence of right ventricular hypertrophy is character-
istically present in patients following the atrial switch procedure. The EKG is 
typically normal in patients following the arterial switch procedure.
• Chest radiography: on the posteroanterior fi lm, a narrow vascular pedicle 
with an oblong cardiac silhouette (‘egg on its side’) is typically seen in patients 
following the atrial switch procedure. For the arterial switch, normal mediasti-
nal borders.
• Echocardiography: following the atrial switch procedure, parallel great arter-
ies are the hallmark of TGA. Qualitative assessment of systemic right ventricu-
lar function, the degree of tricuspid regurgitation and the presence or absence 
of subpulmonic left ventricular obstruction (dynamic or fi xed) is possible. As-
sessment of baffl e leak or obstruction is best done using color and Doppler fl ow. 

Fig. 13.2 Complete transposition of great arteries (cardiac MRI). Note anterior aorta arising 
from a hypertrophied systemic right ventricle (left part) and posterior pulmonary artery aris-
ing from the left ventricle. Note banana-shaped left ventricle (right lower panel) due to right 
ventricular dilatation. Patients with transposition complexes have a systemic right ventricle. The 
latter—despite adaptation and remodeling to support the systemic load—is associated with late 
ventricular dysfunction and failure in a proportion of patients.
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After arterial switch, neo-aortic valve regurgitation, supravalvar pulmonary ste-
nosis and segmental wall motion abnormality from ischemia due to coronary 
ostial stenosis should be sought. In patients with the Rastelli operation, left ven-
tricular to aorta tunnel obstruction as well as right ventricular to pulmonary 
artery conduit degeneration (stenosis/regurgitation) must be sought.

Surgical management
• Atrial switch (see Figs 13.2 and 13.3) (Mustard or Senning procedure): blood 
is redirected at the atrial level using a baffl e made of Dacron® or pericardium 
(Mustard operation) or atrial fl aps (Senning operation), achieving physiologic 
correction. Systemic venous return is diverted through the mitral valve into 
the subpulmonary morphologic left ventricle and the pulmonary venous re-
turn is rerouted via the tricuspid valve into the subaortic morphologic right 
ventricle. By virtue of this repair, the morphologic right ventricle is left to sup-
port the systemic circulation.
• Arterial switch (Jatene procedure): blood is redirected at the great artery level 
by switching the aorta and pulmonary arteries such that the morphologic left 
ventricle becomes the subaortic ventricle and supports the systemic circulation, 
and the morphologic right ventricle becomes the subpulmonary ventricle.
• Rastelli procedure (for patients with VSD and pulmonary/subpulmonary ste-
nosis): blood is redirected at the ventricular level with the left ventricle tun-
neled to the aorta via the VSD and a valved conduit placed from the right ven-

Fig. 13.3 Mustard procedure (the same patient as in Fig. 13.2—cardiac MRI). Consists of atrial 
redirection of fl ow to correct cyanosis. Patient continues to have the right ventricle supporting 
the systemic circulation. Mild stenosis of the superior vena cava part of the baffl e (anastomosis) 
is seen at the left upper panel, leading to dilatation of the inferior vena cava anastomosis at the 
left bottom panel. Some of the drainage of the upper systemic venous blood is facilitated via the 
azygous system (not seen in this fi gure). Systemic veins drain into the smooth trabeculated left 
ventricle at the right bottom part of fi gure.
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tricle to the pulmonary artery. By virtue of this procedure, the left ventricle 
supports the systemic circulation.

Late complications
• Following atrial switch procedure, one of the following complications may 
occur:
– signifi cant systemic (tricuspid) atrioventricular (AV) valve regurgitation 
(40%);
– systemic right ventricular dysfunction (40%);
– symptomatic bradycardia (sinus node dysfunction, AV node block) (50%)
– atrial fl utter and fi brillation (20% by age 20);
– superior or inferior vena cava pathway obstruction;
– pulmonary venous obstruction (rare);
– atrial baffl e leak.

• Following arterial switch procedure, the following complications may occur:
– right ventricular outfl ow tract obstruction;
– neo-aortic valve regurgitation;
– myocardial ischemia from coronary artery obstruction.

• Following the Rastelli procedure, the following complications may occur:
– right ventricle-to-pulmonary artery conduit stenosis;
– signifi cant subaortic obstruction (across LV–aorta tunnel);
– residual VSD.

Recommended follow-up
Regular follow-up by physicians with special expertise in adult congenital 
heart disease is recommended.
• Atrial switch: serial follow-up of systemic right ventricular function is war-
ranted. Echocardiography and RNA can be used, although MRI is especially 
useful.
• Arterial switch: regular follow-up with echocardiography is recommended.
• Rastelli: regular follow-up with echocardiography is warranted given the 
inevitability of conduit degeneration over time.
• Holter monitoring is recommended to diagnose unacceptable brady- or 
tachyarrhythmias.

Endocarditis recommendations
• All patients with DTGA status after atrial switch or Rastelli procedure 
should take SBE prophylaxis for life.
• Patients with DTGA status after arterial switch should take SBE prophylaxis 
if any residual hemodynamic disturbances are present (mild pulmonary ste-
nosis, aortic regurgitation, etc.).

Exercise
• In the absence of severe cardiomegaly or severe pulmonary hypertension, 
patients should be restricted to class 1A type activities (see Chapter 6).
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• Patients with severe cardiomegaly or severe pulmonary hypertension 
should not exercise.

Pregnancy and contraception
Pregnancy in women with a normal functional class following atrial switch 
operation is usually well tolerated. Worsening of systemic right ventricular 
function during or shortly after pregnancy, however, has been reported. ACE 
inhibitors should be stopped before pregnancy occurs.

Long-term outcome
• Atrial switch
– Following atrial baffl e surgery, most patients reaching adulthood will be 
in NYHA class I–II.
– Progressive systemic right ventricular dysfunction and left AV valve re-
gurgitation is the rule.
– About 10% of patients will present with frank symptoms of congestive 
heart failure.
– Atrial fl utter/fi brillation occurs in 20% of patients by age 20.
– Progressive sinus node dysfunction is seen in half of the patients by early 
adulthood.

• Arterial switch
– Supravalvar pulmonary stenosis.
– Ostial coronary artery disease.
– Progressive neo-aortic valve regurgitation.

• Rastelli procedure
– Progressive right ventricular to pulmonary artery conduit obstruction can 
cause exercise intolerance or right ventricular angina.
– Left ventricular tunnel obstruction can present as dyspnea or syncope.

Key clinical points

• Patients with an atrial switch procedure and severe systemic (tricuspid) AV 
valve regurgitation may need:
– valve replacement if systemic ventricular function is adequate;
– consideration of heart transplantation;
– a conversion procedure to an arterial switch following retraining of the left 
ventricle with a pulmonary artery band.

• Following an atrial switch procedure, atrial tachyarrhythmias and/or brady-
cardia commonly develop in early adulthood.

Corrected Transposition of the Great Arteries

Description of the lesion
In congenitally corrected transposition of the great arteries (L-TGA or CCTGA), 
the connections of both the atria to ventricles and of the ventricles to the great 
arteries are discordant. Systemic venous blood passes from the right atrium 
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through a mitral valve to the left ventricle and then to the right-sided posteri-
orly located pulmonary artery. Pulmonary venous blood passes from the left 
atrium through a tricuspid valve to the right ventricle and then to an anterior, 
left-sided aorta (see Fig. 13.1). The circulation is thus ‘physiologically’ correct-
ed, but the morphologic right ventricle supports the systemic circulation.

Associated anomalies occur in up to 98% and include:
• VSD (~75%);
• pulmonary or subpulmonary stenosis (~75%);
• left-sided (tricuspid and often ‘Ebstein-like’) valve anomalies (>75%);
• complete AV block (~2% per year).

Incidence and etiology
Congenitally corrected transposition of the great arteries is a rare condition, 
accounting for less than 1% of all congenital heart disease.

Presentation and course in childhood
Patients with no associated defects (~1% of all such patients) are acyanotic and 
often asymptomatic until late adulthood. Dyspnea and exercise intolerance 
from systemic ventricular failure and signifi cant left AV valve regurgitation 
will usually manifest itself by the fourth or fi fth decade, and palpitations from 
supraventricular arrhythmias may arise in the fi fth or sixth decade.

Patients with a VSD and pulmonary outfl ow tract obstruction will either 
present in congestive heart failure (if VSD large) or cyanosed (if RVOTO se-
vere) and will undergo classic repair (VSD patch closure with RVOT relief of 
obstruction) or double switch operation (atrial and arterial switch procedure) 
early on.

Signifi cant left AV valve regurgitation is rarely seen in childhood and is 
more likely to arise later on or after classic repair type surgery.

Physical examination

• A single loud S2 (A2) will be heard, P2 being silent due to its posterior location. 
The murmur of an associated VSD or left atrioventricular valve regurgitation 
may be heard. The murmur of pulmonary stenosis will radiate upward and to 
the right, given the rightward direction of the main pulmonary artery.
• If complete heart block is present, cannon A waves with an S1of variable inten-
sity will be present. 

Useful investigations
• EKG: complete atrioventricular block can be present. The presence of Q 
wave in leads V1–2 combined with an absent Q wave in leads V5–6 is typical and 
refl ects the initial right-to-left septal depolarization occurring in the setting of 
‘ventricular inversion’. This should not be mistaken for evidence of previous 
anterior myocardial infarction.
• Chest radiography: because of the unusual position of the great vessels 
(pulmonary artery to the right and aorta to the left), the pulmonary trunk is 
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inconspicuous and an abnormal bulge along the left side of the cardiac contour 
refl ects the left-sided ascending aorta rising to the aortic knuckle. 

Surgical management
• Classic repair: this procedure consists of VSD patch closure, left ventricular 
to pulmonary artery valved conduit insertion and systemic tricuspid valve re-
placement. Patients having undergone ‘classic’ repair continue to have a mor-
phologic right ventricle supporting the systemic circulation.
• Double switch operation: This procedure consist of an atrial switch procedure 
(Mustard or Senning) together with an arterial switch procedure. It should be 
considered for patients with severe tricuspid regurgitation and systemic ven-
tricular dysfunction. Its purpose is to relocate the left ventricle into the system-
ic circulation and the right ventricle into the pulmonary circulation, achieving 
‘anatomic’ correction. Firstly, the LV must be appropriately ‘trained’.
• Complete AV block may require pacemaker implantation for symptoms, pro-
gressive or profound bradycardia, poor exercise heart rate response or cardiac 
enlargement.

Late complications
Natural history after ‘classic’ repair:
• progressive systemic (tricuspid) AV valve regurgitation;
• progressive systemic (right) ventricular dysfunction;
• atrial arrhythmias;
• acquired complete atrioventricular block continues to develop at 2% per year, 
and is especially common at the time of heart surgery (25%);
• subpulmonary (morphologic left) ventricular dysfunction.

Recommended follow-up
All patients should have at least annual cardiology follow-up with an expert in 
the care of adult patients with congenital cardiac defects. Regular assessment 
of systemic (tricuspid) atrioventricular valve regurgitation by serial echocar-
diographic studies and systemic ventricular function by MRI (preferably) 
should be performed. Holter recording may be useful if paroxysmal atrial ar-
rhythmias or transient complete AV block is suspected.

Endocarditis recommendations
• Unoperated CCTGA with associated left atrioventricular valve regurgita-
tion, subPS or VSD should observe endocarditis prophylaxis for life.
• Patients who have undergone classic repair with residual lesions, prosthetic 
LAVV or double switch should practice SBE prophylaxis for life.

Exercise
• In the absence of severe pulmonary hypertension or cardiomegaly, patients 
with CCTGA should restrict their activities to class 1A types.
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• Patients with severe cardiomegaly or severe pulmonary hypertension 
should not exercise.

Pregnancy
Pregnancy may be associated with a marked deterioration in systemic right 
ventricular function and/or the development or worsening of systemic (tri-
cuspid) AV valve regurgitation. Moderate to severe systemic ventricular dys-
function as well as the presence of cyanosis prepartum increases maternal 
morbidity and fetal losses. Close supervision of such pregnant patients is rec-
ommended.

Key clinical points

• Left AV valve replacement should be performed before systemic right ven-
tricular function deteriorates, namely at an ejection fraction ≥45%.
• Left AV valve repair is usually unsuccessful because of the abnormal, often 
‘Ebstein-like’, anatomy of the valve. 
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CHAPTER 14

The Single Ventricle and Fontan 
Circulations

Description of the lesion

The Fontan surgery is a palliative procedure for individuals in whom a two-
ventricular repair is not feasible, such as in tricuspid atresia, pulmonary atresia 
with intact ventricular septum or various types of univentricular hearts. The 
univentricle heart is selected as the representative defect for further discus-
sion (Fig. 14.1).

In this defect, usually both atrioventricular (AV) valves are connected to a 
single ventricular cavity (double-inlet ventricle). This main ventricle is con-
nected to a rudimentary chamber through a bulboventricular foramen. One 
great artery arises from the ventricle and the other from the rudimentary 
chamber. The single ventricle is left-type in 80% of cases. Transposition of the 
great arteries occurs in 85% of cases with the most common form being ‘dou-
ble inlet left ventricle with L-TGA’ (aorta arising from the rudimentary cham-
ber). Pulmonary stenosis or atresia is present in about half the cases, providing 
some protection to the pulmonary vasculature. Those cases without obstruc-
tion to pulmonary blood fl ow have high fl ow to the lungs.

Associated lesions
These include coarctation of the aorta, interrupted aortic arch and patent duc-
tus arteriosus.

Incidence and etiology

• Single ventricle accounts for less than 1% of congenital defects.
• The defects in the category of ‘single ventricle physiology’ comprise a small 
percentage of congenital defects, but are some of the most complex.

Presentation and course in childhood

Because systemic and pulmonary blood are mixed in one ventricle, cyanosis is 
present. The severity of cyanosis depends on pulmonary blood fl ow.
• If pulmonary blood fl ow is increased, cyanosis is mild and the presentation 
is similar to transposition of the great arteries (TGA) with ventricular septal de-
fect (VSD). Signs and symptoms of congestive heart failure may be prominent.
• If pulmonary blood fl ow is reduced, cyanosis is more severe and the presen-
tation is similar to tetralogy of Fallot.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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Examination

• If pulmonary blood fl ow is increased:
– mild cyanosis;
– congestive heart failure/pneumonia;
– 3–4/6 systolic ejection murmur at the left sternal border;
– S3;
– apical diastolic rumble (high fl ow through the AV valves).

• If pulmonary blood fl ow is reduced:
– moderate to severe cyanosis;
– single S2;
– systolic ejection murmur at left sternal border (pulmonary stenosis).

Useful investigations

• EKG: unusual pattern of hypertrophy with similar appearing QRS complex 
across the precordium. First- or second-degree heart block may be present.
• Chest radiography: either increased or decreased pulmonary blood fl ow.
• Echocardiography:

– two AV valves opening into a single ventricle;
– rudimentary chamber;
– bulboventricular foramen that may be obstructive;
– transposition of the great arteries (D or L type);
– obstruction of the pulmonary and/or aortic valve;
– abnormalities of the AV valves;
– associated defects.

• MRI:
– is useful for assessment of anatomy and ventricular function (Fig. 14.2).

Catheter/surgical management

Palliative procedures include:
• a systemic to pulmonary artery (PA) shunt for severe cyanosis with associ-
ated pulmonary stenosis or pulmonary atresia;
• banding of the pulmonary artery if the bulboventricular foramen is not ob-
structive.

The Fontan surgery (Fig. 14.3) is the reparative surgery when a two-ventri-
cle circulation is not possible. In this surgery, the systemic venous return is 
diverted to the pulmonary arteries, usually without passing through a subpul-
monary ventricle. The current modifi cation is the total cavo-pulmonary con-
nection (TCPC) with or without a fenestration. This consists of the following.
• An end-to-side anastomosis of the superior vena cava (SVC) to the top of the 
right PA (bidirectional Glenn, Fig. 14.3); fl ow from the SVC is directed toward 
the right PA.



The Single Ventricle and Fontan Circulations 115

• An end-to-side anastomosis of the cardiac end of the SVC to the underside of 
the right PA, but offset slightly from the SVC to right PA anastomosis to direct 
fl ow toward the left PA.
• A tubular conduit from the orifi ce of the IVC to the orifi ce of the SVC. The 
conduit can be placed extracardiac (Fig. 14.3) or intracardiac (within the right 
atrium).

This can be performed as a single or two-stage procedure. If staged, a bidi-
rectional Glenn anastomosis is performed fi rst, followed by completion of the 
Fontan. The advantages of the Fontan procedure are normal or near-normal 
arterial oxygen content and removal of the volume overload of the single ven-
tricle.

The following preoperative criteria identify individuals who do well after 
surgery.
• Mean pulmonary artery pressure ≤15 mmHg.
• Pulmonary vascular resistance ≤4 units/m2.
• Ratio of pulmonary artery/aorta diameter ≥0.75 without distortion or nar-
rowing of the pulmonary arteries.
• Systemic ventricular ejection fraction ≥60% and ventricular end-diastolic 
pressure ≤12 mmHg.
• Systemic valve regurgitation not greater than mild. 

Individuals who meet these criteria have an 81% survival over 10 years. Sur-
vival falls to 60–70%, however, when one or more of these criteria are not met.

In individuals judged at higher surgical risk, a fenestration, 4–6 mm hole in 
the conduit is added. This prevents excessive elevations of right atrial pressure 

Fig. 14.2 ‘Single ventricle physiology’ in a patient with double inlet left ventricle (cardiac MRI). 
Note anterior aorta (top left part of fi gure) arising from a rudimentary pouch-like anterior right 
ventricle. Main ventricle with smooth trabeculations dilated and posteriorly placed (right bottom 
part of fi gure) of left ventricular morphology. Smaller pulmonary trunk behind the aorta due to 
valvar and subvalvar pulmonary stenosis.
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and increases cardiac output in exchange for some hypoxemia. If the pressure 
in the Fontan circuit falls postoperatively, the fenestration can be closed with 
an atrial septal defect occlusion device.

Earlier versions of the Fontan procedure likely to be seen in adults include:
• direct right atrial appendage-to-pulmonary artery connection;
• formation of a lateral tunnel within the right atrium (Fig. 14.4).

Late complications

The complexity of congenital heart disease and the surgical procedure com-
bined with the physiology of passive fl ow through the pulmonary circuit leads 
to an impressive list of complications. These include:
• arrhythmias, mostly supraventricular;
• intracardiac thrombus and thromboembolic events, either pulmonary or 
systemic (Fig. 14.5);
• severe right atrial enlargement (earlier Fontan version);
• protein-losing enteropathy;
• pulmonary vein obstruction due to right atrial enlargement;
• obstruction in the Fontan circuit;
• progressive systemic ventricular dysfunction and heart failure;
• progressive AV valve regurgitation;
• persistent right-sided pleural effusion;
• hepatic congestion and dysfunction;

Fig. 14.4 Total cavopulmonary connection (TCPC) in a patient with tricuspid atresia (angio-
gram). Note direct anastomosis of the superior vena cava with the right pulmonary artery (top 
part of fi gure) and the catheter (bottom left part of fi gure) through the inferior vena cava and 
the intra-atrial baffl e pointing to the lower end of the TCPC anastomosis. This operation is also 
called the lateral tunnel Fontan of TCPC.
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• cyanosis;
• pulmonary arteriovenous malformations or systemic-venous collaterals;
• sinus or AV node dysfunction with need for pacemaker placement;
• reoperation for revision or obstruction in the Fontan circuit or ventricular 
outfl ow tract obstruction.

Next, each of these complications is discussed and Table 14.1 summarizes 
their management.

Arrhythmia
Supraventricular tachycardia and bradyarrhythmias are common. Supraven-
tricular tachyarrhythmias (atrial fl utter or incisional atrial re-entrant tachy-
cardia, atrial fi brillation, and atrial tachycardia) are common, occur with 
increasing frequency with longer follow-up, and often cause hemodynamic 
deterioration. About 5% of Fontan patients develop atrial arrhythmias per 
year, leading to important mortality and morbidity. Restoration and mainte-
nance of sinus rhythm are, therefore, important.

Medical options for achieving this are cardioversion, catheter ablation 
procedures, pacing, or antiarrhythmic therapy (poor effi cacy). A search for 
a hemodynamic problem as a precipitating factor is essential. Relieving such 

Fig. 14.5 Massive thrombus and marked right atrial dilatation in patient with a previous atrio-
pulmonary Fontan operation (cardiac MRI). Thrombus occupies more than 80% of the massively 
dilated right atrium (left part of fi gure). Patient referred for conversion to an extracardiac type of 
total cavopulmonary connection (with thrombectomy, right atrial reduction and arrhythmia target-
ing surgery).
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problems may eliminate or, more commonly, enable better control of the ar-
rhythmia. Anticoagulation therapy is usually indicated once an arrhythmia 
occurs, as formation of atrial thrombus is more likely to develop. Conversion to 
a TCPC with concomitant MAZE type procedure may be considered.

Sinus and AV node dysfunction may require a pacemaker. Sinus node dys-
function with intact AV node is common and may just require transvenous 
atrial pacing. If AV node dysfunction is present, a dual-chamber pacemaker 
may need to be placed using epicardial leads. Medications that cause brady-
cardia or block at the AV node should be used with caution.

• Types of arrhythmias
– Sinus node dysfunction with junctional rhythm (common).
– AV node dysfunction.
– Supraventricular tachyarrhythmias.
– Atrial fl utter, atypical (incisional atrial re-entrant tachycardia).
– Atrial fi brillation.
– Ventricular tachyarrhythmias.

• Management of bradyarrhythmias
– Atrial pacing if AV node intact.
– Dual-chamber pacing if AV node disease (epicardial leads).

• Management of supraventricular tachyarrhythmias
– Restore sinus rhythm (pharmacological/cardioversion).
– Maintain sinus rhythm.

• Antiarrhythmic therapy, improve hemodynamics, catheter ablation, surgery 
to revise Fontan plus arrhythmia surgery.
• Other issues

– Anticoagulation for stroke risk reduction.

Thrombus/emboli
Sluggish, swirling blood fl ow in an enlarged right atrium with an atriopul-
monary connection creates a high potential for thrombus. Atrial arrhythmias 
increase the risk of thrombus in all Fontan circuits, as does loss of proteins 
needed for coagulation (see protein-losing enteropathy). The incidence of 
thrombus is diffi cult to establish but is somewhere around 17–44%.

The management of thrombus and the use of anticoagulants in the Fontan 
are diffi cult issues. If an option, revision of the Fontan circuit with removal 
of the thrombus would be the recommendation of many. Indications for anti-
coagulants range from use in all individuals with a Fontan to selective use in 
those with tachyarrhythmias, a fenestration, enlarged right atrium with slug-
gish fl ow, or a clinical event consistent with embolus.

Ventricular dysfunction/heart failure
Although unproven, the usual therapy for left ventricle dysfunction is applied 
to this situation. However, caution is needed in the use of angiotensin-convert-
ing enzyme inhibitors as these may reduce preload.
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Protein-losing enteropathy (PLE)
This is a serious complication with signifi cant mortality and morbidity, which 
occurs in 4–13% of patients after a Fontan operation. Chronically increased 
systemic venous pressure and reduced cardiac output are associated with a se-
vere loss of serum protein into the intestine. The consequences of the reduced 
serum oncotic pressure are generalized edema, ascites, pleural effusions and 
diarrhea (excessive intestinal protein loss and fat malabsorption).

Laboratory tests show low serum albumin and protein with low plasma but 
high stool levels of alpha-1-antitrypsin (A-1-AT). The 5-year survival after di-
agnosis is about 50%.

Diagnosis is established by documenting increased A-1-AT clearance with a 
24-hour stool collection and a blood sample. Hypoalbuminemia and lympho-
penia are associated abnormalities.

No treatment is universally effective, but the best success in treating PLE is 
to fi nd a reversible cardiovascular abnormality. Therapies include high-pro-
tein diets, diuretics, steroids (prednisolone 1–2 mg/kg/day for 14–21 days), 
unfractionated heparin, somatostatin, 1–4 μg/kg twice or four times a day 
and therapy focusing on improving cardiac output (angiotensin-converting 
enzyme inhibitors and inotropic agents).

The interventional (catheter fenestration) and surgical repair of hemody-
namic abnormality (revision of Fontan) should be considered early, before 
cachexia or chronic PLE are present. Heart transplantation is another option 
for refractory PLE.

Obstruction in the Fontan circuit
The development or worsening of symptoms or any of the complications listed 
in Table 14.1 should alert one to obstruction in the Fontan circuit and trigger a 
thorough investigation. Stenting or surgical revision is a consideration when 
obstruction is present.

Cyanosis/hypoxemia
Individuals without atrial fenestration usually have a transcutaneous oxygen 
saturation of ≥94%. An oxygen saturation below 90% may be due to:
• leakage across the inter-atrial baffl e or previous fenestration site;
• venous collaterals draining into the left atrium;
• pulmonary AV malformations (classic Glenn procedure);
• alternatively, increased peripheral oxygen extraction from reduced cardiac 
output.

Collateral vessels may be coil embolized if needed. Pulmonary AV malfor-
mations may regress following reoperation to include the hepatic veins into 
the pulmonary circulation.

Hepatic dysfunction
Chronic mild hepatic congestion and mild hepatomegaly are typically due to 
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the high venous pressure in Fontan circuit and are usually not of clinical im-
portance.

Surgical or catheter procedures to address these complications fall into fi ve catego-
ries. Individuals may have a combination of procedures done.
1 Conversion of atriopulmonary connection to a total cavopulmonary connec-
tion (TCPC) for arrhythmias or poor hemodynamics associated with severe 
right atrial enlargement.
2 Correction of specifi c abnormality such as:

(a) systemic AV valve regurgitation not secondary to ventricular dysfunc-
tion;
(b) obstruction in the Fontan circuit (stenting or surgical);
(c) relief of ventricular outfl ow tract obstruction;
(d) replacement of dysfunctional conduit;
(e) fenestration in atrial septum for PLE (stenting or surgical);
(f) closure of fenestration or residual shunts (catheter or surgical).

3 Arrhythmia (ablation or surgical with right atrial maze or maze-Cox III cryo-
ablation).
4 Pacemaker insertion (transvenous for sinus node disease or epicardial for 
AV node disease).
5 Heart transplantation.

Fontan patients with an atriopulmonary connection tend to have more com-
plications than those repaired using total cavopulmonary connection (TPCP). 
Early data indicate considerable benefi cial effects of TCPC conversion com-
bined with arrhythmia surgery for Fontan patients with complications amena-
ble to these procedures. This surgery is quite daunting. Long-term follow-up 
is needed to confi rm persistence of benefi ts, and to determine if complications 
occur less frequently after conversion to TCPC.

Conduits need replacement for obstruction (kinking, hyperplasia of fi brous 
tissue, and thrombus). In the venous Fontan circuit, small pressure gradients 
of 2–4 mmHg can indicate signifi cant obstruction.

Heart transplantation is an option in those with severe ventricular dysfunc-
tion unrelated to reversible anatomic problems or arrhythmias.

Required follow-up

These are some of the most complicated patients and require close follow-up 
in a congenital heart disease center to detect and promptly address any of the 
long list of complications that may occur.

Evaluation usually includes:
• history and clinical examination with transcutaneous oximetry;
• EKG to evaluate for arrhythmias or conduction abnormalities;
• chest radiography for cardiac size and status of pulmonary vasculature;
• blood tests for FFBC, electrolytes, serum protein and albumin levels;
• imaging studies to look for:

– systemic ventricular function, AV valve regurgitation,
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– thrombus/obstruction in the Fontan circuit,
– obstruction of right pulmonary veins,
– size of right atrium (atrio-pulmonary connection),
– right-to-left shunting.

Pregnancy and contraception
Many issues need to be considered in assessing the risks associated with be-
coming pregnant. Pregnancy may have signifi cant risks due to the increased 
volume load on the single ventricle and further elevation of systemic venous 
pressure. This may cause symptoms of heart failure due to worsening ven-
tricular function, AV valve regurgitation, or arrhythmias. The hypercoagulable 
state of pregnancy increases the concern for thrombus. The risk of spontane-
ous abortion is increased. Many women will be on medications that adversely 
affect the fetus. These include warfarin, angiotensin-converting enzyme in-
hibitors and amiodarone. The risk to the woman of stopping the medication 
needs to be weighed. While alternative medications are available, they may not 
be as effective as those replaced. However, with careful monitoring of cardiac 
and obstetric parameters, women with good exercise capacity, no history of 
tachyarrhythmias or previous embolic event and no signifi cant hemodynamic 
concerns can undergo pregnancy successfully at relatively low risk.

Long-term outcome

The Fontan operation is palliative. The 10-year survival rate is 60–80%. Major 
causes of death include ventricular failure, arrhythmias, reoperation and 
PLE.

Endocarditis prophylaxis
Antibiotic prophylaxis is recommended in all patients.

Exercise
Individuals with the Fontan procedure have the most severe limitation of ex-
ercise capacity amongst patients with congenital heart disease. While their 
exercise capacity is reduced, they can exercise to their limits of comfort with-
out signifi cant risk. Competitive sports and extremes of exertion should be 
discouraged. Contact sports should be avoided for patients on warfarin.

Key clinical points

• The Fontan operation is a palliative, complicated surgery with unique physiol-
ogy.
• The incidence of complications is high.
• Individuals with this complicated physiology should be followed every 6–12 
months by an adult congenital heart disease cardiologist.
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• Symptoms and arrhythmias require a thorough evaluation for underlying 
hemodynamic abnormalities.
• A combination of medical, interventional, and surgical procedures may be 
necessary to address these underlying hemodynamic abnormalities.

Further reading
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Tetralogy of Fallot and Right 
Ventricular Outfl ow Tract Disorders

Description of the lesion

The defect is due to antero-cephalad deviation of the outlet septum resulting 
in four features (see Fig. 15.1):

• a nonrestrictive ventricular septal defect (VSD);
• an overriding aorta;
• right ventricular outfl ow tract obstruction (RVOTO) which may be infundibu-
lar, valvar or (usually) a combination of both, with or without supravalvar or 
branch pulmonary artery stenosis;
• consequent right ventricular hypertrophy.

Overriding 
aorta

Infundibular 
stenosis

Hypertrophied 
right ventricle

Hypoplastic 
pulmonary 
trunk

Ventricular 
septal defect

RA

RV
LV

Fig. 15.1 Tetralogy of Fallot. Tetralogy (from the Greek) means four components, namely: 
infundibular stenosis (subvalvar pulmonary stenosis), ventricular septal defect, aortic overriding 
(of the ventricular septum) and secondary right ventricular hypertrophy. The pulmonary valve 
is usually dysplastic and stenotic too, and occasionally the pulmonary trunk (as per drawing) or 
distal pulmonary arteries can be hypoplastic or stenotic. RA, right atrium; RV, right ventricle; LV, 
left ventricle.
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Incidence and etiology

• Tetralogy of Fallot is the most common form of cyanotic congenital heart 
disease after 1 year of age with an incidence approaching 10% of all forms of 
congenital heart disease.
• Approximately 15% of patients with tetralogy of Fallot have a deletion of 
chromosome 22q11.

Presentation and course in childhood

The clinical presentation varies depending on the degree of right ventricular 
outfl ow obstruction. With mild obstruction, the presentation is of increased 
pulmonary blood fl ow with dyspnea and minimal cyanosis, the so-called 
‘pink tetralogy’ or ‘acyanotic Fallot’. Most children, however, have signifi cant 
RVOT obstruction with consequent right-to-left shunt and cyanosis.

Surgical management

• Palliative procedures (to increase pulmonary blood fl ow):
– Blalock-Taussig shunt (classic or modifi ed – subclavian artery to pulmo-
nary artery end-to-side shunt or interposition graft);
– Waterston shunt (ascending aorta to right pulmonary artery shunt);
– Potts shunt (descending aorta to left pulmonary artery shunt).

• Repair (nowadays performed in infancy). Reparative surgery involves:
– closing the ventricular septal defect with a Dacron® patch;
– relieving the RVOT obstruction. The latter may involve resection of in-
fundibular muscle, and insertion of a right ventricular outfl ow tract or 
transannular patch (Fig. 15.2).

Late complications

• Palliation: palliation was seldom intended as a permanent treatment strategy, 
and most of these patients should undergo surgical repair.
• Repair

– Pulmonary regurgitation: signifi cant pulmonary regurgitation (PR) is almost 
always encountered when the transannular patch repair technique has been 
employed. PR is usually well tolerated if mild to moderate. Severe chronic 
pulmonary regurgitation, however, may lead to symptomatic RV dilatation 
and dysfunction. The severity of pulmonary regurgitation, and its deleterious 
long-term effects, are augmented by coexisting proximal or distal pulmonary 
artery stenosis, or pulmonary artery hypertension (uncommon).
– Right ventricular (RV) dilatation: RV dilatation is usually due to residual long-
standing free PR +/– RVOT obstruction or as a consequence of RV surgical scar 
(transventricular approach for repair, now abandoned). Signifi cant tricuspid 
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regurgitation (TR) may occur as a consequence of RV dilatation, which begets 
more RV dilatation.
– Residual right ventricular outfl ow tract (RVOT) obstruction: residual RVOT 
obstruction can occur at the infundibulum, at the level of the pulmonary valve 
and main pulmonary trunk, distally, beyond the bifurcation and occasionally 
into the branches of the left and right pulmonary arteries (Fig. 15.3).
– Aneurysmal dilatation of the RVOT: this is relatively common in patients with 
previous transannular patch repair and signifi cant pulmonary regurgitation. 
Aneurysmal dilatation of the RVOT can be associated with regional RV hypo-
kinesis. Swirling of blood can be inferred from color fl ow Doppler signals in 
the aneurysmal right ventricular outfl ow tract regions. To date, no episodes of 

(b)
I–III aVR–F V1–3 V4–6

(a)
I–III aVR–F V1–3 V4–6

Fig. 15.2 Resting electrocardiogram from two patients with previous tetralogy repair. QRS dura-
tion after repair of tetralogy of Fallot relates to right ventricular size and the degree and rate of its 
prolongation—with time—predicts sustained ventricular tachycardia and sudden cardiac death. 
Left panel: patient with dilated right ventricle due to longstanding severe pulmonary regurgitation 
with a QRS duration of 180 ms. Patient presented with palpitations and shortness of breath and 
was referred for pulmonary valve implantation. Right panel: patient with mild residual pulmonary 
stenosis and no right ventricular dilatation. Note incomplete right bundle branch block pattern 
but narrow QRS complex. Low-risk subject for sustained ventricular tachycardia and sudden 
cardiac death.
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sudden rupture of these regions have been reported. Furthermore, this area 
can be the focus of sustained ventricular tachycardia.
– Residual ventricular septal defect (VSD): residual VSDs can be encountered 
from either partial patch dehiscence or failure of complete closure at the time 
of surgery.
– Aortic regurgitation (AR) with or without aortic root dilatation: AR can be due to 
damage to the aortic valve during VSD closure or secondary to an intrinsic aor-
tic root abnormality (more common in patients with pulmonary atresia and 
systemic to pulmonary artery collaterals). The pathologic substrate for aortic 
root dilatation seems to be ‘cystic medial necrosis’.
– Left ventricular dysfunction: occasionally, left ventricular dysfunction can be 
seen from a variety of factors, including inadequate myocardial protection 
during previous repair(s), chronic LV volume overload due to longstanding 
palliative arterial shunts and/or residual VSD, injury to anomalous coronary 
artery (uncommon) or longstanding cyanosis before repair.
– Endocarditis: residual lesions leading to turbulent fl ow (residual VSD patch 
leak, RVOT obstruction, PR, TR) encountered in most patients after initial 
repair can serve as substrate for endocarditis.
– Supraventricular arrhythmia: atrial fl utter and atrial fi brillation are relatively 
common in the current cohort of adults with previous tetralogy repair. Atrial 
tachyarrhythmia occurs in about one-third of adult patients and contributes to 
late morbidity and even mortality.
– Ventricular tachycardia (VT): sustained monomorphic ventricular tachycar-
dia is relatively uncommon. The usual arrhythmia focus is in the RVOT in 
the area of the previous infundibulectomy or VSD closure during tetralogy 
repair. Right ventricular dilatation from impaired hemodynamics is also con-
tributory to the creation of re-entry circuits within the RV. The QRS duration 
from the standard surface EKG has been shown to correlate well with RV size 
in these patients (Fig. 15.2). A maximum QRS duration of 180 ms or more is a 
highly sensitive marker for sustained VT and sudden cardiac death in adult 
patients with previous repair of tetralogy.
– Sudden cardiac death (SCD): the reported incidence of sudden death, presum-
ably arrhythmic, in late follow-up series varies between 0.5–6% over 30 years, 
accounting for approximately one-third to one-half of late deaths.

Physical examination

• Repaired: parasternal right ventricular lift from right ventricular dilatation, a 
normal S1, but a soft and delayed P2 with a low-pitched diastolic murmur from 
pulmonary regurgitation at the left sternal border. A systolic ejection murmur 
from RVOTO, a high-pitched diastolic murmur from aortic regurgitation and a 
holosystolic murmur from a VSD patch leak can also be heard.
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Useful investigations

• EKG: complete right bundle branch block following repair is the rule, espe-
cially if previous ventriculotomy. QRS width refl ects the degree of right ven-
tricular dilatation and is a prognostic marker for sustained ventricular tachy-
cardia (VT) and sudden cardiac death (particularly when exceeds 180 ms).
• Chest radiography: following repair, cardiomegaly from right ventricular 
dilatation can be present. Dilatation of the ascending aorta can be seen.
• Echocardiography: following repair, residual pulmonary stenosis and re-
gurgitation, residual VSD, right and left ventricular sizes and function, aortic 
root size, and the degree of aortic regurgitation should be assessed.

Recommended follow-up

All patients with tetralogy of Fallot (TOF), palliated or repaired, should have 
an annual cardiology follow-up. Particular attention should be paid to:
• degree of residual pulmonary regurgitation and or stenosis;
• degree of RV enlargement and RV systolic function (preferably measured by 
MRI) (Fig. 15.3);
• risk stratifi cation: sustained VT and sudden cardiac death.

Endocarditis recommendations
All patients with repaired or unrepaired TOF should practice SBE prophylaxis 
for life.

Fig. 15.3 Tetralogy of Fallot. Peripheral pulmonary artery stenosis after tetralogy repair (cardiac 
MRI). Patient with moderately severe origin stenosis of right pulmonary artery (RPA) seen at 
the top left panel with turbulent blood fl ow distally and severe pulmonary regurgitation (not seen 
here). Patient referred for transcatheter relief of RPA stenosis prior to surgical pulmonary valve 
implantation.
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Exercise
• Patients without signifi cant residual hemodynamic lesions, preserved bi-
ventricular function, no aortic root dilatation and relatively short QRS dura-
tion need no exercise restriction.
• The remainder of clinically stable patients with repaired TOF should limit 
their activities to class 1A type.
• Patients with life-threatening arrhythmia should not exercise.

Pregnancy and contraception
• Pregnancy in unoperated patients constitutes a considerable risk of mater-
nal and fetal complications and death. This risk is greater when resting oxygen 
saturations are <85%. The fall in peripheral resistance during pregnancy and 
hypotension during labor and delivery may increase the right-to-left shunt 
and aggravate pre-existing cyanosis.
• The risk of pregnancy in repaired patients depends largely on their hemo-
dynamic status. The risk is low, approaching that of the general population, 
in patients with good underlying hemodynamics. In patients with signifi cant 
residual RVOT obstruction, severe pulmonary regurgitation with or without 
tricuspid regurgitation and RV dysfunction, the increased volume load of 
pregnancy may lead to right heart failure and arrhythmias.
• All patients with tetralogy should have pre-conception cardiology coun-
seling and follow-up by an adult congenital heart disease cardiologist during 
pregnancy. Pre-conception assessment of 22q11 deletion syndrome using fl uo-
rescent in situ hybridization (FISH) is recommended.

Long-term outcome

• The overall survival of patients who have had initial operative repair is ex-
cellent, with a 25-year survival of >94%.
• Over 85% of patients after intracardiac repair are asymptomatic on follow-
up.
• Pulmonary valve replacement for chronic pulmonary regurgitation or 
RVOTO after initial intracardiac repair can be done safely with a mortality 
rate of 1%.
• Pulmonic valve replacement, when performed for signifi cant pulmonary 
regurgitation, leads to an improvement in exercise tolerance as well as right 
ventricular dimension and function.
• Cryoablative procedures for VT combined with reoperations for hemody-
namically signifi cant lesions seem to lead to low recurrence rate of VT.

Key clinical points

• High-risk patients for sustained VT and/or sudden cardiac death include 
patients with right ventricular dilatation and a QRS duration ≥180 ms on their 
EKG.
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• The development of major cardiac arrhythmias, most commonly atrial fl ut-
ter/fi brillation or sustained ventricular tachycardia, usually refl ects hemody-
namic deterioration and should be treated accordingly with surgical repair of 
the hemodynamic disturbances as well as ablative intervention of the arrhyth-
mia focus.
• Pulmonary valve replacement should be performed in patients with severe PR 
and RV dilatation.
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CHAPTER 16

Pulmonary Atresia with Ventricular 
Septal Defect

Description of lesion

A percentage (~10%) of individuals with tetralogy of Fallot have pulmonary 
atresia rather than pulmonary stenosis. In addition to the unrestricted ven-
tricular septal defect (VSD) and antero-cephalad deviation of the outlet sep-
tum, there is absence of direct communication between the right ventricular 
cavity and the pulmonary trunk. This lack of communication can be subvalvu-
lar/muscular (most common) or valvar. Another defi ning characteristic of this 
lesion is complex abnormalities of the pulmonary artery bed and its arterial 
supply. This lesion has also been referred to as ‘pulmonary atresia with ven-
tricular septal defect’, but this is a broader term that also can include complete 
transposition of the great arteries, congenitally corrected transposition of the 
great arteries and double inlet ventricle. These lesions are distinct from ‘tetral-
ogy of Fallot with pulmonary atresia’ and are not discussed in this chapter.

Pulmonary vascular anatomy and fl ow tends to have three patterns: one is 
described as unifocal circulation and two are multifocal (Fig. 16.1). In a unifo-
cal circulation, all the intrapulmonary arteries are connected to unobstructed, 
confl uent pulmonary arteries with blood supply from a patent duct (Fig. 16.1b). 
When different parts of a lung are supplied from more than one source, the cir-
culation is described as multifocal. In one type, the branch pulmonary arteries 
are confl uent but usually hypoplastic, since blood supply is from systemic to 
pulmonary artery collaterals (Fig. 16.1c). In the other multifocal pattern, blood 
fl ow also comes from multiple systemic to pulmonary arterial collaterals 
(MAPCAs), but the pulmonary arteries are non-confl uent (Fig. 16.1d).

These arterial collateral vessels usually arise from the descending aorta 
opposite the origin of the intercostal arteries and extend to the origin of the 
intrapulmonary arteries at the segmental artery level near the hilum. In the 
multifocal patterns, total pulmonary vascular resistance (PVR) is diffi cult to 
quantitate when each pulmonary segment is supplied from a different arterial 
source. Pulmonary obstructive vascular disease may develop in a segment 
subjected to systemic pressure through a large nonrestrictive systemic-to-pul-
monary artery collateral. Naturally occurring stenoses of such MAPCAs, how-
ever, may protect the lungs from systemic pressures and from the development 
of segmental pulmonary vascular disease. Sites of stenoses include:
• within the aorta to pulmonary collateral artery at its aortic end (most common)
• towards the pulmonary artery end
• at pulmonary arteriolar level.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely
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Incidence and etiology

Pulmonary atresia with ventricular septal defect (VSD) comprises about 1–2% 
of congenital heart defects. This lesion may be part of the 22q11 velo-cardiac 
syndrome (facial and aural anomalies, cleft palate, and developmental delay).

Fig. 16.1 Three common patterns of pulmonary arterial anatomy in patients with tetralogy of Fal-
lot with pulmonary atresia are shown. (b) Unifocal circulation with all the intrapulmonary arteries 
connected to unobstructed, confl uent pulmonary arteries with blood supply from a patent duct. 
This is the most common pattern (85% of cases). (c) Multifocal circulation with confl uent, but 
hypoplastic, pulmonary arteries and blood supply from systemic to pulmonary arterial collater-
als. (d) Multifocal circulation with blood fl ow from systemic to pulmonary arterial collaterals, but 
the pulmonary arteries are non-confl uent. AO, aorta; PA, pulmonary artery; RA, right atrium; LA, 
left atrium; RV, right ventricle; LV, left ventricle; RPA, right pulmonary artery; LPA, left pulmonary 
artery; VSD, ventricular septal defect; PDA, patent ductus arteriosus.

Normal

RPA
LPA

RA

RV

LA

LV

PA

AO

PA

AO

RA

RV

LA

LV

PA

AO

Pulmonary Atresia with VSD  
and confluent pulmonary arteries 

and blood supply from PDA

Confluent pulmonary arteries 
with blood supply from systemic 
to pulmonary arterial collaterals

Non-confluent pulmonary arteries 
with blood supply from systemic 
to pulmonary arterial collaterals

(a) (b)

(c) (d)

Pulmonary atresia with VSD



134 Chapter 16

Presentation and course in childhood

Diagnosis is made in infancy with symptoms of cyanosis, failure to thrive 
and exertional dyspnea. Echocardiography, MRI and cardiac catheterization 
confi rm the diagnosis. The overall prognosis is poor, but variable, depending 
upon the stability and adequacy of pulmonary blood fl ow. Prolonged survival 
without surgery is unlikely.

• If pulmonary fl ow is duct-dependent, cyanosis and symptoms worsen as the 
duct closes. Prostaglandin E1 infusion keeps the duct open until cardiac cath-
eterization and surgery can be performed.
• Those with adequate, but not excessive, pulmonary blood fl ow can survive into 
adulthood without surgery. This well-balanced circulation occurs infrequently.
• Most commonly, individuals are stable, but lack adequate pulmonary blood 
fl ow. Long-term survival is guarded unless surgical intervention to improve 
pulmonary blood fl ow takes place.

Examination

• Unrepaired patients
– Cyanosis.
– No murmur or a continuous murmur from a patent ductus or systemic col-
lateral fl ow to the lungs.
– Single S2.

• Repaired patients
– With a valved conduit, a pulmonic ejection systolic with or without a regur-
gitant murmur.
– Signs of right heart failure suggesting conduit or pulmonary artery obstruc-
tion.
– Aortic regurgitation (secondary to aortic root dilatation).

Useful investigations

• EKG: EKG showing RAD and RVH.
• Chest radiography: boot-shaped cardiac silhouette and usually decreased 
pulmonary vascularity.
• Echocardiography: similar to tetralogy of Fallot plus absence of direct fl ow 
between the right ventricle (RV) and pulmonary artery (PA). Determine con-
duit function (in repaired patients), RV function, aortic root dilatation and the 
presence of aortic regurgitation.
• Cardiac catheterization or MRI or CT: to determine, size and confl uence of 
pulmonary arteries, sources of pulmonary blood fl ow and pulmonary vascu-
lar resistance.



Pulmonary Atresia with Ventricular Septal Defect 135

Surgical management

Individuals with palliative procedures or unoperated patients can be man-
aged conservatively, if stable. If symptoms warrant, reparative surgery may be 
considered if irreversible pulmonary arterial obstructive disease is not present 
and the pulmonary anatomy is favorable.

The goals of reparative surgery are to close the VSD and to reconstruct the RV 
outfl ow tract and pulmonary vasculature. How this is achieved depends on the 
anatomy.
• The goal is easily achieved when pulmonary artery size is adequate (≥50% of 
normal) and the architecture is preserved (unifocalized circulation). The surgi-
cal approach is closure of the VSD and establishing continuity of the RV to the PA 
by a patch reconstruction or a valved conduit (homograft or heterograft tissue 
valve).
• When there are collaterals or hypoplastic pulmonary arteries, a single stage 
repair is not possible. One or more palliative surgical procedures are performed 
to promote growth of the pulmonary vasculature. Three options are possible.
– A systemic to pulmonary artery shunt (like a BT shunt).
– Right ventricular outfl ow tract reconstruction leaving the VSD open or at 
least fenestrated. This provides for more uniform enlargement of the pulmo-
nary arteries.
– A central ascending aorta to pulmonary artery shunt. This must be the cor-
rect size to promote growth, without subjecting the lungs to excessive pulmo-
nary blood fl ow.
Once pulmonary vasculature size has increased and pulmonary blood fl ow is 

adequate, complete repair may be considered. This includes closure of the VSD, 
and reconstruction of the RV outfl ow tract. Complete repair may not be advised 
if the PVR and RV systolic pressure remain signifi cantly elevated.
• The most challenging group to repair has small, non-confl uent pulmonary 
arteries (multifocal) with multiple collaterals supplying different regions of the 
lungs. A potential approach with this complex anatomy is to:
– maximize the number of lung segments perfused from a central pulmonary 
artery created by surgically connecting the collaterals together into a single 
source (unifocalization) of pulmonary blood fl ow, which in turn may or may 
not need insertion of a systemic to pulmonary shunt. This approach may 
require multiple surgeries;
– later attach these new branch pulmonary arteries to an RV to PA conduit, 
and close the VSD.

Catheter interventions include occluding, dilating, and stenting of branch pul-
monary arteries and collateral arteries. Balloon valvuloplasty for stenosis of 
the conduit or valve is generally ineffective.

About 25–50% of patients are suitable and undergo this reparative approach. 
The remainder of patients either need no intervention or a small proportion 
may be suitable and are considered for heart–lung transplantation, although 
the results of the latter have been generally poor. 
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Reoperation
The long-term sequelae vary depending on the type of surgical palliation or 
repair. The need for reoperation is about 10–15% over 20 years. Replacement 
of the pulmonary conduit is a recurring issue (freedom from reoperation at 10 
years is about 55% and at 20 years is 32%). Reoperation may be necessary for 
the following.
• Revision of the RV outfl ow tract
– Residual infundibular stenosis: additional resection or placement of a new 
RV-to-PA conduit when RV systolic pressures is >75% of systemic pressure, 
especially with RV dysfunction.
– Replacement of pulmonary valve in a conduit due to obstruction or regur-
gitation with progressive right heart enlargement.
– Less commonly, an aneurysm of the RV outfl ow tract may develop and 
require resection.

• Aortic valve replacement for aortic regurgitation: progressive aortic regurgita-
tion occurs more frequently in tetralogy of Fallot with pulmonary atresia than 
with tetralogy of Fallot with pulmonary stenosis.
• Tricuspid valve repair for signifi cant regurgitation with progressive right 
heart enlargement. This is usually seen in association with signifi cant RV out-
fl ow obstruction or insuffi ciency.
• Residual VSD if causing associated left heart volume overload.
• Refractory atrial arrhythmias may require radiofrequency surgical ablation or 
a Maze procedure. This is rarely done as the primary reason for surgery, but is 
added when surgery is needed for other indications.

Late complications

Causes of death in this population are mostly cardiac and include:
• cardiac surgery (43%);
• arrhythmias;
• non-cardiac surgery;
• chronic heart failure (excessive pulmonary blood fl ow, increased PVR, RV 
dysfunction, aortic regurgitation);
• hemoptysis;
• sudden death;
• endocarditis;
• increasing cyanosis (decreased pulmonary blood fl ow from collateral steno-
sis, PA stenosis, or increased PVR).

It is important to appreciate that while cardiac surgery enables these indi-
viduals to survive and improves cyanosis, it is also a major cause of mortality.

Despite the additional complexity of the abnormal pulmonary blood supply, 
the survival of repaired individuals may be similar to tetralogy of Fallot when 
hemodynamics are favorable (VSD is closed, right ventricular outfl ow tract ob-
struction is relieved, and pulmonary vascular resistance is at or near normal).
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Survival falls to much lower levels, the more complex the pulmonary mal-
formations and the less satisfactory the repair (survival in palliated patients of 
61% at 20 years follow-up). Heart–lung transplantation may be an option when 
other options fail, but this is technically very diffi cult if extensive collateral 
vessels are present.

Follow-up

Patients with tetralogy of Fallot and pulmonary atresia should be followed up 
regularly by a cardiologist familiar with congenital heart disease in the adult. 
Symptoms such as dyspnea, increasing cyanosis, change in the shunt murmur, 
heart failure or arrhythmias warrant special attention.

Endocarditis prophylaxis
Endocarditis prophylaxis is recommended for all patients for life.

Exercise
Those with excellent hemodynamics will still have some reduced exercise ca-
pacity. They are, however, capable of meeting most physical demands. Those 
with less optimal hemodynamics will be more physically limited. Extremes of 
exertion or competitive contact are to be discouraged for the latter.

Pregnancy
The risk of pregnancy in repaired patients with good hemodynamics and no 
arrhythmias is low. The risk increases with hypoxemia (oxygen saturation 
<85%), pulmonary hypertension, ventricular dysfunction, heart failure symp-
toms and arrhythmias. DiGeorge status should be checked routinely prior to 
pregnancy.

Key clinical points

• Although pulmonary atresia with VSD shares many features with tetralogy 
of Fallot, the complex abnormalities of the pulmonary arteries and blood fl ow 
make it a much more challenging lesion to manage.
• Survival is poor without surgical intervention.
• Surgical management is quite diverse, depending on the complexity of the 
pulmonary circulation. It may be as simple as an RV-to-PA conduit, or it may 
require several procedures to connect multiple PA segments into a single source 
artery (unifocalization) before an RV-to-PA conduit can be performed.
• RV-to-PA conduits eventually need replacement.
• Mortality and morbidity are related to the
– anatomic complexities;
– completeness of the repair;
– right ventricular function.
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Ebstein’s Anomaly of the Tricuspid 
Valve

Description of the lesion

Ebstein anomaly encompasses a wide spectrum of anatomic and functional 
abnormalities of the morphologic tricuspid valve (TV) that have certain fea-
tures in common (see Fig. 17.1).

• Apical displacement of the septal and postero-lateral leafl ets of the tricuspid 
valve below the atrioventricular junction into the right ventricle.
• Resultant ‘atrialization’ of the infl ow of the right ventricle to varying degrees 
and consequently a smaller ‘functional’ right ventricle.
• Varying degrees of tricuspid regurgitation (occasionally, the tricuspid valve is 
stenotic).
• Enlargement of the right atrium.
• A shunt at atrial level, either patent foramen ovale (PFO) or secundum atrial 
septal defect (ASD), in approximately 50%.
• One or more accessory conduction pathways, increasing the risk of atrial tachy-
cardias, in 25% of cases.

Right atrium

Line of right 
atrioventricular 
connection 
(normal hinge-line)

Atrialized portion of 
right ventricle

Abnormally 
delaminated tricuspid 
valve leafl et

Supraventricular crest

Right ventricle

Abnormally enlarged 
tricuspid valve leafl et

Abnormal hinge line

Fig.17.1 Ebstein anomaly of the tricuspid valve. Note the atrialized portion of the right ventricle 
(small in this case) caused by the displacement of the tricuspid valve towards the right ventricu-
lar apex.
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Presentation and course in childhood

The presentation and natural history of patients with Ebstein anomaly de-
pends on its severity. The fetus with extreme Ebstein anomaly will die in 
utero from hydrops fetalis. Children with severe Ebstein anomaly will present 
in infancy with failure to thrive and symptoms of congestive heart failure. 
Moderate Ebstein anomaly will manifest itself in adolescence with dyspnea 
and/or palpitations. Adults with Ebstein anomaly can remain asymptomatic 
throughout their life, or develop exercise intolerance, palpitations, cyanosis or 
paradoxical emboli from a right-to-left shunt at atrial level.

Physical examination

• Unimpressive jugular venous pressure because of the large and compliant 
right atrium and atrialized right ventricle.
• Widely split S1 with a loud tricuspid component (the ‘sail sound’).
• Widely split S2 from the right bundle branch block.
• Right-sided third heart sound.
• A holosystolic murmur increasing on inspiration from tricuspid regurgitation 
will be best heard at the lower left sternal border.
• Cyanosis from a right-to-left shunt at atrial level may or may not be present.

Useful investigations

• EKG: the EKG presentation of Ebstein anomaly varies widely (Fig. 17.2). 
Low voltage is typical. Peaked P waves in lead II and V1 refl ect right atrial en-
largement. The PR interval is usually prolonged, but a short PR interval and a 
delta wave from early activation through an accessory pathway can be present. 
An RsR pattern consistent with right ventricular conduction delay is typically 
seen in lead V1. Atrial fl utter and fi brillation are common in the adult patient.
• Chest radiography: a rightward convexity from an enlarged right atrium 
and atrialized right ventricle coupled with a leftward convexity from a dilated 
infundibulum give the heart a ‘water bottle’ appearance on chest radiography 
(Fig. 17.3). Cardiomegaly, highly variable in degree, is the rule. The aorta and 
the pulmonary trunk are inconspicuous. The pulmonary vasculature is usu-
ally normal to reduced.
• Echocardiography: the diagnosis of Ebstein anomaly can often be made by 
echocardiography. Apical displacement of the septal leafl et of the tricuspid 
valve by 8 mm/m2 or more, combined with an elongated sail-like appearance 
of the anterior leafl et will confi rm the diagnosis.



Ebstein’s Anomaly of the Tricuspid Valve 141

F
ig

. 1
7.

2 
R

es
tin

g 
12

-l
ea

d 
el

ec
tr

oc
ar

di
og

ra
m

 (
E

K
G

) f
ro

m
 a

 p
at

ie
nt

 w
ith

 E
bs

te
in

 a
no

m
al

y 
of

 th
e 

tr
ic

us
pi

d 
va

lv
e.

 C
al

le
d 

th
e 

gr
ea

t m
im

ic
, E

K
G

 c
an

 v
ar

y 
fr

om
 n

or
-

m
al

 (
ra

re
) t

o 
gr

os
sl

y 
ab

no
rm

al
. C

om
m

on
 fe

at
ur

es
 a

re
 lo

w
 v

ol
ta

ge
 Q

R
S

 c
om

pl
ex

es
, r

ig
ht

 b
un

dl
e 

br
an

ch
 b

lo
ck

 p
at

te
rn

 a
nd

/o
r l

ef
t a

xi
s 

de
vi

at
io

n 
(a

ll 
pr

es
en

t h
er

e)
 

an
d 

ab
no

rm
al

 P
 w

av
e 

a
xi

s 
an

d 
co

nfi
 g

ur
at

io
n.

 S
ho

rt
 P

R
 in

te
rv

al
 a

nd
 p

re
se

nc
e 

of
 d

el
ta

 w
av

es
 (

no
t p

re
se

nt
 h

er
e)

 w
ou

ld
 s

ug
ge

st
 c

oe
xi

st
en

ce
 o

f W
ol

f-
P

ar
ki

ns
on

-
W

hi
te

 s
yn

dr
om

e.



142 Chapter 17

Surgical management

Indications for intervention include:
• deteriorating functional capacity (NYHA ≥ class III);
• progressive cyanosis;
• right-sided heart failure;
• occurrence of paradoxical emboli;
• recurrent supraventricular arrhythmias not controlled by medical or abla-
tion therapy;
• asymptomatic progressive cardiomegaly (cardiothoracic ratio >65%).

Surgery may involve the following:
• Tricuspid valve repair.

Fig. 17.3 Cardiomegaly in a patient with Ebstein anomaly of the tricuspid valve (chest radio-
graph). Cardiomegaly varies from minimal to extreme (‘wall-to-wall’ heart, presenting with 
either fetal death or severe neonatal cyanosis due to lung hypoplasia, secondary to a huge right 
atrium). Other typical features of isolated Ebstein anomaly are normal or reduced pulmonary 
vascular markings seen here, with a narrow pedicle (due to small pulmonary and aortic trunks, 
secondary to reduced cardiac output).
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• If the tricuspid valve is not reparable, valve replacement will be necessary.
• The atrialized portion of the right ventricle is sometimes plicated at the time 
of surgery to reduce the risk of atrial arrhythmias.
• For ‘high risk’ patients, a bidirectional cavo-pulmonary connection may be 
added to reduce right ventricular preload (bidirectional Glenn).
• If present, cryoablation of the accessory pathway can be carried out at the 
time of surgery.
• Closure of PFO/ASD, if present.

Late complications

• Reoperation on a repaired tricuspid valve may be necessary if signifi cant 
residual tricuspid regurgitation persist.
• Valve re-replacement may be necessary because of a failing bioprosthesis or 
thrombosed mechanical valve.
• Late arrhythmias can occur.
• Complete heart block after tricuspid valve replacement can occur.

Recommended follow-up

All patients with Ebstein anomaly should have regular follow-up, the frequen-
cy dictated by the severity of their disease. Particular attention should be paid 
to patients with:
• cyanosis;
• progressive asymptomatic cardiomegaly;
• worsening right ventricular function;
• recurrent atrial arrhythmias;
• progressive tricuspid regurgitation and/or stenosis following tricuspid 
valve repair/replacement.

Endocarditis recommendations
• All patients with repaired or unrepaired Ebstein anomaly should practice 
subacute bacterial endocarditis prophylaxis for life.

Exercise
• In the absence of severe cardiomegaly, all clinically stable Ebstein patients 
should limit their activities to class 1A type.
• In the presence of severe cardiomegaly or class IV symptoms, exercise is 
contraindicated.

Pregnancy
In the absence of maternal cyanosis, right-sided heart failure or arrhythmias, 
pregnancy is usually well tolerated.
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Long-term outcome

With satisfactory valve repair, the medium-term prognosis is excellent. With 
valve replacement, results may be less satisfactory.

Key clinical points

• The diagnosis of Ebstein anomaly can normally be made by echocardiography. 
Apical displacement of the septal leafl et of the tricuspid valve by 8 mm/m2 or
moreconfi rms the diagnosis.
• Progressive asymptomatic cardiomegaly is a relative indication for surgical 
repair.
• Tricuspid valve repair is preferable to replacement when feasible.

Further reading

Celermajer DS, Bull C, Till JA, et al. (1994) Ebstein’s anomaly: presentation and outcome from 
fetus to adult. Journal of the American College of Cardiology, 23, 170–176.

Chauvaud S, Fuzellier JF, Berrebi A, et al. (1998) Bi-directional cavopulmonary shunt as-
sociated with ventriculo and valvuloplasty in Ebstein’s anomaly: benefi ts in high risk 
patients. European Journal of Cardiothoracic Surgery, 13, 514–519.

Danielson GK, Driscoll DJ, Mair DD, Warnes CA & Oliver WC, Jr (1992) Operative treatment 
of Ebstein’s anomaly. Journal of Thoracic and Cardiovascular Surgery, 104, 1195–1202.

Shiina A, Seward JB, Edwards WD, Hagler DJ & Tajik AJ (1984) Two-dimensional echocar-
diographic spectrum of Ebstein’s anomaly: detailed anatomic assessment. Journal of the 
American College of Cardiology, 3, 356–370.

Shiina A, Seward JB, Tajik AJ, Hagler DJ & Danielson GK (1983) Two-dimensional echocar-
diographic–surgical correlation in Ebstein’s anomaly: preoperative determination of pa-
tients requiring tricuspid valve plication vs replacement. Circulation, 68, 534–544.
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CHAPTER 18

Patent Arterial Duct

Description of the lesion

Patent arterial duct or patent ductus arteriosus (PDA) is a vessel communica-
tion connecting the proximal left pulmonary artery to the descending aorta 
just distal to the left subclavian artery (Fig. 18.1). During fetal life, PDA is a 
vital structure bypassing the pulmonary circulation by diverting blood fl ow 
from the right ventricle to the descending aorta. PDA was fi rst described by 
Galen in AD 131.

The size and shape of the patent arterial duct vary greatly and impact on 
pathophysiology and on the type of occluding device when catheter interven-
tion is considered.

From the clinical perspective, PDA during adulthood can be graded as follows.

• Silent: tiny PDA detected only by non-clinical means (usually echocardio-
graphy); no heart murmurs audible.

Patent arterial duct 
with systemic to 
pulmonary shunt

RA

RV

LA

LV

A

P

Fig. 18.1 Patent arterial duct with left-to-right shunting. RA, right atrium; RV, right ventricle; 
LA, left atrium; LV, left ventricle; A, aorta; P, pulmonary artery.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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• Small: audible long-ejection or continuous murmur, radiating to the back. 
Causes negligible hemodynamic change. Normal peripheral pulses, normal left 
atrial and left ventricular size without any pulmonary hypertension.
• Moderate: wide, bouncy peripheral pulses (as with important aortic regurgita-
tion). Audible, continuous murmur. Causes enlargement of the left atrium and 
left ventricle and some degree of pulmonary hypertension (usually reversible).
• Large: usually in adults with Eisenmenger physiology. Signs of pulmonary 
hypertension. Continuous murmur is absent. Causes differential cyanosis (lower 
body saturations lower than right arm saturations) and toe clubbing.

Associated lesions
• Associated lesions are common in pediatric patients.
• Coarctation of the aorta and a ventricular septal defect (VSD) are most com-
mon among them.
• Vascular ring (usually in the setting of a left-sided PDA with right aortic 
arch).
• PDA is universally present at birth in patients with congenital heart disease 
associated with limited or interrupted pulmonary or systemic blood fl ow (such 
as in patients with pulmonary atresia or the hypoplastic left heart syndrome, 
respectively). The circulation under these circumstances is PDA-dependent, 
and patency of the PDA is critical to survival until surgery is performed.

Incidence and etiology

• 12%; the third most common of congenital heart lesions.
• A common lesion in premature infants (0.8%) and with maternal rubella.

Presentation and course in childhood

• Most children with a PDA are asymptomatic.
• Neonates may present with heart failure when a large PDA is present, lead-
ing to excessive pulmonary blood fl ow (usually after the fi rst week of life when 
pulmonary vascular resistance falls to lower, normal levels).
• Other infants may present with a heart murmur and bouncy pulses.
• Older children with a large, nonrestrictive PDA often develop irreversible 
pulmonary vascular disease (usually by the age of 18 to 24 months), which in 
turn down regulates pulmonary blood fl ow. Under these circumstances, a loud 
pulmonary component to the second heart sound is the more prominent fea-
ture with marked reduction or disappearance of the systolic heart murmur.

Course in adulthood

• Patients with small, silent PDAs have a normal life expectancy.
• Life expectancy is also normal in patients who underwent surgical or catheter 
closure of a PDA in infancy or early childhood. Attention should be paid to 
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patients who had some elevation of pulmonary vascular resistance at the time 
of PDA closure. Such patients may present later on in life with symptomatic 
pulmonary hypertension.
• Patients with moderate size PDAs may also present during adulthood 
(Fig. 18.2). Late presentation may be with a continuous murmur and bouncy 
pulses, or with the development of left heart dilatation and left-to-right 
shunt-related pulmonary hypertension. The majority of adult patients with 
a moderate PDA will ultimately become symptomatic with dyspnea and/or 
palpitations (atrial fi brillation, secondary to longstanding left atrial dilation), 
although frank heart failure may also occur.
• A large PDA is rare in the adult, most having been repaired in infancy and 
childhood. Pulmonary hypertension is usual and may not reverse entirely 
with closure of the defect. Many patients with a large PDA are symptomatic 
from dyspnea or palpitations. Eisenmenger PDA has a similar prognosis to 
Eisenmenger VSD, although symptoms may be less marked and exercise toler-
ance better (see Chapter 20).

Examination

• Oxygen saturations: should be normal with a small/moderate PDA. Differen-
tial cyanosis is present with a large PDA in the presence of pulmonary hyperten-
sion with lower body (post-PDA) desaturation patient with blue and clubbed feet 
and pink hands.
• Nature and volume of the femoral pulses.
• Bouncy or collapsing pulses: suggest signifi cant aortic runoff with a large left-
to-right shunt.
• Rhythm: usually sinus.
• Cardiac impulses: may be displaced to the left with large shunts and left heart 
dilatation.
• Continuous machinery murmur: common with moderate PDAs and left-to-
right shunting, without pulmonary hypertension.
• Long, ejection systolic heart murmur: suggestive of a smaller PDA.
• Right ventricular lift: with pulmonary hypertension, secondary to a large, 
unrestrictive PDA.
• Diastolic heart murmur: mitral fl ow murmur at the apex.
• Pansystolic heart murmur: due to a small VSD.

Useful investigations

• Chest radiography: often normal; may show cardiomegaly (moderate to 
large PDA); PDA calcifi cation may be present.
• EKG: usually normal; LVH with large PDA; RVH with pulmonary hyper-
tension.
• Echocardiography: usually diagnostic (Fig. 18.2); transesophageal echocar-
diogram rarely indicated.
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• Cardiac catheter (Fig. 18.2): for catheter device closure. Consider perform-
ing coronary angiography in patients older than 40 years of age.
• Other tests: not indicated.

PDA closure in adults should be considered in the following situations.
• The presence of a PDA, with the exception of (1) the silent tiny duct and (2) 
the presence of severe, irreversible pulmonary vascular disease.
• The occurrence of an episode of endarteritis, irrespective of the size of the 
PDA.
• Closure of the tiny PDA, not audible on auscultation, remains controversial and 
should not be routinely performed, despite the ease of transcatheter intervention, 
given the extremely low risk of endarteritis.
• If pulmonary hypertension is present (pulmonary arterial pressure >2/3 of 
systemic arterial pressure or pulmonary arteriolar resistance exceeding 2/3 

Fig. 18.2 Moderate patent arterial duct (angiogram and echocardiogram). (a) Aortic angiogram 
in patient with a small to moderate size ‘restrictive’ PDA prior to catheter closure. Restrictive 
denotes absence of irreversible pulmonary vascular disease. (b) Continuous wave Doppler from 
the same patient showing a high velocity exceeding 4 m/s during both systole and diastole, sug-
gesting low pulmonary arterial pressures. Main indications for closure here are to reverse mild 
left heart dilatation due to volume overload and to eliminate the risk of endarteritis (low).

(a)

(b)
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of systemic arteriolar resistance), there must be a net left-to-right shunt of 1.5:1 
or more, or evidence of pulmonary artery reactivity with reversibility studies or, in 
highly selected cases, lung biopsy evidence that pulmonary arterial changes are poten-
tially reversible.

Catheter and surgical management

• Device closure is the preferred method for the majority of PDAs in most 
centers today. When possible, it should be planned at the same time as the ‘di-
agnostic’ cardiac catheterization. Pre-intervention transthoracic echocardiog-
raphy usually provides indirect information on the magnitude of left-to-right 
shunt and on pulmonary arterial pressure.
• The presence of ductal calcifi cation increases surgical risks and favors de-
vice closure. If surgical closure is pursued, for whatever reasons, such patients 
need ductal division, often under cardiopulmonary bypass, as PDA ligation 
alone is usually ineffective.
• Surgical closure should be reserved for patients with PDAs too large for 
device closure. Very occasionally, ductal anatomy may be so distorted (ductal 
aneurysm or post-endarteritis) as to make device closure undesirable.

Medical management

• This primarily is the management of the associated complications of left 
heart volume overload, atrial tachyarrhythmia and occasionally pulmonary 
hypertension (see Chapter 20 for management of patients with Eisenmenger 
physiology) when present.

Late outcomes

Catheter closure 
• Successful closure (see Fig. 18.3) is achieved in the large majority of cases 
using a variety of devices.
• More than 85% of ducts are closed completely by 1 year following device 
implantation.
• Embolization of the device—usually in the left pulmonary artery—can 
occur but is uncommon, and usually the device can be retrieved percutane-
ously.
• In a small proportion of patients, a second or even a third device may need 
to be placed for complete closure. This is usually deferred for at least 6 months 
to a year from the fi rst intervention, because of the potential for spontaneous 
closure.
• Recanalization is rare but can occur.
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Surgical closure
• More than 95% of ducts can be closed by surgery. Recanalization is unusual 
but recognized.
• Postoperative complications may include recurrent laryngeal or phrenic 
nerve injury and thoracic duct damage.

Required follow-up

• Patients who have had surgical closure of a PDA may benefi t from infre-
quent periodic evaluation by a cardiologist, because recanalization can occur, 
or residual problems (pulmonary hypertension, left ventricular dysfunction, 
atrial fi brillation) may persist or develop.
• Patients with devices in situ should also be considered for follow-up, as the 
long-term outcome of device closure remains unknown.

Endocarditis recommendations
• Endocarditis prophylaxis is recommended for 6 months following PDA de-
vice or surgical closure, or for life if any residual defect persists.
• Patients with a silent native PDA do not require follow-up or endocarditis 
prophylaxis.

Fig. 18.3 Coil catheter closure of a small patent ductus arteriosus (PDA). Transvenous ap-
proach. Note delivery system via the pulmonary artery, through the PDA into the descending 
aorta (top left panel), distal part of the coil being released into the aorta (top middle and right 
panel), coil and the delivery system pulled back into the PDA ambula (bottom left and middle 
panel) and ultimately proximal part of the coil released and deployed with the delivery system 
being removed (bottom middle and right panel).
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Exercise
• Patients with a PDA and left-to-right shunt, in general, do not require any 
exercise restrictions.
• For those with pulmonary hypertension see Chapter 22 and the Eisen-
menger complex see Chapter 20.

Pregnancy
Pregnancy is well tolerated in women with a PDA and left-to-right shunts.
• Congestive heart failure can occur in patients with moderate shunts and 
left heart dilatation at preconception. Such patients warrant cardiologic and 
specialist obstetric input during pregnancy and the peripartum.
• Patients with a clinically evident PDA should be considered for endocarditis 
prophylaxis at the time of delivery.
• Pregnancy is contraindicated in patients with a large PDA and Eisenmenger 
syndrome because of the high maternal and fetal mortality.

Late complications

• Endarteritis: rare.
• PDA aneurysm: common in young infants or after endarteritis; otherwise 
rare.
• PDA calcifi cation: common in elderly patients.
• Atrial arrhythmia: late complication, with moderate PDAs.
• Ventricular dysfunction: late complication (as above).
• Progressive pulmonary hypertension: depends on the size of the PDA and 
the degree of left-to-right shunting. Occurs early—within the fi rst 1 to 2 years 
of life—leading to irreversible pulmonary vascular disease in patients with 
very large PDAs and no restriction of fl ow. With time, patients develop Eisen-
menger physiology, with differential cyanosis (to the lower body).

Key clinical points

• Large PDAs need early closure to prevent pulmonary hypertension.
• Moderate PDAs with left heart dilatation should also be closed electively for 
prognostic reasons (see text).
• Small, clinically silent ducts need no intervention or specifi c precautions.
• Catheter closure is the treatment of choice for the majority of PDAs in adult-
hood.
• Excellent prospects with normal survival for patients with closed PDAs and no 
residual pulmonary hypertension.
• Follow-up is required for patients with residual PDA communications (and 
endocarditis prophylaxis) and for patients with pulmonary hypertension.
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CHAPTER 19

Marfan Syndrome

Incidence and etiology

Marfan syndrome is a genetic condition manifesting an abnormality of elas-
tin. It is inherited as an autosomal dominant trait, but penetrance is variable. 
The pathologic abnormality involves fragmentation of the medial elastic tissue 
in the aorta. The combination of a high amount of abnormal elastic tissue in the 
ascending aorta and the repetitive stress of ejection of blood probably leads to 
the gradual, but progressive aortic dilatation.

The estimated prevalence is 1 in 10,000 individuals. Spontaneous mutations 
occur in 20–30% of cases.

Fibrillin 1 is the primary glycoprotein component of elastin. Defects of this 
fi brillin gene on chromosome 15 are associated with Marfan syndrome. The 
defects, however, are usually unique in each family or sporadic case. More than 
200 mutations have been identifi ed so far, making the use of genetic markers 
for diagnosis unfeasible. Further confusion results as a mutation is not always 
found in those diagnosed with Marfan syndrome, while one may be found in 
individuals who do not meet the diagnostic criteria for Marfan syndrome.

Description of the lesion

While aortic root dilatation and dissection of the ascending aorta are the most 
defi ning abnormalities, other cardiac manifestations include mitral valve pro-
lapse, calcifi cation of the mitral annulus and dilatation of the main pulmonary 
artery. While mitral valve prolapse is common (70–90% of individuals), seri-
ous mitral regurgitation is relatively uncommon.

Associated lesions in the ocular and skeletal systems are essential in estab-
lishing the diagnosis of Marfan syndrome. Ectopia lentes (lens dislocation), 
myopia and retinal detachment (infrequent) are evident at an early age and 
tend to remain stable.

The musculoskeletal abnormalities tend to be the most obvious, often initi-
ating the concern for Marfan syndrome. Common observations are dolichos-
tenomelia (long, thin arms and legs), arachnodactyly (long, thin fi ngers), de-
creased ratio of upper body segment to lower segment, arm span greater than 
height, positive wrist and thumb sign, scoliosis, chest wall deformities (pectus 
excavatum or carinatum), and lax joints.

Other less specifi c manifestations include striae distensae (stretch marks) 
typically pectoral, deltoid, back, or thigh areas, spontaneous pneumothorax 
(11%) and dural ectasia (widening of the lumbosacral spinal canal).

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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As no specifi c laboratory or diagnostic test can establish the diagnosis of 
Marfan syndrome, major and minor criteria have been developed with the 
latest revision in 1996 (Ghent diagnostic criteria, Table 19.1). The major criteria 
are extremely uncommon in those without Marfan syndrome, while the minor 
criteria are frequently noted in the general population.

The diagnosis of Marfan syndrome de novo requires two major criteria in 
different organ systems and involvement of a third organ system. Only one 
major criteria plus involvement of a second organ system is necessary if the 
individual has a family history of the disease (parent, sibling, or child who 
meets diagnostic criteria independently).

Presentation and course in childhood

The diagnosis of Marfan syndrome can be made before adulthood in most 

Table 19.1 Ghent diagnostic criteria

System Major Minor

Cardiovascular Aortic root dilatation
Dissection of ascending aorta

Mitral valve prolapse
Mitral annular calcifi cation (<40 years)
Dilated main pulmonary artery
Dilatation/dissection of descending 
aorta

Ocular Lens dislocation (2 needed to achieve minor criteria)
Flat cornea
Myopia
Elongated globe

Skeletal (4 = major criteria)
Pectus excavatum needing surgery
Pectus carinatum
Pes planus
Wrist and thumb sign§
Scoliosis >28° or spondylolisthesis
Arm span/height ratio >1.05 or upper 
to lower segment ratio <0.86*
Protrusio acetabulae (radiography 
or MRI)**
Elbow extension (<170°)

Moderate pectus excavatum
High, narrowly arched palate
Typical facies
Joint hypermobility

Pulmonary None Spontaneous pneumothorax
Apical bulla

Skin None Unexplained stretch marks (striae)
Recurrent or incisional hernia

Central nervous 
system

Lumbosacral dural ectasia (CT or 
MRI)**

None

§Thumb and 5th fi nger overlap around the wrist or the entire thumb nail projects beyond the ulnar 
border of the hand.
*Lower segment is the distance from symphysis pubis to fl oor and upper segment calculated by 
subtracting this distance from the height.
**Should only be done when a positive fi nding would establish the diagnosis.
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cases. Infants who manifest Marfan syndrome have more problems with mi-
tral valve prolapse and regurgitation than with aortic root dilatation. The 
mitral valve annulus is large and may calcify. Presentation with signifi cant 
regurgitation of the mitral or aortic valve (due to aortic root enlargement) is 
more common than with aortic dissection or rupture.

Course in adulthood

Most individuals with Marfan syndrome will be asymptomatic. However, 
sudden death may still occur. Death is most commonly due to cardiovascular 
events with aortic rupture or dissection the most feared complications. If death 
is not sudden, an intense sharp pain between the shoulders, in the anterior 
part of the chest, or in the neck is typical for aortic dissection. A picture of 
circulatory collapse (shock state) could indicate a contained aortic rupture. A 
less common and less life-threatening presentation is heart failure with the 
fi ndings of signifi cant aortic or mitral regurgitation.

Since the rate of aortic root enlargement varies widely and unpredictably, it 
is essential to regularly assess aortic root size. This is usually done annually or 
more frequently if a sudden change is seen, or the size of the root is approach-
ing the point when elective replacement is recommended. This is most com-
monly done by transthoracic echo (Fig. 19.1), but transesophageal echo, MRI 
and CT are all acceptable. Individuals should also be monitored for develop-
ment of signifi cant insuffi ciency of the aortic or mitral valve.

Examination

• See diagnostic criteria, Table 19.1.
• Aortic root enlargement occurs without symptoms or physical fi ndings.
• A clinical picture of circulatory collapse (shock state) may indicate a contained 
aortic rupture.
• Findings of aortic insuffi ciency (diastolic decrescendo murmur, widened pulse 
pressure and bounding pulses) or mitral regurgitation (holosystolic murmur).

Useful investigations

• Establishment of the diagnosis using the Ghent diagnostic criteria.
• Chest radiography: aortic root dilatation.
• Echocardiography: aortic root dilatation at the sinuses of Valsalva (Fig. 19.1) 
and associated cardiac defects.
• CT or MRI: determination the diameter of the entire aorta. Also assessment 
of dural ectasia.

For children, nomograms are available to relate aortic root size to body sur-
face area. In adults, aortic root diameter and body surface area do not correlate 
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well. One generally becomes concerned that the aortic root is dilated when it 
exceeds a diameter of 37 mm.

Surgical management

Table 19.2 summarizes surgical management of this condition. Urgent surgery 
is indicated for ascending aortic dissection and contained rupture. Aortic dis-
section arising beyond the left subclavian (not involving the ascending aorta) 
can be initially treated with medical therapy. Persistent symptoms or descend-
ing aortic diameter greater than 50 mm warrant surgical replacement.

While individuals with a normal or mildly dilated aortic root occasionally 
dissect, the risk of dissection increases as the aortic root enlarges. Elective re-
placement of the aorta should be considered when:
• the maximal diameter of the root exceeds 55 mm;
• the diameter exceeds 50 mm in an individual with a family history of aortic 
dissection/rupture or a rapidly change in size (>2 mm/year);
• the diameter exceeds 45 mm and pregnancy is desired or surgery is indi-
cated for another reason (severe valvular regurgitation).

Fig. 19.1 A high parasternal long axis view of the aortic valve and ascending aorta in an indi-
vidual with Marfan syndrome. Measurements should be made routinely in four positions: the 
annulus of the aortic valve (position 1), sinus of Valsalva (position 2), sinotabular junction (posi-
tion 3) and ascending aorta (position 4). The enlargement of the aorta occurs most commonly at 
the sinus of Valsalva, as in this example showing a moderately enlarged aorta with a diameter of 
46 mm.
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Replacement of the aorta with sparing of a normal aortic valve is potentially 
the ideal procedure. The modifi ed Bentall is an alternative: replacement of the 
entire aortic root with a composite graft containing a mechanical, bioprosthet-
ic or homograft valve. The distal end of the graft extends up to the brachio-
cephalic artery. The native coronary arteries are implanted into the graft. Some 
have questioned the long-term durability of the aortic valve in valve sparing 
operations. (See Fig. 19.2.)

Table 19.2 Management based on diameter of aortic root

Aortic diameter (mm) Management

<37 Normal limit for adults
≥37–44 Measure aortic root size yearly
≥45–49 1 Measure aortic root size yearly

2 Replace if
• surgery for another cardiac indication
• woman desiring pregnancy

≥50–54 1 Measure aortic root size every 6–12 months
2 Replace if
• family history of dissection/rupture
• rapid change in size (>2 mm/year)

≥55 Elective replacement (in all patients)

Fig. 19.2 Marked aortic root dilatation in a patient with Marfan syndrome before and after 
surgery (cardiac MRI). Left panel: patient with Marfan syndrome lost to follow-up presents with 
a large aortic root and ascending aortic aneurysm (An, maximum diameter 8.5 cm) with a dis-
section (white arrow) and aortic regurgitation. Right panel: same patient after emergency aortic 
root and valve replacement; arrows indicate the proximal and distal points of the anastomotic 
conduit. Preservation of the native aortic valve was not possible in this case, presenting late. 
With permission from Wong et al. (2002) Heart, 87, 66.
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Medical management

Beta-blockers are used to slow the progression of aortic dilatation and reduce 
the risk of dissection. They should be used in all Marfan patients at any age 
when aortic root diameter is ≥40 mm and even considered in those with a di-
ameter <40 mm.

In those unable to tolerate beta-blockers, angiotensin-converting enzyme 
inhibitors (ACEi) or calcium antagonists are alternatives. If beta-blockers do 
not adequately control blood pressure, other antihypertensive medications 
should be added. While beta-blockers are benefi cial, the individual should not 
feel that this is all that needs to be done. An important aspect of care is the 
regular assessment of the aortic diameter with elective intervention at the ap-
propriate time.

Late complications

The reduced life expectancy in individuals with Marfan syndrome results 
from cardiovascular complications, with aortic rupture or dissection account-
ing for most deaths. Life expectancy in the 1970s averaged about 32 years of 
age. With regular follow-up evaluations, beta-blocker therapy and elective sur-
gical treatment (aortic root replacement/aortic valve and root replacement), 
survival has improved signifi cantly with average life expectancy about 60 
years of age. The operative mortality for elective replacement is <2%, while it is 
11.7% for emergency operations. Survival for elective replacement of the aortic 
root at 10 years is 75%. These results favor earlier elective intervention.

Required follow-up

Prior to surgery, yearly follow-up with assessment of aortic root size is recom-
mended, with more frequent measures as the diameter approaches 50 mm. 
The risk for dissection and enlargement of the descending thoracic aortic is 
still present after replacement of the aortic root. Yearly follow-up with less 
frequent assessment of the aorta with MRI or CT is suffi cient for most indi-
viduals.

Endocarditis prophylaxis
Endocarditis prophylaxis is recommended when there is mitral valve prolapse 
with regurgitation, after aortic valve replacement and after root replacement 
(6 months).

Exercise
Avoidance of contact sports and strenuous exertion and isometric exercise are 
recommended to reduce excessive stress on the proximal aorta.
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Pregnancy
Pregnancy has two signifi cant risks: one affects the child and the other involves 
the mother. Each offspring has a 50% chance of having Marfan syndrome. The 
mother risks progression of cardiovascular abnormalities, particularly aortic 
root dilatation, during pregnancy. Gestational hypertension and pre-eclampsia 
may increase this risk further. Beta-blockers should be continued throughout 
pregnancy. Pregnancy is considered relatively safe if the aortic diameter is less 
than 40 mm, a size at which dissection has rarely been reported. Conversely, at 
an aortic root diameter of 45 mm or greater, pregnancy is strongly discouraged. 
Elective surgery to replace the root should be considered prior to pregnancy. 
The risk of further dilatation or rupture when the aortic diameter is 40–45 mm 
is diffi cult to judge. In general, pregnancy is discouraged, more forcefully if 
aortic size has recently increased or the family history for aortic rupture/dis-
section is concerning, and less forcefully if these variables are absent.

Women with Marfan syndrome should have the aortic size carefully mon-
itored during pregnancy, with the precise frequency determined by the as-
sessed risk or concern for the individual.

Long-term outcome

Despite replacement of the aortic root, dissection and enlargement of the aortic 
arch or descending thoracic aortic is a lifelong risk. Although less common, 
hemodynamically signifi cant aortic or mitral regurgitation can develop.

Key clinical points

• Mortality is primarily related to aortic root dissection or rupture, usually pre-
ceded by progressive aortic root enlargement.
• Progressive enlargement of the aorta is usually asymptomatic, therefore regu-
lar assessment of proximal aortic size is required.
• If aortic root enlargement is detected (>40 mm), beta-blocker therapy is indi-
cated (perhaps for those under 40 mm too).
• Elective surgery to replace the dilated aorta when its diameter exceeds 55 mm, 
or 50 mm in high-risk patients.
• Elective surgery has very low mortality and dramatically improves survival.
• After surgical replacement of the aorta, individuals are still at risk for dis-
section or dilatation of the arch and descending thoracic aorta and need to be 
monitored yearly.

Further reading
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CHAPTER 20

Eisenmenger Syndrome

Description of the lesion

Eisenmenger syndrome is pulmonary hypertension with a reversed central 
shunt. An uncorrected large central left-to-right shunt causes a progressive, 
eventually irreversible rise in pulmonary vascular resistance (PVR) leading to 
reversal of or bidirectional shunt fl ow with resultant hypoxemia. Pulmonary 
vascular obstructive disease induced by the high shunt fl ow is responsible 
for the progressive rise in PVR. While Dr Paul Wood identifi ed 12 different 
congenital intracardiac or extracardiac defects that can cause Eisenmenger 
syndrome, ventricular septal defect (VSD) (Figs 20.1 and 20.2), atrioventricular 
(AV) septal defect and patent ductus arteriosus (PDA) account for 70–80% of 
cases. Less commonly seen defects are truncus arteriosus, surgically created 
aorto-pulmonary connections, complex pulmonary atresia and univentricular 
heart. With large shunts, the pulmonary vascular obstruction develops rela-
tively quickly, usually within the fi rst two years of life. An atrial septal defect 
(ASD) is associated with the Eisenmenger syndrome in adulthood, but it is de-
bated whether this low-pressure shunt directly causes the irreversible pulmo-
nary vascular obstructive disease, or whether it is due to recurrent pulmonary 
emboli or other secondary causes of pulmonary hypertension.

Associated lesions
No specifi c associated abnormalities are seen with the Eisenmenger syndrome. 
Associated lesions are related to the underlying congenital defect.

Incidence and etiology

Eisenmenger syndrome is not a congenital defect, but a pathophysiologic con-
dition resulting from various arterial-to-venous shunt lesions. It is, fortunately, 
present in only a small number of patients followed in adult congenital heart 
disease programs.

Presentation and course in childhood

Children may be asymptomatic or have only mild symptoms of dyspnea. Re-
duced exercise capacity, dyspnea and fatigue develop gradually as pulmonary 
blood fl ow decreases, and hypoxemia increases due to bidirectional shunt-
ing. Despite cyanosis at rest and signifi cantly impaired exercise capacity, most 
children with Eisenmenger syndrome do reasonably well. A slow, progressive 
decline occurs as they approach adulthood.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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Course in adulthood

Many individuals with Eisenmenger syndrome survive into adulthood with 
80% survival at 10 years, 77% survival at 15 years and 42% at 25 years after 
diagnosis. Variables associated with poor prognosis include syncope, elevated 
right atrial pressure and severe resting hypoxemia (<80% transcutaneous oxy-
gen saturation). The attrition is progressive with causes of death listed below.

Fig. 20.1 Chest radiograph from a patient with Eisenmenger syndrome and a large VSD.
Note mild cardiomegaly, marked right atrial dilatation and marked dilatation of central pulmo-
nary arteries. Typical appearance of a young adult patient with compensated right ventricular 
hypertrophy and maintained right ventricular systolic function. Marked peripheral pulmonary 
artery ‘prooning’ not present (not a feaure of Eisenmenger physiology, in contrast to patients with 
primary acquired pulmonary arterial hypertension).
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• Sudden death (30%)
• Congestive heart failure (25%)
• Hemoptysis (15%)
• Other (30%) with a partial list including:
– pregnancy;
– perioperative following non-cardiac surgery;
– infective endocarditis;
– brain abscess;
– non-cardiac causes.
While individuals with Eisenmenger syndrome may remain relatively sta-

ble for long periods of time, it is essential to appreciate that their hemodynamic 
state is very delicately balanced. This balance is easily upset, often with disas-
trous results.

Examination

• Central cyanosis with digital clubbing.
• Patients with a PDA may have normal-appearing nail beds on the right hand 
and cyanosis and clubbing of the nail beds of both feet and the left hand. (Venous 
blood shunts through the PDA and enters the aorta distal to the right subclavian 
artery.)
• Hypoxemia with resting oxygen saturation <90%.
• Lungs are usually clear.
• Elevated pulmonary artery pressures: right ventricle heave, palpable P2, right-
sided S4, and occasionally a pulmonary ejection click.
• Murmurs likely to be heard include a high-pitched diastolic decrescendo mur-
mur of pulmonic insuffi ciency and a holosystolic murmur of tricuspid regurgi-
tation. Murmurs related to the defects connecting the systemic and pulmonary 
circulations are not usually heard.

Useful investigations

An evaluation to confi rm the diagnosis shows:
• presence of a congenital heart defect large enough to cause a signifi cant 
shunt between the systemic and pulmonary circulations;
• elevated pulmonary vascular resistance (>800 dyne-sec cm–5 or >10 units);
• reversal of or bidirectional shunting between the systemic and pulmonary 
circulations leading to hypoxemia;
• lack of signifi cant reduction in PVR with oxygen or nitric oxide.

Transthoracic echo, transesophageal echo, CT, MRI, and cardiac catheteri-
zation are modalities that can be used to establish the diagnosis. Open lung 
biopsy is infrequently done to confi rm the presence of pulmonary vascular 
occlusive disease, but if needed, it should only be performed at centers with 
ongoing experience with this technique.
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It is important to be certain that the diagnosis of Eisenmenger syndrome 
is correct. One does not want to miss the opportunity to identify individuals 
who have reversibility of their pulmonary vascular disease that may enable 
a surgical repair of the defect. The case can be made that before attaching the 
diagnosis, a cardiac catheterization is performed to establish that the PVR is 
elevated and unresponsive to administration of oxygen or nitric oxide.

Catheter and surgical management

Once Eisenmenger physiology has developed, catheter or surgical interven-
tions have a limited role in management. Surgery to repair the underlying 
congenital anomaly is not recommended, for two reasons: the risk of surgery 
is exceedingly high, and those that survive the surgery have increased mortal-
ity. Heart–lung transplantation is an option, but long waits (years) for eventual 
transplantation make the timing of this decision diffi cult. In some instances, 
lung transplantation with repair of the intracardiac defect may be an option. 
Lung transplantation has the advantage of better donor availability, a shorter 
waiting period, and avoidance of problems associated with heart transplan-
tation (vasculopathy and rejection). The following may lead one to consider 
these options:
• progressive deterioration of functional class;
• recurrent syncope;
• refractory right heart failure;
• supraventricular tachyarrhythmias;
• worsening hypoxemia.

Complications

The chronic hypoxemia adversely affects multiple organs as follows.

• Cardiac:
– progressive heart failure;
– arrhythmias (atrial fl utter/fi brillation);
– angina;
– syncope;
– paradoxical emboli;
– endocarditis;
– progressive pulmonary artery enlargement.

• Hematopoietic:
– erythrocytosis;
– hyperviscosity syndrome;
– iron defi ciency;
– neutropenia and thrombocytopenia;
– bleeding disorder.

• Pulmonary:
– hemoptysis;
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– intra-pulmonary bleeding;
– pulmonary artery thrombosis.

• Central nervous system:
– stroke/TIA;
– brain abscess.

• Renal:
– proteinuria and hematuria;
– mildly elevated creatinine;
– progressive renal failure.

• Metabolic:
- hyperuricemia and gout;
– hyperbilirubinemia and gallstones;
– nephrolithiasis.

Expected abnormalities
A number of abnormal fi ndings are expected in individuals with Eisenmenger 
syndrome and should not raise undue concern unless they represent a signifi -
cant change from past values.
• Oxygen saturation at rest usually ranges in the lower to mid-80s. If checked 
shortly after exertion (even walking into the examination room), it will be 
lower (mid 70% range). The baseline value should be established after a few 
minutes of absolute rest.
• Hematocrit is usually high and may be as high as the 70s.
• Platelet count is low, usually 100–150,000 range, but values are often below 
100,000.
• White blood cell count can be at the lower limits or normal or slightly reduced.
• INR and APTT are mildly prolonged.
• Uric acid and bilirubin are elevated.
• Proteinuria is present, usually less than 1 gram/24 hours. This is glomerular 
in origin and related to the hypoxemia. Mildly elevated serum creatinine and 
hematuria can also be found. These renal abnormalities usually do not war-
rant further evaluation, but it is important to avoid drugs or procedures that 
may further impair renal function.

Hypoxemia: while it seems obvious that inhaled oxygen would help, no studies 
show a mortality or morbidity benefi t from chronic oxygen administration. 
Inhaled oxygen can be used if the patient feels a benefi t exists (reduced dysp-
nea, reduced fatigue, improved sleep), however, the adverse effects of mucosal 
dryness leading to mucous bleeding and the cumbersome equipment cause 
most patients to chose not to chronically use oxygen.

Hyperviscosity syndrome: this syndrome entails a specifi c set of symptoms classi-
fi ed as mild, moderate or severe, and this includes headaches, altered mental sta-
tus, visual disturbances, tinnitus, dizziness, paresthesias, myalgias and fatigue.

The basis for this syndrome is increased viscosity of blood leading to de-
creased fl ow and oxygen delivery to tissues. Viscosity is affected by the con-
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centration of red blood cells (RBCs) and their deformability. A high hematocrit 
alone may not cause these symptoms and may not require any intervention. 
Thus, an individual can be asymptomatic at a hematocrit >70%. If symptoms 
of hyperviscosity do occur at a hematocrit below 65%, blood viscosity is in-
creased due to reduced RBC deformability rather than excessive erythrocyto-
sis. The major etiology for reduced deformity is thought to be iron defi ciency 
which causes RBCs to change from deformable biconcave disks to more rigid 
microspheres. Blood loss related to phlebotomy, hemoptysis, epistaxis and 
menses are common causes of iron defi ciency.

The following are important considerations in individuals with symptoms 
suggestive of hyperviscosity syndrome.
• High hematocrit in the absence of symptoms does not require phlebotomy.
• Exclude dehydration as a cause if the hematocrit has increased.
• Exclude iron defi ciency as a cause of symptoms. If present, treat with low-
dose oral iron, monitoring hematocrit response.
• Phlebotomy may be appropriate if symptoms are severe and none of the 
above factors apply. The goal of phlebotomy is to treat the symptoms of the 
hyperviscosity syndrome and not to obtain a specifi c hematocrit. Prompt relief 
of symptoms after the phlebotomy confi rms that hyperviscosity was the likely 
etiology. If the symptoms do not resolve promptly, consider other alternative 
causes and do not repeat the phlebotomy. In reality, phlebotomy is rarely need-
ed. If needed, the protocol for phlebotomy is as follows.
– Withdraw 200–500 ml of blood over 30–45 minutes.
– Follow with equivalent volume replacement using isotonic saline.
– Monitor heart rate and blood pressure during and after phlebotomy, 
avoiding hypotension. Check orthostatic pressures before the individual is 
discharged.
– Prevent iron defi ciency by giving oral iron if needed.
– The duration of benefi cial effect is variable.

Bleeding: individuals are at risk of bleeding from the relatively benign easy bruis-
ing to life-threatening massive intra-pulmonary hemorrhage and hemoptysis. 
Mild increases in INR and aPTT are present due to decreased levels of factors 
V, VII, VIII and X, thrombocytopenia, platelet dysfunction and increased fi bri-
nolytic activity. Most bleeding is, however, minor, involves the mucocutaneous 
tissues, and responds to conservative management. Antiplatelet agents (aspi-
rin, non-steroidal agents) should be avoided. Signifi cant bleeding can be treated 
with vitamin K, fresh frozen plasma, platelets or cryoprecipitate. A phlebotomy 
may improve platelet function, increase platelet count and improve various co-
agulation abnormalities, but the mechanism for this is unclear. A phlebotomy 
can be considered prior to elective surgery to decrease the risk of bleeding.

Hemoptysis: although most episodes are mild and self-limiting, hemoptysis 
may be a life-threatening event. Bleeding can occur from bronchial or pul-
monary arteries, aorto-pulmonary collaterals, or infarcted or damaged lung 
tissue. Management includes:
• bed rest with low threshold for hospitalization;
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• chest radiography and CT scan to determine extent of hemorrhage;
• monitoring of blood count and oxygen saturation;
• bronchoscopy not usually indicated;
• embolization of culprit vessels identifi ed by pulmonary angiography.

Cerebrovascular and other embolic events: a paradox of the Eisenmenger syn-
drome is that both a bleeding and a thrombotic diathesis are present. Neu-
rologic events do occur, but at a surprisingly low level. Mechanisms include 
hemorrhage, emboli and infection with formation of a cerebral abscess.

Risk factors for embolic events are:
• iron defi ciency, the major risk factor for cerebrovascular events. Avoiding 
phlebotomies and correcting iron defi ciency are two essential strategies to re-
duce the risk of emboli;
• atrial fi brillation;
• hypertension;
• venous disease of the legs with paradoxical embolus.

Initiation of anticoagulation therapy to prevent further embolic events in 
individuals with Eisenmenger syndrome is a diffi cult decision, since bleeding 
is a major problem. The indications should be strong. The risk–benefi t ratio of 
aspirin or warfarin needs to be considered in each patient. See Chapter 5 for 
further discussion of this complex issue.

Hyperuricemia and gout: in the adult patient with cyanosis, hyperuricemia is 
due to increased absorption of uric acid rather than increased production. Uric 
acid nephrolithiasis can occur.
• Asymptomatic hyperuricemia does not need treatment.
• Symptomatic hyperuricemia (gout) can be treated with:
– colchicine, steroids, or both for the acute episode;
– probenecid, sulfi npyrazone and allopurinol, all of which lower uric acid 
levels and may be used for prevention of recurrences;
– salsalate (a nonacetylated anti-infl ammatory analog of aspirin, with no 
effect on platelets) for pain. Try to avoid aspirin and other nonsteroidal anti-
infl ammatory drugs. 

Arthralgias: arthralgias can also be caused by hypertrophic osteoarthropathy. 
This is due to local cell proliferation and new osseous formation with perios-
titis. Megakaryocytes released from the bone marrow bypass the lungs due to 
the right-to-left shunt and lodge in the capillaries of the bones. They induce the 
release of platelet-derived growth factor that promotes the new bone growth. 
Arthralgias of the knees and ankles are commonly noted. This is treated symp-
tomatically with salsalate.

Pulmonary hypertension: pulmonary vasodilator agents such as prostacyclin 
analogs, endothelin antagonists and phosphodiesterase inhibitors have been 
found to reduce pulmonary vascular resistance and improve functional capac-
ity in idiopathic (primary) and secondary pulmonary hypertension. Although 
the long-term prognosis for individuals with Eisenmenger syndrome is better 
than for those with idiopathic pulmonary hypertension, the histopathologic 
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appearance of the pulmonary vasculature is similar in the two groups. This 
has led to the cautious use of these pulmonary vasodilator agents in the Eisen-
menger syndrome patient. Since placebo-controlled trials are not available, the 
eventual role of these agents in treating individuals with an unrestricted de-
fect and the potential for right-to-left shunting has not been established. How-
ever, the possibility of improving morbidity and mortality in the Eisenmenger 
patient with these medications is exciting. Limited data cite some individuals 
so responsive to these agents that surgical correction of the defect was possi-
ble. Alternatively, in patients with progressive heart failure, these agents have 
been used as part of a bridge to transplantation. Chapter 22 provides further 
information about treatment of pulmonary hypertension.

Late outcomes

A large variation in life expectancy exists for individuals with Eisenmenger 
syndrome. Reports that include pediatric patients found an average age at 
death in the 25–35 years range. Alternatively, mean survival in an adult popu-
lation is in the 50–55 years range. Variables that are associated with increased 
mortality are:
• younger age at presentation;
• supraventricular arrhythmias;
• poor functional class;
• right ventricular hypertrophy on EKG or echo.

Required follow-up

These are some of the most complicated patients to manage and should be fol-
lowed every 6–12 months by a cardiologist experienced in this unique patho-
physiology. Almost any perturbation has the potential to upset the delicate 
hemodynamic balance, with a potentially disastrous outcome. Routine follow-
up includes:

• clinical evaluation, including arterial saturation by transcutaneous oximetry;
• checking for hyperviscosity syndrome;
• checking hematocrit and iron status;
• checking for bleeding problems, especially excessive or prolonged menses;
• changes in functional capacity;
• occurrence of arrhythmias;
• reminding patient to avoid dehydration and extremes of exertion;
• reminding patient to avoid smoking;
• reminding patient to avoid pregnancy and discussion of birth control issues;
• reminding patient about endocarditis prophylaxis;
• reminding patient to consult physician regarding any new medications pre-
scribed or procedures recommended;
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• yearly laboratory work (FBC, ferritin, clotting parameters, multichem panel), 
chest radiography and EKG (Fig. 20.1). Echocardiographic studies are needed 
less frequently in stable individuals.

Endocarditis prophylaxis
Endocarditis prophylaxis at a high-risk level is recommended.

Exercise
While comfortable at rest, exercise capacity is markedly reduced in cyanotic 
individuals. Obvious problems include:
• increased right-to-left shunting, causing worsening hypoxemia;
• constrained blood fl ow through the lungs, so oxygen delivery does not in-
crease;
• further decrease in venous blood saturation as peripheral oxygen extraction 
increases. This further reduces oxygen saturation;
• development of respiratory acidosis as shunting increases, since CO2 is not 
removed from the shunted blood;
• increase in ventilation above that expected for any given level of oxygen 
consumption, leading to the sensation of dyspnea.

Individuals can usually perform most activities of daily living, but easily 
become tired. In addition, they are encouraged to perform light exertion as tol-
erated, avoiding extremes of exertion. Exertion that causes profound dyspnea, 
light-headedness or syncope should be avoided.

Residing at or traveling to high altitude (>5000 feet or 1500 m above sea level) 
will worsen hypoxemia and further limit exercise capacity. In contrast, com-
mercial airline travel is usually safe (see Travel section in Chapter 6). Infl ight 
oxygen is not usually required, but can be made available during a fl ight by 
advance arrangement with the airline if an individual requires it.

Pregnancy and contraception
Women with Eisenmenger syndrome should avoid pregnancy. If one presents 
pregnant, early termination is recommended; it is less risky than continuation 
of the pregnancy. The reason for these strong statements is that pregnancy 
causes signifi cant maternal and fetal morbidity and mortality in women with 
cyanosis and pulmonary vascular disease. Maternal mortality is 30–45%, with 
death occurring during delivery or within several weeks postpartum. Deaths 
are commonly due to:
• thromboembolism (44%);
• hypovolemia (25%);
• pre-eclampsia (18%);
• worsening heart failure;
• progressive hypoxemia.

The fetus also fares poorly. Risks include:
• spontaneous abortion and stillbirth (20–40%);
• premature delivery (50%);



Eisenmenger Syndrome 171

• intrauterine growth retardation (30%).
If the woman desires to continue a pregnancy despite being informed of 

the extreme risks, close observation by an experienced group of obstetricians, 
anesthesiologists and cardiologists familiar with Eisenmenger syndrome is 
recommended. A vaginal delivery with adequate pain control and a shortened 
second stage of labor are recommended. This approach may be less risky than 
a cesarean delivery. The latter may be considered for obstetric indications. 
Some advocate hospitalization at 25–30 weeks with close monitoring until de-
livery occurs spontaneously or is electively induced. Since death frequently 
occurs postpartum, continued observation in the hospital for 1–3 weeks has 
been advocated (see Chapter 3).

Another area of uncertainty is whether anticoagulation during pregnancy 
decreases the risk of death from thromboembolism. Some advocate routine 
use of subcutaneous heparin starting at 20 weeks with an aPTT 6 hours after 
injection of >2 times control. The heparin is discontinued several hours prior 
to delivery. Some recommend continuing full anticoagulation with warfarin 
for 1–2 months postpartum. Unfortunately, no data are available to support or 
refute these approaches.

Prevention of pregnancy should be addressed in women of childbearing age.
• Sterilization is the surest way to prevent a pregnancy. This can be done by 
laparoscopic techniques with a small risk, or by the newer technique of trans-
vaginal tubal obstruction with even lower risk.
• Oral contraceptives carry risks of thromboembolism and worsening heart fail-
ure due to fl uid retention. While these risks are important to consider, they are 
much less than that of a pregnancy.
• Barrier methods (condoms, diaphragms) are less desirable due to a high fail-
ure rate (see Chapter 3).

Non-cardiac surgery in Eisenmenger patients is a signifi cant issue as it car-
ries a high morbidity and mortality risk (up to 19%). Surgery should be avoided 
when possible, but is commonly needed for acute cholecystitis (due to bilirubin 
stone formation from the hyperbilirubinemia). Necessary operations should be 
done in a center familiar with the high risks of performing surgery on these 
patients. 

Perioperative morbidity and mortality

The mortality and morbidity are related to:
• sudden fall in SVR leading to worsening hypoxemia due to progressive right-
to-left shunting;
• hypovolemia and dehydration which are poorly tolerated and worsen right-to-
left shunting;
• excessive bleeding;
• perioperative arrhythmias;
• thrombophlebitis/deep vein thrombosis/paradoxical emboli.
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Techniques of risk reduction
• Surgery should be done at a center experienced in congenital heart disease.
• An experienced cardiac anesthesiologist should be present.
• Avoid prolonged fasting without fl uid replacement prior to surgery.
• Air fi lter for all intravenous lines.
• A central pulmonary artery catheter is not indicated, but a good peripheral or 
central IV is helpful.
• Meticulous attention to bleeding and blood loss.
• Postoperative monitoring in an intensive care unit setting.
• Systemic arterial hypotension should be treated quickly and aggressively with 
intravenous fl uids, blood transfusion, or an alpha adrenergic agent.
• Early ambulation to reduce the risk of emboli from deep vein thrombosis.

Key clinical points

• Survival of patients with Eisenmenger syndrome into adulthood is common.
• Their medical issues are complex and are best taken care of by cardiologists 
who understand their physiology and the medical issues involved.
• These individuals are in a delicate balance that can be easily upset leading to 
disastrous results. Important risks to be aware of are:
– pregnancy (contraindicated);
– non-cardiac surgery (morbidity and mortality risk);
– dehydration;
– bleeding or hemorrhage, especially intrapulmonary;
– antiplatelet drugs that increase the risk of bleeding;
– drugs that reduce systemic vascular resistance (increase shunting);
– anemia and iron defi ciency;
– air emboli from intravenous lines;
– cardiac catheterization;
– pulmonary infections.

• The role of vasodilator agents to reduce pulmonary vascular resistance in the 
Eisenmenger patients is evolving. Although not yet adequately studied, it has 
the potential to signifi cantly improve their overall morbidity and mortality and 
improve functional class.
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(a) Common arterial trunk (b) Aortopulmonary window

CHAPTER 21

Other Lesions

Common arterial trunk

Defi nition and natural history
Common arterial trunk, also known as truncus arteriosus, is an uncommon le-
sion consisted of a single great artery (arterial trunk) coming off the ventricular 
mass. There is always a large ventricular septal defect (VSD). The pulmonary 
arteries in turn come off the ascending aorta, either through a common stem 
or independently (Fig. 21.1a). There is no direct communication, therefore, be-
tween the pulmonary trunk and the right ventricle. The truncal valve is often 
dysplastic with three or more leafl ets and may be regurgitant and/or stenotic 
from birth. The degree of valval deformity is one of the key determinants of 
outcome.

Therapy is surgical, involving VSD closure and conduit anastomosis be-
tween the right ventricle and the pulmonary arteries (which themselves may 
need unifocalization procedures). If not operated during the fi rst year of life, 

Fig. 21.1 (a) Common arterial trunk. Note the single exit from the heart via the common arterial 
valve and trunk, giving rise to the right and left pulmonary arteries (from the ascending aorta). 
Alternatively, the pulmonary arteries may arise from a common stem from the ascending aorta 
before dividing to right and left, or occasionally one of them may arise from the underside of 
the aorta. The truncal valve may have more than three leafl ets, is often dysplastic, causing 
stenosis and or regurgitation and is a major determinant of long-term outcome. (b) Aortopulmo-
nary window. Note the two exits from the heart with a normal aortic and pulmonary valve and a 
large nonrestrictive communication between the two arterial trunks (window) at relatively close 
proximity to the semilunar valves. Patients require early repair to avoid irreversible pulmonary 
vascular disease.

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely
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most patients will develop irreversible pulmonary vascular disease and would 
be deemed inoperable thereafter.

Approximately one-third of patients with common arterial trunk have Di-
George syndrome. This needs to be addressed with the patient and the family 
as it has important genetic implications. Most cases of DiGeorge syndrome are 
sporadic, but the risk of recurrence is 50% and these patients are also at risk of 
early psychiatric disease.

Older patients are likely to require further surgery to replace the right ven-
tricular to pulmonary artery conduit.

Late complications

• Right ventricular to pulmonary artery conduit stenosis or regurgitation.
• Branch pulmonary artery stenoses.
• Residual VSD.
• Truncal valve regurgitation or stenosis, or prosthetic valve dysfunction when 
the truncal valve has been replaced.
• Myocardial ischemia due to coronary artery anomalies.
• Progressive aortic root dilatation which may lead to neo-aortic valve incompe-
tence.
• Ventricular dysfunction which may result from multiple surgical interven-
tions, conduit dysfunction and/or myocardial ischemia.
• Progressive pulmonary vascular disease.
• Arrhythmias and sudden cardiac death.

Pregnancy
Successful pregnancy and delivery are possible in patients with repaired com-
mon arterial trunk. Given the high incidence of chromosome 22q11 deletion 
(DiGeorge syndrome), chromosomal analysis using the FISH test (fl uorescent 
in situ hybridization) should be offered to all women with the condition who 
are contemplating pregnancy. All patients should have pre-pregnancy coun-
seling and careful follow-up during pregnancy by a specialist cardiologist.

Endocarditis
All patients should practice endocarditis prophylaxis for life.

Exercise
Advice regarding the intensity of exercise will depend on the outcome of re-
pair, the severity of residual lesions (conduit stenosis, truncal valve function, 
etc.), the state of ventricular function and the presence or not of pulmonary 
hypertension.

Aortopulmonary window

Defi nition and natural history
Aortopulmonary (AP) window is a rare lesion that can mimic patent arterial 
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duct (Fig. 21.1b). It is a direct communication between ascending aorta and pul-
monary artery resulting from an incomplete division of the embryonic com-
mon arterial trunk. Usually, the defect is large and, therefore, the likelihood of 
pulmonary hypertension being established in the adult patient is high, unless 
closure took place early in childhood. About 10% of AP windows are relatively 
small and, therefore, not susceptible to developing early pulmonary hyperten-
sion. Aortopulmonary windows are commonly associated with other cardiac 
lesions such as VSD, tetralogy of Fallot, subaortic stenosis, atrial septal defect 
or patent ductus arteriosus and, therefore, can be easily overlooked.

Patients with an AP window present either with congestive heart failure 
early in the course of the disease or, if pulmonary hypertension has developed, 
with cyanosis. Occasionally, when the AP window is relatively small, they can 
present with a continuous murmur and signs of left heart dilatation due to vol-
ume overload. Unless irreversible pulmonary vascular disease has developed, 
patients should undergo timely surgical repair. Catheter device closure has 
also been reported.

Observational points

• Confi rm the absence of residual AP communication.
• Assess associated lesions, if present.
• Assess left ventricular size and function.
• Exclude pulmonary hypertension.
• Exclude important supravalvar pulmonary stenosis, when a ‘tunnel type’ of 
surgical repair has been performed.

Pregnancy, endocarditis and exercise
The same principles as for common arterial trunk apply. However, the risk 
of DiGeorge syndrome and therefore of recurrence of heart disease is lower. 
Pregnancy and exercise are largely determined by the degree of pulmonary 
hypertension, if present. Most patients warrant lifelong endocarditis prophy-
laxis, because of the very common associated lesions.

Sinus of Valsalva aneurysms

Defi nition and natural history
Sinus of Valsalva aneurysm is defi ned as dilatation or enlargement of one of 
the aortic sinuses between the aortic valve annulus and the sinotubular junc-
tion (Fig. 21.2). The morphology of sinus of Valsalva aneurysms can vary from 
a small isolated enlargement of the aortic sinus (usually the right sinus) to an 
extended fi nger-like projection from the body or apex of the sinus. This tubu-
lar protrusion may extend into the adjacent structures, causing a variety of 
clinical sequelae. The right coronary sinus is the commonest site for aneursym 
formation (65–85%). VSDs are a very common association.

The diagnosis is made echocardiographically.
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Ruptured sinus of Valsalva aneurysms may occasionally present dramati-
cally with sudden hemodynamic collapse, or chronically, depending on the 
size and site of the rupture.

The most common ‘receiving’ chamber:
• right ventricle (90%);
• right atrium (10%);
• left atrium (2–3%).

Free perforation into the pericardium is almost invariably associated with 
fatal cardiac tamponade, but is rare.

Cardiac arrest and sudden cardiac death can occur if the rupture causes 
acute disruption of a coronary ostium. Rupture with acute aortic cusp distor-
tion results in aortic valvular insuffi ciency and myocardial still phenomenon. 
Chest pain, cough and breathlessness are often the fi rst features combined 
with the onset of a loud continuous ‘to-and-fro’ murmur due to the fi stula. 
Ruptured sinus of Valsalva aneurysms should be surgically repaired without 
delay.

Pregnancy, endocarditis and exercise
As in patients with Marfan syndrome, those with known unruptured sinus 
of Valsalva aneurysms should be cautioned before embarking on pregnancy. 
Indeed, pregnancy may be the decisive factor for expediting surgical repair. 
Exercise should be determined by the hemodynamic status of the patient, al-
though extreme isometric exercise should be discouraged. All patients war-
rant lifelong endocarditis prophylaxis.

Right Left

From left
coronary sinus

Pulmonary trunk

From non-coronary
sinus

From right
coronary sinus

Fig. 21.2 Aneurysms of the sinus of Valsalva. Various origins and positions of aneurysms of 
Valsalva (when heart base is seen from above).
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Late complications of sinus of Valsalva aneurysms  

Unruptured Ruptured

Compressive
• Right ventricular outfl ow tract (RVOT) obstruction
• Obstruction of coronary ostium: ischemia, arrhythmia
• Left ventricular outfl ow obstruction (rare)
• Arrhythmia: RVOT ventricular tachycardia
• Atrioventricular block
Embolic
• Peripheral embolism
• TIA
Infective endocarditis

• Cardiac tamponade
• Left-to-right shunt
• Acute heart failure
• Acute valvular regurgitation 
(aortic; tricuspid)
• Acute disruption of coronary artery
• Septal ‘mass’
• Arrhythmia
• Infective endocarditis

With permission from Swan L (2003) Chapter on Sinus of Valsalva Aneurysms. In: Diagnosis 
and Management of Adult Congenital Heart Disease (eds Gatzoulis, Webb and Daubeney), 
pp. 239–243; Elsevier, Philadelphia, PA.

Cor triatriatum

Cor triatriatum is a rare congenital cardiac anomaly in which the common 
pulmonary venous chamber is separated from the true left atrium by a fi bro-
muscular septum (Fig. 21.3). Approximately 70–80% of cases of cor triatriatum 
are associated with other cardiac defects, secundum atrial septal defect being 
the most common.

The age at presentation and clinical symptoms relate directly to the degree 
of pulmonary venous obstruction. Patients with a very restrictive membrane 
in general present early with symptoms of pulmonary hypertension. A second 
group of patients present in adulthood with atrial fi brillation and/or throm-
boembolic events such as TIA or stroke. These patients have a dilated proximal 

Normal Cor triatriatum

Fig. 21.3 Cor triatriatum. This is seen as a membrane dividing the left atrium into the proximal 
(pulmonary venous) and distal chamber in the right panel, compared to the normal heart (left 
panel). Note the commonly coexisting atrial septal defect, opening in this case into the distal left 
atrial chamber.
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left atrial compartment with dilated pulmonary veins, both of which repre-
sent the source of atrial fi brillation and clot formation. Finally, there is a third 
group of patients with no or minimal obstruction of fl ow at the level of the 
cor triatriatum, the diagnosis being a coincidental echocardiographic fi nding. 
With the exception of the latter group, patients should undergo elective surgi-
cal excision of the membrane and repair of associated defects, anticipating a 
good outcome.

Dilatation of the membrane, either intraoperatively or with percutaneous 
balloon catheterization, has been reported but is unlikely to result in perma-
nent relief of symptoms.

Pregnancy, endocarditis and exercise
Following successful repair of cor triatriatum and, provided that there is no re-
sidual pulmonary hypertension, there should be no contraindications to preg-
nancy (which in turn should carry a very low risk). For postoperative patients, 
normal physical activities should be encouraged, and unless there are residual 
hemodynamic lesions there is no need for endocarditis prophylaxis.

Atrial isomerism (heterotaxia)

Right and left isomerism means equal parts and refers to duplication or pre-
dominance of thoracic and abdominal organs exhibiting rightness or leftness, 
respectively. Isomerism is thus applicable to atria, bronchi, lungs, spleen, etc. 
(Fig. 21.4).

Left atrial isomerism (also called polysplenia) is associated with multiple 
spleens. Right atrial isomerism (asplenia syndrome) is associated with small 
or poorly functional spleen(s), the latter being a left-sided organ. Patients with 
left or right atrial isomerism, apart from the presence of two morphologically 
left or right atria, almost universally have additional intracardiac defects.

Complex cardiac anatomy with ‘single ventricle physiology’ is particularly 
common in patients with right atrial isomerism. For these patients the Fontan 
route is the main surgical option available.

Conduction abnormalities are also common in atrial isomerism and contrib-
ute to morbidity and mortality. There are other important non-cardiac mani-
festations affecting outcomes in these patients that general physicians should 
be aware of so that appropriate measures can be taken. A typical example is 
functional asplenia in patients with right atrial isomerism, predisposing them 
to pneumococcal infections. Such patients would benefi t from chronic oral 
penicillin therapy and periodic immunization.

In general, all patients with isomerism should be managed in tertiary adult 
congenital heart disease centers.
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Right atrial isomerism Left atrial isomerism

Common cardiac lesions Common cardiac lesions
Total anomalous pulmonary veins
Atrioventricular (AV) septal defect
Transposition of great arteries or double outlet 
right ventricle
Pulmonary stenosis or atresia

Interrupted inferior vena cava (with azygous 
continuation)
Partial anomalous pulmonary veins 
Atrial and/or ventricular septal defect
Double outlet right ventricle

Airway morphology Airway morphology
Bilateral trilobar lungs Bilateral bilobar lungs
Short main bronchi Long main bronchi

Other Other
Functional asplenia with immunodefi ciency Polysplenia
Malrotation of bowel Malrotation of bowel
Howell-Jolly bodies in blood fi lm Biliary atresia
Dual sinus or AV node Absent sinus node (with ectopic atrial node or 

wandering pacemaker) and/or complete heart 
block
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CHAPTER 22

Pulmonary Hypertension

Pulmonary hypertension is defi ned as any elevation of mean pulmonary ar-
tery pressure greater than 25 mmHg at rest or 30 mmHg with exercise. This 
is due to either an increase in fl ow through the pulmonary vascular bed, as 
typically in congenital heart disease, or to a reduction in caliber of pulmonary 
arterioles secondary to a number of different mechanisms.

Causes of pulmonary hypertension

Pulmonary arterial hypertension
• Primary pulmonary hypertension (or so-called idiopathic, no specifi c cause 
found)
• Collagen vascular disease
• Congenital heart defects (includes Eisenmenger physiology)
• Portal hypertension
• HIV infection
• Drugs/toxins
• Appetite suppressants

Pulmonary venous hypertension
• Left-sided valvular heart disease
• Hypertrophic, restrictive and or dilated cardiomyopathy
• Left atrial myxoma
• Extrinsic compression of central pulmonary veins
• Pulmonary veno-occlusive disease

Pulmonary hypertension associated with respiratory disorders
• Chronic obstructive pulmonary disease
• Interstitial lung disease
• Sleep apnea
• Alveolar hypoventilation disorders
• Chronic exposure to high altitude
• Neonatal lung disease

Pulmonary hypertension due to chronic thrombotic and/or embolic 
disease
• Thromboembolic obstruction of proximal pulmonary arteries
• Obstruction of distal pulmonary arteries due to:

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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– pulmonary embolism (thrombus, tumor, parasites, foreign material);
– in situ thrombosis;
– sickle cell disease.

Pulmonary hypertension due to disorders directly affecting the 
pulmonary vasculature
• Infl ammatory due to:

– schistosomiasis;
– sarcoidosis;
– pulmonary capillary hemangiomatosis.

A number of triggering factors (Fig. 22.1) are thought to be responsible, and 
in many cases there seems to be a genetic predisposition to developing pulmo-
nary hypertension.

Ultimately, chronic pulmonary hypertension (PHT) is associated with in-
timal thickening of pulmonary arterioles and medial hypertrophy in larger 
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Fig. 22.1 Diagramatic illustration of the etiology and pathophysiology of pulmonary hyperten-
sion. With permission from Mikhail GW & Yacoub MH (2003) in Gatzoulis, Webb and Daubeney 
(eds), Diagnosis and Management of Adult Congenital Heart Disease, Elsevier, Philadephia, PA.
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arteries (Fig. 22.2). Vessels may be totally occluded by the endothelial prolif-
eration and/or secondary intravascular thrombosis.

Primary pulmonary hypertension

This is a rare disease with an annual incidence of approximately 1 per 200,000–
1,000,000 population. It is more common in young women. Endothelial dys-
function has been identifi ed in primary pulmonary hypertension (PPH), ei-
ther as a cause or effect. Lung biopsies have shown reduced expression of nitric 
oxide synthase, reduced levels of PGI2 and increased endothelin-1, all contrib-
uting to hypertrophy and thrombus formation in the pulmonary microvascu-
lature. Larger central vessels may also contain larger thrombus.

Clinical factors implicated include:
• chronic small pulmonary emboli;
• collagen vascular disease (association with Raynaud’s phenomenon);
• scleroderma.

Symptoms and clinical signs

The onset of symptoms in PPH is usually subtle, with several years elapsing 
before the diagnosis is made. Common symptoms are as follows.
• Exertional dyspnea: patients with pulmonary hypertension tend to hyperven-
tilate to compensate for arterial hypoxemia, which is a result of ventilation per-
fusion mismatch in the lung and a reduced cardiac output.
• Syncope is common (often exertional): pulmonary hypertensive patients have a 
reduced cardiac output and compromised left ventricular function. Hence, even 
a benign tachycardia can lead to systemic hypotension and hemodynamic syn-
cope.
• Angina: patients have right ventricular ischemia.
• Sudden cardiac death: presumably arrhythmic. Rupture of central pulmonary 
arteries has also been reported.

Normal

Fig. 22.2 Evolution of pulmonary vascular disease in the young, showing the early reduction in 
number of arteries, the increase in muscularity, and development of intimal proliferation. Blood 
fl ow patterns change from laminar to turbulent with disease progression. With permission from 
Haworth SG (2002) Heart, 88, 658–664.
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The physical signs in patients with pulmonary hypertension are usually 
advanced at the time of presentation. They include:
• central cyanosis;
• prominent ‘a’ wave in JVP;
• right ventricular (RV) heave;
• palpable pulmonary artery pulsation;
• loud pulmonary component to the second heart sound (often palpable);
• third and fourth heart sound at late stages;
• diastolic murmur of pulmonary regurgitation (Graham Steell)/pansystolic 
murmur of tricuspid regurgitation;
• pulsatile hepatomegaly, ascites and peripheral pitting edema (late stage).

Useful investigations
Patients with a suspected diagnosis of PPH should be referred without delay 
to a specialized center, where the diagnosis can be confi rmed and therapy ini-
tiated early when it is most likely to be of benefi t. Appropriate screening for 
patients with suspected pulmonary hypertension is, therefore, imperative for 
early diagnosis and treatment.
• EKG: severe RV strain (T wave inversion in V1–V3), right axis deviation and 
incomplete or complete RBBB. Right ventricular hypertrophy. Usually in sinus 
rhythm with evidence of right atrial overload. PR interval often prolonged (re-
fl ecting right atrial enlargement).
• Chest radiography (Fig. 22.3): normal heart size (early stage) with dilated 
main and central pulmonary arteries, but pruned peripheral arteries. Lung 
peripheries look dark and oligemic.

Fig. 22.3 Chest radiograph from a patient with primary pulmonary arterial hypertension. Note 
moderate to severe cardiomegaly and marked dilatation of central pulmonary arteries. The 
former suggests cardiac decompensation. Peripheral pulmonary artery ‘prooning’ is present, in 
contrast to radiographic appearance of patient with Eisenmenger physiology (Fig. 20.1a).
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• Echocardiography: confi rms PHT and RV hypertrophy. Pulmonary and tri-
cuspid regurgitation are commonly present. Assess RV pressure from TR Dop-
pler pressure gradients. Exclude occult left heart problems as a possible cause of 
PHT such as mitral or aortic valve disease, atrial myxoma, cor triatriatum, etc.
• Cardiac catheterization: remains the gold standard for establishing the di-
agnosis of primary PHT. Pulmonary hypertension is defi ned as an increase in 
mean pulmonary artery pressure >25 mmHg at rest or >30 mmHg during ex-
ercise. At cardiac catheterization, hemodynamic measurements of right heart 
pressures, cardiac output and mixed venous saturations and pulmonary vas-
cular resistance (see Appendix for formula for shunt and pulmonary vascular 
resistance calculations) are carried out, as well as testing of acute vasodilator 
response (reversibility). Cardiac catheterization carries a low but defi nite risk.
• Six-minute walk test: useful for assessing the severity of symptoms in pa-
tients with pulmonary hypertension and monitoring individual patients and 
their response to therapy.

Management
Primary pulmonary hypertension remains a relentlessly progressive and fatal 
disease, with a mean survival from diagnosis of 2 to 3 years. However, new 
therapeutic modalities and a quest for establishing an early diagnosis are ex-
pected to convey a better outcome for many patients with this condition.

The main therapies are listed below.

• Anticoagulation: routine. Shown to improve survival.
• Calcium antagonists: high doses of long-acting drugs are needed, but only about 
20% of patients will respond with a fall in pulmonary vascular resistance. A grad-
ual increase in dose is advisable unless monitored with a Swan–Ganz catheter 
in situ. Typical doses needed: nifedipine 180–240 mg daily or diltiazem 720 mg 
daily. Systemic hypotension may be problematic. Responders have improved 
prognosis.
• Domiciliary oxygen may help patients who can still be managed at home.
• Intravenous prostacyclin (epoprostenol): infusion via central lines. Shown to 
improve symptoms, hemodynamics and survival. Generally reserved for more 
severe or deteriorating cases when it may be used as a bridge to transplantation. 
Infusion dosing is performed with right heart catheterization. Start at 2 ng/kg/
min, increasing by 2 ng/kg/min every 15 min. Increments are stopped when 
arterial pressure falls by 40%, or heart rate increases by 40%, or patient develops 
intolerant symptoms (nausea, vomiting, headache, etc.).
• Subcutaneous prostacyclin: heat-stable form of prostacyclin (Treprostinil) 
improves exercise capacity and pulmonary hemodynamics. There are problems, 
however, with injection site pain, which may limit its use.
• Beraprost is an oral prostacyclin analog which has been shown to have a vasodi-
lator and antiplatelet activity similar to that of prostacyclin and is effective by 
oral administration.
• Inhaled nitric oxide: a selective pulmonary vasodilator, frequently used in the 
hospital setting for the acute reduction of pulmonary artery pressure in patients 
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with PPH. It may be of use for pregnant women with pulmonary arterial hyper-
tension.
• Bosentan: an oral dual endothelin receptor antagonist, shown to be of benefi t 
in pulmonary hypertension. Recent trials have shown improvement in pulmo-
nary hemodynamics, exercise capacity and functional class. Bosentan is easy to 
administer and has an acceptable safety profi le.
• Sildenafi l: an inhibitor of cGMP-specifi c phosphodiesterase type 5, decreases 
the degradation of cyclic guanosine monophosphate (cGMP). Results in local 
release of nitric oxide and vasodilation.
• Surgical treatment
– Atrial septostomy: shown to be of benefi t in patients with recurrent syncope. 
By creating a right-to-left shunt at the atrial level, it is possible to decompress 
the right ventricle and improve left ventricular fi lling, thus maintaining car-
diac output. However, there is a risk of severe oxygen desaturation and the 
procedure itself carries a signifi cant risk.
– Thromboendartercetomy: surgical removal of the organized thrombotic mate-
rial for patients with chronic thromboembolic pulmonary hypertension, who 
have otherwise a poor prognosis. Operative mortality is usually less than 10% 
in big centers with good long-term results and a fall in pulmonary vascular 
resistance and improvement in right ventricular function.
– Heart and lung transplantation: reserved for patients with progressive clinical 
deterioration despite medical therapy. With the continuing improvement in 
surgical techniques and rapid advances in immunosuppressive therapy, one-
year survival for this challenging group of patients has reached 65–70%. Oblit-
erative bronchiolitis, however, remains a major longer-term complication.

Further reading

Abenhaim L, Moride Y, Brenot F, et al. (1996) Appetite-suppressant drugs and the risk of pri-
mary pulmonary hypertension. International Primary Pulmonary Hypertension Study 
Group. New England Journal of Medicine, 335(9), 609–616.

Barst RJ, Rubin LJ, Long WA, et al. (1996) A comparison of continuous intravenous epopros-
tenol (prostacyclin) with conventional therapy for primary pulmonary hypertension. The 
Primary Pulmonary Hypertension Study Group. New England Journal of Medicine, 334(5), 
296–302.

Channick RN, Simonneau G, Sitbon O, et al. (2001) Effects of the dual endothelin-receptor 
antagonist bosentan in patients with pulmonary hypertension: a randomised placebo-
controlled study. Lancet, 358, 1119–1123.

Gibbs JSR (2001) Recommendations on the management of pulmonary hypertension in clini-
cal practice. Heart, 86 (Suppl) i11–i13.

McLaughlin VA, Genthner DE, Panella MM & Rich S (1998) Reduction in pulmonary vascu-
lar resistance with long-term epoprostenol (prostacyclin) therapy in primary pulmonary 
hypertension. New England Journal of Medicine, 338, 273–277.

Mikhail G, Gibbs JSR, Richardson M, et al. (1997) An evaluation of nebulized prostacyclin in 
primary and secondary pulmonary hypertension. European Heart Journal, 18, 1499–504.



188 Chapter 22

Nagaya N, Uematsu M, Okano Y, et al. (1999) Effect of orally active prostacyclin analogue 
on survival of outpatients with primary pulmonary hypertension. Journal of the American 
College of Cardiology, 34, 1188–1192.

Prasad S, Wilkinson J & Gatzoulis MA (2000) Sildenafi l in primary pulmonary hyperten-
sion. New England Journal of Medicine, 343, 1342–1343.

Rich S, Dantzker DR, Ayres SM, et al. (1987) Primary pulmonary hypertension. A national 
prospective study. Annals of Internal Medicine, 107(2), 216–223.

Rubin LJ, Badesch DB & Barst RJ (2002) Bosentan therapy for pulmonary arterial hyperten-
sion  New England Journal of Medicine, 346, 896–903.

Wilkins H, Guth A, Konig J, et al. (2001) Effect of inhaled iloprost plus oral sildenafi l in pa-
tients with primary pulmonary hypertension. Circulation, 104, 1218–1222.



PART 3

Emergencies and 
Special Situations

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd



191

CHAPTER 23

Arrhythmia and Syncope

Arrhythmia is part of the ‘natural’ history of many congenital heart lesions and 
their surgical repairs. Loss of sinus rhythm is one of the more common reasons 
for hospital admission. Unfortunately, in this group arrhythmias are often more 
diffi cult to detect (slow intra-atrial re-entry may superfi cially appear like sinus 
rhythm), associated with signifi cant morbidity, resistant to drug therapy and 
challenging to treat in the electrophysiologic laboratory. In addition, palpitation 
alone can turn a young working adult into someone who is unable to hold down 
their job or function independently in the community.

Supraventricular rhythm disturbances are by far the most common arrhyth-
mias to affect this group. In a compromised heart, a fast supraventricular rhythm 
can be as devastating as ventricular tachycardia. In particular, atrial fl utter may 
be conducted 1:1 in this relatively young patient population and cause cardio-
vascular collapse. At the other end of the spectrum, it is essential that all high-
risk subjects have regular 12-lead EKGs at their clinic visits to detect slow ‘symp-
tom-free’ atrial fl utter.

Rather than list the myriad arrhythmias that can be encountered in this popu-
lation, we will focus on the practicalities of treating some of the most common 
rhythm upsets (see Table 23.1).

Atypical fl utter (intra-atrial re-entry)

Atypical fl utter or intra-atrial re-entry tachycardia (IART) is worth a special 
note. This is a common cause of palpitation in those with previous atrial surgery. 
Prior surgery and atrial stretch are the substrate for the development of multiple 
clockwise circuits around electrical barriers of suture lines and scarring. These 
palpitations recur frequently and often necessitate multiple admissions to hos-
pital. Acutely, chemical cardioversion is rare and patients often need electrical 
cardioversion.

Beta-blockers and amiodarone are the most frequently used drug therapies. 
Other forms of preventive therapies such as atrial pacing and atrial defi brilla-
tors may reduce the number of acute episodes but rarely abolish the problem. 
Unlike traditional fl utter, these fl utter waves may be slow and inhomogeneous. 
Sometimes they are diffi cult to recognize, especially if the atrial rate is relatively 
slow. IART circuits are usually not isthmus-dependent and may need some of 
the newer mapping techniques to direct ablation.
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Ventricular tachycardia

Ventricular tachycardia (VT) is predominantly an issue for those with previous 
ventriculotomies (for ventricular septal defect and/or tetralogy repair from a 
different, earlier, surgical era), tetralogy subjects with severe pulmonary re-
gurgitation and poor right ventricles and those with systemic ventricular dys-
function. This includes individuals with univentricular hearts, Fontans, and 
systemic right ventricles.

Risk stratifi cation remains a challenge in this group, but a prolonged QRS 
duration has been shown to be a risk marker for sustained VT and sudden 
cardiac death, at least in the Fallot group. The signifi cance of non-sustained 
VT (NSVT) on Holter or exercise is less clear. Identifying and addressing un-
derlying target hemodynamic lesions in these patients is an integral part of ar-
rhythmia management and risk modifi cation. However, with or without redo 
surgery and arrhythmia targeting procedures, arrhythmia may recur longer 
term. Automated intracardiac defi brillators (AICDs) will, therefore, have an 
important role in these patients. Indications for AICD implantation, however, 
in this patient group are yet to be determined, but this is a potentially life-
saving treatment option for many of these patients. Care must be taken in 
programming these devices, as congenital patients often also suffer from su-
praventricular arrhythmias. These patients need specialist care from an elec-
trophysiologist with an understanding of congenital heart conditions.

Rhythm Common anatomy Comments

Atypical atrial 
fl utter
(intra-atrial re-
entry)

Mustard, Senning
Fontan (esp. old style)
Atrial septal defect 
(ASD) repairs

Often recur and require repeated electrical 
cardioversions
Limited drug options if associated with impaired 
ventricular function
Often multiple circuits when mapped in the EP lab 
(can exist alongside isthmus-dependent typical atrial 
fl utter)
Refractory fl utter may be an indication for redo Fontan

Accessory 
pathway

Classically in Ebstein 
anomaly of the 
tricuspid valve

May terminate with intravenous adenosine in the 
emergency department
Catheter ablation is the treatment of choice

Atrial fi brillation ASD, esp. in elderly
Poor systemic 
ventricular function

Can persist or develop despite ASD repair, esp. if over 
40 years of age at the time of repair
May represent other co-morbidity: hypertension, left 
ventricular dysfunction

Ventricular 
tachycardia

Myocardial disease
Failing systemic 
ventricle
Tetralogy of Fallot
Ventricular septal 
defect: repaired

In tetralogy, a QRS duration of >180 ms is a risk factor
Address and target residual hemodynamic lesions
Need to consider if automated intracardiac defi brillator 
is appropriate
Need to consider if ventricular tachycardia ablation is 
appropriate
May present as sudden cardiac death

Table 23.1
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Atrial arrhythmias and the atrial septal defect

Atrial fl utter and fi brillation are commonly associated with atrial septal defects 
(ASDs). Early correction (under the age of 40 years) reduces the risk of palpitation 
but does not abolish it. Atrial wall stretch, right atrium fi brosis and pulmonary 
vein potentials are all arrhythmogenic substrates. In the short term, approxi-
mately two-thirds of patients with paroxysmal atrial fl utter or fi brillation before 
ASD closure will improve following repair. However, arrhythmia is likely to 
return longer term, particularly in the older patient. Current best practice is to 
combine surgical closure with the MAZE procedure. In the setting of transcath-
eter closure, pulmonary vein ablation may become part of standard therapy. In 
this setting, it is important that these issues are addressed before closing the 
defect, and thus before interrupting the direct access to the left atrium for the 
electrophysiologist.

The congenital patient with an arrhythmia: emergency care

1 Assess hemodynamic compromise: institute basic resuscitation if needed. If 
unwell with hypotension, consider urgent electrical cardioversion.
2 Assess rhythm in the context of lesion, history and medication. A previous 12-
lead resting sinus EKG is invaluable. A broad-complex tachycardia is often not 
VT in this setting. Seek expert help early. This may be a recurrent problem well 
known to the patient’s congenital cardiologist.
3 Ascertain if anticoagulated and if effective (recent INRs).
4 High-risk patients should not remain in arrhythmia for anything but the mini-
mum amount of time. Fontan patients and those with ventricular impairment 
need early cardioversion. A TOE may be needed to assess the presence of intrac-
ardiac clot if INRs have been <2.5 or if delayed presentation. (Beware of positive 
pressure ventilation in Fontan subjects having a detrimental effect on Fontan 
fl ow.)
5 Try to avoid anti-arrhythmics that are strongly negative inotropic in those with 
impaired hemodynamics. Avoid using multiple drugs. Assess prior QT intervals 
and try to avoid pro-arrhythmic medications.
6 In the setting of anti-arrhythmic drugs and electrical cardioversion, make 
plans for action if patient becomes bradycardic. Is transvenous pacing possible/
necessary? Is there secure venous access, etc.?
7 Seek expert help early. If the patient is known to have recurrent refractory 
arrhythmia, for example, is ‘acute’ catheter ablation a possibility?
8 Consider prevention: anatomical substrate? Hemodynamic surgery? Drugs? 
Ablation? Devices?
9 Think very carefully before transferring a sick tachycardic patient to another 
unit. The patient is often best managed with phone/fax consultation, with trans-
fer only taking place once stability is established. 
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Atypical atrial fl utter (IART) in the emergency department

• Chemical cardioversion is rarely successful.
• Consider early (same day!) electrical cardioversion for all at-risk subjects.
• Amiodarone, intravenous beta-blockade and intravenous diltiazem are the 
most frequently used rate-control agents (while organizing cardioversion/anti-
coagulation).
• Remember the issue of anticoagulation.
• Low-threshold for TOE to exclude clot.

Prevention
Redo surgery
Typical example of a patient with an obstructed Fontan circuit and an 11 cm 
right atrium. No amount of drug therapy or any catheter intervention will 
guarantee restoration and maintenance of sinus rhythm. If surgery is being 
considered for a hemodynamic lesion in the context of palpitation, then specifi -
cally targeted electrophysiologic intervention (such as a surgical MAZE proce-
dure) should be planned.

Why try to maintain sinus rhythm in these patients?

• Symptom control (optimizing hemodynamics).
• Improved effort capacity and exercise tolerance.
• Reduced thromboembolic risk (especially in Fontan subjects).
• Improve hemodynamics; patients may be dependent on atrial fi lling and AV 
synchrony (e.g. HOCM).
• Rate control is often poor in this young group.
• Reversion to SR is often easier to achieve early after onset.
• Possible survival benefi ts (e.g. Mustard group).

Drug therapy
Prescribing anti-arrhythmics can be diffi cult in this patient group. This is especial-
ly true for the sicker patients with poorer ventricular function. In addition, therapy 
may be needed for many decades, and therefore amiodarone’s long-term side-
 effects may be particularly relevant, especially thyroid disorders. The effectiveness 
and adverse event profi le of dofetalide is not yet established in this patient group.

Factors to consider when prescribing anti-arrhythmics

• Therapy may be needed lifelong.
• Patients are at increased risk of sinus and AV node pathology.
• Patients have conduction defects, prolonged QRS and QT intervals—beware 
pro-arrhythmic effects.
• Negative inotropes are poorly tolerated by single ventricles.
• Pregnancy may be an issue in female patients.
• In reality, the most commonly used drugs in this population are amiodarone 
and beta-blockers, including sotalol.
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Ablation techniques
Ablation technologies continue to advance speedily. Improved mapping tech-
niques (such as CARTO) and new catheters that can deliver deeper and more 
precise ‘burns’ are two developments that are especially useful in the congeni-
tal heart patient. These patients remain, however, challenging subjects with 
access problems, multiple circuits and thick atrial walls. Nevertheless, for 
many patients a successful ablation can have a major impact on quality of life 
and should be considered (in combination with hemodynamic intervention).

Pacing and devices
Pacing and devices have an increasing role in patients with congenital heart 
disease. They clearly need to be handled by an expert in the fi eld. Access dif-
fi culties, residual shunts (risk of paradoxical embolism) and right atrium–pul-
monary artery connections may be indications for epicardial pacing. Atrial de-
fi brillators, ventricular defi brillators and biventricular pacing systems are all 
new modalities that are beginning to have a role and an impact on patient care. 
Relative indications, optimal timing and longer-term follow-up data need to 
be defi ned.

Syncope

Syncope is a concerning symptom in this patient group. This is especially true 
for the cyanotic patient or patient with pulmonary hypertension. Benign causes 
also occur in young adults, e.g. postural vasovasal syncope or early gestational 
syncope during pregnancy, but syncope should not be dismissed lightly.

Cardiovascular causes of syncope in congenital heart patients

• Tachyarrythmia (symptoms dependent on rate and hemodynamic substrate).
• Sinus node or AV node disease.
• Pulmonary thromboembolic disease.
• Impaired cardiac output due to obstructive lesions (e.g. conduit).
• Severe cyanosis.
• Acute prosthetic valve obstruction (thrombus).
• Dissection, aortic rupture.
• Ischemia.
• Drug-induced hypotension, especially postural.
• Simple vasovagal.
• Benign.

Patients require basic investigations to rule out anatomic or electrical abnor-
malities. These would include echocardiography, 12-lead EKG, and Holter moni-
toring. (Patient-activated recorders and loop recorders may also be needed.)

Note: in the setting of suspected PTE, there are many pitfalls in interpreting CT 
angiograms and ventilation:perfusion scans in these patients. This is especially 
true for those with shunts and systemic-to-pulmonary artery anastomoses.

It is good practice and should be encouraged that all patients with congenital heart 
disease have a copy of their resting sinus EKG in their personal records.
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Suspected Infective Endocarditis

Despite more sensitive diagnostic tests, the new generation of antibiotics and 
improved surgical techniques, endocarditis remains a potentially lethal disease. 
It is also a common cause of emergency admission for adults with congenital 
heart disease. Below is a clinical perspective rather than that of the microbiol-
ogist, epidemiologist or pathologist. For further information see Chapter 4.

Prevention

The prime focus for anyone caring for the congenital cardiac patient must re-
main prevention. This should be more than just ensuring that the patient knows 
to take antibiotics at the time of dental work.

The following education points are crucial:
1 An understanding of why antibiotics are prescribed prophylactically.
2 An understanding of non-dental procedures that may require prophylaxis.
3 Simple instructions about the basic care of wounds to prevent bacteremia.
4 Instructions about what to do in the event of a febrile illness.
5 In particular, patients should be encouraged to ask that blood cultures and 
bacteriology (urine, sputum, etc.) samples be taken before starting a course of 
blinded antibiotic therapy.
6 Patients should be informed of the subacute manifestations of endocarditis, 
e.g. unexplained weight loss and anorexia.
Endocarditis is a diagnosis that one would not want to miss. It should also be 
remembered that the majority of congenital cardiac patients with a temperature 
do not have infective endocarditis. However, the physician caring for large num-
bers of congenital patients will spend a reasonable amount of time excluding 
endocarditis in their patients (see below).

The congenital heart patient with a temperature

History
Key to diagnosis: with special reference to risk stratifi cation
• History of predisposing event.
• Symptoms of hemodynamic decompensation.
• Systemic upset and symptoms of complications.

Examination
• Classic stigmata often absent.
• Careful examination of skin: rashes, entry points.
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• New murmurs (requires previous description/documentation).
• Exclusion of other causes of fever.
• Hemodynamic upset: tachycardia, heart failure.

Blood work (minimum)
• Blood cultures.
• Full blood count with differential white cell count.
• Renal function.
• Liver function and proteins.
• Immunoglobulin, autoantibodies: if diagnosis unclear.
• C-reactive protein (serial).

Specimens
• Urine: urinalysis, culture and sensitivities (C&S).
• Sputum for C&S.
• Other microbiology specimens as appropriate.

Electrocardiogram
• Changes, especially new conduction defects.

Imaging
• Chest radiography: ? changes in CTR, parenchymal changes from embolic 
events.
• Echocardiography: initially transthoracic but low threshold for transesopha-
geal imaging, especially if complex lesion is present (failure to detect vegetations 
does not exclude endocarditis).
• CT imaging/MR: for complications such as infective emboli and infarcts—
brain, head, spleen.

Despite even the best of preventive care, endocarditis occurs. Often the source 
of infection remains unknown, with only about 40% of cases having an identi-
fi able predisposing event (e.g. dental or cardiac surgery).

The commonest sites for endocarditis in the adult with a congenital heart 
lesion are a small ventricular septal defect, a stenotic left ventricular outfl ow 
tract or an obstructed right-sided conduit. The presence of any prosthetic car-
diac material (patches, valves, conduits) is an added risk factor for infection. 
The most common pathogens continue to include streptococci, enterococci, 
staphylococci, and the HACEK organisms.

Diagnosis

The diagnosis of endocarditis has always been an area of diffi culty. This is par-
ticularly true for those with congenital heart disease, especially if involving 
complex repairs or prosthetic intracardiac and intravascular material. In this 
group, the classic stigmata of endocarditis are often absent: evidence of active 
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valvulitis, peripheral emboli and immunologic vascular phenomena. This is 
particularly true for acute endocarditis and right-sided lesions.

Most clinicians use the Duke diagnostic criteria, although these must be tai-
lored with clinical experience of the congenital heart population (see Table 24.1). 
History, blood cultures and imaging remain the cornerstones of diagnosis.

Echocardiography
Even with modern imaging technology (predominantly echocardiography), the 
diagnosis of endocarditis is not simple and may be delayed. However, echocar-
diography remains an important diagnostic tool. Transthoracic echocardiogra-
phy has a high specifi city but low sensitivity for the detection of vegetations 
(<60%). Patients with complex congenital heart lesions, conduits, prosthetic 
valves and right-sided lesions are particularly diffi cult to image. In these groups 
there should be a low threshold for transesophageal imaging (TOE).

A negative TOE study does not exclude infective endocarditis and the pa-
tient’s other diagnostic information should be reviewed thoroughly. In all 
comers, when both TTE and TOE are negative they have a 95% negative predic-
tive value. The equivalent value for those with congenital lesions is unknown. 
However, if there is a persisting high clinical suspicion, repeat studies may be 
needed.

Echocardiography also has a role in monitoring response to treatment—be 
that vegetation size or hemodynamic sequelae. The complications of endocar-
ditis may also be detected with careful imaging such as TOE assessment for 
aortic root abscess.

Pathological criteria
Microbiological and pathological evidence from a vegetation, or intracardiac abscess
Clinical criteria
2 major or 1 major and 3 minor or 5 minor
MAJOR criteria include:
Blood cultures: 2 separate positive blood cultures with a typical organism
Persistently positive cultures with an organism consistent with IE
Endocardial involvement
Positive echocardiogram with classic vegetation or abscess or new partial dehiscence of a 
prosthetic valve
New valvular regurgitation
MINOR criteria include:
Predisposition: heart condition or IVDA
Fever >38°C
Vascular phenomena
Immunologic phenomena
Microbiological evidence (not suffi cient to be major)
Echocardiography fi nding (suggestive but not suffi cient to be major)

Table 24.1 Infective endocarditis (IE)
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Unusual organisms
The causes of culture-negative endocarditis are well recognized and more 
fully described in the ACC/AHA guidelines. Patients with cyanotic heart dis-
ease may have a degree of immunocompromise, and therefore unusual organ-
isms (e.g. Q fever or fungal infections) may be more common.

Other pointers towards fungal endocarditis include the presence of large 
vegetations, metastatic infection and perivalvular invasion. The prognosis in 
this group is poor.

Treatment

Good communication with the microbiologist or infectious diseases specialist 
remains key to effective treatment of infective endocarditis. Prolonged antibiotic 
therapy and intravenous access may be problematic in congenital heart patients 
who have had multiple previous lines and procedures. Peripherally placed in-
travenous central catheters (PICC) may be a less traumatic option than Hickman 
or other central lines.

Surgery
It is always wise to inform the congenital cardiac surgical team if a congenital pa-
tient develops endocarditis (even if this surgeon is at the regional center). Early 
discussion and planning for the eventualities of treatment failure or complica-
tions may optimize care should things not settle with medical therapy. Below 
are documented key failures that act as ‘surgical alarm bells’.

Although cardiac surgery may be undertaken in an urgent setting, it is imper-
ative that whenever possible surgery is performed by an experienced congenital 
cardiac surgeon. Perioperative mortality for these patients remains high.

Possible indications for consideration of surgical intervention

• A pre-existing indication for surgery.
• Enlarging vegetations despite appropriate antibiotic therapy.
• Embolic events despite antibiotic therapy.
• Worsening valvular disease: increasing regurgitation.
• Valve leafl et rupture/perforation.
• Heart failure.
• Perivalvular extension, e.g. aortic root abscess, new conduction defects.
• Staphylococcus aureus infection, especially in the presence of prosthetic material.

Key clinical points

• A low index of suspicion in high-risk patients, especially if previous infective 
endocarditis.
• Beware of Staphylococcus aureus endocarditis: this is a virulent and aggressive 
organism in the setting of prosthetic material.
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• Beware of aortic valve endocarditis: patients should have their cardiac rhythm 
monitored; heart block suggests root abscess; communicate with the surgeons.
• Beware the patient with aortic endocarditis and severe aortic regurgitation. 
Beware low diastolic pressures (coronary ischemia) and rapid onset of left ven-
tricular and renal failure.
• Don’t forget the possibility of central nervous system involvement: if new neu-
rologic signs, reduction in level of consciousness or changes in behavior develop, 
consider mycotic aneurysms and cerebral abscess.
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Perioperative Care

It is common for the adult with congenital heart disease to require non-cardiac 
surgery, for example, a dental or obstetric procedure. The majority of patients, 
even if treated surgically in early life, will have important residual or associ-
ated lesions that may affect their perioperative outcome.

The key to managing patients with congenital heart disease is anticipation 
and elimination of problems and recruitment of appropriate specialist know-
ledge beforehand. There are no formal studies documenting risk stratifi cation 
in congenital heart patients undergoing non-cardiac surgery, but it is possible 
to identify those who may run into diffi culties.

If patients have moderate or complex congenital heart disease, complex sur-
gery is contemplated, or there are adverse risk factors (including poor func-
tional class, pulmonary hypertension, CHF and cyanosis) the assessment and 
the surgery should be performed in a regional adult congenital heart disease 
center.

Preoperative risk stratifi cation

Cardiac factors
• Residual systemic-to-pulmonary shunts.
• Residual right-to-left shunts: risk of paradoxical embolism.
• Cyanosis (with associated complications, e.g. renal, hematological).
• Pulmonary hypertension.
• Poor ventricular function.
• Arrhythmias.
• Prosthetic valves: function especially obstructive, anticoagulation.
• Fontan circulation.

Presence of co-morbidity
• Hypertension, diabetes, renal dysfunction.
• Bleeding disorders, e.g. in cyanosed patients.
• Lung disease (e.g. restrictive physiology due to scoliosis).

Surgical issues
• High-risk procedures, e.g. excess bleeding, metabolic upset.
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Outline of perioperative management

Low-risk lesions
• Written perioperative instructions from a cardiologist with a special interest 
in congenital heart disease: may help to minimize excessive concern and over-
management (minimum requirement).

High-risk lesions
• Perioperative planning with cardiac anesthetist, surgeon and congenital spe-
cialist.

Specifi c consideration of:
• where surgery should be performed;
• where postoperative care should take place;
• invasive monitoring required;
• specialist input required;
• special equipment required: e.g. nitric oxide, pacing, etc.

The congenital cardiologist should clarify the diagnosis, the physiology, resid-
ual sequelae and management strategies. An experienced cardiac anesthetist 
should advise regarding access, monitoring and ventilation issues.

Such documents serve as invaluable references for those directly involved in 
the 24-hour care of the patient perioperatively.

The patient should be in the best possible health for elective procedures:

• Optimize the treatment of heart failure.
• Treat hypertension.
• Consider treating signifi cant obstructive lesions before elective procedures.
• Consider beta-blockade for perioperative ischemic and arrhythmic risk.
• Check thyroid function (Down syndrome; those on amiodarone).
• Consider autologous blood donation.
• Consider withholding diuretics and vasodilators on the day of surgery.

Issues that require special preoperative consideration

Anticoagulation
Anticoagulation is an important cause of perioperative morbidity and extended 
hospital stay. Special care should be taken in those with non-sinus rhythm, pre-
vious thrombotic events, mitral valve replacements and a Fontan circulation.

Cyanosis
Cyanosis is associated with an increased risk of bleeding (abnormal platelet func-
tion and coagulation factors, increased tissue vascularity, and collaterals). Pre-
operative isovolumic phlebotomy may improve hemostatic function (increases 
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platelet levels). Dehydration should be avoided, as this may precipitate symp-
toms of hyperviscosity. Anticoagulation carries a signifi cant risk in this group, 
compounded by the fact that laboratory error is common in prothrombin time 
(PT) and activated partial thromboplastin time (APTT) measurements in this 
group.

Pulmonary hypertension
The presence of severe pulmonary hypertension turns even the most minor 
procedure into one associated with considerable risk. There is little capacity to 
increase pulmonary blood fl ow and the cardiac output is relatively fi xed. There 
is a trade-off between increasing cardiac output and increasing shunting (exac-
erbating cyanosis).

Ventricular dysfunction
The risk is in proportion to the degree of ventricular dysfunction. This is true 
for the systemic left ventricle, right ventricle or single ventricle. Treatment of 
heart failure should be optimized before surgery, whereas negative inotropic 
drugs should be avoided.

Ventricular outfl ow tract obstruction
Fluid overload of these patients may provoke pulmonary edema or right heart 
failure. Hypovolemia will also be poorly tolerated by further compromising 
cardiac output.

Rhythm abnormalities
Arrhythmias may occur for numerous reasons including the cardiac condition 
per se, worsening of hemodynamics, drug therapies, metabolic upset and lung 
disease. Patients with atrioventricular block may need perioperative pacing. 
This could be planned electively with special consideration given to the forms 
of pacing possible and the available access, e.g. in Fontan patients. Patients 
with pacemakers or defi brillators should have their device assessed preopera-
tively. Defi brillators may be activated by cautery.

Endocarditis prophylaxis
When bacteremia is anticipated.

Anesthetic technique

Choice of specifi c anesthetic agents
Drugs such as narcotics and low-dose inhalational agents cause less upset to the 
systemic vascular bed. Vasodilators, diuretic and nitric oxide may all be needed 
in the early postoperative period.

Do not assume that local anesthetic techniques are ‘safer’ (for example, spinal 
anesthesia may lower systemic vascular resistance (SVR) and cause hypoten-
sion). Epidural anesthesia is preferred, as dosing can be tailored to the patient.
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Vascular access
Planning: anatomy, the needs of the surgeon, previous access diffi culties should 
be taken into consideration.

Air embolism and paradoxical embolism: bubble traps are not effective when 
administering viscous drugs, e.g. propofol or blood products.

In the planning of a surgical procedure and the postoperative care, intra-oper-
ative monitoring must be tailored to the patient’s cardiac condition and to the 
surgical procedure.
• Non-invasive blood pressure monitoring: remember that those with a BT shunt 
or coarctation repair may have asymmetrical or absent pulses.
• Transcutaneous or intra-arterial oxygen saturation.
• Pulse monitoring (especially if paced).
• Intra-arterial blood pressure monitoring: beat to beat assessment is important 
when changes in circulating fl uid volumes or vascular resistance are expected.
• Pulmonary artery pressure monitoring is especially hazardous in this patient 
group (e.g. in those with pulmonary hypertension and intra-atrial shunts) and 
should be undertaken only when the benefi ts outweigh these risks. Remember 
the anatomy of the Glenn and Fontan patients!
• Intra-operative transesophageal echocardiography for ventricular function: 
performed by an operator with congenital echo expertise.

Fontan circulation
The patient with a Fontan circulation warrants specifi c mention.

Desaturation
Patients with a Fontan procedure should have essentially normal saturations 
unless associated with large fenestrations, ‘anomalous’ coronary sinus drain-
age, venous–venous collateral vessels draining into the systemic atrium or ar-
teriovenous malformations in the lung.

Pulmonary blood fl ow
Lung blood fl ow is dependent on adequate fi lling pressures and pulmonary re-
sistance. Any factor affecting pulmonary pressures may impair cardiac output 
(postoperative atelectasis, pulmonary embolism or pneumothorax). Many fac-
tors may reduce the preload such as hemorrhage, vasodilators, over- diuresis 
and increases in intrathoracic pressure such as positive pressure ventilation. 
Such changes may be catastrophic for the Fontan patient.

Vascular access
Anatomy should be remembered, especially if considering urgent transvenous 
pacing or pulmonary artery pressure monitoring!
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Specifi c postoperative issues

When high-risk cardiac patients or high-risk surgical procedures are involved, 
patients are best managed in an acute care area such as the intensive care unit or 
coronary care unit. Complications (bleeding, infection, fever, thrombosis, embo-
lism, fl uid overload, dehydration) need to be detected early and treated aggres-
sively. Optimizing postoperative pain control will help reduce catecholamine 
stress. Early discharge is inadvisable.

Emergency surgery in the non-specialist unit

If the patient presents acutely with a surgical emergency, there may not be time 
for a full preoperative evaluation. The patient or their family being fully aware 
and able to provide relevant information and documentation of the patient’s 
cardiac diagnosis is invaluable. Complex patients may also consider the use of 
a Medicare bracelet. In addition, expert help should be sought at the earliest 
point, and defi nitely in the postoperative period.
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Heart Failure: Acute Management

In treating patients who present acutely it is imperative that there is an under-
standing of their cardiac anatomy and physiology. Attempting, for example, 
to diurese a Fontan subject on the basis of their JVP (which should be elevated, 
refl ecting the atrial-to-pulmonary artery communication) can have devastat-
ing consequences. Many of these patients have very fi nely balanced hemody-
namics and over-aggressive use of vasodilators may be dangerous.

The acute presentation with classic ‘left heart’ (systemic heart) failure with 
pulmonary edema is relatively uncommon in this patient group. In general, 
chronic poor systemic cardiac output and right heart (subpulmonary) failure 
are more frequent problems.

In any patient with an acute onset of ventricular dysfunction, an underlying 
cause needs to be excluded. This most commonly will be arrhythmic. In addi-
tion, a new anatomical substrate, underlying infection or ischemic event should 
be considered.

Lesions that may present with ‘systemic heart failure’ symptoms

• Mitral valve disease (mitral stenosis may mimic systolic ventricular failure).
• Acute severe aortic regurgitation.
• Aortic stenosis (rarely an acute presentation in the young).
• Unrepaired coarctation with ventricular dysfunction (rare).
• Mustard patients with systemic right ventricular (RV) failure.
• CCTGA with systemic RV failure.
• Systemic left ventricular (LV) dysfunction, e.g. elderly tetralogy patient.
• Pulmonary vein obstruction; may mimic pulmonary edema: rare.
• Myocardial disease, e.g. DMD.

Right heart (subpulmonary) heart failure is a more common problem. This, how-
ever, usually presents subacutely in keeping with anatomic and functional decline. 
Symptoms may progress insidiously with abdominal distension, anorexia, weight 
loss and deranged liver function, pain, as well as frank edema and ascites. Cachexia 
is a worrying symptom and may increase perioperative morbidity and even mortal-
ity (if heart failure data from purely ischemic heart disease can be extrapolated).

Lesions that may present with ‘right heart failure’ symptoms

• Fontan (raised right atrial pressure, arrhythmia, protein-losing enteropathy).
• Pulmonary hypertension (multiple causes).
• Large atrial septal defects (especially in the elderly).
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• Tricuspid valve disease (stenosis or regurgitation, but rare in Ebstein).
• Right ventricle–pulmonary artery conduit stenosis (e.g. Rastelli).
• Mustard with baffl e obstruction.
• Severe pulmonary regurgitation with RV dilatation.
• (Don’t forget new or chronic pulmonary thromboembolic disease.)

Treatment of left- and right-sided failure

Treatment should be directed to the underlying causes. Diuretics clearly will 
not cure a severely stenosed conduit! The fi rst rule of drug therapy is to fi rst 
‘do no wrong’. Drug therapy should be used with caution but can be highly 
effective. There is, unfortunately, little to no evidence base for the use of many 
of the standard heart failure drugs in this population. However, a few recent 
studies suggest that similar mechanisms may be involved. There is evidence, 
for example, of neurohormonal activation in many of these patients.

Specifi c caution in this population is required because of the increased inci-
dence of renal impairment. This may limit drug availability, effectiveness and 
overall outcome.

In the setting of palliative care of end-stage heart disease, control of symp-
toms is key. In this setting, use of inotropes and placement of central lines does 
little to alter outcome and may be inappropriate.

Device therapy
There is little data on the use of intra-aortic balloon pumping outwith the peri-
operative period. However, mechanical assistance, whether balloon pumping 
or assist devices, may be an important adjunct in this patient group. This is 
especially true if there is an expected degree of reversibility to the decline.

The Fontan patient
Patients presenting with edema in the setting of a Fontan are a particular prob-
lem and require specialist treatment (see Table 26.1). Protein-losing enteropa-
thy with resistant edema has a grave prognosis. In addition, non-sinus rhythm 
and Fontan obstruction need to be excluded.

Heart failure drugs in congenital heart disease

The patient presenting with ‘failure’

 1 Basic ABC of resuscitation if appropriate.
 2 What is the anatomy and what does that mean?
 3 Is there a new acute hemodynamic lesion that needs urgent intervention (e.g. 
a ruptured mitral valve chordea)?
 4 Is the patient in sinus rhythm? If not, consider cardioversion.
 5 Is there evidence of infective endocarditis or systemic infection?
 6 Does the patient have a Fontan repair?
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 7 What is the site of the problem: LV? RV? both?
 8 What is the main problem: poor cardiac output, peripheral edema, pulmo-
nary edema?
 9 What are the disadvantages of giving drug A on systemic output, fi lling pres-
sures, kidneys, etc.?
10 Where will this line end up if I attempt to gain access (especially true for 
patients with Fontan and Glenn repairs and left-sided superior vena cavas)?

It should be emphasized that these patients are diffi cult to manage when 
acutely unwell. Classic signs of raised JVPs, basal crepitations and edema may 
be obscured by their longstanding pathologies. Expert advice should be sought as 
soon as possible.

 Advantages Disadvantages

Loop diuretics Highly effective in symptom 
control

Caution if pre-load-dependent
Caution with renal function
Absorption may be impaired in chronically 
edematous patients

Spironolactone Effective for right-sided failure 
symptom control

Mortality benefi ts in this group?

ACEI (and to a 
lesser extent 
angiotensin-2 
inhibitors)

Used in the treatment of 
hypertension and ventricular 
failure in this group

Mortality benefi ts in this group?
Little evidence to support use
Beware if pre-load-dependent
Beware renal function
Beware if obstructive lesions present

Beta-blockers Anti-arrhythmic
Good for HR control, e.g. mitral 
stenosis

Mortality benefi ts in this group?
Caution regarding conduction defects

Digoxin Rate control of permanent AF
Parallel therapy to other anti-
arrhythmic drugs

Often overprescribed in this group
Benefi ts in this group re. failure?

Nitrates Rarely used clinically in this group
Patients often borderline hypotensive

Opiates May be useful in palliative care of 
end-stage/terminal heart failure

Table 26.1 Drug therapy for heart failure in patients with congenital heart disease
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CHAPTER 27

Care of the Cyanosed Patient

This chapter is an overview of the care of this very special group of patients 
with a variety of conditions. For more information about specifi c lesions and 
their most appropriate therapy, please see the lesion-specifi c chapters and the 
chapter on pulmonary hypertension and on Eisenmenger complex.

Cyanosis (a blue discoloration of the skin) is caused by an increased amount 
of reduced hemoglobin (non-oxygenated). In congenital cardiac patients, this 
is usually a manifestation of either:

1 mixing of oxygenated and non-oxygenated blood
• right-to-left shunting
• univentricular heart

or
2 inadequate pulmonary blood fl ow

• underdeveloped pulmonary vasculature
• progressive pulmonary hypertension.

Therefore, a variety of cardiac lesions may be associated with cyanosis, and cya-
nosis is not synonymous with an Eisenmenger reaction. For example, a very large 
atrial septal defect may be associated with cyanosis secondary to mixing of right 
atrial and left atrial blood rather than irreversible pulmonary hypertension and 
reverse shunting. 

The commoner causes of cyanosis in the adult

Simple shunts with Eisenmenger physiology
• Ventricular septal defect
• Atrial septal defect (rare in secundum)
• Patent ductus arteriosus
• Aortopulmonary window

Complex lesions without Eisenmenger physiology
• Transposition of the great arteries*
• Truncus arteriosus*
• Tetralogy of Fallot/pulmonary stenosis with ventricular septal defect*
• Tetralogy of Fallot with pulmonary atresia*
• Univentricular heart*
• Tricuspid atresia
• Ebstein’s anomaly with atrial septal defect
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• Complete atrioventricular canal defect*
• Previous classic Glen shunt with pulmonary arteriovenous malformations
*May have pulmonary hypertension also.

The presence of a reduced oxygen level sets into motion a variety of secondary 
compensatory mechanisms. These include the following.
1 Attempts to increase oxygen content.
2 An increase in hemoglobin.
3 A rightwards shift in the oxygen dissociation curve.
4 Increased cardiac output.

The multi-organ impact of cyanotic heart diseases

There are many adaptive and pathologic changes associated with chronic cya-
nosis and it is often diffi cult to separate the adaptive from the ‘maladaptive’. 
Chapter 20 fully documents the secondary consequences of chronic cyanosis.

Treatment
Treatment of the cyanosed patient is highly dependent on the underlying car-
diac lesion and its ‘reparability’. In those with no further surgical, transcath-
eter or transplant options, limited measures may palliate symptoms.

Oxygen therapy
Nocturnal oxygen may be helpful in improving wellbeing in some patients. In 
addition, as-required oxygen administration may also improve symptoms.

Venesection
In the past, venesection has been inappropriately used in an attempt to normal-
ize hemoglobin levels. This was done to reduce a perceived risk of thrombosis. 
This is no longer standard practice. Venesection should only be performed for:
1 convincing hyperviscosity symptoms (in the absence of dehydration or se-
vere iron defi ciency);
2 preoperatively for hematocrit >65% (especially if thrombocytopenia is an 
issue).
Venesection should only be performed 1 unit at a time and the volume with-
drawn should be replaced by normal saline in a controlled manner.

Iron defi ciency should be treated with pulses of low-dose iron replacement 
to avoid excessive rebound.

Hemoglobin levels per se should not be used as an indication for venesec-
tion. In general, the hemoglobin will be inversely proportional to the oxygen 
saturation level of the patient.

Patient education
It is important that the patient be aware of his or her own resting oxygen levels 
when well. This should hopefully minimize the risks of unnecessary oxygen 
administration, over-investigation or inappropriate intubation.
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Pregnancy
The maternal risk associated with cyanosis and pregnancy varies depending on 
the etiology of the cyanosis. A patient with pulmonary atresia and a shunt is more 
likely to tolerate pregnancy than a cyanotic patient with pulmonary vascular dis-
ease. Pregnancy in the Eisenmenger patient carries up to 50% mortality. Moreo-
ver, cyanosis (<85%) is still a signifi cant risk factor for adverse neonatal outcomes. 
Pregnancy, therefore, should be discouraged prior to full assessment of the pa-
tient followed by discussion of the maternal and neonatal risks involved.

Cyanosis is poorly tolerated by the fetus. Miscarriage, prematurity and low 
birth weight are all common and proportional to the degree of cyanosis. Pro-
longed bed rest and oxygen therapy have anecdotally increased fetal growth 
and improved neonatal outcome, but this may not always be fruitful.

Role of anticoagulants
There is little or no role for anticoagulants or antiplatelets in those with cya-
nosis per se. However, in those with Eisenmenger physiology/pulmonary hy-
pertension anticoagulants may have a role in the prevention of in situ throm-
bosis.

In patients treated with anticoagulants for another indication (e.g. atrial fi -
brillation or metallic valve), control of the INR can be challenging. The pres-
ence of extreme erythrocytosis can interfere with the laboratory assessment of 
INR. It is important to involve the local hematology team in the management of these 
patients.

Common clinical complications

• Bleeding secondary to low platelet levels and impaired clotting factors
• Infections, especially chest
• Hemoptysis (especially if pulmonary vascular disease)
• Pulmonary in situ thrombosis (especially if pulmonary vascular disease)
• Iron defi ciency (exacerbated by venesection)
• Renal dysfunction

Paradoxical embolism
Those with intracardiac shunts are at risk of paradoxical embolism. This is par-
ticularly important in the context of transvenous pacing and the use of intrave-
nous lines. Bubble traps should be used in those at risk.

Intervention options

Intervention options include percutaneous closure of intracardiac shunts, pal-
liative surgical interventions to alter pulmonary blood fl ow or physiologic re-
pair.

Systemic arterial-to-pulmonary artery shunts are used to improve pulmo-
nary blood fl ow. Their long-term complications, however, include pulmonary 
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hypertension from excessive pulmonary blood fl ow, pulmonary artery distor-
tion and volume overload of the systemic ventricle. The role of late palliative 
shunts in adults is less clear.

There are also numerous catheter procedures that may improve pulmonary 
blood fl ow, for example, dilating or stenting old shunts or major aortopulmo-
nary collateral arteries (MAPCAs). These are often diffi cult procedures to plan 
and execute and should be attempted only after multidisciplinary discussion. 
Their value in the adult is probably limited.

Transplantation of heart, one or both lungs with surgical repair or heart–lung 
transplantation have been performed in cyanotic patients. Pulmonary vascular 
obstructive disease precludes isolated heart transplantation.

Particular groups who do badly at transplantation include those with pul-
monary atresia and MAPCAs due to excessive bleeding and those with multi-
ple thoracotomies.

Key points

• Cyanosis is not equal to Eisenmenger’s and may be due to variable cardiac 
morphology and physiology.
• Cyanosed patients have delicately balanced hemodynamics and should be 
cared for by specialists in congenital heart disease.
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aberrant innominate artery
A rare abnormality associated with right aortic arch wherein the sequence of 
arteries arising from the aortic arch is: right carotid artery, right subclavian ar-
tery, then (left) innominate artery. The latter passes behind the esophagus. This 
is in contrast to the general rule that the fi rst arch artery gives rise to the carotid 
artery contralateral to the side of the aortic arch (i.e. right carotid artery in left 
aortic arch and left carotid artery in right aortic arch). syn. retro-esophageal in-
nominate artery.

aberrant subclavian artery
The right subclavian artery arises from the aorta distal to the left subclavian 
artery. Left aortic arch with (retroesophageal) aberrant right subclavian artery 
is the most common aortic arch anomaly, fi rst described in 1735 by Hunauld, 
and occurring in 0.5% of the general population.

absent pulmonary valve syndrome
Pulmonary valvular tissue is absent, resulting in pulmonary regurgitation. This 
rare anomaly uncommonly may be isolated; or it may be associated with ven-
tricular septal defect, obstructed pulmonary valve annulus and massive dilata-
tion and distortion of the pulmonary arteries. Absent pulmonary valve may also 
occur in association with other simple or complex congenital heart lesions.

ACHD
Adult congenital heart disease.

Alagille syndrome
see arteriohepatic dysplasia.

ALCAPA
Anomalous left coronary artery arising from the pulmonary artery. see Bland-
White-Garland syndrome.

ambiguus
With reference to cardiac situs, neither right- nor left-sided (indeterminate). see
situs.

Amplatzer® device
A self-centering device delivered percutaneously by catheter for closure of an 
atrial septal defect, a patent foramen ovale or a patent ductus arteriosus.

anomalous pulmonary venous connection
Pulmonary venous return to the right heart, which may be total or partial.
• total anomalous pulmonary venous connection (TAPVC). All pulmonary 
veins connect to the right side of the heart, either directly or via venous tribu-
taries. The connection may be supradiaphragmatic, usually via a vertical vein 
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to the innominate vein or the superior vena cava (SVC). The connection may 
also be infradiaphragmatic via a descending vein to the portal vein, the infe-
rior vena cava (IVC) or one of its tributaries. Pulmonary venous obstruction 
is common in supradiaphragmatic connection, and almost universal in infra-
diaphragmatic connection.
• partial anomalous pulmonary venous connection (PAPVC). One or more but 
not all the pulmonary veins connect to the right atrium directly, or via a vena 
cava. This anomaly is frequently associated with sinus venosus atrial septal de-
fect. see also scimitar syndrome.

aortic arch anomalies
Abnormalities of the aortic arch and its branching. Note that left or right aortic 
arch is defi ned by the mainstem bronchus that is crossed by the descending 
thoracic aorta and does not refer to the side of the midline on which the aorta 
descends.
In left aortic arch (normal anatomic arrangement) the descending thoracic 
aorta crosses over the left mainstem bronchus; the innominate artery branch-
ing into the right carotid and right subclavian artery arises fi rst, the left carotid 
artery second and the left subclavian artery third. Usually, the fi rst aortic arch 
vessel gives rise to the carotid artery that is opposite to the side of the aortic 
arch (i.e. the right carotid artery in left aortic arch and the left carotid artery in 
right aortic arch).The most important anomalies are:
• abnormal left aortic arch

– left aortic arch with minor branching anomalies;
– left aortic arch with retroesophageal right subclavian artery.

• right aortic arch. In right aortic arch the descending thoracic aorta crosses the 
right mainstem bronchus. It is often associated with tetralogy of Fallot, pulmo-
nary atresia, truncus arteriosus and other cono-truncal anomalies. Types of 
right aortic arch branching include:

– mirror image branching (left innominate artery, right carotid artery, right 
subclavian artery);
– retroesophageal left (aberrant) subclavian artery with a normal calibre. 
Sequence of branching: left carotid artery, right carotid artery, right subcla-
vian artery, then left subclavian artery;
– retroesophageal diverticulum of Kommerell. see diverticulum of Kom-
merell;
– right aortic arch with left descending aorta, i.e. retroesophageal segment of 
right aortic arch. The descending aortic arch crosses the midline toward the 
left by a retroesophageal route;
– isolation of contralateral arch vessels: an aortic arch vessel arises from the 
pulmonary artery via the ductus arteriosus without connection to the aorta. 
This anomaly is very uncommon. Isolation of the left subclavian artery is the 
most common form.

• cervical aortic arch. The arch is located above the level of the clavicle.
• double aortic arch. Both right and left aortic arches are present, i.e. the ascend-
ing aorta splits into two limbs encircling the trachea and esophagus. The two 
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limbs join to form a single descending aorta. There are several forms such as 
widely open right and left arches or hypoplasia/atresia of one arch (usually 
the left). This anomaly is commonly associated with patent ductus arteriosus. 
Double aortic arch creates a vascular ring around the trachea and the esopha-
gus. see also vascular ring.
• persistent 5th aortic arch. Double-lumen aortic arch with both lumina on the 
same side of the trachea. Degree of lumen patency varies from full patency 
of both lumina to complete atresia of one of them. Seen in some patients with 
coarctation of the aorta or interruption of the aortic arch.
• interrupted aortic arch. Complete discontinuation between the ascending and 
descending thoracic aorta.

– Type A: interruption distal to the subclavian artery that is ipsilateral to the 
second carotid artery.
– Type B: interruption between second carotid artery and ipsilateral subcla-
vian artery.
– Interruption between carotid arteries.

aortic-left ventricular defect (tunnel)
Vascular connection between the aorta and the left ventricle resulting in left 
ventricular volume overload due to regurgitation from the aorta via the tunnel 
to the left ventricle.

aortic override
see tetralogy of Fallot.

aortic valve-sparing ascending aortic replacement
see David operation.

aorto-pulmonary collateral
Abnormal arterial vessel arising from the aorta, providing blood supply to 
the pulmonary arteries. May be single or multiple, and small or large (see also 
MAPCA). May be associated with tetralogy of Fallot, pulmonary atresia or other 
complex cyanotic congenital heart disease.

aorto-pulmonary septal defect
see aorto-pulmonary window.

aorto-pulmonary window
A congenital connection between the ascending aorta and main pulmonary ar-
tery, which may be contiguous with the semi-lunar valves, or, less often, sepa-
rated from them. Simulates the physiology of a large PDA, but requires a more 
demanding repair. syn. aorto-pulmonary septal defect.

arterial switch operation
see Jatene procedure.



Glossary 221

arteriohepatic dysplasia
An autosomal dominant multisystem syndrome consisting of intrahepatic 
cholestasis, characteristic facies, butterfl y-like vertebral anomalies and varying 
degrees of peripheral pulmonary artery stenoses or diffuse hypoplasia of the 
pulmonary artery and its branches. Associated with microdeletion in chromo-
some 20p. syn. Alagille syndrome.

asplenia syndrome
see isomerism/right isomerism.

atresia, atretic
Imperforate, used with reference to an orifi ce, valve, or vessel.

atrial septal defect (ASD)
an inter-atrial communication, classifi ed according to its location relative to 
the oval fossa (fossa ovalis):
• coronary sinus ASD. Inferior and anterior location at the anticipated site of 
the orifi ce of the coronary sinus. May be part of a complex anomaly including 
absence of the coronary sinus and a persistent left superior vena cava.
• ostium primum ASD. Part of the spectrum of atrioventricular septal defect 
(AVSD). Located anterior and inferior to the oval fossa such that there is no atrial 
septal tissue between the lower edge of the defect and the atrioventricular valves 
that are located on the same plane; almost always associated with a ‘cleft’ in 
the ‘anterior mitral leafl et’. This cleft is actually the separation between the left-
sided portions of the primitive antero-superior and postero-inferior bridging 
leafl ets. see also AVSD.
• ostium secundum ASD. Located at the level of the oval fossa.
• sinus venosus ASD. see sinus venosus defect.

atrial switch procedure
A procedure to redirect venous return to the contralateral ventricle. When used 
in complete transposition of the great arteries (either the Mustard or the Senning 
procedure) this accomplishes physiologic correction of the circulation, while 
leaving the right ventricle to support the systemic circulation. In patients with 
l-transposition of the great arteries and in patients who have had a previous 
Mustard or Senning procedure, it is used as part of a ‘double switch procedure’ 
which results in anatomic correction of the circulation, with the left ventricle 
supporting the systemic circulation. see also double switch procedure.

atrioventricular concordance
see concordant atrioventricular connections.

atrioventricular discordance
see discordant atrioventricular connections.
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atrioventricular septal defect (AVSD)
A group of anomalies resulting from a defi ciency of the atrioventricular septum 
which have in common: 1) a common atrioventricular junction with a common 
fi brous ring, and a unique, 5-leafl et, atrioventricular valve; 2) unwedging of the 
aorta from its usual position deeply wedged between the mitral and tricuspid 
valves; 3) a narrowed subaortic outfl ow tract; 4) disproportion between the inlet 
and outlet portions of the ventricular septum. Echocardiographic recognition 
is aided by the observation that ‘left’ and ‘right’ AV valves are located in the 
same anatomic plane. Included in this group of conditions are anomalies pre-
viously known as (and often still described as) ostium primum ASD (partial 
AVSD), ‘cleft’ anterior mitral and/or septal tricuspid valve leafl et, inlet VSD, and 
complete AVSD (‘complete AV canal defect’). An older, obsolete, term describing 
such a defect is ‘endocardial cushion defect’. see also endocardial cushion defect.

atrioventricular septum
The atrioventricular septum separates the left ventricular inlet from the right 
atrium. It has two parts: a muscular portion which exists because the attach-
ment of the septal leafl et of the tricuspid valve is more towards the apex of the 
ventricle than the corresponding attachment of the mitral valve, and a fi brous 
portion superior to the attachment of the septal leafl et of the tricuspid valve. 
This latter portion separates the right atrium from the sub-aortic left ventricu-
lar outfl ow tract. see also Gerbode defect.

atrioventricular valve (AV valve)
A valve guarding the inlet to a ventricle. AV valves correspond with their re-
spective ventricles, the tricuspid valve always associated with the right ven-
tricle, and the mitral valve with the left ventricle. However, in the setting of an 
atrioventricular septal defect, there is neither a true mitral nor a true tricuspid 
valve. Rather, in severe forms there is a single atrioventricular orifi ce, guarded 
by a 5-leafl et AV valve. The ‘left AV valve’ comprises the left lateral leafl et 
and the left portions of the superior (anterior) and inferior (posterior) bridg-
ing leafl ets, while the ‘right AV valve’ comprises the right inferior leafl et, the 
right antero-superior leafl et, and the right portions of the superior and inferior 
bridging leafl ets.
• cleft AV valve. A defect often involving the left AV valve in AVSD formed by 
the conjunction of the superior and inferior bridging leafl ets. A cleft may also 
be seen in the septal tricuspid leafl et. A similar but morphogenetically distinct 
entity may involve the anterior or rarely posterior leafl et of the mitral valve in 
otherwise normal hearts.
• common AV valve. Describes a 5-leafl et AV valve in complete AVSD that is 
related to both ventricles.
• overriding AV valve. Describes an AV valve that empties into both ventri-
cles. It overrides the interventricular septum above a VSD.
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• straddling AV valve. Describes an AV valve with anomalous insertion of 
tendinous cords or papillary muscles into the contralateral ventricle (VSD re-
quired).

autograft
Tissue or organ transplanted to a new site within the same individual.

AV septal defect (AVSD)
see atrioventricular septal defect (AVSD).

AV valve
see atrioventricular valve.

azygos continuation of the inferior vena cava
An anomaly of systemic venous connections wherein the inferior vena cava 
(IVC) is interrupted distal to its passage through the liver, and IVC fl ow reach-
es the right atrium through an enlarged azygos vein connecting the IVC to the 
superior vena cava. Usually, only hepatic venous fl ow reaches the right atrium 
from below. see also isomerism.

Baffes operation
Anastomosis of the right pulmonary veins to the right atrium (RA) and the IVC 
to the left atrium (LA) by using an allograft aortic tube to connect the IVC and 
the LA. (Baffes TG. A new method for surgical correction of transposition of 
the aorta and pulmonary artery. Surg Gynecol Obstet 1956, 102, 227–233). This 
operation provided partial physiologic correction in patients with complete 
TGA. Lillehei and Varco originally described such a procedure in 1953. (Lille-
hei CW, Varco RL. Certain physiologic, pathologic, and surgical features of 
complete transposition of great vessels. Surgery 1953, 34, 376–400.)

baffl e
A structure surgically created to divert blood fl ow. For instance, in atrial switch 
operations for complete transposition of the great vessels, an intra-atrial baffl e 
is constructed to divert systemic venous return across the mitral valve, thence 
to the left ventricle and pulmonary artery, and pulmonary venous return 
across the tricuspid valve, thence to the right ventricle and aorta. see also Mus-
tard procedure. see also Senning procedure.

balanced
As in ‘balanced circulation’, e.g. in the setting of VSD and pulmonary steno-
sis. The pulmonary stenosis is such that there is neither excessive pulmonary 
blood fl ow (which might lead to pulmonary hypertension) nor inadequate 
pulmonary blood fl ow (which might lead to marked cyanosis). see also ven-
tricular imbalance.
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Bentall procedure
Replacement of the ascending aorta and the aortic valve with a composite graft-
valve device and reimplantation of the coronary ostia into the sides of the con-
duit. (Bentall H, DeBono A. A technique for complete replacement of the ascend-
ing aorta. Thorax 1968, 23, 338–339.)
• Exclusion technique: the native aorta is resected and replaced by the pros-
thetic graft.
• Inclusion technique: the walls of the native aorta are wrapped around the 
graft so that the prosthetic material is ‘included’.

bicuspid aortic valve
An anomaly wherein the aortic valve is comprised of only two cusps instead 
of the usual three. There is often a raphe or aborted commissure dividing the 
larger cusp anatomically but not functionally. This anomaly is seen in 2% of 
the general population and in 75% of patents with aortic coarctation.

bidirectional cavopulmonary anastomosis
see Glenn shunt/bidirectional Glenn.

Björk modifi cation
see Fontan procedure/RA-RV Fontan.

Blalock-Hanlon atrial septectomy
A palliative procedure to improve arterial oxygen saturation in patients with 
complete transposition of the great arteries, fi rst described in 1950. A surgical 
atrial septectomy is accomplished through a right lateral thoracotomy, excis-
ing the posterior aspect of the interatrial septum to provide mixing of systemic 
and pulmonary venous return at the atrial level. (Blalock A, Hanlon CR. Surgi-
cal treatment of complete transposition of aorta and pulmonary artery. Surg 
Gynecol Obstet 1950, 90, 1–15.)

Blalock-Taussig shunt
A palliative operation for the purpose of increasing pulmonary blood fl ow, 
hence systemic oxygen saturation. It involves creating an anastomosis between 
a subclavian artery and the ipsilateral pulmonary artery either directly with an 
end-to-side anastomosis (classical) or using an interposition tube graft (modi-
fi ed). (Blalock A, Taussig HB. The surgical treatment of malformations of the 
heart in which there is pulmonary stenosis or pulmonary atresia. Journal of the 
American Medical Association 1945, 128, 189–202.)

Bland-White-Garland Syndrome
The left main coronary artery arises from the main pulmonary artery. The fi rst 
report describing clinical and pathologic features was published in 1933. (Bland 
EF, White PD, Garland J. Congenital anomalies of the coronary arteries: report 
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of an unusual case associated with cardiac hypertrophy. American Heart Journal
1933, 8, 787; 801) syn. ALCAPA.

bridging leafl ets
The superior and the inferior bridging leafl ets of the AV valve are two leafl ets 
uniquely found in association with AVSD. They ‘bridge’, or pass across, the in-
terventricular septum. When the central part of the bridging leafl et tissue runs 
within the interventricular septum, the AV valve is functionally separated into 
left and right components. When the bridging leafl ets do not run within the 
interventricular septum, but pass over its crest, a common AV valve guarding a 
common AV orifi ce (with an obligatory VSD) is the result.

Brock procedure
A palliative operation to increase pulmonary blood fl ow and reduce right-to-
left shunting in tetralogy of Fallot. It involved resection of part of the right 
ventricle (RV) infundibulum using a punch or biopsy-like instrument intro-
duced through the right ventricle so as to reduce RV outfl ow tract obstruction, 
without VSD closure. The operation was performed without cardiopulmonary 
bypass. (Brock RC. Pulmonary valvotomy for the relief of congenital pulmo-
nary stenosis: report of three cases. British Medical Journal 1948, 1, 1121–1126.)

bulbo-ventricular foramen
syn. primary foramen, primary ventricular foramen, primary interventricular 
foramen. An embryological term describing the connection between the left-
sided infl ow segments (primitive atrium and presumptive left ventricle) and 
the right-sided outfl ow segments (presumptive right ventricle and cono-trun-
cus) in the primitive heart tube.

CACH (Canadian Adult Congenital Heart) Network
A co-operative nationwide association of Canadian cardiologists, cardiac sur-
geons and others, many of whom are situated in regional referral centers for 
adult congenital heart disease, dedicated to improving the care of ACHD pa-
tients. For more information, visit http://www.cachnet.org.

cardiac position
Position of the heart in the chest with regard to its location, and the orientation 
of its apex.
• cardiac location – location of the heart in the chest:

– levoposition – to the left;
– mesoposition – central;
– dextroposition – to the right.

Cardiac location is affected by many factors including underlying cardiac mal-
formation, abnormalities of mediastinal and thoracic structures, tumors, ky-
phoscoliosis, abnormalities of the diaphragm.
• cardiac orientation – the base to apex orientation of the heart:
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– levocardia – apex directed to the left of the midline;
– mesocardia – apex oriented inferiorly in the midline;
– dextrocardia – apex directed to the right of the midline.

The base to apex axis of the heart is defi ned by the alignment of the ventricles 
and is independent of cardiac situs (sidedness). This axis is best described by 
echocardiography using the apical and subcostal 4-chamber views.
• cardiac sidedness. see situs.

cardiopulmonary study
A rest and stress study of cardiopulmonary physiology, including at least the 
following elements: resting pulmonary function, stress study to assess maxi-
mum workload, maximum oxygen uptake (MVO2), anerobic threshold (AT), 
and oxygen saturation with effort.

Cardio-Seal® device
A device delivered percutaneously by catheter for closure of an ASD or PFO.

CATCH 22
Syndrome due to microdeletion at chromosome 22q11 resulting in a wide clini-
cal spectrum. CATCH stands for Cardiac defect, Abnormal facies, Thymic hy-
poplasia, Cleft palate, and Hypocalcemia. Cardiac defects include cono-truncal 
defects such as interrupted aortic arch, tetralogy of Fallot, truncus arteriosus, 
and double outlet right ventricle. see also DiGeorge syndrome, velo-cardio-facial 
syndrome.

cat’s eye syndrome
A syndrome due to a tandem duplication of chromosome 22q or an isodicen-
tric chromosome 22 such that the critical region 22pter – > q11 is duplicated. 
Phenotypic features include mental defi ciency, anal and renal malformations, 
hypertelorism and others. Total anomalous pulmonary venous return is the 
commonest congenital cardiac lesion (in up to 40% of patients).

CHARGE association
This anomaly is characterized by the presence of coloboma or choanal atresia 
and three of the following defects: congenital heart disease, nervous system 
anomaly or mental retardation, genital abnormalities, ear abnormality or deaf-
ness. If coloboma and choanal atresia are both present, only two of the addi-
tional (minor) abnormalities are needed for diagnosis. Congenital heart defects 
seen in the CHARGE association are: tetralogy of Fallot with or without other 
cardiac defects, atrioventricular septal defect, double outlet right ventricle, dou-
ble inlet left ventricle, transposition of the great arteries, interrupted aortic arch 
and others.
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Chiari network
Fenestrated remnant of the right valve of the sinus venosus resulting from in-
complete regression of this structure during embryogenesis and fi rst described 
in 1897 (Chiari H. Ueber Netzbildungen im rechten Vorhof. Beitr Pathol Anat
1897, 22, 1–10). The prevalence is 2% in autopsy and echocardiography studies. It 
presents with coarse right atrial reticula connected to the Eustachian and Thebe-
sian valves and attached to the crista terminalis. It may be associated with patent 
foramen ovale and interatrial septal aneurysm.

cleft AV valve
see atrioventricular valve; see also atrial septal defect. see also ostium primum 
ASD.

coarctation of the aorta
A stenosis of the proximal descending aorta varying in anatomy, physiology 
and clinical presentation. It may present with discrete or long-segment steno-
sis, is frequently associated with hypoplasia of the aortic arch and bicuspid 
aortic valve and may be part of a Shone complex.

common (as in: AV valve, atrium, ventricle, etc.)
Implies bilateral structures with absent septation. Contrasts with ‘single’, which 
implies absence of corresponding contralateral structure. see also single.

common atrium
Large atrium characterized by a nonrestrictive communication between the 
bilateral atria due to the absence of most of the atrial septum. Frequently as-
sociated with complex congenital heart disease (isomerism, atrioventricular 
septal defect, etc.). see also single (atrium).

common arterial trunk
see truncus arteriosus.

complete transposition of the great arteries
syn. classic transposition; d-transposition; d-TGA; atrioventricular concordance 
with ventriculo-arterial discordance. An anomaly wherein the aorta arises from 
the right ventricle and the pulmonary artery arises from the left ventricle. The 
right ventricle supports the systemic circulation.

concordant atrioventricular connections
Appropriate connection of morphologic right atrium to morphologic right ven-
tricle and of morphologic left atrium to morphologic left ventricle. syn. atrioven-
tricular concordance.
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concordant ventriculo-arterial connections
Appropriate origin of pulmonary trunk from morphologic right ventricle and 
of aorta from morphologic left ventricle. syn. ventriculo-arterial concordance.

conduit
A structure that connects non-adjacent parts of the cardiovascular system, al-
lowing blood to fl ow between them. Often fashioned from prosthetic material. 
May include a valve.

congenital coronary arteriovenous fi stula (CCAVF)
A direct communication between a coronary artery and cardiac chamber, 
great artery or vena cava, bypassing the coronary capillary network.

congenital heart disease (CHD)
Anomalies of the heart originating in fetal life. Their expression may, however, 
be delayed beyond the neonatal period, and may change with time as further 
postnatal physiologic and anatomic changes occur.

congenitally corrected transposition of the great arteries
syn. cc-TGA; l-transposition; l-TGA; atrioventricular discordance with ventricu-
lo-arterial discordance; double discordance. An anomaly wherein the aorta 
arises from the right ventricle and the pulmonary artery from the left ventri-
cle, and, in addition, the atrioventricular connection is discordant such that the 
right atrium connects to the left ventricle and the left atrium connects to the 
right ventricle. There are usually associated anomalies, the most common being 
ventricular septal defect, pulmonic stenosis, and/or a hypoplastic ventricle. The 
right ventricle supports the systemic circulation.

congenital pericardial defect
A defect in the pericardium due to defective formation of the pleuro-pericardial 
membrane of the septum transversum. The spectrum of pericardial defi ciency 
is wide. It may be partial or total. Its clinical diagnosis is diffi cult. Left-sided 
defects are more common. Total absence of the pericardium may be associated 
with other defects such as bronchogenic cyst, pulmonary sequestration, hypo-
plastic lung, and other congenital heart diseases.

connection
Anatomic link between two structures (e.g. veno-atrial, atrioventricular, ven-
triculo-arterial).

cono-truncal abnormality
Neural crest cell migration is crucial for cono-truncal septation and the devel-
opment of both the pulmonary and aortic outfl ow tracts. If neural crest cell mi-
gration fails, cono-truncal abnormalities occur. The most common cono-truncal 
anomalies are truncus arteriosus and interrupted aortic arch. Other defects may 
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include tetralogy of Fallot, pulmonary atresia with ventricular septal defect, ab-
sent pulmonary valve or d-malposition of the great arteries with double outlet 
right ventricle, single ventricle or tricuspid atresia. Abnormal neural crest migra-
tion may also be associated with complex clinical entities, such as CATCH 22.

conus
see infundibulum.

cor triatriatum sinister
A membrane divides the left atrium into an accessory pulmonary venous 
chamber and a left atrial chamber contiguous with the mitral valve. The pul-
monary veins enter the accessory chamber. The connection between the acces-
sory chamber and the true left atrium varies in size and may produce pulmo-
nary venous obstruction.

cor triatriatum dexter
Abnormal septation of the right atrium due to failure of regression of the right 
valve of the sinus venosus. This yields a smooth-walled posteromedial ‘sinus’ 
chamber (embryologic origin of the sinus venosus) that receives the venae cavae 
and (usually) the coronary sinus, and a trabeculated anterolateral ‘atrial’ cham-
ber (embryologic origin of the primitive right atrium) that includes the right atri-
al appendage and is related to the tricuspid valve. Usually, there is free commu-
nication between these two compartments, but variable obstruction to systemic 
venous fl ow from the ‘sinus’ chamber to the ‘atrial’ chamber may occur and 
may be associated with underdevelopment of downstream right heart struc-
tures (e.g. hypoplastic tricuspid valve, tricuspid atresia, pulmonary stenosis or 
pulmonary atresia). A patent foramen ovale or an atrial septal defect are often 
present in relation to the posteromedial chamber.

When there is more extensive resorption of the right valve of the sinus veno-
sus, remnants form the Eustachian valve related to the inferior vena cava, the 
Thebesian valve related to the coronary sinus, and the crista terminalis. Chiari 
network describes right atrial reticula, which are extensively fenestrated rem-
nants of the right sinus venosus valve. see sinus venosus.

criss-cross heart
syn. criss-cross atrioventricular connection. A rotational abnormality of the 
ventricular mass around its long axis resulting in relationships of the ventricu-
lar chambers not anticipated from the given atrioventricular connections. If 
the rotated ventricles are in a markedly supero-inferior relationship, the heart 
may also be described as a supero-inferior or upstairs-downstairs heart. There 
may be ventriculo-arterial concordance or discordance.

crista supraventricularis
A saddle-shaped muscular crest in the right ventricular outfl ow tract interven-
ing between the tricuspid valve and the pulmonary valve, consisting of septal 
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and parietal components, which demarcates the junction between the outlet sep-
tum and the pulmonary infundibulum. Occasionally, but less accurately termed 
crista ventricularis.

crista terminalis
A vestigial remnant of the right valve of the sinus venosus located at the junc-
tion of the trabeculated right atrial appendage and the smooth-walled ‘sinus’ 
component of the right atrium component receiving the inferior vena cava, the 
superior vena cava, and the coronary sinus. A feature of right atrial internal 
anatomy. syn. terminal crest.

crista ventricularis
see crista supraventricularis.

cyanosis
A bluish discoloration due to the presence of an increased quantity of desatu-
rated hemoglobin in tissues. In congenital heart disease, cyanosis is generally 
due to right-to-left shunting through congenital cardiac defects, bypassing the 
pulmonary alveoli, or due to acquired intrapulmonary shunts (central cyano-
sis). Cyanosis can also occur due to increased peripheral extraction due, for 
instance, to critically reduced cutaneous fl ow (peripheral cyanosis).

Dacron®
A synthetic material often used to fashion conduits and other prosthetic de-
vices for the surgical palliation or repair of congenital heart disease.

Damus-Kaye-Stansel operation
A procedure reserved for patients with abnormal ventriculo-arterial connections 
who are not suitable for an arterial switch operation (e.g. TGA and non-suitable 
coronary patterns, DORV with severe subaortic stenosis, systemic ventricular 
outfl ow tract obstruction in hearts with a univentricular AV connection). The 
operation involves anastomosis of the proximal end of the transected main pul-
monary artery in an end-to-side fashion to the ascending aorta to provide blood 
fl ow from the systemic ventricle to the aorta; coronary arteries are not translo-
cated and are perfused in a retrograde fashion. The aortic orifi ce and a VSD (if 
present) are closed with a patch. A conduit between the right ventricle and the 
distal pulmonary artery provides venous blood to the lungs. The procedure was 
described in 1975. (Damus PS. Correspondence. Annals of Thoracic Surgery 1975, 
20, 724–725.) (Kaye MP. Anatomic correction of transposition of the great arter-
ies. Mayo Clinic Proceedings 1975, 50, 638–640.) (Stansel HC Jr. A new operation 
for d-loop transposition of the great vessels. Annals of Thoracic Surgery 1975, 19,
565–567.)
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David operation
A surgical procedure for ascending aortic aneurysm, involving replacement 
of the ascending aorta with a synthetic tube and remodeling of the aortic root 
so the preserved aortic valve is no longer regurgitant (David TE, Feindel CM. 
An aortic valve sparing operation for patients with aortic incompetence and 
aneurysm of the ascending aorta. Journal of Thoracic and Cardiovascular Surgery 
1992, 103, 617–621.)

dextrocardia
Cardiac apex directed to the right of the midline. see cardiac position.

dextroposition
Rightward shift of the heart. see cardiac position.

dextroversion
An old term for dextrocardia. see cardiac position.

differential hypoxemia; differential cyanosis
A difference in the degree of hypoxemia/cyanosis in different extremities as 
a result of the site of a right-to-left shunt. The most common situation is of 
greater hypoxemia/cyanosis in feet and sometimes left hand, as compared to 
right hand and head, in a patient with an Eisenmenger PDA.

DiGeorge syndrome
An autosomal dominant syndrome now known to be part of ‘CATCH 22’. As 
originally described, it consisted of infantile hypocalcemia, immunodefi cien-
cy due to thymic hypoplasia, and a cono-truncal cardiac abnormality. see also
CATCH 22.

discordant atrioventricular connections
Anomalous connection of atria and ventricles such that the morphologic right 
atrium connects via a mitral valve to a morphologic left ventricle, while the 
morphologic left atrium connects via a tricuspid valve to a morphologic right 
ventricle.

discordant ventriculo-arterial connections
Anomalous connection of the great arteries and ventricles such that the pul-
monary trunk arises from the left ventricle and the aorta arises from the right 
ventricle.

diverticulum of Kommerell
Enlarged origin of the left subclavian artery associated with right aortic arch. 
Its diameter may be equal to that of the descending aorta and tapers to the left 
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subclavian diameter. It is found at the origin of the aberrant left subclavian 
artery, the fourth branch off the right aortic arch.

double aortic arch
see aortic arch anomaly.

double-chambered RV
Separation of the right ventricle (RV) into a higher-pressure infl ow chamber, 
and a lower pressure infundibular chamber, the separation usually being pro-
duced by hypertrophy of the ‘septomarginal band’. When a VSD is present, it 
usually communicates with the high pressure RV infl ow chamber.

double discordance
see congenitally corrected transposition of the great arteries.

double inlet left ventricle (DILV)
see univentricular connection.

double orifi ce mitral valve
The mitral valve orifi ce is partially or completely divided into two parts by a fi -
brous bridge of tissue. Both orifi ces enter the left ventricle. Mitral regurgitation 
and/or mitral stenosis may be present. Aortic coarctation and atrioventricular 
septal defect are commonly associated defects.

double outlet left ventricle (DOLV)
Both the pulmonary artery and the aorta arise predominantly from the mor-
phologic left ventricle. DOLV is rare, and much less frequent than double outlet 
right ventricle (DORV).

double outlet right ventricle (DORV)
Both great arteries arise predominantly from the morphologic right ventri-
cle; there is usually no fi brous continuity between the semilunar and the AV 
valves; a ventricular septal defect is present. When the VSD is in the subaortic 
position without RV outfl ow tract obstruction, the physiology simulates a sim-
ple VSD. With RV outfl ow tract obstruction, the physiology simulates tetralogy 
of Fallot. When the VSD is in the subpulmonary position (the Taussig-Bing 
anomaly), the physiology simulates complete transposition of the great arter-
ies with VSD. see also Taussig-Bing anomaly.

double switch procedure
An operation used in patients with l-transposition of the great arteries (l-TGA; 
congenitally corrected transposition of the great arteries; cc-TGA) and also in 
patients who have had a prior Mustard or Senning atrial switch operation for 
complete transposition of the great arteries (d-TGA). It leads to anatomic cor-
rection of the ventricle to great artery relationships such that the left ventricle 



Glossary 233

supports the systemic circulation. It includes an arterial switch procedure (see
Jatene operation) in all cases, as well as an atrial switch procedure (Mustard 
or Senning) in the case of l-TGA, or reversal of the previously done Mustard or 
Senning procedure in the case of d-TGA.

doubly-committed VSD
see ventricular septal defect.

Down syndrome
The most common malformation caused by trisomy 21. Most of the patients (95%) 
have complete trisomy of chromosome 21; some have translocation or mosaic 
forms. The phenotype is diagnostic (short stature, characteristic facial appear-
ance, mental retardation, brachydactyly, atlanto-axial instability, thyroid and 
white blood cell disorders). Congenital heart defects are frequent, atrioventricu-
lar septal defect and ventricular septal defect being the most common. Mitral 
valve prolapse and aortic regurgitation may be present. Down syndrome patients 
are prone to earlier and more severe pulmonary vascular disease than might 
otherwise be expected as a consequence of the lesions identifi ed.

dural ectasia
Expansion of the dural sac in the lumbo-sacral area, seen on CT or MRI. It is 
one of the criteria used to confi rm the diagnosis of Marfan syndrome. (Pyeritz 
RE, et al. Dural ectasia is a common feature of the Marfan syndrome Ameri-
can Journal of Human Genetics 1988, 43, 726–732.) (Fattori R, et al. Importance 
of dural ectasia in phenotypic assessment of Marfan’s syndrome. Lancet 1999, 
354, 910–913.)

Ebstein anomaly
An anomaly of the tricuspid valve in which the basal attachments of both the 
septal and the posterior valve leafl ets are displaced apically within the right ven-
tricle. Apical displacement of the septal tricuspid leafl et of >8 mm/M2 is diag-
nostic (the extent of apical displacement should be indexed to body surface area). 
Abnormal structure of all three leafl ets is seen, with the anterior leafl et typically 
large with abnormal attachments to the right ventricular wall. The pathologic 
and clinical spectrum is broad and includes not only valve abnormalities but 
also myocardial structural changes in both ventricles. Tricuspid regurgitation 
is common, tricuspid stenosis occurs occasionally, and right-to-left shunting 
through a patent foramen ovale or atrial septal defect is a regular but not invari-
able concomitant. Other congenital lesions are often associated, such as VSD, 
pulmonary stenosis, and/or accessory conduction pathways.

Ehlers-Danlos syndrome (EDS)
A group of heritable disorders of connective tissue, (specifi cally, abnormalities 
of collagen). Hyperextensibility of the joints and hyperelasticity and fragility 
of the skin are common to all forms; patients bruise easily.
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• Ehlers-Danlos types I, II and III, which demonstrate autosomal dominant 
inheritance, are the commonest forms, each representing about 30% of cases. 
The cardiovascular abnormalities are generally mild, consisting of mitral and 
tricuspid valve prolapse. Dilatation of major arteries, including the aorta, may 
occur. Aortic rupture is seen rarely in type I, but not in types II and III.
• Ehlers-Danlos syndrome type IV is also autosomal dominant, but frequent-
ly appears de novo. This is the ‘arterial’ form, presenting with aortic dilatation 
and rupture of medium and large arteries spontaneously or after trauma. It 
is due to an abnormality of type III procollagen, and comprises about 10% of 
cases of Ehlers-Danlos syndrome.
• There are 6 other rare types of Ehlers-Danlos syndrome.

Eisenmenger syndrome
An extreme form of pulmonary vascular obstructive disease arising as a con-
sequence of pre-existing systemic to pulmonary shunt, wherein pulmonary 
vascular resistance rises such that pulmonary pressures are at or near system-
ic levels and there is reversed (right-to-left) or bidirectional shunting at great 
vessel, ventricular, and/or atrial levels. see also Heath-Edwards classifi cation. 
see also pulmonary hypertension.

Ellis-van Creveld syndrome
An autosomal recessive syndrome in which common atrium, primum ASD 
and partial AV septal defect are the most common cardiac lesions.

endocardial cushion defect
see atrioventricular septal defect. The term endocardial cushion defect has 
fallen into disuse because it implies an outdated concept of the morphogenesis 
of the atrioventricular septum.

erythrocytosis
Increase in red blood cell concentration secondary to chronic tissue hypoxia, 
as seen in cyanotic CHD and in chronic pulmonary disease. It results from a 
hypoxia-induced physiologic response resulting in increased erythropoietin 
levels, and affects only the red cell line. It is also called secondary erythrocy-
tosis. The term ‘polycythemia’ is inaccurate in this context, since other blood 
cell lines are not affected. see also polycythemia vera. Erythrocytosis may cause 
hyperviscosity symptoms. see also hyperviscosity.

Eustachian valve
A remnant of the right valve of the sinus venosus guarding the entrance of the 
inferior vena cava to the right atrium.

extracardiac Fontan
see Fontan procedure.
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fenestration
An opening, or ‘window’ (usually small) between two structures, which may 
be spontaneous, traumatic, or created surgically.

fi brillin
Fibrillin is a large glycoprotein, closely involved with collagen in the struc-
ture of connective tissue. Mutations in the fi brillin gene on chromosome 15 are 
responsible for all manifestations of Marfan syndrome. see also Marfan syn-
drome.

Fontan procedure (operation)
A palliative operation for patients with a univentricular circulation, involving 
diversion of the systemic venous return to the pulmonary artery, usually with-
out the interposition of a subpulmonary ventricle. There are many variations, 
all leading to normalization of systemic oxygen saturation and elimination of 
volume overload of the functioning ventricle.
• classic Fontan. Originally, a valved conduit between the right atrium and 
the pulmonary artery (Fontan F, Baudet E. Surgical repair of tricuspid atresia. 
Thorax 1971, 26, 240–248.) Subsequently changed to a direct anastomosis be-
tween right atrium (RA) and pulmonary artery (PA).
• extracardiac Fontan. Inferior vena cava (IVC) blood is directed to the pul-
monary artery via an extracardiac conduit. The superior vena cava (SVC) is 
anastomosed to the PA as in the bidirectional Glenn shunt.
• fenestrated Fontan. Surgical creation of an ASD in the atrial patch or baffl e 
to provide an escape valve, allowing right-to-left shunting to reduce pressure 
in the systemic venous circuit, at the expense of systemic hypoxemia.
• lateral tunnel. see total cavopulmonary connection (TCPC).
• RA-RV Fontan. Conduit (often valved) between right atrium (RA) and right 
ventricle (RV). Also known as the Björk modifi cation. (Björk VO, et al. Right 
atrial-ventricular anastomosis for correction of tricuspid atresia. Journal of 
 Thoracic and Cardiovascular Surgery 1979, 77, 452–458.)
• total cavopulmonary connection (TCPC). IVC fl ow is directed by a baffl e 
within the RA into the lower portion of the divided SVC or the right atrial 
appendage, which is connected to the pulmonary artery. The upper part of 
the SVC is connected to the superior aspect of the pulmonary artery as in the 
bidirectional Glenn procedure. The majority of the RA is excluded from the 
systemic venous circuit. syn. lateral tunnel Fontan.

Gerbode defect
An unusual variant of atrioventricular septal defect, wherein the defect is in 
the superior portion of the atrioventricular septum above the insertion of the 
septal leafl et of the tricuspid valve, resulting in a direct communication and 
shunt between the left ventricle and the right atrium. see also atrioventricular 
septum.
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Ghent criteria
A set of criteria for the diagnosis of Marfan syndrome, requiring involvement 
of three organ systems (one system must have ‘major’ involvement), or two 
organ systems and a positive family history. (DePaepe A, Deitz HC, Devereux 
RB, et al. Revised diagnostic criteria for the Marfan syndrome. American Journal 
of Medical Genetics 1996, 62, 417–426)

Glenn shunt (operation)
A palliative operation for the purpose of increasing pulmonary blood fl ow, 
hence systemic oxygen saturation, in which a direct anastomosis is created 
between the superior vena cava (SVC) and a pulmonary artery (PA). This pro-
cedure does not cause systemic ventricular volume overload.
• classic Glenn. Anastomosis of the SVC to the distal end of the divided right 
PA with division/ligation of the SVC below the anastomosis. Acquired pulmo-
nary arterio-venous malformations with associated systemic arterial desatu-
ration are a common long-term complication. (Glenn WW. Circulatory bypass 
of the right side of the heart. IV. Shunt between superior vena cava and distal 
right pulmonary artery: report of clinical application. New England Journal of 
Medicine 1958, 259, 117–120.)
• bidirectional Glenn. End-to-side anastomosis of the divided SVC to the un-
divided PA. (Haller JA Jr, et al. Experimental studies in permanent bypass of 
the right heart. Surgery 1966, 59, 1128–1132.) (Azzolina G, et al. Tricuspid atresia: 
experience in surgical management with a modifi ed cavopulmonary anasto-
mosis. Thorax 1972, 27, 111–115.) (Hopkins RA et al. Physiologic rationale for a 
bi-directional cavopulmonary shunt. A versatile complement to the Fontan 
principle. Journal of Thoracic and Cardiovascular Surgery 1985, 90, 391–398.)

Gore-Tex®
A synthetic material often used to fashion conduits and other prosthetic de-
vices for the surgical palliation or repair of congenital heart disease.

GUCH
Grown-up congenital heart disease. A term originated by Dr Jane Somerville. 
syn. Adult congenital heart disease

Heath-Edwards classifi cation
A histopathologic classifi cation useful in assessing the potential for revers-
ibility of pulmonary vascular disease. (Heath D, Edwards JE. The pathology 
of hypertensive pulmonary vascular disease: A description of six grades of 
structural changes in the pulmonary arteries with special reference to con-
genital cardiac septal defects. Circulation 1958, 18, 533–547.)
• Grade I – hypertrophy of the media of small muscular arteries and arteri-
oles.
• Grade II – intimal cellular proliferation in addition to medial hypertrophy.
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• Grade III – advanced medial thickening with hypertrophy and hyperplasia 
including progressive intimal proliferation and concentric fi brosis. This re-
sults in obliteration of arterioles and small arteries.
• Grade IV – ‘plexiform lesions’ of the muscular pulmonary arteries and ar-
terioles with a plexiform network of capillary-like channels within a dilated 
segment.
• Grade V – complex plexiform, angiomatous and cavernous lesions and hya-
linization of intimal fi brosis.
• Grade VI – necrotizing arteritis.

hemi-Fontan
The fi rst part of a ‘staged Fontan’, sometimes chosen to reduce the morbidity 
and mortality that might be associated with performing the complete Fontan 
at one operation. The hemi-Fontan includes a bidirectional cavopulmonary 
anastomosis and obliteration of central shunts. The second step to complete 
the Fontan procedure may be performed at a later time.

hemi-truncus
An anomalous pulmonary artery branch to one lung arising from the ascend-
ing aorta in the presence of a main pulmonary artery arising normally from 
the right ventricle and supplying the other lung.

heterograft
Transplanted tissue or organ from a different species.

heterotaxy
Abnormal arrangement (taxo in Greek) of viscera that differs from the arrange-
ment seen in either situs solitus or situs inversus. Often described as ‘visceral 
heterotaxy’.

heterotopic
Located in an anatomically abnormal site, often in reference to transplantation 
of an organ.

Holt-Oram syndrome
Autosomal dominant syndrome consisting of radial abnormalities of the fore-
arm and hand associated with secundum ASD (most common), VSD, or, rarely, 
other cardiac malformations. (Holt M, Oram S. Familial heart disease with 
skeletal manifestations. British Heart Journal 1960, 22, 236–242.) The gene for 
this syndrome is on 12q2. (Basson CT, et al. The clinical and genetic spectrum 
of the Holt-Oram syndrome [heart-hand syndrome] New England Journal of 
Medicine 1994, 330, 885–891.)

homograft
Transplanted tissue or organ from another individual of the same species.
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Hunter syndrome
A genetic syndrome due to a defi ciency of the enzyme iduronate sulfate (mu-
copolysaccharidase) with X-linked recessive inheritance. Clinical spectrum is 
wide. Patients present with skeletal changes, mental retardation, arterial hy-
pertension and involvement of atrioventricular and semilunar valves result-
ing in valve regurgitation.

Hurler syndrome
A genetic syndrome due to a defi ciency of the enzyme a-L-iduronidase (muco-
polysaccharidase) with autosomal recessive inheritance. Phenotype presents 
with a wide spectrum including severe skeletal abnormalities, corneal cloud-
ing, hepatosplenomegaly, mental retardation and mitral valve stenosis.

hyperviscosity
An excessive increase in viscosity of blood, as may occur secondary to erythro-
cytosis in patients with cyanotic congenital heart disease. Hyperviscosity symp-
toms include: headache; impaired alertness, depressed mentation or a sense of 
distance; visual disturbances (blurred vision, double vision, amaurosis fugax); 
paresthesiae of fi ngers, toes or lips; tinnitus; fatigue, lassitude; myalgias (includ-
ing chest, abdominal muscles), and muscle weakness. (Perloff JK, et al. Adults 
with cyanotic congenital heart disease: hematologic management. Annals of In-
ternal Medicine 1988, 109, 406–413.) Restless legs or a sensation of cold legs may 
refl ect hyperviscosity (observation of Dr E. Oechslin). As the symptoms are 
non-specifi c, their relation to hyperviscosity is supported if they are alleviated 
by phlebotomy. Iron defi ciency and dehydration worsen hyperviscosity and 
must be avoided, or treated if present.

hypoplastic left heart syndrome
A heterogeneous syndrome with a wide variety and severity of manifestations 
involving hypoplasia, stenosis, or atresia at different levels of the left heart 
including the aorta, aortic valve, left ventricular outfl ow tract, left ventricular 
body, mitral valve and left atrium.

Ilbawi procedure (operation)
An operation for congenitally corrected transposition of the great arteries 
with VSD and pulmonary stenosis, wherein a communication is established 
between the left ventricle (LV) and the aorta via the VSD using a baffl e within 
the right ventricle (RV). The RV is connected to the pulmonary artery using a 
valved conduit. An atrial switch procedure is done. The LV then supports the 
systemic circulation. (Ilbawi MN, et al. An alternative approach to the surgi-
cal management of physiologically corrected transposition with ventricular 
septal defect and pulmonary stenosis or atresia. Journal of Thoracic and Cardio-
vascular Surgery 1990, 100, 410–415.)
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infracristal
Located below the crista supraventricularis in the right ventricular outfl ow 
tract. see crista supraventricularis.

infundibular, infundibulum
(Pertaining to) a ventricular-great arterial connecting segment. Normally sub-
pulmonary, but can be sub-aortic, and may be bilateral or absent. Bilateral in-
fundibulum may be seen in patients with TGA/VSD/pulmonary stenosis (PS), 
DORV with VSD/PS, and anatomically corrected malposition. syn. conus.

inlet VSD
see ventricular septal defect.

interrupted aortic arch
see aortic arch anomaly.

interrupted inferior vena cava
The inferior vena cava is interrupted below the hepatic veins with subsequent 
systemic venous drainage via the azygos vein to the superior vena cava. The 
hepatic veins enter the right atrium directly. This anomaly is frequently associ-
ated with complex congenital heart disease, particularly left-isomerism.

ISACCD
International Society for Adult Congenital Cardiac Disease. For information 
link through http://www.isaccd.org

isolation of arch vessels
see aortic arch anomalies.

isomerism
Paired, mirror image sets of normally single or non-identical organ systems 
(atria, lungs, and viscera), often associated with other abnormalities.
• right isomerism. syn. asplenia syndrome. Congenital syndrome consisting 
of paired morphologically right structures: absence of spleen, bilateral right 
bronchi, bilateral tri-lobed (right) lungs, two morphologic right atria, and mul-
tiple anomalies of systemic and pulmonary venous connections and other 
complex cardiac and non-cardiac anomalies.
• left isomerism. syn. polysplenia syndrome. A congenital syndrome consist-
ing of paired, morphologically left structures: multiple bilateral spleens, bilat-
eral left bronchi, bilateral bilobed (left) lungs, midline liver, two morphologic 
left atria, and complex congenital heart disease and other associated non-car-
diac malformations.
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Jatene procedure (operation)
syn. arterial switch procedure. An operation used in complete transposition 
of the great arteries, involving removal of the aorta from its attachment to the 
right ventricle, and of the pulmonary artery from the left ventricle, and the 
reattachment of the great arteries to the contralateral ventricles, with reim-
plantation of the coronary arteries into the neo-aorta. As a consequence, the 
left ventricle supports the systemic circulation. (Jatene AD, et al. Anatomic cor-
rection of transposition of the great vessels. Journal of Thoracic and Cardiovascu-
lar Surgery 1976, 72, 364–370.) see also Lecompte manoeuvre.

juxtaposition of atrial appendages
A rare anomaly seen in patients with transposition of the great arteries and other 
complex congenital heart defects (dextrocardia, tricuspid atresia, etc.), wherein 
the atrial appendages are situated side by side. The right atrial appendage passes 
immediately behind the transposed main pulmonary artery in patients with 
leftward juxtaposition of atrial appendages.

Kartagener syndrome
Autosomal recessive syndrome consisting of situs inversus totalis, dextro-
cardia and defect of ciliary motility leading to sinusitis, bronchiectasis and 
sperm immobility. (Kartegener M. Zur Pathogenese der Bronchiektasien: 
Bronchiektasien bei Situs viscerum inversus. Beitr Klinik Tuberkul 1933, 28,
231–234.) (Kartagener M, et al. Bronchiectasis with situs inversus. Archives of 
Pediatrics 1962, 79, 193–196.) (Miller RD, et al. Kartagener’s syndrome. Chest
1972, 62, 130–136.)

Kommerell
see diverticulum of Kommerell.

Konno procedure (operation)
Repair of tunnel-like subvalvar LVOTO by aorto-ventriculoplasty. The opera-
tion involves enlargement of the left ventricular outfl ow tract by inserting a 
patch in the ventricular septum, as well as aortic valve replacement and en-
largement of the aortic annulus and ascending aorta. (Konno S, et al. A new 
method for prosthetic valve replacement in congenital aortic stenosis associ-
ated with hypoplasia of the aortic valve ring. Journal of Thoracic and Cardio-
vascular Surgery 1975, 70, 909–917.). In severe forms of LVOTO, a prosthetic-
valve-containing conduit may be inserted between the left ventricular apex 
and descending aorta. (Didonato RM, et al. Left ventricular-aortic conduits 
in paediatric patients. Journal of Thoracic and Cardiovascular Surgery 1984, 88,
82–91.) (Frommelt PC, et al. Natural history of apical left ventricular to aortic 
conduits in paediatric patients. Circulation 1991, 84 (Suppl III), 213–218.)
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Lecompte manoeuvre
The pulmonary artery is brought anterior to the aorta during an arterial switch 
procedure in patients with d-transposition of the great arteries. see also Jatene 
procedure.

LEOPARD syndrome
This autosomal dominant condition includes Lentigines, EKG abnormalities, 
Ocular hypertelorism, Pulmonary stenosis, Abnormal genitalia, Retardation 
of growth, and Deafness. Rarely, cardiomyopathy or complex congenital heart 
disease may be present.

levocardia
Leftward-oriented cardiac apex (normal). see cardiac position.

levoposition
Leftward shift of the heart. see cardiac position.

ligamentum arteriosum
A normal fi brous structure that is the residuum of the ductus arteriosus after 
its spontaneous closure.

long-QT syndrome
Abnormal prolongation of QT-duration with subsequent risk for torsade de 
pointes, syncope and sudden cardiac death. It may be congenital or acquired 
(medications such as antiarrhythmics, antihistamines, some antibiotics; electro-
lyte disturbances such as hypocalcemia, hypomagnesemia, hypokalemia; hy-
pothyroidism; and other factors.). QT-interval must be adjusted to heart rate.

looping
Bending of the primitive heart tube (normally to the right, dextro, d-) that de-
termines the atrioventricular relationship.
• d-loop. Morphologic right ventricle lies to the right of the morphologic left 
ventricle (normal rightward bend).
• l-loop. Morphologic right ventricle lies to the left of the morphologic left 
ventricle (leftward bend).

Lutembacher syndrome
Atrial septal defect associated with mitral valve stenosis. The mitral valve ste-
nosis is usually acquired (rheumatic).

LVOTO
Left ventricular outfl ow tract obstruction.
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maladie de Roger
Eponymous designation for a small restrictive ventricular septal defect that 
is not associated with signifi cant left ventricular volume overload or elevated 
pulmonary artery pressure. There is a loud VSD murmur due to the high ve-
locity turbulent left-to-right shunt across the defect.

malposition
An abnormality of cardiac position. see cardiac position.

MAPCA
Major aorto-pulmonary collateral artery. A large abnormal arterial vessel aris-
ing from the aorta, connecting to a pulmonary artery (usually in the pulmo-
nary hilum) and providing blood supply to the lungs. Found in complex pul-
monary atresia and other complex CHD associated with severe reduction or 
absence of antegrade pulmonary blood fl ow from the ventricle(s).

Marfan syndrome
A connective tissue disorder with autosomal dominant inheritance caused by 
a defect in the fi brillin gene on chromosome 15. The phenotypic expression 
varies. Patients may have tall stature, abnormal body proportions, ocular ab-
normalities, dural ectasia, protrusio acetabulae, and present with skeletal and 
cardiovascular abnormalities. Mitral valve prolapse with mitral regurgitation, 
ascending aortic dilatation/aneurysm with subsequent aortic regurgitation, 
and aortic dissection are the most common cardiovascular abnormalities. see
also Ghent criteria.

mesocardia
Cardiac apex directed to mid-chest. see cardiac position.

mesoposition
Shift of the heart toward the midline. see cardiac position.

mitral arcade
Chordae of the mitral valve are shortened or absent and the thickened mitral 
valve leafl ets insert directly into the papillary muscle (‘hammock valve’). Mi-
tral valve excursion is limited and results in mitral stenosis.

moderator band
A prominent muscular structure traversing the right ventricle from the base of 
the anterior papillary muscle to the septum near the apex.

muscular VSD
see ventricular septal defect.
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Mustard procedure (operation)
An operation for complete transposition of the great arteries, in which venous 
return is directed to the contralateral ventricle by means of an atrial baffl e made 
from autologous pericardial tissue or (rarely) synthetic material, after resection 
of most of the atrial septum. As a consequence, the right ventricle supports the 
systemic circulation. A type of ‘atrial switch’ operation (see also Senning proce-
dure, atrial switch procedure, double switch procedure). (Mustard WT. Success-
ful two-stage correction of transposition of the great vessels. Surgery 1964, 55,
469–472.)

national referral center
see supraregional referral center (SRRC).

nonrestrictive VSD
see ventricular septal defect.

Noonan syndrome
An autosomal dominant syndrome phenotypically somewhat similar to Turn-
er syndrome, with a normal chromosomal complement, due to an abnormality 
in chromosome 12q. It is associated with congenital cardiac anomalies, espe-
cially dysplastic pulmonic valve stenosis, pulmonary artery stenosis, ASD, te-
tralogy of Fallot, or hypertrophic cardiomyopathy. Congenital lymphedema is 
a common associated anomaly that may be unrecognized. (Noonan JA, Ehmke 
DA. Associated non-cardiac malformations in children with congenital heart 
disease. Midwest Society for Pediatric Research 1963, 63, 468.)

Norwood procedure
A multistage operation for hypoplastic left heart syndrome. A systemic to pul-
monary arterial shunt is created, followed by a staged Fontan-type operation 
(usually via a hemi-Fontan procedure) resulting in single ventricle physiology. 
The morphologic right ventricle supports the systemic circulation.

orthotopic
Located in an anatomically normal recipient site, often in reference to trans-
plantation of an organ.

ostium primum ASD
see atrial septal defect.

outlet VSD
see ventricular septal defect.

over-and-under ventricles
see supero-inferior heart.
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overriding valve
An AV valve that empties into both ventricles or a semilunar valve that origi-
nates from both ventricles.

palliation, palliative operation
A procedure carried out for the purpose of relieving symptoms or ameliorat-
ing some of the adverse effects of an anomaly, which does not address the 
fundamental anatomic/physiologic disturbance. Contrasts with ‘repair’ or ‘re-
parative operation’.

PAPVC
Partial anomalous pulmonary venous connection. see anomalous pulmonary 
venous connection.

parachute mitral valve
A mitral valve abnormality in which all chordae tendineae of the mitral valve, 
which may be shortened and thickened, insert in a single, abnormal papillary 
muscle, usually causing mitral stenosis. The parachute mitral valve may be 
part of the Shone complex. see also Shone complex.

partial AV septal defect
see atrioventricular septal defect

patent ductus arteriosus (PDA)
A ductus that fails to undergo normal closure in the early postnatal period. 
syn: persistently patent ductus arteriosus, persistent arterial duct.

patent foramen ovale (PFO)
Failure of anatomic fusion of the valve of the foramen ovale with the limbus 
of the fossa ovalis that normally occurs when left atrial pressure exceeds right 
atrial pressure after birth. There is no structural defi ciency of tissue of the 
atrial septum. The foramen is functionally closed as long as left atrial pressure 
exceeds right atrial pressure, but can reopen if right atrial pressure rises. Pat-
ent foramen ovale is found in up to 35% of the adult population in pathological 
studies. The lower and variable prevalence reported in clinical series depends 
on the techniques used to fi nd it. syn: probe-patent foramen ovale, PFO.

pentalogy of Fallot
Tetralogy of Fallot with, in addition, an ASD or PFO. see tetralogy of Fallot.

perimembranous VSD
see ventricular septal defect.
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persistent left superior vena cava (LSVC)
Persistence of the left anterior cardinal vein (which normally obliterates dur-
ing embryogenesis) results in persistent left superior vena cava. LSVC drains 
via the coronary sinus to the right atrium in more than 90% of patients. Rarely, 
it may directly drain to the left atrium in association with other congenital 
heart defects (e.g. isomerism). Its prevalence is up to 0.5% in the general popu-
lation, and higher in patients with congenital heart disease.

PFO
see patent foramen ovale.

phlebotomy
A palliative procedure involving withdrawal of whole blood (usually in up to 
500 mL increments) which may be offered to patients with cyanotic CHD and 
secondary erythrocytosis who are experiencing hyperviscosity symptoms. 
Concomitant volume replacement is usually indicated.

pink tetralogy of Fallot
see tetralogy of Fallot.

polycythemia vera
A neoplastic transformation of all blood cell lines (erythrocyte, leukocyte, and 
platelet) associated with increased numbers of cells in the peripheral blood. 
Contrast with secondary erythrocytosis as seen in cyanotic heart disease. see
also erythrocytosis.

polysplenia syndrome
see isomerism/left isomerism.

Potts shunt
A palliative operation for the purpose of increasing pulmonary blood fl ow, 
hence systemic oxygen saturation. The procedure involves creating a small com-
munication between a pulmonary artery and the ipsilateral descending thoracic 
aorta. Often complicated by the development of pulmonary vascular obstruc-
tive disease if too large, or acquired stenosis or atresia of the pulmonary artery 
if distortion occurs. (Potts WJ, et al. Anastomosis of aorta to pulmonary artery: 
certain types of congenital heart disease. Journal of the American Medical Associa-
tion 1946, 132, 627–631.)

PPH
Primary pulmonary hypertension. see pulmonary hypertension.

probe-patent foramen ovale
see patent foramen ovale.
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protein-losing enteropathy (PLE)
A complication seen following the Fontan operation in which protein is lost 
via the gut, resulting in ascites, peripheral edema, pleural and pericardial ef-
fusions. It is of unknown cause, though exacerbated by high systemic venous 
pressure. If serum protein and albumin are low, increased alpha-1 antitrypsin 
in the stool supports the diagnosis of PLE.

protrusio acetabulae
Abnormal displacement of the head of the femur within the acetabulum. A 
radiological fi nding useful in the diagnosis of Marfan syndrome.

pseudotruncus arteriosus
Pulmonary atresia with a VSD, biventricular aorta, and pulmonary blood fl ow 
provided by systemic to pulmonary collaterals. This anatomic arrangement had 
previously been called ‘truncus arteriosus type IV’ but is morphogenetically 
a different lesion from truncus arteriosus. In pseudotruncus, the single vessel 
arising from the ventricles is an aorta with an aortic valve, not a truncus with a 
truncal valve, and pulmonary blood fl ow derives from aorto-pulmonary collat-
eral arteries, not from anomalously connected true pulmonary arteries.

pulmonary artery banding
Surgically created stenosis of the main pulmonary artery performed as a pal-
liative procedure to protect the lungs against high blood fl ow and pressure 
when defi nitive correction of the underlying anomaly is not immediately ad-
visable, e.g. in the setting of a non-restrictive VSD.

pulmonary artery sling
Anomalous origin of the left pulmonary artery from the right pulmonary ar-
tery, such that it loops around the trachea. It may be associated with complete 
cartilaginous rings in the distal trachea and tracheal stenosis. It may occur as 
an isolated entity or in association with other congenital heart defects.

pulmonary atresia
An imperforate pulmonary valve. When associated with a VSD (variant of 
tetralogy of Fallot), pulmonary blood fl ow arises from aorto-pulmonary col-
laterals, and systemic venous return exits the right heart via the VSD. When 
associated with intact interventricular septum, pulmonary artery blood sup-
ply is via a patent ductus arteriosus, and systemic venous return exits the right 
heart via an obligatory ASD.

pulmonary hypertension
Raised pulmonary arterial pressure. A common method to defi ne the severity 
of pulmonary hypertension is the pulmonary/aortic systolic pressure ratio:
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Severity Ratio

mild ≥0.3, <0.6
moderate ≥0.6, <0.9
severe ≥0.9 (Eisenmenger syndrome)

Rashkind procedure
A balloon atrial septostomy performed as a palliative procedure in children 
with d-TGA. (Rashkind WJ, Miller WW. Creation of an atrial septal defect with-
out thoracotomy: a palliative approach to complete transposition of the great 
arteries. Journal of the American Medical Association 1966, 196, 991–992.)

Rastelli procedure (operation)
An operation for repair of complete transposition of the great arteries in as-
sociation with a large VSD and pulmonic stenosis, wherein a communication 
is established between the left ventricle (LV) and the aorta via the VSD using 
a baffl e within the right ventricle (RV). The RV is connected to the pulmonary 
artery using a valved conduit, and the LV-PA connection is obliterated. As a 
consequence, the left ventricle supports the systemic circulation. (Rastelli GC, 
et al. Anatomic correction of transposition of the great arteries with ventricular 
septal defect and subpulmonary stenosis. Journal of Thoracic and Cardiovascular 
Surgery 1969, 58, 545–552.)

regional referral center (RRC)
A center for the care of adult patients with CHD, incorporating, at a minimum, 
cardiology staff with special skills, training, and experience in the manage-
ment of such patients, and highly skilled echocardiographers.

restrictive right ventricular physiology
Physiologic behavior of the ventricles of some patients, e.g. after repair of te-
tralogy of Fallot. It may be defi ned by echocardiography as antegrade pulmo-
nary artery fl ow in late diastole (a-wave) through all phases of respiration. 
The pulsed recordings are obtained with the sample volume at the midpoint 
between the pulmonary valve cusps or remnants and the pulmonary artery 
bifurcation. (Redington AN, et al. Antegrade diastolic pulmonary artery fl ow 
as a marker of right ventricular restriction after complete repair of pulmonary 
atresia with intact ventricular septum and critical pulmonary valve stenosis. 
Cardiology in the Young 1992, 2, 382–386.)

restrictive VSD
see ventricular septal defect.

right aortic arch
see aortic arch anomalies.

right ventricular dysplasia
see Uhl anomaly.
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Ross procedure
A method of aortic valve replacement involving autograft transplantation of the 
pulmonary valve, annulus and trunk into the aortic position, with reimplanta-
tion of the coronary ostia into the neo-aorta. The RVOT is reconstructed with a 
homograft conduit. (Ross DN. Replacement of aortic valve with a pulmonary 
autograft. Lancet 1967, 2, 956–958.) (Ross D. Pulmonary valve autotransplanta-
tion [the Ross operation]. Journal of Cardiac Surgery 1988, 3, 313–319.)

rubella syndrome
A wide spectrum of malformations caused by rubella infection early in preg-
nancy, including cataracts, retinopathy, deafness, congenital heart disease, 
bone lesions, mental retardation, etc. The spectrum of congenital heart lesions 
is wide and includes pulmonary artery stenosis, patent ductus arteriosus, te-
tralogy of Fallot, and ventricular septal defect.

Right ventricle (RV) infundibulum
A normal connecting segment between the body of the RV and the pulmonary 
artery. syn. RV conus. see also infundibulum.

RVOTO
Right ventricular outfl ow tract obstruction.

sail sound
An auscultatory fi nding in some patients with Ebstein anomaly. The S1 includes 
mitral valve closure as its fi rst component with a delayed tricuspid component. 
The abnormally large tricuspid anterior leafl et snapping like a sail catching 
the wind causes this delayed closure. The sail sound is not an ejection click, 
although it may simulate one.

scimitar syndrome
A constellation of anomalies including infradiaphragmatic total or partial 
anomalous pulmonary venous connection of the right lung to the inferior vena 
cava, often associated with hypoplasia of the right lung and right pulmonary 
artery (PA). The lower portion of the right lung tends to receive its arterial 
supply from the abdominal aorta. The name of the syndrome derives from the 
appearance on PA chest x-ray of the shadow formed by the anomalous pulmo-
nary venous connection, which resembles a Turkish sword, or scimitar.

secondary erythrocytosis
see erythrocytosis. see also polycythemia vera.

Senning procedure (operation)
An operation for complete transposition of the great arteries in which venous 
return is directed to the contralateral ventricle by means of an atrial baffl e 
fashioned in situ by using right atrial wall and interatrial septum. As a conse-
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quence, the right ventricle supports the systemic circulation. A type of ‘atrial 
switch’ operation. see also Mustard procedure, atrial switch operation, double 
switch operation. (Senning A. Surgical correction of transposition of the great 
vessels. Surgery 1959, 45, 966–980.)

Shone complex (syndrome)
An association of multiple levels of left ventricular infl ow and outfl ow obstruc-
tion (subvalvar and valvar LVOTO, coarctation of the aorta and mitral stenosis 
[parachute mitral valve and supramitral ring]). (Shone JD, et al. The develop-
mental complex of ‘parachute mitral valve’, supravalvular ring of left atrium, 
subaortic stenosis and coarctation of aorta. American Journal of Cardiology 1963, 
11, 714–725.)

Shprintzen syndrome
see velo-cardio-facial syndrome. see CATCH 22.

shunt
Movement of blood through a congenitally abnormal or surgically created 
connection and communication between two circuits, at the level of the atria, 
ventricles, or great vessels. ‘Shunt’ is a physiologic term, in contrast to ‘connec-
tion’ which is an anatomic term.

single (as in atrium, ventricle, etc.)
Implies absence of the corresponding contralateral structure. Contrasts with 
‘common’, which implies bilateral structures with absent septation. see also
common.

sinus venosus
An embryologic structure, the anatomic precursor of the inferior vena cava, 
superior vena cava and coronary sinus and part of the defi nitive right atrium, 
which is located external to the primitive right atrium in the early embryologic 
period (3 to 4 weeks’ gestation). The sinus portion of the right atrium receives 
the inferior vena cava, superior vena cava and coronary sinus. The right and left 
valves of the sinus venosus separate the sinus venosus from the primitive right 
atrium, the embryologic precursor of the trabeculated or muscular portion of 
the right atrium, and includes the right atrial appendage, which in turn com-
municates with the tricuspid valve. The left valve of the sinus venosus joins the 
interatrial septum, retrogresses and is absorbed. The right valve of the sinus 
venosus enlarges and functions to defl ect the oxygenated fetal blood coming 
from the placenta and via the inferior vena cava across the foramen ovale. see also
cor triatriatum dexter, sinus venosus defect.

sinus venosus defect
A communication located postero-superior (or rarely postero-inferior) to the 
oval fossa, commonly associated with partial anomalous pulmonary venous 
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connection (most often right pulmonary veins, especially the right upper pul-
monary vein in association with a postero-superior defect), which is function-
ally identical to an atrial septal defect, but properly named a sinus venosus 
defect because it occurs due to abnormal development of the sinus venosus in 
relation to the pulmonary veins and is not a defect in the interatrial septum. 
see also atrial septal defect

situs
syn. sidedness. The position of the morphologic right atrium determines the 
sidedness and is independent of the direction of the cardiac apex, or the posi-
tions of the ventricles or the great arteries.
• situs ambiguous. Indeterminate sidedness (in the setting of atrial isomer-
ism).
• situs inversus. Mirror-image sidedness, i.e. opposite of normal. Left-sided 
morphologic right atrium.
• situs inversus totalis. Total mirror-image sidedness. The position of all later-
alized organs is inverted.
• situs solitus. Normal sidedness. Right-sided morphologic right atrium.

stent
Intravascular (intraluminal) prosthesis to scaffold a vessel following translu-
minal balloon dilatation, for the purpose of maintaining patency.

Sterling Edwards procedure
A palliative operation for transposition of the great arteries in which the atrial 
septum was resected, repositioned, and sutured to the left of the right pulmo-
nary veins to produce drainage into the right atrium. The procedure produced 
left-to-right shunt of oxygenated blood directly into the systemic atrium and 
ventricle and offl oaded the pulmonary circulation in patients with complete 
transposition of the great arteries and high pulmonary fl ow. (Edwards WS, 
Bargeron LM, et al. Reposition of right pulmonary veins in transposition of the 
great vessels. Journal of the American Medical Association 1964, 188, 522–523. Ed-
wards WS, Bargeron LM. More effective palliation of the transposition of the 
great vessels. Journal of Thoracic and Cardiovascular Surgery 1965, 19, 790–795.)

straddling AV valve
see atrioventricular valve.

subpulmonary ventricle
The ventricle that relates most directly to the pulmonary artery.

supero-inferior heart
A term applied to a heart the ventricles of which are in a markedly supero-in-
ferior relationship due to abnormal displacement of the ventricular mass along 
the horizontal plane of its long axis. Often coexists with criss-cross atrioven-
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tricular relationships. see also criss-cross heart. syn. over-and-under ventricles; 
upstairs-downstairs heart.

supracristal
Located above the crista supraventricularis in the right ventricular outfl ow tract, 
hence contiguous with the origin of the great arteries. see crista supraventricu-
laris.

supraregional referral center (SRRC)
A ‘full service’ center for providing optimal care of adult patients with CHD 
comprising specialized resources, the availability of cardiology specialists with 
specifi c training and experience in ACHD, the availability of other cardiol-
ogy sub-specialists and other medical and paramedical personnel with special 
training/experience in the problems of congenital heart disease, and offering 
opportunities for training, research and education in the fi eld. syn. national re-
ferral center.

supravalvar mitral ring
An anomaly found in the left atrium that produces congenital mitral stenosis. 
see also cor triatriatum. see also Shone complex.

switch-conversion of transposition
An operation performed in patients with congenitally corrected transposition 
of the great arteries, or in patients who had previously had a Mustard or Sen-
ning procedure for complete transposition of the great arteries, to allow the 
left ventricle to assume the function of the systemic ventricle. The fi rst stage 
may involve pulmonary artery banding to induce pulmonary left ventricular 
hypertrophy. The second stage involves an arterial switch operation in both 
groups and a Mustard or Senning operation in patients with congenitally cor-
rected transposition, or removal of the Mustard/Senning atrial baffl es and re-
construction of an atrial septum in patients with complete TGA. see also double 
switch operation.

systemic AV valve
The atrioventricular valve guarding the inlet to the systemic ventricle.

TAPVC
Total anomalous pulmonary venous connection. see anomalous pulmonary 
venous connection.

TAPVD
Total anomalous pulmonary venous drainage. A term sometimes used to refer 
to the entity properly called total anomalous pulmonary venous connection. 
see anomalous pulmonary venous connection.
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Taussig-Bing anomaly
A form of double outlet right ventricle in which the great arteries arise side-
by-side with the aorta to the right of the pulmonary artery and the ventricu-
lar septal defect in a subpulmonary position. Since the left ventricle empties 
across the VSD preferentially into the pulmonary artery, the physiology simu-
lates complete transposition of the great arteries with a VSD.

tetralogy of Fallot
A congenital anomaly, the primary pathophysiologic components of which are 
obstruction to right ventricular outfl ow at the infundibular level and a large 
nonrestrictive VSD. The other two components of the ‘tetralogy’ are an over-
riding aorta and concentric right ventricular hypertrophy. Valvar RVOTO 
(pulmonic stenosis) and distal pulmonary artery stenosis are often present. 
The essential morphogenetic anomaly is malalignment of the infundibular 
(outlet) septum such that it fails to unite with the trabecular septum (hence the 
VSD) due to anterior deviation (hence the RVOTO). Lillehei fi rst described the 
repair in 1955. (Lillehei CW, et al. Direct vision intracardiac surgical correction 
of the tetralogy of Fallot, pentalogy of Fallot, and pulmonary atresia defects; 
reports of fi rst ten cases. Annals of Surgery 1955, 142, 418–445.)
• pentalogy of Fallot. Tetralogy of Fallot with an associated ASD or PFO.
• pink tetralogy of Fallot. Tetralogy of Fallot presenting with increased pul-
monary blood fl ow and minimal cyanosis because of a lesser degree of RVOTO. 
syn. acyanotic Fallot.

Thebesian valve
A remnant of the right valve of the sinus venosus guarding the opening of the 
coronary sinus.

total anomalous pulmonary venous connection (drainage, return)
see anomalous pulmonary venous connection/total anomalous pulmonary 
venous connection.

trabecular VSD
see ventricular septal defect

transannular
Crossing the annulus. In connection with the RVOT in tetralogy of Fallot, the 
term refers to the pulmonary valve annulus, which often must be enlarged by 
a transannular patch, with consequent obligatory pulmonary insuffi ciency. 
Transannular patching was fi rst described in 1959. (Kirklin JW, et al. Surgical 
treatment for tetralogy of Fallot by open intracardiac repair. Journal of Thoracic 
Surgery 1959, 37, 22–51.)
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transposition of the great arteries (TGA)
see discordant ventriculo-arterial connections and see below
• simple TGA. Discordant connection of the great arteries and ventricles such 
that the pulmonary trunk arises from the left ventricle and the aorta arises 
from the right ventricle, without any associated abnormality.
• complex transposition of the great arteries. Discordant connection of the 
great arteries and ventricles such that the pulmonary trunk arises from the left 
ventricle and the aorta arises from the right ventricle, with associated abnor-
malities, most commonly a ventricular septal defect.

tricuspid atresia
A congenital anomaly in which there is no physiologic or gross morphologic 
connection between the right atrium and right ventricle, and there is an inter-
atrial connection allowing mixing of systemic and pulmonary venous return 
at the atrial level. There is a variable degree of hypoplasia of the right ventricle. 
The left ventricle and mitral valve are normal.

truncus arteriosus
A single artery (truncus) arises from the base of the heart because of failure 
of proximal division into the aorta and the pulmonary artery. Thus, both pul-
monary and systemic arteries as well as the coronary arteries arise from the 
common trunk. Truncus arteriosus is divided into two types depending on 
whether there is a VSD or an intact ventricular septum. syn. common arterial 
trunk.

Turner syndrome
A clinical syndrome due to the 45 XO karyotype in about 50% of cases, with 
45XO/45XX mosaicism and other X chromosome abnormalities comprising the 
remainder. There is a characteristic but variable phenotype, and association with 
congenital cardiac anomalies, especially post-ductal coarctation of the aorta and 
other left-sided obstructive lesions, as well as partial anomalous pulmonary ve-
nous drainage without ASD. The female phenotype varies with the age of pres-
entation, and is somewhat similar to that of Noonan syndrome.

Uhl anomaly
Congenital malformation consisting of nearly total absence of the right ventricu-
lar myocardium, presenting with marked enlargement of both the right ventricle 
and right atrium and subsequent tricuspid regurgitation. Arrhythmogenic right 
ventricular cardiomyopathy may be one end of a spectrum and Uhl anomaly the 
other.

unbalanced AV canal
see ventricular imbalance.
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unifocalization
A surgical technique that creates a common trunk for multiple direct aorto-
pulmonary collateral arteries, as part of the surgical management of complex 
pulmonary atresia.

univentricular connection
Both atria are connected to only one ventricle. The connection is univentricu-
lar, but the heart is usually biventricular.

unroofed coronary sinus
An anomaly in which there is a defi ciency in the normal separation of the cor-
onary sinus from the left atrium as the coronary sinus passes behind the left 
atrium (LA) in the AV groove, such that the coronary sinus drains into the LA. A 
form of absence of the coronary sinus.

upstairs-downstairs heart
see supero-inferior heart.

VACTERL association
Describes a spectrum of defects including vertebral abnormalities, anal atresia, 
tracheo-esophageal fi stula, radial dysplasia, renal abnormalities and congeni-
tal heart defects (atrial and ventricular septal defect, tetralogy of Fallot, trun-
cus arteriosus, aortic coarctation, patent ductus arteriosus, etc.).

vascular ring
A wide spectrum of aortic arch anomalies including double aortic arch and 
other vascular structures that surround the trachea and the esophagus result-
ing in their compression. The vascular structures may or may not be patent. 
Vascular rings may be isolated (in 1% to 2% of CHD) or associated with other 
CHD malformations, such as tetralogy of Fallot. see aortic arch anomalies.

velo-cardio-facial syndrome
Syndrome of cleft palate, abnormal facies (square nasal root, long nose with 
narrow alar base, long face with malar hypoplasia, long philtrum, thickened 
helix, low set ears), velopharyngeal incompetence and congenital cardiac de-
fects (cono-truncal anomalies, isolated VSD, tetralogy of Fallot). Due to micro-
deletion at chromosome 22q11. syn. Shprintzen syndrome. see also CATCH 22.

venous (or pulmonary) AV valve
The AV valve guarding the inlet to the venous, or pulmonary, ventricle.

ventricle repair
• 1-ventricle repair. see Fontan operation
• 1.5-ventricle repair (one and one-half ventricle repair). A term used to de-
scribe operations for cyanotic congenital heart disease performed when the 
pulmonary ventricle is insuffi ciently developed to accept the entire systemic 
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venous return. A bidirectional cavopulmonary connection is constructed to 
divert superior vena cava fl ow directly to the lungs, while inferior vena cava 
fl ow is directed to the lungs via the functioning but small pulmonary ventri-
cle.
• 2-ventricle repair. A term used to describe operations for cyanotic congeni-
tal heart disease with common ventricle wherein functioning systemic and 
pulmonary ventricles are created by means of surgical septation of the com-
mon ventricle.

ventricular imbalance
In the setting of atrioventricular septal defect, ventricular imbalance refers 
to relative hypoplasia of one or the other of the ventricles in association with 
small size of the ipsilateral component of the atrioventricular annulus.

ventricular septal defect (VSD)
A defect in the ventricular septum, such that there is direct communication 
between the two ventricles.
• doubly-committed VSD. A defect in the outlet septum such that there is fi -
brous continuity between the aortic and pulmonary valves, with the VSD situ-
ated directly beneath both semilunar valves.
• inlet VSD. A defect in the lightly trabeculated inlet portion of the muscular 
interventricular septum, typically seen as part of an atrioventricular septal 
defect.
• muscular VSD. A defect entirely surrounded by muscular interventricular 
septum.
• nonrestrictive VSD. A ventricular septal defect of such a size that there is no 
signifi cant pressure gradient between the ventricles. Hence, the pulmonary 
artery is exposed to systemic pressure unless there is RVOTO.
• outlet VSD. A defect in the non-trabeculated outlet portion of the muscu-
lar interventricular septum, hence above the crista supraventricularis. syn.
supracristal VSD. Sometimes also described as subpulmonary, subarterial, or 
doubly committed subarterial VSD.
• perimembranous VSD. A VSD located in the membranous portion of the 
interventricular septum with variable extension into the contiguous portions 
of the inlet, trabecular, or outlet portions of the muscular septum, but not in-
volving the atrioventricular septum. syn. membranous VSD; infracristal VSD.
• restrictive VSD. A ventricular septal defect of small enough size that there is 
a pressure gradient between the ventricles, such that the pulmonary ventricle 
(hence pulmonary vasculature) is protected from the systemic pressure of the 
contralateral ventricle.
• trabecular VSD. A defect in the heavily trabeculated central or trabecular 
portion of the muscular interventricular septum. May be multiple.

ventriculo-arterial concordance
see concordant ventriculo-arterial connections.
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ventriculo-arterial discordance
see discordant ventriculo-arterial connections.

Waterston shunt
A palliative operation for the purpose of increasing pulmonary blood fl ow, 
hence systemic oxygen saturation, which involves creating a small communica-
tion between the main pulmonary artery and the ascending aorta. Often com-
plicated by the development of pulmonary vascular obstructive disease if too 
large. Not uncommonly caused distortion of the pulmonary artery. (Waterston 
DJ. Treatment of Fallot’s tetralogy in children under one year of age. Rozhl Chir
1962, 41, 181–183.)

Williams syndrome
An autosomal dominant syndrome, often arising de novo, associated with an 
abnormality of elastin, infantile hypercalcemia, mild cognitive impairment 
and the so-called ‘cocktail personality’, and congenital heart disease, especially 
supravalvar aortic stenosis and multiple peripheral pulmonary stenoses. (Wil-
liams JC, et al. Supravalvular aortic stenosis. Circulation 1961, 24, 1311–1318.) 
(Beuren A, et al. Supravalvular aortic stenosis in association with mental retar-
dation and certain facial features. Circulation 1962, 26, 1235–1240.)

Wolff-Parkinson-White (WPW) syndrome
Accessory lateral atrioventricular conduction pathway causing characteristic 
EKG changes and atrial (and sometimes ventricular) arrhythmias. WPW syn-
drome may be isolated or associated with congenital heart defects. It is found 
in up to 25% of patients with Ebstein anomaly. Typically, they have more than 
one accessory pathway.

Wood unit
A non-standard unit for expressing pulmonary vascular resistance (mmHg/
L), named after Paul Wood, the famous British cardiologist. One Wood unit is 
equivalent to 80 dyn.cm.sec-5.

xenograft
Tissue or organ used for transplant, derived from another species. syn. Het-
erograft.

Z-score, Z-value
A way of expressing a physiologic variable in a form corrected for age and 
body size. Important in pediatrics. This is the number of standard deviations 
a measurement departs from mean normal. (Rimoldi HJA, et al. A note on the 
concept of normality and abnormality in quantitation of pathologic fi ndings 
in congenital heart disease. Pediatric Clinics of North America 1963, 10, 589–591.) 
(Daubeney PEF, et al. Relationship of the dimension of cardiac structures to 
body size: an echocardiographic study in normal infants and children. Cardio-
logy in the Young 1999, 9, 402–410.)
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Appendix: Shunt Calculations

Craig Broberg, MD, Senior Fellow in 
Adult Congenital Heart Disease, Royal Brompton Hospital, 
London, UK

Background

Despite the emergence of echo Doppler and MRI techniques for determining 
fl ow, catheterization-based studies remain the accepted clinical standard to 
quantify fl ow, particularly in patients with intracardiac shunts. The severity and 
signifi cance of the shunt, and thus decisions about intervention, are often made 
based upon these calculations.

Although several potential tools are available in the catheterization labora-
tory, such as indicator dilution, by far the most commonly accepted is oximetry 
data applied to the Fick principle. However, the method makes multiple as-
sumptions about oxygen content, physiologic stability, and mixing of shunted 
blood, which must be understood (Hillis et al., 1985). This brief outline reviews 
the calculations involved and points out some of the potential sources for error 
using this method.

An online calculator with these same functions is now available (http://
www.rbh.nthames.nhs.uk/cardiology/fl owcalculations.asp).

Data required

1 Hemoglobin (Hgb in g/dl).
2 Oxygen consumption (VO2 in ml/min): Best if measured by an oxygen sensor 
at the time of catheterization. Often assumed based on samples from the popula-
tion available in the literature (LaFarge & Miettinen, 1970), for example:

(a) Women: VO2 = BSA × [138.1–17.04 × ln(age) + 0.378 × HR]
(b) Men: VO2 = BSA × [138.1–11.49 × ln(age) + 0.378 × HR]

3 Percentage oxygen saturation from the following:
(a) Mixed venous (MVsat): multiple ways of determining MVsat based on 
SVCsat and IVCsat exist. One standard approach is to use the SVC value alone 
as the mixed venous, since it approximates the average between IVC (renal 
blood is less desaturated) and coronary sinus (coronary blood is more de-
saturated). Alternatively, one calculates an average based on any of the fol-
lowing formulae (Flamm et al., 1970; French et al., 1983; Pirwitz et al., 1997):

(i) MVsat = [(SVCsat × 3) + IVCsat]/4
(ii) MVsat = [(SVCsat) + (IVCsat × 2)]/3
(iii) MVsat = [(SVCsat × 2) + (IVCsat × 3)]/5

Adult Congenital Heart Disease: A Practical Guide
Michael A. Gatzoulis, Lorna Swan, Judith Therrien, George A. Pantely

Copyright © 2005 by Blackwell Publishing Ltd
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(b) Pulmonary artery (PAsat): usually obtained from the main pulmonary 
artery. Optimally should be sampled from right and left pulmonary arteries 
selectively and averaged, particularly if a patent ductus arteriosus is pre-
sent.
(c) Pulmonary venous (PVsat): can be obtained often through an atrial sep-
tal defect or patent foramen ovale. Different pulmonary veins may have dif-
ferent values, due to degree of ventilatory mismatch (Iga et al., 1999). Thus, a 
mixed value, such as left atrial saturation, may be the purest site to sample if 
there is no shunting at the atrial level.
(d) Aortic saturation (Aosat): can be measured directly from anywhere in the 
aorta, often sampled from the femoral artery. Percutaneous oxygen satura-
tion can substitute with reasonable accuracy, though not if a patent ductus 
arteriosus is present.

Formulae

Flow calculations are based on the Fick principle as follows:

 Flow = oxygen consumption (VO2)
  (proximal oxygen content) – (distal oxygen content)

Oxygen content is O2 carrying capacity multiplied by O2 saturation.
1 Calculate O2 carrying capacity as follows:

O2capacity = Hgb × 1.36 × 10

2 Blood fl ow (Q) in L/min:
(a) Qpulmonic = VO2/[O2capacity × (PVsat – PAsat)/100]
(b) Qsystemic = VO2/[O2capacity × (Aosat – MVsat)/100]
(c) Effective fl ow is the amount of non-shunted fl ow carried from systemic 
to pulmonic capillary beds:

Qeffective = VO2/[O2capacity × (PVsat – MVsat)/100]

3 Shunt volumes in L/min:
(a) Right-to-left shunt = Qsystemic – Qeffective

(b) Left-to-right shunt = Qpulmonic – Qeffective

4 Flow/shunt fractions:
(a) Qpulmonic/Qsystemic (Qp/Qs)

 = Aosat – MVsat

 PVsat – PAsat
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(b) Pulmonic shunt fraction (the fraction of pulmonic fl ow due to left to 
right shunting)

 = PAsat – MVsat

 PVsat – MVsat

(c) Systemic shunt fraction (the fraction of systemic fl ow due to right to left 
shunting)

 = PVsat – Aosat

 PVsat – MVsat

Potential sources of error

1 Oximetry measurement: small errors in saturation measurement can produce 
large errors in Qp/Qs (Cigarroa et al., 1989; Shepherd et al., 1997). Saturations 
can either be measured using spectrophotometry or by obtaining PO2 by blood 
gas analysis and calculating SaO2 using the oxygen-hemoglobin dissociation 
curve. Spectrophotometry can be erroneous in patients with carboxyhemo-
globin or hyperbilirubinemia. Blood gas analysis data can be wrong in condi-
tions where there might be a signifi cant shift in the dissociation curve, such 
as anemia and other metabolic derangements. Patients with chronic cyanotic 
heart disease often have a shift in this dissociation curve. Incomplete wasting 
before obtaining samples also results in error.
2 Supplemental oxygen: usually, the amount of dissolved oxygen in the blood is 
negligible in the above calculations, but this will not be the case if the patient 
is on high amounts of supplemental oxygen. In fact, placing the patient on 
oxygen is sometimes done to improve the calculations. If so, samples should be 
measured using blood gas analyzer, and the oxygen content for each condition 
should be recalculated as follows (where PO2 is given in mmHg):

O2 content = (O2capacity × SaO2) + (PO2 × 0.003)

3 High fl ow states: in high fl ow states, mixed venous oxygen saturation is high-
er, and thus sensitivity of shunt detection is lower.
4 Many reported historical values and tables for VO2 are based on normal, 
sedated individuals and thus are not representative of patients. Every patient 
will have variation in oxygen consumption on a minute-to-minute basis. Thus, 
data should be obtained as quickly as possible, preferably on pullback, and 
should be obtained in quiet, resting, controlled conditions.
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anomalous pulmonary venous connection 
(drainage)  76–81, 218–19

antenatal care  19, 20–3
 records  21
 specifi c cardiac conditions  23–6
anti-arrhythmic agents  194
 in pregnancy  25–6
antibiotic prophylaxis
 infective endocarditis  39–40
 IUCD insertion  33
 postpartum  28
anticoagulation  42–8
 cyanosed patients  44, 211
 Eisenmenger syndrome  44–5, 168, 171
 electrical cardioversion  43
 Fontan patients  43–4, 119
 postpartum  28, 46
 pregnancy  24–5, 45–7
 primary pulmonary hypertension  186
 prosthetic and native valve disease  42–3
 specifi c issues  43–5
 supraventricular arrhythmias  43
 surgical patients  45, 202
antiplatelet therapy  42
aortic aneurysm
 ascending, David operation  231
 coarctation of aorta  99, 100, 101
aortic arch anomalies  219–20
aortic dissection, Marfan syndrome  153, 

155, 156, 159
aortic-left ventricular defect (tunnel)  220
aortic override see tetralogy of Fallot
aortic regurgitation (AR)
 LVOTO  92, 94
 Marfan syndrome  155
 pulmonary atresia with VSD  134, 136
 tetralogy of Fallot  128
 VSDs  84, 85, 86
aortic root enlargement
 LVOTO  92, 94
 Marfan syndrome  153, 155–6, 157, 159
 pregnancy and  19, 24
 surgical management  156–7
 tetralogy of Fallot  128
aortic stenosis
 bicuspid valve  92, 93, 94
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ablation techniques, arrhythmias  195
abstinence, sexual  31
accessory conduction pathways  139, 192
ACE inhibitors see angiotensin-converting 

enzyme (ACE) inhibitors
Adult Congenital Heart Association 

(ACHA)  14
adult congenital heart disease
 history of specialty  8–9
 service provision  9–15
 survival  9, 10
AICDs (automated implantable 

cardioverter-defi brillators)  57, 192
air travel  54–5, 170
Alagille syndrome  221
ALCAPA (Bland-White-Garland 

syndrome)  218, 224–5
alpha-1-antitrypsin (A-1-AT), stool levels  

120
American College of Cardiology  15
 Care of the Adult with Congenital Heart 

Disease, 32nd Bethesda Conference  
15

 exercise guidelines  49
American Heart Association  15
 endocarditis prophylaxis  39
amiodarone  194
 atypical atrial fl utter  191, 194
 in pregnancy  26
amoxicillin  39, 40
ampicillin  39, 40
Amplatzer® septal occluder  72, 75, 218
anesthetic techniques  203–4
angina, primary pulmonary hypertension  

184
angiotensin-converting enzyme (ACE) 

inhibitors
 coarctation of aorta  99
 Fontan patients  119, 208
 Marfan syndrome  158
 pregnancy  107
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 pregnancy  24
aortic valve
 bicuspid see bicuspid aortic valve
 replacement, pulmonary atresia with 

VSD  136
 Ross procedure  94, 248
aortopulmonary collateral arteries  220
 major (MAPCA)  242
 multiple (MAPCA)  132, 133, 135
 pulmonary atresia with VSD  132, 133
aortopulmonary window (septal defect)  

174, 175–6, 220
arrhythmias  191–5
 ablation techniques  195
 atrial septal defects  72, 74, 75
 driving safety  56–7
 drug therapy  194
 emergency care  193–4
 Fontan patients  118–19, 193
 pacing and devices  195
 perioperative care  203
 pregnancy  25–6
 prevention  194
 repaired tetralogy of Fallot  128, 131
 travel and  55

see also specifi c types
arterial switch procedure (Jatene 

procedure)  8, 105, 240
 examination/investigations after  104–5
 late complications  105
 long-term outcome  107
 management after  105–7
arteriohepatic dysplasia  221
arthralgias, in Eisenmenger syndrome  168
ASD see atrial septal defects
aspirin
 air travelers  55
 Eisenmenger syndrome  168
 indications  42, 43, 44, 45
 in pregnancy  47
asplenia syndrome (right atrial isomerism)  

179, 180, 181, 239
assist devices  62
atherosclerotic disease  98, 99, 101
atresia, atretic  221
atrial appendages, juxtaposition  240
atrial arrhythmias see supraventricular 

arrhythmias
atrial fi brillation  192
 anticoagulation  43
 atrial septal defects  193
 tetralogy of Fallot  128
atrial fl utter
 anticoagulation  43
 atrial septal defects  193

 atypical (intra-atrial re-entry 
tachycardia)  191, 192, 194

 PAPVD  77, 78
 tetralogy of Fallot  128
atrial isomerism  179–81, 239
atrial septal defects (ASD)  67–75, 221
 associated lesions  68, 76
 atrial arrhythmias  72, 74, 75, 193
 closure  72–4
 coronary sinus  67, 68, 221
 diagnostic work-up  69–72
 Eisenmenger syndrome  161
 incidence and etiology  68
 inferior sinus venosus  67–8
 late complications  74
 management options  72–4
 ostium primum  67, 68, 87, 88, 221

see also atrioventricular septal defects
 ostium secundum  67, 68, 72, 221
 presentation and course  68–9
 superior sinus venosus  67
atrial septostomy  187

see also Rashkind procedure
atrial switch procedure  105, 107, 221
 examination/investigations after  104
 late complications  106
 long-term outcome  107
 management after  106–7

see also Mustard procedure; Senning 
procedure

atrioventricular (AV) block, complete  108, 
109

atrioventricular connections
 concordant  227
 criss-cross  229
 discordant  231
atrioventricular (AV) node dysfunction, 

Fontan patients  119
atrioventricular septal defects (AVSD)  

87–91, 222
 anatomy  87, 88
 diagnostic work-up  87–9
 Down syndrome  6, 87, 90
 Eisenmenger syndrome  161
 incidence and etiology  87
 late complications  89
 long-term outcome  90
 management  89–90
 presentation and course  87
 ventricular imbalance  255
atrioventricular septum  222
atrioventricular valve (AV valve)  222–3
 bridging leafl ets  88, 225
 cleft  222
 common  222
 left see left atrioventricular (AV) valve

aortic stenosis (continued)
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 overriding  222, 244
 straddling  223
 systemic  251
 venous (pulmonary)  254
atrium, common  227
autograft  223
automated implantable cardioverter-

defi brillators (AICDs)  57, 192
autonomy, patient  18–19
AV see atrioventricular
azithromycin  39
azygos continuation of inferior vena cava  

223

Baffes operation  223
baffl e  223
balanced (circulation)  223
barrier methods of contraception  32
bed rest, antenatal  19
Bentall procedure  157, 224
beraprost  186
beta-blockers
 for arrhythmias  191, 194
 breastfeeding and  28
 Fontan patients  208
 in Marfan syndrome  158, 159
 in pregnancy  25–6
bicuspid aortic valve  92, 93, 224
 diagnostic work-up  93
 late complications  94
 pregnancy  24, 95
 surgical management  94
bioprosthetic heart valves  42–3
Blalock, Alfred  8
Blalock-Hanlon atrial septectomy  103, 224
Blalock-Taussig shunts  43, 126, 224
Bland-White-Garland syndrome (ALCAPA)  

218, 224–5
bleeding diathesis  44, 167
blood pressure monitoring, perioperative  

204
body piercing  39
bosentan  187
bradyarrhythmias, Fontan patients  119
bradycardia, driving recommendations  57
breastfeeding  28–30, 46
bridging leafl ets  88, 225
British Cardiac Society  15
British Heart Foundation  15
British Society for Antimicrobial 

Chemotherapy  39
Brock procedure  225
bulbo-ventricular foramen  225

cachexia  206
CACHNET.ORG  14

CACH (Canadian Adult Congenital Heart) 
Network  15, 225

calcium antagonists  186
Canadian Cardiovascular Society (CCS), 

Consensus Conference on Adult 
Congenital Heart Disease, 2000  15, 
217

cardiac catheterization
 atrioventricular septal defects  89
 PAPVD  77
 patent arterial duct  148
 primary pulmonary hypertension  186
 pulmonary atresia with VSD  134
 scimitar syndrome  79
 shunt calculations  257–60
 VSDs  84
cardiac orientation  225–6
cardiac output, in pregnancy  19
cardiac position  225–6
cardiac surgery
 history  8–9
 for infective endocarditis  199
 pregnancy and  18, 26
 survival after pediatric  9, 10

see also surgery; specifi c procedures and 
conditions

cardiomegaly, Ebstein’s anomaly  140, 142
cardiomyopathy
 peripartum  25
 pregnancy  25
cardiopulmonary study  226
Cardio-Seal® device  226
cardiovascular system, effects of pregnancy  

19–20
cardioversion
 atypical atrial fl utter  194
 electrical, anticoagulation  43
 in emergencies  193
CATCH 22 see diGeorge syndrome
cat’s eye syndrome  226
cefadroxil  39
cefalexin  39
cefazolin  39
cerebrovascular events, in Eisenmenger 

syndrome  168
cesarean section (CS)  26–7
CHARGE association  226
chest radiography
 atrial septal defects  71
 atrioventricular septal defects  89
 Ebstein’s anomaly  140, 142
 LVOTO  93
 Marfan syndrome  155
 PAPVD  77
 patent arterial duct  147
 primary pulmonary hypertension  185
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 pulmonary atresia with VSD  134
 scimitar syndrome  78, 79
 single ventricle  114
 suspected infective endocarditis  197
 tetralogy of Fallot  129
 transposition of great arteries  104, 108–9
 VSDs  83
Chiari network  227, 229
Children’s Heart Society  14
CHIN  14
clarithromycin  39
clindamycin  39
closure devices, anticoagulation  45
clubbing, digital  164
coagulation abnormalities  44, 166, 167
coarctation of aorta  5, 97–102, 227
 associated lesions  98, 146
 complications  102
 examination  99
 follow-up  100
 incidence and etiology  98
 long-term outcome  100–1
 management  98–9, 101
 pregnancy  23, 100
 presentation and course  98
coils, intrauterine (IUCDs)  32–3, 34
combined oral contraceptive pill  33
common  227
common arterial trunk see truncus 

arteriosus
common atrium  227
communication, between units  13
computed tomography (CT)
 Marfan syndrome  155
 scimitar syndrome  79
 suspected infective endocarditis  197
condoms  32
conduits  45, 228
congenital heart disease
 commoner syndromes  6–7
 defi nition  3, 228
 epidemiology  3–7
 etiology  4–5
 long-term outcome  7
 nomenclature  4
 recurrence risks  18
Congenital Heart Surgeon’s Society  15
congenitally corrected transposition of 

great arteries (CCTGA; l-TGA)  103,
107–10, 228

 diagnostic work-up  108–9
 Ilbawi procedure  238
 late complications  109
 management  109–10
 pregnancy  24, 110

 presentation and course  108
 surgical management  109, 232–3
connection  228
cono-truncal abnormality  228–9
consciousness, loss of, driving aspects  56–7
contraception  16, 30–5
 barrier methods  32
 Eisenmenger syndrome  171
 LVOTO  95
 methods available  31–4
 ‘natural’ methods  31–2
 post-coital (emergency)  34
 reliability  31
 safety  31
 VSDs  85–6
conus (infundibulum)  239
copper coils (IUCDs)  32–3
coronary arteriovenous fi stula, congenital 

(CCAVF)  228
coronary sinus, unroofed  254
cor triatriatum  178–9, 229
 dexter  229
counseling, pre-conception  16–17
Crafoord, Clarence  8
criss-cross heart  229
crista supraventricularis  229–30
crista terminalis  230
CT see computed tomography
cyanosis  209–12, 230
 air travel  54
 anticoagulation  44, 211
 atrial septal defects  69
 causes in adults  209–10
 clinical complications  211
 differential  147, 231
 Ebstein’s anomaly  140
 Eisenmenger syndrome  161, 164, 209
 Fontan patients  120
 intervention options  211–12
 multi-organ impact  210
 patient education  210
 perioperative care  202–3
 pregnancy  211
 pulmonary atresia with VSD  134, 136
 single ventricle  112, 114
 tetralogy of Fallot  126
 transposition of great arteries  108
 treatment  210
 ventricle repair procedures  254–5

Dacron®  230
Damus-Kaye-Stansel operation  230
David operation  231
delivery  26–8
 common complications  30
 management plan  29

chest radiography (continued)
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dental care  39
dental procedures  37, 39
depot Provera  34
dextrocardia  226, 231
dextroposition  225, 231
dextroversion  231
diaphragm, contraceptive  32
diGeorge syndrome (CATCH 22; 22q11 

deletion syndrome)  6, 226, 231
 common arterial trunk  175
 pre-conception assessment  130, 137
digoxin  208
diltiazem  186
diuretics  207, 208
diverticulum of Kommerell  231–2
dofetalide  194
double-chambered right ventricle  232
double discordance see congenitally 

corrected transposition of great 
arteries

double inlet ventricle (univentricular 
connection)  112, 254

see also single ventricle
double outlet left ventricle (DOLV)  232
double outlet right ventricle (DORV)  232
double switch procedure  109, 232–3
Down syndrome (trisomy 21)  6, 233
 atrial septal defects  68
 atrioventricular septal defects  6, 87, 90
 fetal nuchal translucency measurement  

20
 high-altitude pulmonary edema  55
Down Syndrome Association  14
driving  56–7, 58
dural ectasia  233
dyspnea
 Eisenmenger syndrome  161, 170
 primary pulmonary hypertension  184

Ebstein’s anomaly of tricuspid valve  
139–44, 233

 follow-up  143
 investigations  140
 late complications  143
 long-term outcome  144
 physical examination  140, 248
 presentation and course  140
 surgical management  142–3
echocardiography
 atrial septal defects  71–2
 atrioventricular septal defects  89
 Ebstein’s anomaly  140
 fetal  22
 LVOTO  94
 Marfan syndrome  155, 156
 PAPVD  77

 patent arterial duct  147, 148
 primary pulmonary hypertension  186
 pulmonary atresia with VSD  134
 scimitar syndrome  79
 single ventricle  114
 suspected infective endocarditis  197, 198
 tetralogy of Fallot  129
 transposition of great arteries  104–5
 VSDs  84, 85
education, patient see patient education
Ehlers-Danlos syndrome (EDS)  24, 233–4
Eisenmenger syndrome  161–73, 234
 anticoagulation  44–5, 168
 catheter and surgical management  165
 complications  165–9
 cyanosis  161, 164, 209
 examination  164
 follow-up  169–70
 incidence and etiology  161
 investigations  164–5
 late outcomes  169
 patent arterial duct  146, 147, 151, 161, 164
 perioperative morbidity and mortality  

171–2
 pregnancy and contraception  170–1, 211
 presentation and course  161–4
 VSDs  83, 84, 85, 161, 162

see also pulmonary hypertension
EKG see electrocardiogram
electrocardiogram (EKG)
 atrial septal defects  70, 71
 atrioventricular septal defects  89
 Ebstein’s anomaly  140, 141
 Eisenmenger syndrome  163
 LVOTO  93
 PAPVD  77
 patent arterial duct  147
 primary pulmonary hypertension  185
 pulmonary atresia with VSD  134
 resting sinus  195
 single ventricle  114
 tetralogy of Fallot  127, 129
 transposition of great arteries  104, 108
 VSDs  83
Ellis-Van Creveld syndrome  5, 234
embolic disease, chronic  182–3
embolism, paradoxical  211
embolization, transcatheter devices  149
emergencies
 arrhythmias  193–4
 surgical  205
endarteritis, patent arterial duct  148, 151
endocardial cushion defects  222, 234

see also atrioventricular septal defects
endocarditis, infective see infective 

endocarditis
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endothelin antagonists  168, 187
epidemiology  3–7
epidural anesthesia  26–7, 203
epoprostenol  186
ergometrine  27
erythrocytosis  234
esophageal procedures  39
etiology of congenital heart disease  4–5
European Society of Cardiology (ESC)  15
Eustachian valve  234
exercise  49–50
 atrial septal defects  74
 atrioventricular septal defects  90
 coarctation of aorta  101
 Ebstein’s anomaly  143
 Eisenmenger syndrome  170
 Fontan patients  123
 LVOTO  95
 Marfan syndrome  158
 other lesions  175, 176, 177, 179
 PAPVD  78
 patent arterial duct  151
 pulmonary atresia with VSD  137
 scimitar syndrome  80
 tetralogy of Fallot  130
 transposition of great arteries  106–7, 

109–10
 VSDs  85

Fallot’s tetralogy see tetralogy of Fallot
fenestration  235
fetal abnormalities  18–19
fetal alcohol syndrome  5
fetus
 growth surveillance  22
 intrapartum monitoring  28
 risks to  18–19
  anticoagulation  24–5, 46
  cyanosis  211
  Eisenmenger syndrome  170–1
 ultrasound screening  20–2
fi brillin  153, 235
Fontan circulation  112–24
 anticoagulation  43–4, 119
 arrhythmias  118–19, 193
 follow-up  122–3
 heart failure  119, 207, 208
 late complications  117–22, 246
 long-term outcome  123
 obstruction  120, 122
 perioperative care  204
 pregnancy  123
Fontan procedure  8–9, 112, 114–17, 235
 Björk modifi cation (RA-RV)  224, 235
 classic  235
 extracardiac  115, 116, 235

 fenestrated  115–17, 235
 lateral tunnel see total cavo-pulmonary 

connection
 preoperative criteria  115
 types  114–15, 116
fungal endocarditis  199

gastrointestinal tract procedures  38, 39, 40
genetics, congenital heart disease  4–5
genitourinary tract procedures  38, 40
gentamicin  40
Gerbode defect  235
Ghent criteria, Marfan syndrome  154, 236
Gibbon, John  8
Glenn shunt  236
 bi-directional  236
  Ebstein’s anomaly  143
  single ventricle  114, 115, 116
 classic  116, 236
Gore-Tex®  236
gout  168
Graham Steell murmur  83, 185
Gross, Robert  8
GUCH (grown-up congenital heart disease)  

14, 236

heart failure
 acute management  206–8
 Fontan patients  119, 207, 208
 palliative care  62, 207
 patent arterial duct  146, 151
 right  206–7
 single ventricle  112
 systemic (left)  206
 transposition of great arteries  108
 treatment  207–8

see also ventricular dysfunction
heart-lung transplantation  60–2
 Eisenmenger syndrome  165
 primary pulmonary hypertension  187
 pulmonary atresia with VSD  61, 135, 137
heart transplantation  60–2
 Fontan patients  120, 122
heart valve prostheses
 anticoagulation  42–3
 pregnancy and  24–5, 95
Heath-Edwards classifi cation  236–7
hematocrit  166, 167, 210
hemi-Fontan  237
hemi-truncus  237
hemoglobin levels  210
hemoptysis
 coarctation of aorta  101, 102
 Eisenmenger syndrome  167–8
heparin (unfractionated; UFH)
 in Eisenmenger syndrome  171
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 fetal risks  46
 indications  43, 44, 45
 in pregnancy  25, 46, 47
 surgical patients  45
 travelers  55

see also low-molecular-weight heparin
hepatic dysfunction, Fontan patients  120–2
heterograft  237
heterotaxy  237
heterotopic  237
high altitude, Eisenmenger syndrome  170
high-altitude pulmonary edema (HAPE)  

55
history of adult congenital heart disease  

8–9
Holt-Oram syndrome  5, 68, 237
homograft  237
Hunter syndrome  238
Hurler syndrome  238
hypertension
 in coarctation of aorta  98, 99
 pregnancy-induced  19, 159
hypertrophic osteoarthropathy  168
hyperuricemia, in Eisenmenger syndrome  

168
hyperviscosity syndrome  166–7, 238
hypoplastic left heart syndrome  5, 238
 Norwood procedure  243

see also single ventricle
hypoxemia
 during air travel  54
 differential  231
 Eisenmenger syndrome  161, 162, 164, 166
 Fontan patients  120

Ilbawi procedure  238
incidence
 congenital heart disease  3, 4
 heart disease in pregnancy  16
induction of labor  27
infective endocarditis (IE)  36–41, 196–200
 diagnosis  197–8
 Duke diagnostic criteria  198
 procedures causing risk  37–8
 prophylaxis  39–40
  atrial septal defects  74
  atrioventricular septal defects  90
  coarctation of aorta  101
  Ebstein’s anomaly  143
  Eisenmenger syndrome  170
  Fontan patients  123
  LVOTO  94–5
  Marfan syndrome  158
  other lesions  175, 176, 177, 179
  PAPVD  78
  patent arterial duct  150

  patient education  196
  pulmonary atresia with VSD  137
  scimitar syndrome  80
  surgical patients  203
  tetralogy of Fallot  129
  transposition of great arteries  106, 109
  VSDs  84, 85
 risk categories  36–7
 risk factors  36
 suspected  196–7
 tetralogy of Fallot  128
 treatment  199
 unusual organisms  199
inferior vena cava (IVC)
 azygos continuation  223
 interrupted  239
infracristal  239
infundibulum  239
inheritance, maternal abnormalities  18
innominate artery, aberrant  218
INR see international normalized ratio
insurance  50–3
international normalized ratio (INR)
 cyanosed patients  211
 Eisenmenger syndrome  166, 167
 measurement problems  44
 during pregnancy  47
 in specifi c indications  42, 43, 45
 surgical patients  45
International Society for Adult Congenital 

Cardiac Disease (ISACCD)  14–15, 
239

intra-atrial re-entry tachycardia (IART; 
atypical atrial fl utter)  191, 192, 194

intrauterine contraceptive devices (IUCDs)  
32–3, 34

intrauterine growth restriction  18
intraventricular foramen, primary  225
iron defi ciency  167, 168, 210
ISACCD see International Society for Adult 

Congenital Cardiac Disease
isomerism  179–81, 239

Japanese Society for Adult Congenital 
Heart Disease  15

Jatene procedure see arterial switch 
procedure

Kartagener syndrome  5, 240
Kirklin, John W.  8
Kommerell’s diverticulum  231–2
Konno procedure  240

labor  26–8
 fi rst and second stages  27
 induction  27
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 monitoring during  28
 preterm  30
 third stage  27
Lecompte maneuver  241
left atrial isomerism  179, 180, 181, 239
left atrioventricular (AV) valve  222
 regurgitation
  atrioventricular septal defects  87, 89–90
  transposition of great arteries  107, 108, 

109
see also mitral valve

left superior vena cava, persistent (LSVC)  
245

left ventricle (LV)
 double inlet (univentricular connection)  

112, 254
see also single ventricle

 double outlet (DOLV)  232
 dysfunction, tetralogy of Fallot  128
left ventricular outfl ow tract obstruction 

(LVOTO)  92–6
 diagnostic work-up  93–4
 incidence and etiology  92
 late complications  94
 management  94–5
 perioperative care  203
 presentation and course  92–3
 subvalvar  92, 93, 94
 supravalvar  92–3, 94
 surgical management  94, 240
 valvar see bicuspid aortic valve
LEOPARD syndrome  5, 241
levocardia  226, 241
levoposition  225, 241
life expectancy
 Eisenmenger syndrome  169
 and pregnancy  17

see also mortality
lifestyle issues  49–59
ligamentum arteriosum  241
Lillehei, Walton  8
lithium  5
local anesthesia  203
long-QT syndrome  241
long-term outcome  7, 60–3
 atrioventricular septal defects  90
 coarctation of aorta  100–1
 Ebstein’s anomaly  144
 Fontan operation  123
 Marfan syndrome  159
 pulmonary atresia with VSD  134, 136–7
 tetralogy of Fallot  130
 transposition of great arteries  107
 VSDs  86

see also mortality

loop diuretics  208
looping  241
low-molecular-weight (LMW) heparin
 postpartum  28
 in pregnancy  25, 46
lung transplantation, Eisenmenger 

syndrome  165
lupus, maternal  5
Lutembacher syndrome  241
LVOTO see left ventricular outfl ow tract 

obstruction

magnetic resonance imaging (MRI)
 coarctation of aorta  100
 Marfan syndrome  155
 PAPVD  77
 scimitar syndrome  79
 single ventricle  114, 115
 suspected infective endocarditis  197
 tetralogy of Fallot  129
 transposition of great arteries  104, 105
maladie de Roger  242
malposition  242
manpower  12–13
MAPCA see under aortopulmonary 

collateral arteries
Marfan syndrome  153–60, 242
 clinical features  153–4, 233, 246
 examination  155
 follow-up  158–9
 Ghent diagnostic criteria  154, 236
 incidence and etiology  153, 235
 investigations  155–6
 late complications  158
 long-term outcome  159
 medical management  158
 pregnancy  24, 159
 presentation and course  154–5
 surgical management  156–7
maternal mortality  16
 Eisenmenger syndrome  170
 risk factors  17
mechanical hearts  62
mechanical heart valves  42, 95
medroxyprogesterone acetate, depot  34
mesocardia  226, 242
mesoposition  225, 242
Mirena coils  33
mitral arcade  242
mitral regurgitation
 atrioventricular septal defects  87, 89–90
 Marfan syndrome  155
mitral ring, supravalvar  251
mitral stenosis, pregnancy  24
mitral valve
 double orifi ce  232

labour (continued)
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 hammock  242
 parachute  244
 prolapse, Marfan syndrome  153

see also left atrioventricular (AV) valve
moderator band  242
mortality  7
 age-related  61
 infective endocarditis  36
 ratios, and insurability  51, 52–4
 secular trends  60
 specifi c lesions  53
 surgical  9

see also long-term outcome; maternal 
mortality

MRI see magnetic resonance imaging
murmurs
 atrial septal defects  69
 atrioventricular septal defects  87–9
 Eisenmenger syndrome  164
 LVOTO  93
 primary pulmonary hypertension  185
 transposition of great arteries  108
Mustard procedure  105, 243

see also atrial switch procedure
myocardial infarction, air travel and  55

nail care  39
National Marfan Foundation  14
national referral center  11, 251
‘natural’ methods of contraception  31–2
neonates
 coarctation of aorta  97, 98
 mother with congenital heart disease  22
 patent arterial duct  146
 transposition of great arteries  103
nifedipine  186
nitrates  208
nitric oxide, inhaled  186–7
nomenclature  4
non-steroidal anti-infl ammatory drugs 

(NSAIDs)  168
Noonan syndrome  5, 14, 243
Norwood procedure  243
nuchal translucency, fetal screening  20–2

occupational restrictions  50
opiates  208
oral contraceptive pill  33–4, 171
oral hygiene  39
oral procedures  39
organization of care  10–12
orthotopic  243
osteoporosis, heparin-related  46
outcome, long-term see long-term 

outcome
oval fossa defects (secundum ASDs)  67, 68, 

72, 221
overriding valve  244
oximetry, shunt calculations  259
oxygen consumption (VO2)  257, 259
oxygen content  258
oxygen saturation (SaO2)
 Eisenmenger syndrome  166
 Fontan patients  204
 for shunt calculations  257–8
 sources of error  259

see also hypoxemia
oxygen therapy
 cyanosed patients  210
 Eisenmenger syndrome  166
 pregnancy  25
 primary pulmonary hypertension  186
 shunt calculation and  259
oxytocic drugs  27

pacemakers  195
 Fontan patients  119
 perioperative  203
 transposition of great arteries  109
palliation  244
palliative care  62, 207
palliative operation  244
palpitations  191

see also arrhythmias
PAPVD, PAPVC see partial anomalous 

pulmonary venous drainage
paradoxical embolism  211
partial anomalous pulmonary venous 

drainage (or connection) (PAPVD or 
PAPVC)  76–81, 219, 244

 associated lesions  68, 76
 diagnostic work-up  76–7
 late complications  80
 management  77–8
 presentation  76
patent arterial duct (patent ductus 

arteriosus) (PDA)  145–52, 244
 associated lesions  146
 clinical grading  145–6
 Eisenmenger syndrome  146, 147, 151, 161, 

164
 examination  147
 follow-up  150–1
 incidence and etiology  146
 investigations  147–8
 late complications  151
 management  148–50
 presentation and course  146–7
patent foramen ovale (PFO)  244
patient education
 cyanosis  210
 endocarditis prevention  196
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patients
 autonomy  18–19
 support groups  14
PEARL index  31
pediatric care, transition from  13
pentalogy of Fallot  244, 252
pericardial defect, congenital  228
perioperative care  201–5
phlebotomy (venesection)  167, 210, 245
phosphodiesterase inhibitors  168, 187
physical activity see exercise
platelet count, in Eisenmenger syndrome  166
polycythemia  234
polycythemia vera  245
polysplenia syndrome (left atrial 

isomerism)  179, 180, 181, 239
post-coital contraception  34
postoperative care  205
postpartum hemorrhage  30
Potts shunt  126, 245
pre-conception counseling  16–17
prednisolone  120
pre-eclampsia  19
pregnancy  16–30
 antenatal care  20–6
 anticoagulation  24–5, 45–7
 atrial septal defects  74
 atrioventricular septal defects  90
 cardiovascular effects  19–20
 coarctation of aorta  23, 100
 congenitally corrected transposition  24, 

110
 cyanosed patients  211
 Ebstein’s anomaly  143
 Eisenmenger syndrome  170–1, 211
 Fontan patients  123
 investigations and procedures during  26
 labor and delivery  26–8, 29, 30
 life expectancy and  17
 LVOTO  95
 Marfan syndrome  24, 159
 other lesions  175, 176, 177, 179
 PAPVD  77
 patent arterial duct  151
 pre-conception counseling  16–17
 puerperium  28–30
 pulmonary atresia with VSD  137
 risks to fetus  18–19
 scimitar syndrome  80
 single ventricle  123
 termination  18, 32
 tetralogy of Fallot  130
 transposition of great arteries  23, 107
 VSDs  85–6

see also maternal mortality
preterm labor  30

prevalence of congenital heart disease  3
primary pulmonary hypertension (PPH)  

184–7
 investigations  185–6
 management  186–7
 symptoms and signs  184–5
procedures
 infective endocarditis prophylaxis  37–8
 during pregnancy  26
progestogen-only pill (POP)  33
progestogens, depot injections  34
prostacyclin analogs  168, 186
protein-losing enteropathy (PLE)  44, 120, 

207, 246
proteinuria, in Eisenmenger syndrome  166
protrusio acetabulae  246
pseudotruncus arteriosus  246
puerperium  28–30
pulmonary/aortic systolic pressure ratio  

246–7
pulmonary arterial hypertension  182
pulmonary arteriovenous (AV) 

malformations, Fontan patients  120
pulmonary artery banding  114, 246
pulmonary artery pressure monitoring  204
pulmonary artery sling  246
pulmonary atresia  246
 with intact ventricular septum  112
 with ventricular septal defect  132–8, 246
  examination  134
  follow-up  137
  incidence and etiology  133
  investigations  134
  late complications  136–7
  multifocal circulations  132, 133
  presentation and course  134
  surgical management  135–6
  transplantation  61, 135, 137
  unifocal circulation  132, 133
pulmonary blood fl ow, Fontan patients  112, 

114, 204
pulmonary edema, high-altitude (HAPE)  55
pulmonary (thrombo)embolism
 air travel-related  55
 chronic  182–3
pulmonary hypertension  182–8, 246–7
 aortopulmonary window  176
 atrioventricular septal defects  87, 90
 causes  182–4
 Eisenmenger syndrome  168–9
 Heath-Edwards classifi cation  236–7
 PAPVD and scimitar syndrome  76, 80, 81
 patent arterial duct  146, 147, 148–9, 151
 perioperative care  203
 pregnancy  25
 primary (PPH)  184–7
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 VSDs  83, 84
see also Eisenmenger syndrome

Pulmonary Hypertension Association 
(PHA)  14

pulmonary regurgitation, repaired 
tetralogy of Fallot  126, 127

pulmonary valve
 absent  218
 replacement, tetralogy of Fallot  130, 131
 transannular patching  126, 252
pulmonary vascular disease  161, 183–4
 Heath-Edwards classifi cation  236–7
 patent arterial duct  146
 pulmonary atresia with VSD  132
pulmonary vascular resistance (PVR)
 atrial septal defects  72
 Eisenmenger syndrome  161, 164
 transplantation and  61–2
 Wood unit  256
pulmonary vasodilator agents
 in Eisenmenger syndrome  168–9
 in primary pulmonary hypertension  

186–7
pulmonary venous hypertension  182

radiological investigations, in pregnancy  
26

Rashkind procedure  103, 247
Rastelli procedure  105–6, 247
 investigations after  105
 late complications  106
 long-term outcome  107
 management after  106–7
regional referral centers (RRC)  10–12, 247
 indications for attendance  9–10
 specifi c cardiac conditions  11
research  12–13
respiratory disorders, pulmonary 

hypertension  182
respiratory tract procedures  38, 39
right atrial isomerism  179, 180, 181, 239
right atrioventricular valve  222

see also tricuspid valve
right heart enlargement, atrial septal 

defects  71, 72, 75
right ventricle (RV)
 dilatation, repaired tetralogy of Fallot  

126–7
 double-chambered  232
 double outlet (DORV)  232
 dysplasia (Uhl anomaly)  253
 infundibulum (conus)  248
 restrictive physiology  247
right ventricular outfl ow tract (RVOT)
 aneurysmal dilation  127–8
 disorders  125–31

 reconstruction, pulmonary atresia with 
VSD  135, 136

right ventricular outfl ow tract obstruction 
(RVOTO)  248

 perioperative care  203
 residual, repaired tetralogy  127, 129
 tetralogy of Fallot  125, 126
Ross, Donald  8
Ross procedure  94, 248
Royal Brompton Adult Congenital Heart 

Unit  15
rubella, congenital  5, 248
RVOTO see right ventricular outfl ow tract 

obstruction

‘safe period’ method, contraception  31–2
sail sound  140, 248
salsalate  168
scimitar syndrome  76, 78–81, 248
 diagnostic work-up  78–9
 late complications  80
 management  80
 presentation  78
seizures, driving and  56, 57
semilunar valve, overriding  244
Senning procedure  105, 248–9

see also atrial switch procedure
service provision  9–15
Shone complex (syndrome)  98, 249
Shprintzen syndrome (velo-cardio-facial 

syndrome)  133, 254
shunt  249
shunt calculations  257–60
 data required  257–8
 formulae  258–9
 sources of error  259
sildenafi l  187
single  249
single ventricle  112–24
 catheter/surgical management  114–17
 diagnostic work-up  114
 incidence and etiology  112
 late complications  117–22
 long-term outcome  123
 management  122–3
 presentation and course  112
sinus node dysfunction, Fontan patients  

119
sinus of Valsalva aneurysms  176–8
 ruptured  177, 178
sinus venosus  249
 defects  67–8, 249–50
situs  250
situs ambiguus  218, 250
situs inversus  180, 250
situs inversus totalis  250
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situs solitus  180, 250
six-minute walk test  186
skin care  39
somatostatin  120
spironolactone  208
Staphylococcus aureus endocarditis  199
stents, intravascular  250
 anticoagulation  45
 coarctation of aorta  99
sterilization
 female  34, 171
 male  34
Sterling Edwards procedure  250
stress, travel-related  55
subacute bacterial endocarditis (SBE) see

infective endocarditis
subaortic stenosis, atrioventricular septal 

defects  89–90
subclavian artery, aberrant  218
subpulmonary ventricle  250
sudden cardiac death (SCD)
 Marfan syndrome  155
 primary pulmonary hypertension  184
 repaired tetralogy of Fallot  127, 128, 129
 sinus of Valsalva aneurysms  177
superior vena cava, persistent left (LSVC)  

245
supero-inferior heart  250–1
support groups, patient  14
supracristal  251
supraregional (national) referral center  11, 

251
supravalvar mitral ring  251
supraventricular arrhythmias  191
 anticoagulation  43
 atrial septal defects  72, 74, 75, 193
 Ebstein’s anomaly  142, 143
 Fontan patients  118–19
 pulmonary atresia with VSD  136
 tetralogy of Fallot  128

see also atrial fi brillation; atrial fl utter
supraventricular tachycardia, driving 

recommendations  57
surgery  201–5
 anesthesia  203–4
 anticoagulation and  45, 202
 Eisenmenger syndrome  171–2
 emergency, in non-specialist unit  205
 Fontan patients  204
 perioperative management  202
 postoperative issues  205
 preoperative risk stratifi cation  201
 specifi c preoperative issues  202–3

see also cardiac surgery
survival
 Eisenmenger syndrome  169

 pediatric cardiac surgery  9, 10
see also mortality

switch-conversion of transposition  251
syncope  195
 cardiovascular causes  195
 primary pulmonary hypertension  184
 recurrent, driving and  56–7
Syntocinon  27
Syntometrine  27
systemic arterial-to-pulmonary shunts  

211–12
 pulmonary atresia with VSD  135
 single ventricle physiology  114
 tetralogy of Fallot  126

TAPVC; TAPVD see total anomalous 
pulmonary venous connection

Taussig, Helen  8
Taussig-Bing anomaly  232, 252
temperature, raised body  196–7
terminal cardiac disease  62
terminal crest (crista terminalis)  230
termination of pregnancy  18, 32
tetralogy of Fallot (TOF)  5, 125–31, 252
 Brock procedure  225
 incidence and etiology  126
 investigations  129
 late complications  126–8
 long-term outcome  130
 management  129–30
 physical examination  128
 pink  126, 252
 pregnancy  23
 presentation and course  126
 pulmonary atresia variant see pulmonary 

atresia, with ventricular septal 
defect

 surgical management  126
Thebesian valve  252
thrombocytopenia, heparin-induced  46
thromboembolism
 chronic, pulmonary hypertension  182–3
 Eisenmenger syndrome  168
 Fontan patients  118, 119
 oral contraceptive-related  33
 pregnancy-related risk  19
 prophylaxis see anticoagulation
 travel-related  54–5
thromboendarterectomy  187
thrombus, intracardiac, Fontan patients  

118, 119
total anomalous pulmonary venous 

connection (TAPVC)  218–19, 251
total cavo-pulmonary connection (TCPC) 

(lateral tunnel Fontan)  114–15, 117, 
235
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 anatomy  116
 conversion to  119, 121, 122
training  12–13
transannular  252
transcatheter device closure
 atrial septal defects  72–3, 75
 patent arterial duct  149, 150
 VSDs  84
transesophageal echocardiography (TOE)
 infective endocarditis  198
 intraoperative  204
transition of care  13
transplantation  60–2, 212

see also specifi c types
transposition of great arteries (TGA)  

103–11, 253
 atrial switch see atrial switch procedure
 Baffes operation  223
 Blalock-Hanlon atrial septectomy  103, 

224
 complete (simple)  103, 104, 227, 253
 complex  253
 congenitally corrected see congenitally 

corrected transposition of great 
arteries

 Jatene procedure see arterial switch 
procedure

 long-term outcome  107
 Mustard procedure  105, 243
 pregnancy  23, 107
 presentation and course  103–4
 Rashkind procedure  103, 247
 Rastelli procedure see Rastelli procedure
 Senning procedure  105, 248–9
 Sterling Edwards procedure  250
 switch-conversion  251
travel  54–5, 57–8
Treprostinil  186
tricuspid atresia  112, 113, 253
tricuspid regurgitation, repaired tetralogy 

of Fallot  126–7
tricuspid valve
 Ebstein’s anomaly see Ebstein’s anomaly 

of tricuspid valve
 repair/replacement
  Ebstein’s anomaly  142, 143, 144
  pulmonary atresia with VSD  136
 sail sound  140, 248
trisomy 21 see Down syndrome
truncus arteriosus (common arterial trunk)  

174–5, 253
 type IV (pseudotruncus)  246
tubal ligation  34
Turner syndrome  5, 98, 253
22q11 deletion syndrome see diGeorge 

syndrome

Uhl anomaly  253
ultrasound, antenatal screening  20–2
unifocalization  254
univentricular connection (double-inlet 

ventricle)  112, 254
see also single ventricle

upstairs-downstairs (supero-inferior) heart  
250–1

VACTERL association  254
vaginal delivery  26–8
vancomycin  40
Varco, Richard  8
vascular access
 Fontan patients  204
 prolonged antibiotic therapy  199
 surgical patients  204
vascular ring  146, 254
vasectomy  34
vasodilators, pulmonary see pulmonary 

vasodilator agents
velo-cardio-facial syndrome  133, 254
venesection see phlebotomy
venous thrombosis, travel-related  54–5
ventricle repair  254–5
 one see Fontan procedure
 one and one-half (1.5)  254–5
 two  255
ventricular assist devices  62
ventricular dysfunction
 Fontan patients  119
 perioperative care  203

see also heart failure
ventricular fi brillation, driving 

recommendations  57
ventricular foramen, primary  225
ventricular imbalance  255
ventricular septal defects (VSDs)  82–6, 255
 common arterial trunk with  174
 doubly-committed  255
 Eisenmenger syndrome  83, 84, 85, 161, 162
 examination and investigations  83–4
 incidence  82–3
 inlet  82, 255
 late complications  84
 long-term outcome  86
 management  84–6
 membranous (perimembranous)  82, 255
 muscular  82, 255
 non-restrictive  83, 84, 255
 outlet (doubly committed subarterial)  82, 

255
 presentation and course  83
 pulmonary atresia with see under

pulmonary atresia
 restrictive  83, 84, 255
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 surgical management  84
 tetralogy of Fallot  125, 128
 trabecular  255
 transposition of great arteries with  108
ventricular tachycardia (VT)  192
 driving recommendations  57
 repaired tetralogy of Fallot  127, 128, 129, 

130
ventriculo-arterial connections
 concordant  228
 discordant  231
VSDs see ventricular septal defects

walk test, six-minute  186
warfarin

 embryopathy  46
 fetal risks  18, 24–5, 46
 indications  42–3, 44
 in pregnancy  46–7
Waterston shunt  126, 256
websites, useful  14–15
Williams syndrome  6–7, 92–3, 256
withdrawal method of contraception  31
Wolff–Parkinson–White (WPW) syndrome  

256
Wood unit  256
work  50

xenograft  256

Z-score, Z-value  256

ventricular septal defects (continued)




