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Preface

This book talks about congenital heart diseases in both adult and children from all aspects. It
describes the disease, pathology, treatment, complications, and follow-up with details depend-
ing on the novel research and literature review. The book not only talks about the surgical and
medical treatment, but it also talks about the laparoscopic techniques that can help in the treat-
ment. Also, it talks about the epidemiology of each disease of them and its prevalence. It
describes the genetic basis of medicine in cardiology and the diagnostic criteria for the heart
disease during pregnancy. All these topics are discussed in a scientific medical language with
appropriate illustrations and charts that make the understanding of the whole procedure easy
for all the medical doctors and healthcare workers.

This book is—to our knowledge—the first book that vastly focuses on cardiosurgical and
medical aspects of the congenital heart diseases, emerging from the significant need to fill a
defect in the related cardiology and surgical resource map and incorporate meaningful updates
regarding all aspects of the congenital heart diseases. Many books were dedicated to the sub-
ject over the years, but those were rather superficial, genetic, or pathological.

Clinical and Surgical Aspects of Congenital Heart Diseases: Text and Study Guide is com-
posed of 30 chapters, containing concise and up-to-date information.

The book contains a lot of diagrams, tables, illustrations, and figures attempting to make it
more interesting and easier to memorize by readers.

More than 200 single best answer multiple choice questions (MCQs), distributed along the
chapters, covering important aspects of the congenital heart surgery and medicine, from
embryology, epidemiology, medicine, pathology, and ultimately surgery.

There are many books that the literature currently holds books discussing congenital heart
disease in detail. But these books either talk about these topics in general or are from the aspect
of internal medicine. What we have done in our book is to talk about these topics from the
surgical perspective and cover the details of congenital heart disease in a step-by-step fashion.
Moreover, we have discussed laparoscopic surgeries in treating congenital heart disease, which
has not been covered by other books or guidelines in a range of knowledge and experience as
vast as our teams. We touch on the perfusion in congenital heart surgeries, which has not been
mentioned independently in any other book that currently exists. In this book, we are present-
ing new, unique, and sequenced surgical guidelines in treating congenital heart disease either
in childhood or adulthood with pros and cons. Detailed ways with highly organized, attractive
graphs and photos will make this book easily understandable for medical students, surgical
residents, and surgeons alike.

Thessaloniki, Greece Georgios Tagarakis
Aarhus, Denmark Ahmed Gheni Sarfan
Baghdad, Iraq Hashim Talib Hashim
Cupecoy, Sint Maarten Joseph Varney

1 September 2021
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Genetic Basis of Congenital Heart

Disease

Hashir Ali Awan and Irfan Ullah

Abstract

Most cases of congenital heart diseases (CHDs) are spo-
radic in nature and the exact causal mechanism is unknown,
but a genetic underpinning is strongly implicated. Genetic
variations occur spontaneously, but evidence of familial
diseases passing as recessive alleles is well-documented.
With advances in genetic analyses, copy number varia-
tions (CNVs), which changed thousands of bases consist-
ing of coding and noncoding sequences, were suspected as
causes behind CHD. Disruption in gene dosage leads to
altered levels of crucial proteins in heart development that
are part of transcription factor families, signaling path-
ways, or structural proteins.

Keywords

Congenital heart defects - Genetic variations -
Morphological defects - Congenital anomalies -
Aneuploidy - Copy number variations - Microdeletion

Introduction

Approximately one-third of all major congenital anomalies
in newborns are congenital heart diseases (CHDs, also
referred to as congenital heart anomalies), making them the
most commonly occurring congenital disorder [1].

Some form of CHD in 2019, representing an incidence of
2305 per 100,000 live births [2]. The incidence of CHD in
the last three decades has been relatively stable, but the mor-
tality (in both infants and adults) due to CHD has declined by
60.4% to 2.8 per 100,000 population in 2019 [2]. Due to the
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development of medical and surgical methods to alleviate the
condition, there is a great proportion of children who are able
to survive to adulthood. Consequently, as of now, there are
more adults with CHD than children [3]. Unlike other car-
diovascular disorders, no well-established preventive mea-
sures reduce the incidence (and in turn the mortality) of
CHD, and deaths can only be reduced via immediate diagno-
sis and surgical treatment. Therefore, owing to their weak
healthcare infrastructures, a relatively higher death rate due
to CHD is seen in countries with a low sociodemographic
index (SDI) [2].

The classification of CHDs is accomplished in various
ways. The subdivision into two broad categories of cyanotic
and non-cyanotic is based on whether right-to-left shunting
occurs and if the baby turns blue or not [4]. Another way to
divide it into major categories is to check for extracardiac
anomalies and conclude whether the CHD is isolated or syn-
dromic (complex) [5]. However, the International Congenital
Heart Surgery Nomenclature divided CHD into four major
defects: hypoplastic, obstructive, cyanotic, and septal [5].

Starting soon after fertilization, the development of the
heart and the associated great vessels has an intricate pro-
gression consisting of different stages closely regulated by
embryonic signaling systems on a molecular level [5, 6].
While differing in severity, congenital anomalies can occur
as a result of errors at any step that adversely impact the
developmental process. Causes of these errors are mani-
fold. The etiology of CHD can be broadly divided into
genetic and nongenetic in nature. However, the causes
behind CHD are considered to be largely multifactorial,
occurring via a contribution of both genetic vulnerabilities
and environmental influences [3, 5]. Exposure of the mother
to teratogenic substances and agents is considered a nonge-
netic and environmental factor in increasing the risk of
infants to be born with heart defects. While nonsyndromic
presentation of CHD without any extracardiac involvement
has been associated with a teratogenic etiology, confirma-
tion of a genetic origin behind some isolated heart defects
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elucidates the possibility of genetic reasons behind both
syndromic and nonsyndromic CHD [6]. In addition, an
interesting confluence of environmental factors and the
underlying genetic makeup of a person is now increasingly
being appreciated as “epigenetics” [6].

In contrast to environmental effects, multiple epidemio-
logical studies conclude that the key involvement in the etiol-
ogy of CHD is genetic in nature [5]. Genetic causes have
been implicated after recent advances in our understanding
of genomes and variations among them [7]. Whole exome
sequencing (WES) and next-generation sequencing (NGS)
have allowed valuable insight to be gained regarding patho-
genic variants causing (or associated with) CHD [3]. Various
models have been employed to illustrate the exact nature of
CHD as a genetic phenomenon. One of the earliest recog-
nized causes behind CHD was aneuploidy, usually having a
syndromic, multisystem presentation and occurring sporadi-
cally [8]. Further studies have illustrated subchromosomal
differences in the number of copies of specific genetic
sequences, called copy number variations (CNVs), that may
sometimes be pathogenic and lead to isolated or complex
CHDs [5, 6]. CNVs can be insertions or deletions of a large
number of nucleotides and are sometimes called microdele-
tions or microduplications [8]. In addition, certain mono-
genic mutations, both inherited and occurring de novo, may
lead to congenital defects as well. These may be a result of
single nucleotide polymorphisms (SNPs) or part of an inser-
tion or deletion (INDEL) of nucleotides [8]. Approximately
400 genes have been linked to the occurrence of
CHD. Alteration in these genes disturbs transcription fac-
tors, signaling mechanisms, and multiple other biological
processes in the body [9]. While some mutations, mostly
monogenic variations, are rare familial defects that are
inherited in a mendelian fashion, a vast majority of genetic
events leading to CHD are sporadic in nature [5, 8].

In addition to sporadic genetic events leading to CHDs,
the presence of rare familial genetic variations is tantamount
to the presence of a genetic source of CHD [5]. Autosomal
dominant, autosomal recessive, and X-linked inheritance
patterns of monogenic mutations have all been identified in
families with recurring isolated or complex cardiac defects
[6]. Furthermore, the relatively greater incidence of identi-
fied familial CHDs in regions with high consanguinity
explains the presence of recessive alleles that have more
chances of manifesting in such settings. Most studies on con-
sanguineous unions have indicated a greater likelihood of
children developing nonsyndromic CHDs [10]. Consequently,
the risk and incidence of CHDs increase with how closely
related the parents are to each other [11]. Moreover, there is
nearly three times greater chance of both monozygotic twins
(with identical genetic makeup) having CHD than the chance
of both dizygotic (non-identical) twins [11], further show-
casing the presence of recessive alleles and a genetic contri-

bution to CHD. On the other hand, the existence of dominant
alleles due to CHD has also been described. Most of the
cases occur sporadically, and mutations are hypothesized to
arise de novo without a mendelian inheritance pattern.
Dominant mutations of certain genes are generally consid-
ered to impart a more deleterious effect, and affected indi-
viduals are prone to negative evolutionary selection [5].
Since the severe phenotypic effect of these dominant alleles
may affect the viability of the fetus and also, to some extent,
dictate the probability of individuals surviving until the
reproductive age, a lower incidence of such traits is seen
recurring consecutively in offspring and running in families
in an extended pedigree [6, 8]. Therefore, it can be concluded
that a major subset of the reported cases of CHDs caused by
dominant alleles are not due to inherited mutations but rather
caused by de novo alterations in the specific genes [5, 6]. In
fact, an NGS study revealed that the prevalence of de novo
autosomal dominant variants is four times higher (8%) than
the prevalence of inherited recessive variants [3].

A challenge in accurately ascertaining the role of each
genetic variation and correlating them with one subdivision
of heart defects is the heterogeneity observed in cases of
CHD. The same genetic variant in different subjects leads to
widely varying phenotypes, depicting differing expressivity
of specific mutations even among families [6, 9]. Furthermore,
a variable penetrance of known disease-associated genetic
variants presents as individuals carrying those variants with
no defect [9]. This heterogeneity indicates the possible role
of other genetic and nongenetic factors that result in vast
diversity in disease presentation.

Aneuploidy

Aneuploidy is an abnormality in the total number of chromo-
somes. Aneuploidies were one of the earliest recognized
causal factors that formed a genetic basis for CHD [8]. Fetal
aneuploidy is associated with nearly one-third (33%) of all
CHD [12]. Another study estimates that one out of eight chil-
dren with CHD has a chromosomal abnormality, including
aneuploidies [13]. The addition or removal of an entire chro-
mosome causes a “bulk’ gain or loss of genes [5] that invari-
ably exerts a wide range of cardiac and extracardiac effects.
This is shown by an overwhelming 98% of fetuses with CHD
and aneuploidy showing at least one extracardiac irregularity
[12]. Furthermore, aneuploidy presumably affects viability
of fetuses as the prevalence of aneuploidy is considerably
higher in fetuses with prenatally diagnosed CHD than in
neonates born with CHD [8]. In addition, due to the rela-
tively large size of the genetic change in aneuploidies, a tar-
geted gene or sequence of genes cannot be accurately
determined to be responsible for cardiac anomalies [5].
Similarly, a wide range of phenotypical presentations are



Genetic Basis of Congenital Heart Disease

associated with each aneuploidy, and virtually any anomaly
can result from each aneuploidy [8, 14]. Nevertheless, spe-
cific phenotypes of CHD are notably linked with certain
aneuploidies [8].

Multiple aneuploidies are associated with CHD. These
include Down syndrome (trisomy 21), Turner syndrome
(monosomy X), Patau syndrome (trisomy 13), and Edwards
syndrome (trisomy 18). Up to half of all cases of Down and
Turner syndromes and nearly all cases of Patau and Edwards
syndromes will show a cardiac anomaly at birth [5]. Down
syndrome and Turner syndrome have the greatest incidence
among aneuploidies that cause CHD [6].

Trisomy 21 (Down Syndrome)

Down syndrome (DS) (trisomy 21) is the most common
aneuploidy overall and the most commonly associated aneu-
ploidy with CHD [3]. It is caused by a child having an extra
copy of the 21st chromosome. Also, 62% of the diagnosed
CHD cases with an aneuploidy were children with DS [15].
An estimated 44% of all DS cases are predicted to have car-
diac anomalies [16]. A population-based study in Atlanta
revealed that atrioventricular septal defects (AVSDs) were
the most commonly occurring defect in DS infants [17].
Similarly, a Moroccan retrospective study also asserted that
the most common phenotype of CHD found in children with
DS was AVSD [18]. Genetic analyses have identified various
genes on chromosome 21 that may have a pathogenic role to
play in causing CHD in DS. Some of the most important
genes are DSCAM and COL6A2 [8, 19]. Interestingly,
experimental studies revealed that overexpression of
DSCAM and COL6A2 together is responsible for defects in
cardiac morphology, and each gene when overexpressed
individually fails to elicit a reaction.

Monosomy X (Turner Syndrome)

“Turner syndrome (TS) is characterized by a partial or com-
plete absence of one X chromosome and is often referred to
as Monosomy X,” and 23-50% of children with TS may
have a cardiac anomaly [20]. Like DS, TS also has a pre-
dominant association with certain phenotypes, most notably
left-sided obstructive heart defects and aortic anomalies. As
many as 30% of all CHDs in TS may be bicuspid aortic valve
(BAV) [20]. In fact, an individual with TS is 30-60 times
more likely to have a BAV than a female with no aneuploidy
[20]. It is theorized that the reason behind the majority of
cardiac defects in TS being aortic in nature are possibly due
to genes present on the short arm of the X chromosome that
regulate the formation of the aortic valve or the aorta [21].

Copy Number Variations

CNVs are en masse insertions or deletions (microdeletions)
of more than 1000 bases (1 kb) up to several million bases
(several Mbs). The number of copies of each gene sequence
differs between individuals, and CNVs may alter their quan-
tity [5, 22]. These subchromosomal aberrations can be harm-
less or harmful, depending on whether they alter gene
dosage, consist of coding or noncoding regions, or have been
associated with a syndrome [5, 23]. Some CNVs, however,
have been identified to have a pathogenic effect and contrib-
uting to cardiac anomalies at birth [8, 24]. While CNVs can
be inherited, most occur de novo as demonstrated by genetic
trio studies [22, 25]. Multiple cohort studies investigating
particular heart defects have shown affected individuals hav-
ing considerably higher CNVs than healthy controls [8]. A
study involving 422 subjects with CHD found that CN'Vs are
more frequently found in children with CHD than in children
without any anomaly [26]. Despite the genetic diversity of
the human population, new technologies like WES and
advanced cytogenetic analysis methods have allowed rapid
progress in identifying variations in the number of copies of
each sequence [8], and CNVs are now increasingly being
recognized as an important contributor to the incidence of
CHD [27]. Subsequently, several clinical syndromes involv-
ing cardiac anomalies have now been related to CNVs.
Additionally, CNVs are linked with a considerably greater
risk of nonsyndromic CHDs [28]. In line with this, it is esti-
mated that children with pathogenic CNVs have a 2.55 times
greater risk of having an isolated CHD than unaffected chil-
dren [26]. Similarly, affected children with CNVs are 3.43
times more vulnerable to death or transplant [26].

Microdeletions are traditionally believed to be more dam-
aging as alterations in gene dosage would cause haploinsuf-
ficiency in relation to genes that are known to be involved in
cardiac development [3, 14]. Consequently, morphological
defects may result due to perturbation in the developmental
process. However, in microdeletions that result in a syn-
dromic or multisystemic presentation, it is unclear whether
the loss of a particular gene in the CNV has pleiotropic
effects on the phenotype or the resultant pathology is due to
a collective and contiguous loss of multiple genes with
altered gene dosage of each causing a certain component of
the phenotype [3, 14].

22q11.2 Deletion Syndrome

One of the most common microdeletions (~3 Mb) is the
22q11.2 deletion syndrome (22q11.2DS), causing cardiac and
extracardiac defects [22, 29], and 90-95% of 22ql11.2DS
cases occur sporadically, with deletions occurring de novo in
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the proband without either parent showing the CNV [21].
While 22q11.2DS is a distinct entity, a vast majority of its
features overlap with DiGeorge syndrome and velocardiofa-
cial syndrome [3]. It is estimated that a 22q11.2 deletion is
found in 1.9% of all children with cardiac malformations at
birth [30]. On the other hand, among those with a 22q11.2
deletion, a vast majority (81%) have CHD [21]. Phenotypically,
22q11.2DS is highly correlated with conotruncal abnormali-
ties in the heart, most commonly presenting as tetralogy of
Fallot [30]. Moreover, a considerable proportion of individu-
als with aortic arch defects show a 22q11.2 deletion. Up to
48% of patients with an interruption of the aortic arch (IAA)
and 35% of patients with a truncus arteriosus (TA) have an
underlying 22q11.2 deletion [8]. Out of 30 genes impacted by
the 22q11.2 deletion, one of the most crucial genes is TBX1,
encoding for a T-box transcription factor that plays an impor-
tant role in the development of the second heart field (con-
cerned with the formation of the right ventricle and the outflow
tract) [9, 14]. Mouse models investigating mutations that lead
to loss of function or total loss of the TBX1 gene have depicted
serious cardiac problems comprising conotruncal defects [31].
Other genes of interest that are lost in 22q11.2DS are CRKL
and DGCRS [29, 32].

Other Common CNVs

The 7q11.23 deletion causing the Williams syndrome leads
to the haploinsufficiency of nearly 25 genes, including the
ELN gene that codes for elastin [5, 14]. The deleterious
effect of the ELN gene has been implicated as the causal fac-
tor behind the appearance of cardiac anomalies such as
supravalvular aortic and pulmonary stenosis as a component
of the syndrome [3, 33]. Nevertheless, due to a contiguous
loss of genes, Williams syndrome also exhibits phenotypic
variability [3]. Furthermore, terminal deletion in the long
arm of chromosome 11 causing Jacobsen syndrome [34] has
been associated with multiple phenotypic presentations.
Importantly, the frequency of individuals with Jacobsen syn-
drome that show hypoplastic left heart syndrome (HLHS) is
considerably greater than the general public [35].
Additionally, other CNVs have also been implicated in syn-
dromic and nonsyndromic CHDs such as 8p23.1 deletion
(affecting GATA4 gene), 1p36 deletion, 15q11.2 deletion,
1g21.1 deletion (affecting GJAS gene), and 1g21.1 duplica-
tion (affecting GJAS gene) [3, 5, 22].

Single-Gene Variations

Most commonly, SNPs and INDELSs cause point mutations,
or single-gene variations, in the genome [3, 5]. Some of
these mutations have a loss of function (LOF) or inactivating

impact, leading to haploinsufficiency [5]. As a result, the
gene dosage and the subsequent protein dosage are lowered,
disrupting the normal processes involved in heart develop-
ment [8]. Point mutations of different genes may lead to
either syndromic or nonsyndromic phenotypes.

Syndromic Single-Gene Variations

Several mutations have been implicated in the causation of
CHD that occurs as a component of a larger syndrome. While
many syndromes have been described, some of the important
and more prevalent syndromes include Alagille syndrome,
Holt—Oram syndrome, and Noonan syndrome.

Alagille Syndrome

“Alagille syndrome (AS) is a multisystemic autosomal dom-
inant disorder that exhibits cardiac and extracardiac abnor-
malities” [36]. Different subsets of CHD are found in
90-97% of all patients with AS. Arterial stenoses are over-
represented in individuals with AS, but other morphological
defects like TOF are also common [3]. Pathogenic mutations
in the JAGI1 gene constitute the largest proportion of genetic
changes responsible for AS, followed by the NOTCH?2 gene
[3]. A study in Philadelphia investigated genetic variants in
clinically diagnosed AS patients and reported that 94.3% of
their cohort had a mutation in JAGI and only 2.5% had a
mutation in the NOTCH2 gene [37]. Both genes encode
ligands in the NOTCH signaling pathway that plays a vital
role in lineage differentiation [14].

Holt-Oram Syndrome

“Holt—Oram syndrome (HOS) is an autosomal dominant dis-
order characterized by congenital defects in heart morphol-
ogy along with upper limb anomalies and is sometimes also
referred to as the ‘heart-hand’ syndrome” [38]. Associated
with a wide range of cardiac phenotypes, HOS typically
presents as a septal defect. A retrospective study of 212
patients of HOS to ascertain the genotype-phenotype corre-
lation documented atrial septal defects (ASDs) as the most
common cardiac phenotype of the disorder, occurring in
61.5% of the patients [39]. From a molecular perspective,
HOS most commonly arises from a LOF mutation in the
TBXS gene [8, 39]. TBXS (like TBX1 in 22q11.2DS) is a
transcription factor belonging to the T-box family [14]. A
cross-sectional study found that 74% of all patients with
HOS had a mutation of the TBXS gene [40]. TBXS is espe-
cially important for the development of limbs, the cardiac
septum, and the heart’s conduction system [3, 8].

Noonan Syndrome
Noonan syndrome (NS) is also an autosomal dominant dis-
order that has a multiorgan presentation with cardiac, neuro-
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development, and other abnormalities. It is considered to be
the second most common syndrome causing CHD after DS
[41]. More than 80% of individuals with NS have at least one
form of cardiac anomaly [42]. Like other genetic syndromes,
NS also exhibits inconsistent expressivity in terms of the
phenotype, but the most common congenital heart defect
recorded is pulmonary valve stenosis [42, 43]. On a genetic
level, NS is most commonly associated with rare gain-of-
function (GOF) mutations in the PTPN11 gene, accounting
for half the cases [44]. PTPN11 encodes for proteins that, via
a series of reactions, affect the RAS/MAPK (mitogen-
activated protein kinase) signaling pathways that are vital for
cell differentiation and survival [14]. This is also the reason
why NS is sometimes referred to as a “RASopathy” [3, 21].
Apart from PTPN11, mutations in 12 other genes playing a
crucial role in the RAS/MAPK pathway are linked to the
causality of NS [45].

Nonsyndromic Single-Gene Variations

Functional alteration of specific genes via mutations may
also present in an isolated manner without any extracar-
diac anomalies. Three categories of single-gene variations
have been highlighted by observing which functional pro-
cess or protein they alter: transcription factors, signaling
pathways, or structural proteins [5]. Several gene families
have been implicated in each category. In transcription
factors most commonly affected by mutations, the GATA
family of zinc-finger factors, T-Box transcription factors,
NKX2-5 genes for homeobox transcription factors, and
FOX family encoding for Forkhead box factors have been
considered most important in organogenesis including the
heart [7, 9]. Signaling pathways such as the Wnt/f-catenin,
NOTCH, Nodal, Sonic Hedgehog, and the RAS-MAPK
channels have been known to play a crucial role in the
development of the heart, especially looping and cell dif-
ferentiation, and have been frequently associated with
mutations that result in congenital defects [8, 21]. While
research on structural proteins is still limited, genes encod-
ing for elastin (ELN), myosin heavy chains (MYH6 and
MYH?7), and cardiac actin (ACTC) have been studied, and
known mutations in these genes have caused cardiac
anomalies at birth.

Multiple Choice Questions (MCQs)
1. Among the following, which cardiovascular disease has
no well-established preventative measures?
A. Ischemic heart disease
B. Peripheral artery disease
C. Congenital heart disease
D. Cardiomyopathy

. According to the International Congenital Heart Surgery

Nomenclature, how many major subdivisions of heart
defects exist?

A. One

B. Two

C. Three

D. Four

. Which one of the following is not part of the subtypes

defined by the International Congenital Heart Surgery
Nomenclature?

A. Hypoplastic

B. Conotruncal

C. Cyanotic

D. Obstructive

. Term describing the confluence of environmental factors

and the underlying genetic makeup of a person is:
A. Ectogenetics

B. Envirogenetics

C. Metagenetics

D. Epigenetics

. Which of the following is not a subchromosomal genetic

basis for congenital heart disease?
A. Insertion

B. Deletion

C. Aneuploidy

D. Copy number variation

. Approximately how many genes have been linked to

occurrence of congenital heart disease?
A. 400

B. 800

C. 1200

D. 1600

. Aneuploidy can be defined as:

A. Abnormality in the quality of chromosomes

B. Abnormality in the quantity of chromosomes
C. Abnormality in the quality of sex chromosomes
D. Normal number of chromosomes

. Down syndrome is caused by an individual having an

extra copy of which chromosome?
A. 17

B. 35

C. 21

D. 8

. Monosomy X caused which syndromic disease?

A. Patau syndrome

B. Edwards syndrome
C. Turner syndrome

D. Klinefelter Syndrome

. Most common type of heart defect associated with Down

syndrome is:
A. Conotruncal abnormalities
B. Hypoplastic defects
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C. Tetralogy of Fallot C. DiGeorge syndrome
D. Atrioventricular septal defects D. Holt—Oram syndrome
11. Disruptions in which gene(s) have been implicated in 20. The “heart-hand syndrome” is caused by a mutation in
the occurrence of heart defects in Down syndrome? the TBX5 gene. What type of protein does it encode
A. DSCAM for?
B. COL6A2 A. Signaling pathway protein
C. Both DSCAM and COL6A?2 together B. Cardiac structural protein
D. Neither DSCAM nor COL6A2 C. Transcription factor
12. Bicuspid aortic valve (BAV) is associated with which D. Cardiac enzyme
aneuploidy? 21. Noonan syndrome is also referred to as a:
A. Patau syndrome A. Cardiopathy
B. Down syndrome B. Cardiomyopathy
C. Edwards syndrome C. RASopathy
D. Turner syndrome D. Neuropathy
13. Copy number variations (CNVs) include deletions or 22. What kind of mutation in the PTPNI11 gene leads to
insertions of at least how many bases? Noonan syndrome?
A. 10 A. Gain-of-function (GOF)
B. 100 B. Loss-of-function (LOF)
C. 1000 C. Inactivation
D. 10,000 D. Switch-of-function (SOF)
14. What is the size of microdeletion leading to 22q11.2 23. Which of the following does not encode for a cardiac
deletion syndrome? structural protein?
A. ~3Kb A. ACTC
B. ~3 Mb B. MYH6
C. ~30Kb C. ELN
D. ~30 Mb D. GATA4
15. TBX1 gene is impacted in which of the following 24. Which of the following is not a family of transcription
CNVs? factors associated with congenital heart disease?
A. 22ql11.2 deletion A. T-Box
B. 8p23.1 deletion B. RAS/MAPK
C. 1g21.1 deletion C. GATA
D. 7q11.23 deletion D. FOX
16. TBX1 gene plays an important role in the development 25. A vast variety of single-gene variations and genetic
of the: events leading to congenital heart disease are of what
A. Cardiac valves nature?
B. Primary heart field A. Inherited
C. Secondary heart field B. Familial
D. Cardiac septum C. Sporadic
17. 7q11.23 deletion causing Williams syndrome causes dis- D. Environmental
ruption in which of the following gene sequences?
A. CRKL Answers
B. GATA4 1. C
C. TBX1 2. D
D. ELN 3.B
18. Alagille syndrome is mostly caused by a single-gene 4. D
variation in which gene? 5. A
A. NOTCHS 6. A
B. ELN 7. B
C. TBXS 8. C
D. JAGI 9. C
19. The actual name of the “heart-hand syndrome” is: 10. D
A. Noonan syndrome 11. C
B. Alagille syndrome 12. D
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Abstract

Understanding the epidemiology of congenital heart
defects is crucial because of their high prevalence, their
effect on the healthcare system, and the fact that better
health policy recommendations can be derived from this
knowledge. Despite recent improvements in surgical
techniques and diagnostic tools, this major health issue
continues to account for a high percentage of deaths and
hospitalizations. It is possible that the varying prevalence
of congenital heart defects across the globe is due to
regional variations in multifactorial risk factors or to the
unequal availability of healthcare services in some parts
of the world. It is worth noting that there is substantial
variation regarding the occurrence of the various major
types of heart defects between different studies.
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Introduction

“Congenital heart disease (CHD) refers to a group of con-
genital malformations that affect the heart and/or the great
vessels and are apparent at birth but not always obvious from
a clinical perspective.” In the past, only a small fraction of
patients with extreme cases of these diseases made it to
adulthood [1].

“It is the most prevalent form of congenital anomaly in
newborns.” Due to the severity of its comorbidities and the
extensive medical care it necessitates, CHD is a global health
concern. In 2004, well over 46,000 people of varying ages
were admitted to hospitals in the United States due to heart
defects, and these conditions were responsible for a substan-
tial $1.4 billion in medical spending [2].

In recent decades, there has been a shift in the mortality
rate and prevalence of heart defects, which has been accom-
panied by the development of new and better diagnostic
techniques, improved management, and a deeper under-
standing of cardiac physiology and pathology [3].

Among all forms of congenital abnormalities, heart
defects are by far the most fatal to infants [4]. As they
account for 30-50% of all birth defect-related deaths in
young children and infants, heart defects are among the
most common birth defects that result in fatalities [5—8].
Two-fifths of all CHD cases are considered “critical” [9].
Infants with critical congenital heart defects (CHDs) need
immediate medical attention in the form of either surgery
or a catheter-based intervention [10]. When it comes to
infants who have a critical heart defect, any delay in the
diagnosis of a critical heart defect in infants can increase
not only the risk of mortality but also the likelihood of
developing future complications [11].
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Prevalence

The number of living patients who are diagnosed with a par-
ticular illness or condition during a given time period is the

Prevalence =

No.of cases with specific disease / condition

primary factor that determines a disease’s prevalence. In
terms of statistics, it is possible to determine it by using the
formula which is as follows [3]:

x10"

Totalno.of population

The birth prevalence of heart defects has increased dra-
matically over the past few decades, as it is now 9 for every
1000 live births, whereas previous reports indicated that
there was only 1 for every 1000 births in 1930 [12]. Because
the yearly number of births across the globe is approximately
150 million births, this equates to 1.35 million live births
each year that are affected by CHD [13]. In light of this, it is
the duty of the health system to work toward minimizing the
incidence of heart defects. This emergence in birth preva-
lence might not actually represent a true upsurge; rather, it
might be the result of advances in diagnostic and screening
technology. Additionally, advancements in the field of sur-
gery have contributed significantly to the dramatic rise in the
patient survival rate and life expectancy [14, 15]. Due to the
variety of approaches taken by epidemiologists, it is chal-
lenging to access and evaluate data on birth prevalence by
region [16]. In developing nations in particular, there may be
a substantial sampling bias due to regional variations in
healthcare availability and quality [17].

Although CHD is on the rise across all age groups, from
children to adults, more adults are affected by the disease
because a more severe form of CHD is more common in
adults [18, 19]. A new phenomenon, adult congenital heart
disease, has emerged as a direct result of the improved care
given to CHD patients from birth (discussed further on in
this chapter) [12].

Etiology

Large epidemiological studies have allocated data concern-
ing the risk factors attributable to CHD in order to better
understand the underlying cause and the likely factors
involved in preventing the development of CHD to some
extent or to be able to implement preventative health
measures to reduce the incidences of CHD as it puts a major
strain on the healthcare system and the families as well [20].

The predominant etiological factor responsible for CHD
is not clear, as it is caused by multiple factors [21]. Only
about 15% of children born with heart defects have chromo-
somal abnormalities that can be identified, like Down syn-
drome [22, 23]. It is estimated that 3—5% of all heart defect

cases are induced by single-gene defects, which are also
often linked to multiple other types of birth defects [24-26].

It is likely that nonsyndromic heart defects, which account
for the vast majority of cases, are brought on by the interac-
tion of a number of environmental and genetic factors [21,
27, 28].

Mortality and Survival Rate

Numerous CHD patients have been able to live longer due to
medical advancements, but despite such achievements, CHD
persists as the major cause of death among birth defects [29].

Major improvements have been made in the past decades
regarding the survival of patients with severe defects due to
CHD [30]. Furthermore, the majority of deaths caused by
CHD occurred in younger children; this highlights the
importance of early detection and prevention policies [31].

Patients with isolated noncritical CHDs have a markedly
increased chance of surviving for at least a year, especially in
comparison to those with isolated critical CHDs; further-
more, their chances of living into adulthood (i.e., beyond the
age of 18) are much higher. It is important to note that a
series of major prognostic factors, such as birth era and
weight at birth, have a considerable influence on the survival
of patients who have critical congenital heart disease [32].

When compared to the past, the relative contributions of
various causes to patients’ deaths from congenital heart dis-
ease have also shifted [3]. Even though there was a compara-
tive rise in the number of deaths that were caused by
myocardial infarction over the course of the past few decades,
arrhythmia continues to be the primary contributory cause of
death in patients who have CHD [30].

Classification of Congenital Heart Disease

The research on CHD has supported a wide variety of differ-
ent classification schemes over the years. In spite of this, we
will divide CHD into two categories in this chapter, cyanotic
and acyanotic, depending on whether or not a blood shunt is
present [33-36].
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Acyanotic Congenital Heart Disease

Ventricular Septal Defects

With an approximate prevalence of 1 in every 250-300 live
births, ventricular septal defects are among the most com-
mon forms of heart defects in children [12, 37, 38]. VSDs are
less common in adults because 75% of them either heal on
their own by the time a child enters school or are surgically
repaired by then [39].

The clinical manifestations of ventricular septal defects
can differ among individuals based on the size of the defect
and the impact of the shunting [38].

Small VSDs typically exhibit no symptoms and are dis-
covered coincidently during a clinical examination, while
patients with large-sized defects have a greater risk of devel-
oping heart failure at a young age [40].

Atrial Septal Defects
Nearly 10% of heart defect cases are due to atrial septal
defects, and their prevalence at birth ranges from about
1-2 in every 1000 live births [12, 37, 41, 42]. Also, 7-10% of
all CHD and 20-40% of all recently diagnosed adult CHD
are attributable to ASD, making it one of the more commonly
detected acyanotic congenital heart defects detected in adults
[43, 44]. Earlier incidence studies relied on surgical methods
or autopsy to diagnose ASD; this has likely changed since
the widespread adoption of echocardiography to diagnose
cardiac defects in the last few decades [45].

Depending on the size of the defect and any related congeni-
tal defects, the clinical manifestations can extend from asymp-
tomatic to cases with serious cardiac comorbidities [46].

Patent Ductus Arteriosus

Approximately 10% of all people born with heart defects
have PDA, and approximately twice as many females as
males are affected by the condition [12, 37].

Within 48 h of birth, the ductus arteriosus will have
actively constricted and obliterated itself, a process that
seems to be reliant on the levels of prostaglandins and oxy-
gen [47, 48].

The clinical manifestations of patient populations with
PDA are determined by the size of the defect in addition to
the intensity of blood shunting, as newborns with small
PDAs are frequently asymptomatic and PDAs are coinciden-
tally discovered. However, in patients with larger PDAs,
more severe symptoms can occur [49].

Cyanotic Congenital Heart Disease
Tetralogy of Fallot

“Tetralogy of Fallot (TOF) is the most common cyanotic
congenital heart disease following infancy, with an incidence

of 4 to 5 per 10,000 live births” [12, 50]. TOF accounts for
1/3 of heart defect cases in patients under 15 years old, while
the estimated prevalence of the condition in adults is some-
where between 1 in 3000 and 1 in 4300 people [51].

Genomic research has shown that 22q11.2 deletions may
be present in some people with TOF [52].

Transposition of the Great Arteries

“TGA can be recognized by the fact that the aorta and the
pulmonary arteries originate from the right ventricle and the
left ventricle of the heart, respectively” [53].

The prevalence rate of TGA, which is anticipated to be
between 2.3 and 4.7 per 10,000 live births, places it among
the most common cyanotic heart defects in newborns [37,
54]. Around 20% of cyanotic heart defects are caused by it,
and it accounts for nearly 3% of all CHD cases [37].

The mortality rate for TGA is high; 90% of cases are
potentially lethal within the first year [55]. However, this rate
has been falling in the past few years due to the development
of effective surgical intervention; today, the survival rate for
patients who received arterial switch operation is almost
90% after 20 years [56].

Adult Congenital Heart Disease

The burden of congenital heart disease (CHD) has transi-
tioned from children to adults as a result of recent advance-
ments in diagnostic techniques and management of the
condition. In the past, CHD was regarded as a condition of
children because most newborns who were born with a
severe type of condition did not live to become adults [57].
The adult population with heart defects is expanding at a
faster rate than the pediatric population, which has important
implications for the treatment of adults [58].

In 2010, 1.4 million adults with CHD were living in the
United States, with 160,000 having a severe form of the dis-
ease [59].
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Diagnosis of CHD During Perinatal Life
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Abstract

The purpose of this chapter is to discuss the essentials of
using ultrasound in screening for cardiac diseases prena-
tally, so we can detect them earlier and take action. All
pregnancies (low and high risk) go through standard
obstetric ultrasonography; nevertheless, diagnosing struc-
tural heart problems remains challenging and requires
collaboration among teams of cardiologists and special-
ists in fetal ultrasonography. This chapter provides an
overview of fetal ultrasonography and the views required
to make a perinatal CHD diagnosis. Furthermore, the
characteristics of each defect on fetal ultrasonography
have been discussed.
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Introduction

The anatomical or functional abnormality of the heart or
other major arteries at birth is known as congenital heart dis-
ease (CHD). It is the most frequent congenital anomaly that
affects roughly 8—10 out of every 1000 living births and full-
term birth. It may be even ten times greater in pre-term
babies amounting to 8.3% [1]. In such a situation, survival,
morbidity, and the medical care required depends on the time
of diagnosis, treatment delay, and the severity of the CHD. As
aresult, it has been proven that diagnosing a curable CHD in
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the womb reduces the risk of perinatal morbidity and mortal-
ity. Routine obstetric ultrasounds can give suspicion of a
congenital cardiovascular defect which can later be con-
firmed by a fetal echocardiogram. However, CHD has a
varying range of detection rates, and the examiner’s experi-
ence, maternal weight, the effect of the presence of scars in
the abdomen, age of gestation, transducer frequency, AFI
(amniotic fluid index), and position of the fetus can all con-
tribute to this variation.

General Considerations for a Fetal Cardiac
Scan

A cardiac exam of the developing fetus is most effective in
the period of 18-22 weeks of pregnancy. Several defects can
be detected during the end of the first and the beginning of
the second trimesters of pregnancy, particularly when there
is high nuchal translucency. Despite the highly recognized
utility of the “four-chamber view,” it should be kept in mind
that early detection of CHD is not always possible with this
single scanning plane. Hence, a thorough cardiac examina-
tion should be performed. The diseases not detectable by this
single scanning plane include “transposition of great arter-
ies” (TGA) and “coarctation of aorta.”

Views of a Fetal Cardiac Scan

A basic fetal cardiac scan should include some recommended
views that include

1. Four chamber views
2. Right ventricular outflow tract view (RVOT)
3. Left ventricular outflow tract view (LVOT)
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Additional views can be performed if a complex fetal car-
diac scan is required. These views include the following:

. Bicaval view

. Aortic arch view

. Three-vessel trachea view
. Three-vessel view

. Diaphragmatic view

W B W N =

Basic Fetal Cardiac Scan

The basic fetal cardiac scan includes a general overview of
the whole fetal heart and involves checking the following
characteristics [2].

General View

1. Normal cardiac situs, position, and axis

2. Four cardiac chambers

3. Position and location of the heart in the chest (should be
most toward left)

4. Presence of pericardial effusion or hypertrophy

Atria

1. Atria that are approximately the exact same size

2. Presence of flap of foramen ovale in the left atrium
3. Presence of “atrial septum primum”

Ventricles

1. Ventricles that are approximately the exact same size
2. Intact ventricular septum

3. Right ventricular apex moderator band

4. No cardiac wall hypertrophies

Atrioventricular Walls

1. Both valves have free movements and are open.

2. The leaflet of the tricuspid valve enters closer to the apex
of the heart than to the mitral valve at the ventricular
septum.

Four-Chamber View of the Heart

It is one of the most important and basic planes of the heart.
It is a part of the basic cardiac fetal scan and involves the
assessment of the principal structures of the heart, its con-
tractility, and its size in addition to its thythm. The assess-
ment of cardiomegaly is done by measuring the cardiothoracic
ratio in small fetuses.

The shape, size, and function of each chamber should also
be assessed. RA has an appendage that is pyramidal in shape
with a broad base. The inferior vena cava opens into the RA.
LA is more to the posterior side and is known by its “finger-
like” appendage. Foramen ovale and the pulmonary veins

further help identify the left atrium. The foramen ovale
moves toward the LA from the RA in the case of normal fetal
circulation as the blood that has been fully oxygenated moves
from the RA after being received from the ductus venosus
into the inferior vena cava.

The ventricles, on the other hand, are separated by an
inter-ventricular septum, which should be evaluated for any
defects, such as “ventricular septal defects” (VSDs). The
ventricle septum is twice the length of an atrial septum, and
additional scans or planes should be used to properly assess
for a VSD. The continuity of the aorta with the septum
should be looked for in the LVOT view [3].

The right ventricle appears trabeculated due to a modera-
tor band in the retro-sternal location. Moreover, the lumen of
the RV is also shorter than the LV.

Heart rhythm and rate are also to be assessed, with the
normal heart rate being 120-160 bpm. However, there are a
few exceptions as the age of the fetus varies. For example, a
mild bradycardia can be observed in normal second trimester
fetuses. Some fetuses may suffer from fixed bradycardia i.e.,
below 110 bpm, and they need a thorough evaluation for
heart block. Various conditions can also result in tachycar-
dia, so the fetus should always be evaluated for fetal distress
or any other tachyarrhythmia [3].

Left Ventricular Outflow Tract View

In general, views of the outflow tract could be approached by
first identifying the origin of the major arteries, which is
accomplished by sliding the transducer cephally (toward the
fetal head). The aortic root and the trunk make up the LV
outflow tract. The “LVOT view” helps in

* Confirming the morphological origin of aorta from the Lt
ventricle as a continuation of septum

e Performing a detailed evaluation of the aortic valve for its
mobility and size

e Thickness of the inter-ventricular septum (normal size
ranging from 2 to 4 mm)

e Tracing the aortic arch and the three branches that arise
from it

» Identifying the conotruncal abnormalities

» Identifying ventricular septal defects

In the LVOT view, the following points should be ensured:

e A smooth ventricular contour

e Origin of the head and neck vessels from the aortic arch
e Anterior aortic wall and septal continuation

e Aortic angle with the septum

e Septal thickness
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In the case of L-TGA, on prenatal USG:
e On view of the four chambers, a moderator band is
The main pulmonary artery (PA) and the pulmonary conus seen on the left-sided ventricle.
make up the RV outflow tract (RVOT). The PA normally * The aorta is located anteriorly and in the same time to
crosses the ascending aorta, but in the case of TGA, they run the left of the pulmonary artery.
alongside each other. The pulmonary trunk should also be
confirmed arising from the right ventricle. This can be done
by “the great arteries short-axis view” that also shows right
and left pulmonary artery bifurcation.

Right Ventricular Outflow Tract View

Right Heart Defects

1. Pulmonary Atresia
Based on fetal ultrasonography,

Fetal Congenital Heart Diseases e On view of the five chambers, an immobile and a
thickened pulmonary valve could be recognized.
Conotruncal Anomalies * By color Doppler, an opposite flowing from the ductus

arteriosus into the pulmonary artery also signifies pul-

1. Teratology of Fallot monary atresia.

It is the most common cyanotic congenital heart dis-
ease in children. The four main characteristics of TOF
include
* An “overriding” aorta
e Infundibular stenosis of the pulmonary valve
e RVH
e VSD

Prenatally, in the case of TOF on USG:

e The “five-chamber view” and the “basal short-axis
view” can help identify the defect as it can show the
overriding of the aorta and a possible VSD at the
outlet.

e Prenatally, the “four-chamber view” is normal.

e In the 3VT view, a larger aorta and a smaller pulmo-
nary artery can be noticed.

e Prenatally, hypertrophy of the right ventricle cannot be
identified.

. The Transposition of Great Arteries (TGA)

The transposition of great arteries is characterized by
anomalous origin of both the pulmonary artery from the
left ventricle and subsequently the aorta from the right
ventricle.

It is mostly associated with a VSD. The TGA is classi-
fied into two main classes:

e D-TGA (Dextro-TGA)

* L-TGA (Levo-TGA)

In the D-TGA case, on USG prenatally:

e Normal view of the four chambers.

e The view of the five chambers shows the abnormal ori-
gin of the pulmonary artery from the left ventricle and an
abnormal origin of the aorta from the right ventricle.

e In 3VT viewing, a left pulmonary artery posteriorly
and right aorta anteriorly can be detected.

* On a3V view, the pulmonary artery is always smaller
than the aorta.
The features of the right ventricle vary according to

the type of changes in the tricuspid valve:

* The RV can be hypoplastic in the case of PA and TV
stenosis.

* The RV will be enlarged in the case of an incompetent
tricuspid valve.

. Pulmonary Stenosis

Based on fetal ultrasonography,

* Normal view of the four chambers.

e On view of the five chambers, an abnormal echo-
genicity of the pulmonary valve can be appreciated.
For such high-risk patients that show echogenic abnor-

malities of the pulmonary valve or are suffering from

rubella syndrome, a referral for further flow investigation
by Doppler should be done.

. Tricuspid Atresia

Based on fetal ultrasonography,

e On view of four chambers, an immovable and hyper-
echoic tricuspid valve can be identified.

* On color Doppler, during diastole a lack of flow is
detected across the tricuspid valve.

Tricuspid stenosis can easily be identified prena-
tally, but serial ultrasounds are required to establish
the LV function and to rule out any other RV flow
obstruction.

4. Tricuspid Stenosis

Based on fetal ultrasonography,

* On the four-chamber view, thick cusps and restrictive
diastolic openings are the main characteristics.

* On color Doppler, detection of any lack of flowing
across the valve signifies tricuspid stenosis.
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Anomalies of the Left Heart

Aortic Stenosis
In 30% of the cases, aortic stenosis exists as an associ-
ated anomaly. It can also present as Shone syndrome,
which is an obstructive left-sided lesion.
On the basis of fetal ultrasonography,
¢ On a five-chamber view, an abnormal aortic valve can
be seen. It is usually thickened and less mobile.
*  On color Doppler, reduced flow can be observed.
e On a 3V view, the small size of the transverse aorta
and reversed flow can be observed.
¢ On a four-chamber view, a dilated left ventricle with
fibroelastosis of the endocardium can be seen.
Mitral Stenosis
In the case of mitral stenosis, there is a difference
between the size of the ventricles and the atrioventricular
valves. Moreover, a less mobile and thickened mitral
valve can be seen on ultrasonography.

Septal Defects

Atrial Septal Defect
The atrial septal defect is due to abnormal embryo-
logic development. It can be associated with syndromes
that include
e Noonan syndrome
e Treacher—Collins syndrome
e Holt—Oram syndrome
Atrial septal defects are generally well-tolerated in
fetal life. They can either exist separately or be associated
with other congenital heart diseases. ASD can be of the
following types:
* ASD secundum
e Coronary sinus ASD
e ASD primum
* Sinus venosus ASD
ASD secundum is an atrial septum defect located in the
middle. During the life of the fetus, this is considered nor-
mal communication since the two atria are already com-
municating through the foramen ovale. Hence, prenatally,
it is almost impossible to detect secundum ASD as there
is good compensation.
On fetal ultrasonography,
¢ On a four-chamber view, a foramen ovale of diameter
greater than the aortic diameter is suggestive of secun-
dum ASD.
e Sinus venosus ASD and primum ASD have not been
reported yet in fetal life.
Ventricular Septal Defect
The ventricular septal defect occurs in 30% of the neo-
nates with a CHD and is hence the most common heart

defect in neonates. Defects in the ventricular septum are
mainly determined according to the site of the septal
defect [3].
(a) Muscular
(b) Supracristal
(c) Membranous
The least common of the three is supracristal VSD. In
most of the cases, a VSD can spontaneously close, but it
depends on the size and location of the VSD.
On fetal ultrasonography,
* Bidirectional shunt can be seen using the lateral view
of the four-chamber view to confirm a VSD.
¢ On a five-chamber view, outlet defects can be identi-
fied including a membranous VSD.
* A misaligned VSD can lead to suspicion of other asso-
ciated heart defects.

MCQs

1.

The ideal duration of performing a fetal cardiac exami-
nation is

A. Between 10 and 14 weeks
B. Between 14 and 18 weeks
C. Between 18 and 22 weeks
D. Between 22 and 24 weeks
Answer: C

The left atrium is identified as a
A. Trabeculated shape

B. Complex part

C. Finger-like appendage

D. None

Answer: C

. The normal heart rate on fetal cardiac ultrasonography is

A. 140-180 bpm

B. 120-160 bpm

C. 180-200 bpm

D. 70-80 bpm

Answer: B

On fetal ultrasonography, the right ventricle appears
A. Trabeculated

B. Complex

C. Finger-like appendage
D. None

Answer: A

. An ASD can be associated with

A. Noonan syndrome

B. Treacher—Collins syndrome
C. Holt-Oram syndrome

D. All

Answer: D

. Which of the following is impossible to detect on fetal

ultrasonography?
A. Secundum ASD
B. Sinus venosus ASD
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C. Primum ASD

D. Coronary sinus ASD

Answer: A

. The right ventricle is ____ in the case of pulmonary
atresia

A. Hypoplastic

B. Hypertrophic

C. Dilated

D. None

Answer: A

. The most common congenital CHD in neonates is
A. TOF

B. VSD

C. ASD

D. TGA

Answer: B

. Aortic root and the trunk make up the

A. LVOT

B. RVOT

C. Atrial septum

D. Ventricular septum
Answer: A
10. In the case of aortic stenosis, the LV will be
A. Hypoplastic
B. Hypertrophic
C. Dilated
D. None
Answer: C
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Ventricular Septal Defect
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Abstract

“Ventricular septal defect (VSD) is one of the most com-
mon congenital heart lesions.” The most common type of
clinically significant VSD is a membranous VSD. Small
VSD can be detected by the presence of holosystolic high-
pitched systolic murmur. The management of ventricular
septal defects (VSDs) is dependent on the size of the defect
and degree of shunting. Patients with moderate to large
defects who are diagnosed as infants must be continuously
monitored in their first weeks of life. Patients who look to
be in a good health are scheduled for a follow-up with a
pediatric cardiologist 3—4 weeks after the delivery.
Monitors growth and change in the cardiac examination
can provide to a patient in primary care. The choice of
treatment approach is based on the clinical findings and
size of the defect. For asymptomatic patients who typi-
cally have a small defect, we suggest no intervention. For
symptomatic patients, medical therapy for heart failure is
generally warranted. Symptoms typically occur in patients
with moderate to large defects. For patients who are not
adequately managed by medical therapy and/or have evi-
dence of elevated pulmonary artery pressure (PAP) or val-
vular involvement, we suggest surgical closure of the
VS. Medical therapy is focused on reducing the symptoms
and complications of heart failure.
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Introduction

“One of the most common congenital heart defects is a ven-
tricular septal defect (VSD) (second only to bicuspid aortic
valve)” [1].

Pathophysiology

VSD in the fetus has little effect on the hemodynamic state,
resistance equal through the chamber of the heart.
Extrauterine like the PVR drop and close of ductus arteriosus
lead to change in resistance through the chamber, direction
of flow depends mainly on difference of resistance of each
circulation, high systemic resistance, and low pulmonary
resistance, typically left to right shunt. Small VSD if does
not close by own will cause a mild increase in resistance and
redirection shunt in reverse of large VSD, depending mainly
on the pressure difference between the right ventricle and left
ventricle [2-5].

Left to right shunt due to large VSD lead to equal pressure
on each side of the ventricle. This effect increases pulmonary
blood flow leading to congestion and edema. Pulmonary
hypertension due to pulmonary vascular alteration and
remodeling. To maintain normal systemic blood flow in
patients with considerable left to right shunting left ventricle
output must be increased. Increased alpha-adrenergic,
increased circulating catecholamine concentrations, and
increased angiotensin II and vasopressin concentrations
exacerbate cardiac failure [6—10].

Clinical Features
Presentation

VSDs of moderate to large size can be discovered in the
womb early whichcan happen on their own or in combina-
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tion with other heart problems. Depending on the size and
location of isolated VSDs, some will close during pregnancy
[11]. Small to moderate VSDs can be missed by fetal echo-
cardiography due to the physiology of equal ventricular pres-
sure in the fetus. The discovery of an in utero VSD or other
structural cardiac abnormalities should prompt discussion
about possible chromosomal problems and the need for addi-
tional testing [12—-14].

Patients with VSD present mostly during the neonatal
period. Depending on the magnitude of the lesion, the clini-
cal presentation can range from an isolated murmur discov-
ered by chance at a health monitoring visit to acute cardiac
failure [15]. Small, restricted VSDs in infants are frequently
asymptomatic. Infants with moderate to large VSDs, on the
other hand, frequently show indications of heart failure.
Small VSD diagnosis by accident with murmur without clin-
ical symptoms can be detected in the first day of life of the
neonate. Symptoms appear in moderate and large VSD
infants within first weeks of life, with signs and symptoms of
heart failure resemble by poor feeding, tachypnea, failure to
thrive, hepatomegaly, cardiomegaly, and pulmonary rales
[16]. Thrill can palpate in the third and fourth left sternal
border. Blowing holosystolic murmur is classically seen in
the patient with VSD heard on the left sternal border, moder-
ate and large VSD heard louder than small, rumbling sounds
may be heard if the VSD is big enough to cause mitral valve
defect. Diastole rumbling sound usually indicates left to
right shunt, heard at the apex. A decrescendo murmur in the
left sternal border indicates aortic regurgitation and degree
splitting of S2 indicates the size of defect [17-20].

Diagnosis

VSD diagnosis by Echocardiogram, to make the diagnosis,
locate the defect, and estimate the size of the shunt, two-
dimensional Doppler echocardiography is usually sufficient.
Echo is used to confirm the diagnosis that is made typically by
holosystolic murmur, locate the defect and measure the size.
Chest radiograph if obtained is not that useful and varies depend-
ing on the size of the defect also may show signs of heart failure
if developed in a baby. ECG is typically normal in most of the
cases but also shows left ventricle hypertrophy. Now a days car-
diac catheterization is rarely used for diagnosis [21, 22].

Differential Diagnosis

Usually, VSD can be distinguished from non-cardiac causes
of respiratory distress by the presence of systolic murmur on
physical exam and diagnostic test. Other anomalies like acy-
anotic congenital heart disease also can distinguish by ECHO
[21,22].

Management
Overview

The extent of the defect and degree of shunting are deter-
mined by the clinical examination and echocardiography.
Patient with small VSD does not require surgical interven-
tion, these patients are usually asymptomatic, with a good
chance of spontaneous closure or a reduction in the extent of
the defect over time. Medical therapy patients with heart fail-
ure symptoms must receive medical treatment [23]. Medical
care may be sufficient to meet the needs of people with mod-
erate defects. Surgical correction is frequently required for
people with more severe symptoms, and medication care is
used to alleviate symptoms in the meanwhile. Patients with a
risk for long-term sequelae and failed medical therapy are
recommended to the closure of the defect surgically [24].

Neonates

Ongoing neonatal surveillance is critical for determining
which infants will remain asymptomatic and require no
intervention versus those who will develop heart failure and
require intervention.

SmallVSD

Small VSD asymptomatic also good chance of spontaneous
closure. Patients should have a follow-up assessment by a
pediatric cardiologist at 3—4 weeks of age to detect any indi-
cations or symptoms of increased left ventricular volume
overload. A follow-up evaluation with the cardiologist is
scheduled for those patients who remain asymptomatic at
roughly 6 months of age. Primary care provides routine care
in between visits with the cardiologist. If the patient devel-
ops symptoms (e.g., poor weight gain, tachypnea), he or she
should be referred to a specialist for a cardiac evaluation as
soon as possible. If the murmur is no longer present at the
6-month visit, a repeat echocardiogram is not required unless
clinical concerns occur. If the murmur is still present at the
12-month cardiology visit and the patient is asymptomatic
and clinically stable, there is no need for additional treat-
ment. Patients with membranous defects usually have an
echocardiographic follow-up at 3 years of age. If a patient
with a muscular defect stays asymptomatic, no echocardio-
gram is required. In any symptomatic patient, medical ther-
apy is started. However, because heart failure is not
commonly associated with small VSDs, the emergence of
new symptoms, especially late in the course of the disease,
should prompt a reevaluation of the original diagnosis and a
search for other sources of the symptoms [25, 26].
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Moderate to Large VSD

Pulmonary vascular resistance (PVR) diminishes, and infants
with moderate to large VSDs frequently become symptom-
atic within the first few months of life. During the first weeks
of life, the primary care provider should keep an eye on the
baby for signs of heart failure. Because of the projected
decrease in PVR resulting in increased left ventricular (LV)
flow. If symptoms arise, medical treatment is recommended,
as described in the sections below. Infants who remain
asymptomatic should be followed up on and monitored on a
regular basis [11, 27].

Asymptomatic patients—all infants with moderate to
large VSDs should have regular follow-up during their first
year of life, even if symptoms are absent. It is critical to look
for signs of pulmonary hypertension in these people.
Echocardiography is conducted to determine pulmonary
artery pressure if the murmur is diminished but the pulmonic
component of the second heart sound (S2) is increased in
strength [15]. Symptomatic patient may avoid surgical inter-
vention through medical ways and management, including
nutritional support and pharmacological treatment.
Nutritional support may help infants with moderate to large
VSDs gain weight. Because of the higher metabolic demand,
these infants may require a caloric intake of more than
150 kcal/kg per day [28]. Feeding fatigue is common in
infants with heart failure, and their intake may be reduced.
Providing more frequent feedings is one way to enhance
daily calorie intake; however, parents may find this difficult.
These infants typically take a long time to eat, and the time
required to ensure optimal intake might be significant. To
increase caloric intake, nasogastric feedings may be required.
Bolus or continuous feeds, which can be administered at any
time of day or night, are examples of this. When these proce-
dures are used, it usually means that the VSD will need to be
closed. Fluid restriction is often ineffective in the therapy of
infants with VSD-related heart failure because it leads to
insufficient calorie intake. Although fluid restriction is com-
monly used to treat adults and older children with heart fail-
ure, it is ineffective in infants who are completely reliant on
liquids. As stated in the following section, diuretic therapy
rather than fluid restriction should be utilized to minimize
and avoid volume excess. Supplemental iron should be given
to infants with iron deficiency anemia to boost their hemato-
crit and oxygen-carrying capacity. Medical care for heart
failure differs based on the severity of the symptoms of heart
failure [29]. The mainstay of treatment is diuretics.
Angiotensin-converting enzyme inhibitors have been uti-
lized in the past, but their efficacy appears to be low there-
fore they are no longer used consistently. Intravenous (IV)
inotropic drugs may be administered as a temporary strategy
in extreme situations. We rarely prescribe oral digoxin
because of the risk of side effects [30-32].

Closure Interventions

The severity of heart failure, vascular disease (PHVD) pro-
gression, pulmonary hypertension or other complications,
the likelihood of defect reduction or spontaneous closure, the
morbidity and mortality of the procedure in young infants in
the center where surgery to be performed, and the likelihood
of successful surgical closure are all factors to consider [33—
35]. Because infants with Down syndrome are more likely to
have PHVD, early surgical intervention in children with
moderate to large defects may be necessary. In most cases,
primary patch surgical closure is the recommended method.
Transcatheter closure is often reserved for patients with
defects that are difficult to close operatively (e.g., remote
apical muscular defect, multiple muscular defects [“Swiss
cheese” septum]) or who are unable to undergo cardiopul-
monary bypass for a variety of reasons. Indications if symp-
toms are persistent with the option of medical management,
pulmonary hypertension is established, and reversible shunt
(left to right). VSD closure is generally not recommended if
pulmonary vascular resistance (PVR) is greater than 12
Wood units (WU). Closure of the defect may result in
decreased cardiac output and increased peri-operative mor-
tality in these patients with severe pulmonary hypertension,
as previously mentioned [35]. Method of choice for most
children with VSD required surgical intervention is direct
patch closer under cardiopulmonary bypass. Transcatheter
closure several series have documented successful transcath-
eter closure for muscular, peri-membranous, and residual
VSDs following surgical repair. Though the technique has
gained favor in some countries, transcatheter closure of VSD
remains technically demanding and has a greater complica-
tion rate than surgery [36—40].
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Abstract

“Atrial septal defects (ASDs) are a frequent type of con-
genital heart disease characterized by an abnormal com-
munication between the two atria of the heart, which
leads to a left-to-right shunt.” They are formed during
embryological development due to disorders in atrial sep-
tation. Most ASDs are of small size and therefore are
asymptomatic during infancy and childhood. However,
most of them, except for some patients who have mild or
nonspecific symptoms, become obvious by the age of
40 years, when they cause clinical manifestations, such as
fatigue, exercise intolerance, and dyspnea. In childhood,
the vast majority of isolated ASDs close spontaneously.
Large and persistently symptomatic moderate-sized
defects should be repaired. Intervention is also required in
adulthood in symptomatic patients, right ventricular over-
load, left-to-right shunt, or paradoxical embolism.
Transcatheter device closure is always preferred against
surgical repair.

Keywords

Congenital heart disease - Atrial septal defects - Atrial
septation - Ostium secundum - Crochetage sign
Left-to-right shunt - Eisenmenger syndrome
Spontaneous closure - Paradoxical embolism
Transcatheter device closure

D. V. Moysidis (b<) - E. Gemousakakis - A. Liatsos -

A. S. Papazoglou

School of Medicine, Aristotle University of Thessaloniki (AUTh),
Thessaloniki, Greece

C. Tsagkaris
School of Medicine, University of Crete (UoC), Heraklion, Greece

Introduction

“Atrial septal defects (ASDs) constitute a frequent type of
congenital heart disease characterized by an abnormal com-
munication between the two atria of the heart through an
insufficient interatrial septal tissue” [1] (Fig. 1). The preva-
lence of ASD is estimated to be approximately 1.6 per 1000
live births and 0.88 per 1000 adults while ASDs account for
7-10% of all congenital heart defects (CHDs). During the
last two decades, an increase in the incidence of new ASD
cases has been observed, which however is probably attrib-
uted to the widespread use of echocardiography. The preva-
lence of ASD is also higher in females [2]. In a large database
of European patients with CHDs, conducted in the
Netherlands, 67% of patients suffering from ASD were
females [3].

Geographic distribution seems to be unequal too, with
the highest ASD birth prevalence found in Asia, North
America, and Europe [4]. Familial history of congenital
heart anomalies increases the risk of a secundum ASD,
which is further increased when at least one sibling has an
ASD [5]. ASDs, in most cases, present as isolated defects,
but they might also complicate other diseases or be a part of
a syndrome, such as Down syndrome, Hurler syndrome,
Noonan syndrome, chondroectodermal dysplasia, congeni-
tal rubella, and others [6].

Isolated ASDs are most commonly diagnosed in asymp-
tomatic patients during their first two decades of life.
Therefore, many patients get diagnosed incidentally during
an echocardiographic investigation of a murmur. The age in
which symptoms may occur depends on the size of the
defect. Patients with smaller ASDs (less than 5 mm) might
never present with clinically significant symptomatology.
These defects are most likely to close spontaneously. Bigger
defects (5—-10 mm) usually lead to symptoms during the
fourth or fifth decade, while defects with a diameter of more
than 10 mm can become clinically obvious during the third
decade of life [6].
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Atrial Septal Defect
(ASD)

RA. Right Atrium
RV. Right Ventricle
LA. Left Atrium

LV. Left Ventricle

SVC. Superior Vena Cava
IVC. Inferior Vena Cava
MPA. Main Pulmonary Artery
Ao. Aorta

TV. Tricuspid Valve
MV. Mitral Valve

Fig. 1 Atrial septal defect illustration (Adapted from Wikipedia com-
mons (free copyright license))

Patients often present with fatigue, shortness of breath,
palpitations, exercise intolerance, and syncope. If left undi-
agnosed and untreated, ASDs could eventually cause right-
sided heart failure, manifestations of thromboembolism, and
cyanosis associated with Eisenmenger syndrome. Infants
with significant defects might rarely present with tachypnea,
recurrent respiratory infections, and failure to thrive [7]. The
most common cause of death in patients with unrepaired
defects is heart failure [8]. Untreated patients and even
patients, who do not receive early diagnosis and appropriate
management, may experience higher rates of mortality and
morbidity. On the contrary, an early and proper management
approach increases event-free survival rates. However, the
risk of atrial arrhythmias and thromboembolism seems to
remain higher in comparison to the general population [9].

Pathophysiology

Lack of sufficient tissue to completely septate the atria is the
causing factor of ASDs. Foramen ovale is vital for fetal cir-
culation, as flow through this lesion is essential for systemic

circulation perfusion. Atrial septal embryonic development
is depicted in Fig. 2. Defects in any stage of this process can
lead to the occurrence of ASDs. The predisposing risk fac-
tors and associated conditions (i.e., maternal exposure to
chemicals, alcohol consumption during the first trimester,
and gestational diabetes) have been long studied; however,
their relationship has not yet been established [10, 11].

Based on the location of the defect and, by extension, of
the liable embryogenetic abnormality, ASDs are classified
into four types (Fig. 3):

1. Ostium secundum, which is located in fossa ovalis, repre-
sents the majority of ASDs, accounting for about 70% of
all cases. It is the result of either poor growth of the
secundum septum or its excessive absorption [12]. It is
usually an isolated congenital heart disorder, but it might
also be associated with other congenital cardiac and
extra-cardiac  abnormalities. Holt—-Oram syndrome,
which is also known as the heart-hand syndrome, is the
most well-described disorder frequently accompanied by
a secundum ASD [13].

2. Ostium primum type, which accounts for 15-20% of
ASDs, is formed when primum septum fails to fuse with
the endocardial cushions at the base of the interatrial sep-
tum [12]. It can be either isolated or, most commonly,
associated with atrioventricular (AV) valve anomalies,
particularly a cleft in the anterior mitral valve leaflet [13,
14]. This comorbidity can also be accompanied by a con-
tiguous defect in the inlet ventricular septum. This com-
bination of primum ASD, cleft mitral valve, and an inlet
ventricular septal defect, is known as a partial AV septal
defect (AVSD), whose most severe form is the complete
AV septal (or canal) defect [15].

3. Superior and inferior sinus venosus defects, which account
for approximately 5—10% of all ASDs, are located in the
venoatrial part of the atrial septum [13]. They represent an
abnormality in the insertion of the superior or inferior
vena cava, which overrides the interatrial septum. These
defects are technically not considered to be ASDs since
the defect is within the sinus venosus septum.

4. Coronary sinus defects, which is the most uncommon
type of ASD, account for less than 1% of ASD patients.

ASDs in adults can give birth to a left-to-right shunt
which generates volume overload of the right heart cham-
bers. The severity of this shunt, as well as the direction and
magnitude of blood, is determined by the size of the defect
and the relative atrial pressures, which are linked to the com-
pliances of the ventricles. These parameters also determine
the natural course of isolated ASDs, which varies from spon-
taneous closure to asymptomatic right ventricular (RV)
enlargement leading to the gradual development of symp-
toms with age [16].
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Spontaneous closure of ASDs has been described in
approximately 40% of secundum ASDs. These small intra-
atrial defects (usually less than 8 mm in diameter) limit the
size of the shunt by their own resistance (pressure-separating
effect) and do not cause major hemodynamic disturbances
[17]. On the other hand, secundum ASDs of diameter greater
than 8 mm, primum ASDs, sinus venosus defects, and coro-
nary sinus defects do not seem to spontaneously close. On
the contrary, they create size-dependent volume overload of
the right heart and pulmonary arteries, which can lead later
to the progressive development of pulmonary vascular
obstructive disease and eventually pulmonary hypertension.
This mainly occurs when the degree of shunting is signifi-
cant. After years of pulmonary vascular injury, an irrevers-
ibly high pulmonary vascular resistance can gradually occur,

creating a right-heart hypertrophy and consequently estab-
lishing a paradoxical right-to-left shunt (Eisenmenger
syndrome).

The pressure difference between the left and right atrium
can be significantly altered under several conditions. The
presence of additional mitral stenosis entails a major increase
in the pressure difference between the left and right atrium
(Lutembacher’s syndrome), which increases the left-to-right
shunt with the same defect size. Furthermore, in adult
patients, especially in those older than 50 years, age-induced
increases in left-to-right shunting (due to relative increases
in the left versus right ventricular end-diastolic pressures),
systematic hypertension, and other acquired heart disease
might lead to increased left ventricular (LV) end-diastolic
and/or left atrial pressure, particularly in patients with mod-
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erate and large ASDs [18]. These conditions might lead to
ventricular diastolic dysfunction and left atrial enlargement,
thereby providing fertile ground for mitral regurgitation and
atrial fibrillation. These alterations in the heart’s physiology
increase the likelihood of developing symptoms and compli-
cations as described in the next section [17].

Diagnosis
Clinical Manifestations and Physical Findings

Most ASDs are of small size and therefore are asymptomatic
during infancy and childhood. A murmur detected on physi-
cal examination or an incidental finding on an echocardio-
gram obtained for other reasons can lead to their evaluation
and diagnosis. On the other hand, children with large ASDs
occasionally suffer from heart failure (relative signs: tachy-
pnea, rales, failure to thrive, hepatomegaly), recurrent respi-
ratory infections, or failure to thrive. Symptoms and signs of
pulmonary hypertension are uncommon in pediatric patients
with ASDs but can occasionally occur.

In adult patients, ASD diagnosis should be established as
soon as possible to increase the possibility of a timely repair.
Even though most of these young patients have no or few
symptoms on physical examination (right-sided volume
overload is usually well tolerated for a long time), there is a
number of findings that may give rise to clinical suspicion of
an underlying ASD. Most patients with a significant shunt
flow (i.e., pulmonary to systemic blood flow ratio [Qp:Qs]
>1.5:1) will become symptomatic by the age of 40 years,
except for some patients who have mild or nonspecific symp-
toms, and others who adapt to their limitations. Fatigue,
exercise intolerance, and dyspnea are common clinical mani-
festations of ASDs in adults, while some patients develop
heart failure. ASD repair reduces the severity of these symp-
toms. The classic physical findings of an isolated ASD in
adults are typically similar to those observed in children
[19-21].

Complications in patients with ASDs involve atrial
arrhythmias, pulmonary hypertension (including
Eisenmenger syndrome), cyanosis, and paradoxical embo-
lism. Atrial arrhythmias (particularly atrial fibrillation, but
also atrial flutter and other supraventricular tachycardias) are
common in patients with ASDs after the third decade. The
risk increases with age and pulmonary hypertension. Patients
usually suffer from palpitations, dyspnea, and an increased
risk of cardio-embolic events. The development of pulmo-
nary vascular injury is related to the degree and duration of
right heart volume overload. Pulmonary vascular damage
acts as the pathogenetic substrate of pulmonary hyperten-
sion. As the disease progresses, right heart failure can be

developed, and its features (elevated jugular venous pres-
sure, hepatic congestion, tricuspid regurgitation, and pedal
edema) might become obvious [16-19].

Furthermore, right heart failure might lead to elevated
right heart pressures, and thus inversed (right-to-left) shunt,
which is called Eisenmenger syndrome. Eisenmenger
syndrome is accompanied by cyanosis and clubbing in addi-
tion to clinical signs of pulmonary hypertension. Last but not
least, patients with an ASD are at risk for stroke, transient
ischemic attack, or peripheral emboli due to paradoxical
embolization (embolus carried from the venous side of circu-
lation to the arterial side) [22, 23].

Electrocardiogram

An electrocardiogram (ECG) is a crucial part of the primary
diagnostic evaluation of suspected heart conditions.
Nevertheless, it is neither necessary nor sufficient to diag-
nose an ASD. Patients with small shunt or uncomplicated
ASD can have a normal ECG. Sinus rhythm is observed in
the majority of the patients, but the presence of atrial arrhyth-
mias can complicate the clinical course of some patients and
lead to relevant ECG evaluation and findings [13].

Right axis deviation and a “crochetage” sign (R wave
notching in II, III, and aVF leads), which is correlated with
the left-to-right shunt severity, can be found in secundum
ASDs (Fig. 4). “Crochetage” sign involves at least one ECG
lead in 73%, and all inferior leads in 27% of the ASD
patients. Presence in all three inferior leads or co-occurrence
with the right bundle branch block (RBBB) increases both
the sensitivity and specificity of the sign [24]. Interestingly,
“crochetage” sign disappears in approximately 50% of the
patients within 2 weeks after ASD closure [14, 25].

Right ventricular hypertrophy and RBBB can also be
observed. Left axis deviation and incomplete RBBB typi-
cally suggest the presence of a primum ASD.

Chest Radiograph

Chest radiograph findings depend on the degree of shunting.
Normal chest radiograph is frequent—if not typical—in
patients with small defects. Larger ASDs leading to signifi-
cant left-to-right shunt often appear with right heart enlarge-
ment and prominent pulmonary vascularity (eventual signs
of pulmonary arterial hypertension [PAH]). Dilation of the
left atrium can also be marked, especially due to mitral
regurgitation. The heart shadow often obtains a characteristic
triangular appearance as the enlarged pulmonary arteries
prevent the normal aortic arch from forming the heart border
(Fig. 5) [19, 25, 27].
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Fig. 5 Chest X-ray of a child with large ASD and hemodynamically
significant left-to-right shunt (Reprinted with permission from Arun
Gopalakrishnan and Kerala Journal of Cardiology [26])

Imaging-Based Diagnosis

Imaging is necessary to confirm the diagnosis of
ASD. Echocardiography is the imaging modality of choice,
utilized ante- or/and postnatally to establish the specific type,
location, and size of ASD, and to identify associated abnor-
malities or complications.

In particular, the antenatal detection of an ASD depends
on both disease type and operator. When performed by an
experienced fetal echocardiographer, the third-level obstetric
ultrasound can establish the diagnosis of a primum ASD at
18-22 weeks of gestation [28]. However, the most frequent
ASD type, secundum ASD, cannot be reliably detected pre-
natally due to the sizable PFO observed in healthy fetuses.
This makes the distinction between a small to moderate-size
secundum ASD from a PFO with right-to-left shunt almost
impossible. Yet, fetal echocardiography may still raise suspi-
cion for a very large secundum ASD, which should be con-
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firmed postnatally, as required for any other suspected
prenatal ASD case. With regard to the sinus venosus and
coronary sinus ASDs, although a trained fetal echocardiogra-
pher may have the ability to detect them prenatally, the sen-
sitivity and specificity of this diagnostic method have not yet
been reported for these more unusual types of ASD.

Ultimately, antenatal ASD imaging findings need to be
confirmed postnatally through one of the following imaging-
based diagnostic approaches:

Transthoracic Echocardiography

In general, the transthoracic echocardiography (TTE) with
Doppler is the initial imaging test of choice for the diagnosis
and evaluation of primum and secundum ASDs [29], with
the diagnoses of the latter being usually definitive (Fig. 6)
[30]. A comprehensive TTE includes 2D imaging as well as
color-flow, pulsed-wave, and continuous-wave Doppler with
multiple echocardiographic views obtained to assess the pre-
cise location and size of the ASD, as well as the hemody-
namic alterations associated with the shunt [29].

A primum or secundum ASD is suspected in the presence
of abrupt discontinuity, hypermobility, or drop out of the
interatrial septum. On M-mode, RV dilatation and abnormal
septal motion serve as signs of ASD in cases with significant
shunting [31]. The subcostal four-chamber view improves

the visualization of the atrial septum because the ultrasound
beam is generally nearly perpendicular to the atrial septum
[32]. Unfortunately, this view is suboptimal in some patients,
especially in overweight and obese individuals. Parasternal
short-axis and off-axis apical view, as well as other nonstan-
dard views are commonly required to visualize the whole
interatrial septum. A recent study aiming to assess the diag-
nostic sensitivity of the 2D echocardiographic subcostal
imaging on patients with a history of ASD (mean age
31 years) demonstrated that the defect could be successfully
visualized in 93 out of 105 secundum ASDs, all 32 primum
ASDs, and only 7 out of 16 sinus venosus ASDs.

Moreover, it is reported that the operator can usually
demonstrate through the pulsewave Doppler a classic tri-
phasic left-to-right shunt at the level of the defect, with
characteristic flow waveforms in late systole and diastole
and a presystolic accentuation. An experienced echocar-
diographer is also able to distinguish a physiological
venous flow pattern from an ASD flow pattern. In addition,
color flow is used to visualize the actual shunt, with a right-
to-left or bidirectional flow being developed in patients
with RV diastolic dysfunction or significant tricuspid regur-
gitation. According to Pollick et al., the color jet width may
be linked with the left-to-right shunt size [33]. It has been
demonstrated that a color flow width of 1.5 cm may suggest

Fig. 6 Transthoracic echocardiographic images of ASD. Panels 3a—3c¢
are 2D transthoracic echocardiographic images from the subxiphoid
window. Panel 3d is the parasternal short-axis projection showing the
aortic rim of the ASD. The mitral rim of the ASD is notable in the apical

four-chamber view in panel 3e. Panel 3f is the right parasternal window
showing the ostium secundum ASD (Reprinted with permission from
Arun Gopalakrishnan and Kerala Journal of Cardiology [26])
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a Qp:Qs ratio greater than 2:1, which has a major prognos-
tic potential as discussed below [33].

Nevertheless, when a defect is not apparent, contrast
echocardiography with the administration of agitated saline
contrast through a peripheral vein is the primary test used to
determine the presence of an ASD, especially for patients
with restricted acoustic windows [34]. In the case of an ASD,
it shows the extravasation of saline contrast microbubbles
from the RA to the LA at the level of the interatrial septum
[35]. Furthermore, sinus venosus and coronary sinus ASDs
can be diagnosed by the appearance of agitated saline con-
trast in the left atrium before it appears in the right atrium
soon after the injection of contrast saline through the left
arm.

Transesophageal Echocardiography

Although 2D TTE (either with Doppler or with peripheral
vein injection of agitated saline) is usually adequate to iden-
tify the presence of an ASD and assess the cardiac chamber
size, one should not discount that the diagnostic sensitivity
of the TTE may be subject to the view obtained and operator/

patient factors (i.e., optimal acoustic windows in young
patients, but restricted acoustic windows in other patients
due to large body habitus, and prior thoracic surgery). Hence,
negative suboptimal or noncomprehensive TTEs do not
exclude an ASD diagnosis. At the same time, transesopha-
geal echocardiography (TEE) offers an excellent alternative
approach in patients with poor imaging quality and is sug-
gested if TTE fails to show an ASD in a patient with sus-
pected ASD (Fig. 7).

TEE is highly accurate for the diagnosis of all types of
ASDs in the hands of a trained echocardiographer. TEE fur-
ther aids in the sizing of secundum ASDs and in detecting the
most common forms of anomalous venous connections
(PAPVC) [36].

When performed with color flow Doppler or with agitated
saline contrast injection, TEE can detect right-to-left and
left-to-right shunting with higher sensitivity than via TTE
[37]. Furthermore, TEE can also detect flow through multi-
ple ASDs. Finally, TEE imaging prior to planned surgical or
percutaneous closure can determine the suitability for trans-
catheter device closure and prevent unnecessary therapeutic

Fig. 7 Transesophageal echocardiographic images of ASD (Reprinted with permission from Arun Gopalakrishnan and Kerala Journal of
Cardiology [26])
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procedures. 3D TEE provides even better sizing and visual-
ization of ASDs and provides important evidence with regard
to their shape and their relationship to atrial superior and
inferior limbic band tissue, the aortic root, and the AV valves
[38—40].

Cardiovascular Magnetic Resonance, Computed
Tomography and Cardiac Catheterization

In the presence of nondefinitive TTE and TEE findings with
regard to the diagnosis of sinus venosus or unroofed coro-
nary sinus ASDs, the assessment of PAPVC, or the presence
of RV volume overload, cardiovascular magnetic resonance
(CMR) or computed tomography (CT) imaging can be con-
sidered. The CT and CMR procedures require special imag-
ing protocols and should be performed by an experienced
cardiac imaging specialist, able to identify, characterize
ASDs and abnormal pulmonary venous return, and also esti-
mate shunt flow [41-43].

Additionally, recent advances in CMR and high-resolution
contrast CT techniques facilitate the anatomical delineation
of ASDs and the quantitative assessment of their hemody-
namic complications (ventricular volumes and volumes of
pulmonary and systemic flow) [44—46]. The quantification of
left-to-right shunt fraction (Qp:Qs ratio) should be per-
formed to determine whether an ASD closure is indicated or
not (threshold of 1.5). This is nowadays plausible not only by
means of invasive right heart catheterization (invasive oxim-
etry), but also by means of CMR. CMR-based shunt flow
calculations do not differ significantly from those of the car-
diac catheterization, despite the small overestimation of the
Qp:Qs ratio by CMR. Therefore, given that ASDs can be
diagnosed and treated with noninvasive imaging assessment
(i.e., CMR, CT, TEE, TTE+ Doppler/+saline contrast, 3D
echo), cardiac catheterization in the course of the ASD clini-
cal workup is rarely performed nowadays.

Management

Age of the patient, location and size of the defect, presence
of pulmonary hypertension, and hemodynamic impact of the
shunt are the main factors determining ASD management
strategy. In childhood, the vast majority of small isolated
secundum ASDs can spontaneously close within the first
2 years of life and in some cases as late as by 5 years of age.
Hence, early closure is not indicated for these defects unless
there are significant symptoms. Furthermore, there is also no
high-quality evidence supporting the closure of a persistent
ASD in asymptomatic children older than 2 years old with
persistent small defects [47].

Moderate and large-sized secundum ASDs, and types of
ASDs other than secundum, are unlikely to close spontane-
ously. Nevertheless, given the—small—Ilikelihood of spon-

taneous closure during the first 2 years of life, intervention to
close these defects tends to be postponed until after the age
of 2 years in asymptomatic children. For patients with a per-
sistent moderate or large defect, left-to-right shunting usu-
ally deteriorates with age if the defect is not repaired. Hence,
the principal indication for ASD closure in children is the
presence of a sizable left-to-right shunt leading to a clinically
significant right heart overload. The risk of paradoxical
embolism through a small ASD is yet to be quantified and the
benefit of ASD closure in reducing the cardio-embolic risk
has to be compared with the short- and long-term procedural
risks. The preferable type of intervention (transcatheter pro-
cedure or open surgical repair) depends on the ASD type and
the extent of subsequent cardiac dysfunction. Percutaneous
closure is generally indicated for secundum ASDs that are
not excessively large. In symptomatic infants with primum
or sinus venosus or coronary sinus ASDs, surgical repair
remains the gold standard [19-21, 30, 47, 48].

In terms of recommendations for intervention in adults,
ASD closure in patients with RV overload and no PAH or LV
disease is the most well-documented indication and is strongly
recommended regardless of symptoms. In patients with PAH,
closure should only be considered in the presence of signifi-
cant left-to-right shunt (Qp:Qs >1.5) and pulmonary vascular
resistance (PVR) >5 WU (persisting after targeted PAH treat-
ment). ASD closure should not be considered as a therapeutic
solution in patients with Eisenmenger physiology, and patients
with PAH and concomitant PVR >5 WU, despite targeted
PAH treatment, or desaturation on exercise. In patients with
(systolic or/and diastolic) LV dysfunction, ASD closure
appears to exert a deteriorating effect on heart failure and thus
should be carefully evaluated. Balloon pre-interventional test-
ing might be required to carefully weigh the benefit of elimi-
nating left-to-right shunt against the potential negative impact
of ASD closure on filling pressures of the LV [49]. In addition,
patients with suspected paradoxical embolism should be
referred to ASD closure, provided that the presence of PAH or
LV dysfunction have been dully excluded [25, 50-53]. Finally,
ASD closure is also recommended for patients with docu-
mented platypnea-orthodeoxia [48].

ASD closure can be performed either by catheter inter-
vention or by open heart surgery. Percutaneous procedures
have reported similar success and mortality rates with lower
morbidity (decreased exercise capacity, shortness of breath,
right heart failure) and, therefore, transcatheter device clo-
sure has become the first choice for secundum defects with a
diameter of less than 40 mm, which is the case in 80% of the
patients [52, 54-58]. Serious complications have been
observed in <1% of patients [59].

Post-intervention atrial tachyarrhythmias appear to be
mostly transient. Other complications include erosion of the
atrial wall, anterior mitral leaflet, or the aorta, as well as
thromboembolic events, but these are rarely encountered in
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clinical practice [15, 27]. When this minimally-invasive pro-
cedure is not feasible or not suitable for ASD patients, par-
ticularly elderly ones, and those with primum, sinus venosus,
or coronary sinus ASDs, open heart surgery is required.
Nonetheless, mortality rates of surgical repair in isolated
ASDs have been reported to be low (<1% in patients without
significant concomitant diseases) in experienced centers,
with favorable long-term outcomes when performed early
(i.e., in childhood, adolescence) and in the absence of PAH
[54, 55]. In general, outcomes of an ASD closure seem to be
better when the repair is performed until the middle of the
third decade of life [54, 55].

Furthermore, patients with either unrepaired or repaired
ASDs require further general evaluation and management.
First of all, ASDs are a major predisposing factor for atrial
arrhythmias, which should be managed according to stan-
dard recommendations. Cryo- or radiofrequency ablation
(modified maze procedure) can be considered at the time of
intervention, as device closure might later restrict electro-
physiologists from accessing the left atrium. Additionally,
ASDs are frequently associated with pulmonary hyperten-
sion, associated with a higher risk of complications (heart
failure, cyanosis, pulmonary artery thrombosis). Advanced
therapy for PAH hypertension is suitable for patients with
pulmonary hypertension secondary to ASD and might
improve symptoms or even render the defect operable.
Moreover, patients with an ASD are at a substantial risk of
infective endocarditis. Thus, appropriate guideline-driven
antibiotic prophylaxis should be given when patients undergo
procedures with a risk of bacteremia during the first 6 months
after ASD closure. On the contrary, no treatment is warranted
in isolated ASDs with no residual shunt because they have
been correlated with negligible risk of infective endocarditis.
All patients and their caregivers should be educated regard-
ing the need to carefully observe oral hygiene and adhere to
their medication. Finally, in terms of sports and physical
activity, doctors need to provide patients with personalized
recommendations based on the defect’s size and concomitant
Ssymptoms.

Conclusion

ASDs constitute a characteristic type of CHD that remains
“silent” and becomes obvious mostly in adulthood as most of
them are small in size and therefore asymptomatic during
infancy and childhood. Their clinical symptomatology, as
well as diagnostic approach, remains the same in children and
adults. The age of the patient, the location and the size of the
defect, and the presence of pulmonary hypertension along
with the hemodynamic impact of created shunts constitute the
most significant parts of ASDs’ clinical evaluation. Finally,

their management depends on the consideration of the afore-
mentioned parameters and demands a multilevel clinical
approach by pediatric cardiologists, adult CHD cardiologists,
interventional cardiologists, and cardiac surgeons.

Multiple Choice Questions
1. Which of the following is correct:

A. The prevalence of atrial septal defects (ASDs) is
estimated to be approximately 6 per 1000 live births
and 0.88 per 1000 adults while ASDs account for
7-10% of all congenital heart defects.

B. The prevalence of atrial septal defects (ASDs) is
estimated to be approximately 1.6 per 1000 live
births and 0.88 per 1000 adults while ASDs account
for 27% of all congenital heart defects.

C. The prevalence of atrial septal defects (ASDs) is
estimated to be approximately 1.6 per 1000 live
births and 0.88 per 1000 adults while ASDs account
for 7-10% of all congenital heart defects.

D. The prevalence of atrial septal defects is estimated to
be approximately 0.16 per 1000 live births and 0.88
per 1000 adults while ASDs account for 27% of all
congenital heart defects.

E. The prevalence of atrial septal defects is estimated to
be approximately 1.6 per 1000 live births and 0.88
per 1000 adults while ASDs account for 0.7% of all
congenital heart defects.

2. Atrial septal defects are associated with:

Down syndrome

Noonan syndrome

Chondroectodermal dysplasia

Congenital rubella

. All the above

3. The most frequent type of atrial septal defect is:

Ostium primum
Ostium secundum
Superior sinus venosus
Inferior sinus venosus
Coronary sinus defect

hich of the following is correct:

Atrial septal defects can give birth to a left-to-right
shunt, which generates volume overload of the right
heart chambers.
Atrial septal defects can give birth to a left-to-right
shunt, which generates volume overload of the left
heart chambers.

C. Atrial septal defects can give birth to a left-to-right
shunt, which generates pressure overload of the right
heart chambers.

D. Atrial septal defects can give birth to a right-to-left
shunt, which generates volume overload of the right
heart chambers.
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E. Atrial septal defects can give birth to a right-to-left
shunt, which generates volume overload of the left
heart chambers.

Spontaneous closure of ASDs has been described in

approximately:

A. 10% of secundum ASDs

B. 25% of secundum ASDs

C. 40% of secundum ASDs

D. 70% of secundum ASDs

E. 90% of secundum ASDs

Atrial septal defects are not directly associated with:

Arrhythmias

Stroke

Pulmonary hypertension

Mitral stenosis

. Dyspnea

The ‘crochetage” sign can be found in patients with

atrial septal defect and is characterized by:

R wave notching in V1-V6 leads

R wave notching in II, III, and aVF leads

R wave notching in I, II, and III leads

Q wave notching in V1-V6 leads

. Q wave notching in II, III, and aVF leads

The gold standard imaging test for the diagnosis of atrial

septal defect is:

Cardiovascular magnetic resonance

Transesophageal echocardiograph

Computed tomography

Transthoracic echocardiograph

. Cardiac catheterization

Wthh is not an indication for performing an atrial septal

defect (ASD) repair:

Large asymptomatic ASDs

Moderate-sized symptomatic ASDs

Pulmonary hypertension with a right-to-left shunt

Pulmonary hypertension with a left-to-right shunt

. Paradoxical embolism

Wthh of the following is correct:

A. Percutaneous procedures have reported higher suc-
cess rates than surgical repair, with lower morbidity.
Serious complications in transcatheter interventions
have been observed in <1% of patients.

B. Percutaneous procedures have reported lower suc-
cess rates than surgical repair, with higher morbidity.
Serious complications in transcatheter interventions
have been observed in approximately 5% of patients.

C. Percutaneous procedures have reported similar success
and mortality rates compared to surgical repair, with
lower morbidity. Serious complications in transcatheter
interventions have been observed in <0.1% of patients.

mOOErEEmUNErEHmTOws

monw>

D. Percutaneous procedures have reported lower suc-
cess rates than surgical repair, with higher morbidity.
Serious complications in transcatheter interventions
have been observed in <1% of patients.

E. Percutaneous procedures have reported similar suc-
cess and mortality rates compared to surgical repair,
with lower morbidity. Serious complications in
transcatheter interventions have been observed in
<1% of patients.
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Abstract

Patent ductus arteriosus (PDA) is the most prevalent con-
genital heart defect that is caused by the persistent open-
ing of the ductus arteriosus (DA) after birth. The DA is a
connection between the aortic artery and the pulmonary
artery that allows oxygenated blood from the placenta to
bypass the fetal lung and goes to the systemic circulation
during fetal development; this normally closes soon after
birth. If normal physiologic closure fails to occur, which
happens more commonly in premature neonates, the per-
sistent opening is called patent ductus arteriosus (PDA).
This leads to the flow of blood from the aorta to the pul-
monary artery. The PDA that is wide enough will cause
symptoms of respiratory insufficiency, poor growth, tiring
easily, and other respiratory infections; however, if the
PDA is not large enough, it may be asymptomatic.
Diagnosis is done by (A) physical examination, findings
including increased precordial activity, widened pulse
pressure, S2 splitting, and a thrill may be presented, and
the hallmark physical finding for PDA is a continuous
murmur, located at the upper left sternal border, also
called “machinery” murmur. There are many differential
diagnoses including coronary artery fistula, ventricular
septal defect (VSD), and aortic regurgitation. Management
of PDA depends on age and other factors. It can be treated
by medical treatment including intravenous (IV) indo-
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methacin or ibuprofen, diuretics, and percutaneous cath-
eterization, or by surgical ligation in cases of medical
closure failure or it is contraindicated.
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Introduction

Patent ductus arteriosus (PDA) is of the most prevalent con-
genital heart anomalies. It results in persistent contact
between the thoracic aorta (descending part) and the pulmo-
nary artery because of improper ductal closure of the fetal
circulation. PDA is a medical condition in which, after birth,
the ductus arteriosus fails to close. This failure to close
enables a portion of oxygenated blood from the aorta to flow
back to the lungs through the pulmonary artery due to the
elevated aortic pressure. Symptoms are rare at birth and
immediately afterward, but sometimes it may manifest at the
onset of increased breathing work around the end of the first
year and the inability to gain weight at a standard rate.

In newborns with chronic respiratory issues such as
hypoxia, PDA is more prevalent, with an increased incidence
in premature newborns. Owing to the underdevelopment of
the heart and lungs, premature newborns with a PDA are
more likely to be hypoxic. PDA has also been shown to
occur, and other cardiac abnormalities must be considered at
the time of diagnosis. However, treatment varies based on
the associated disease. If, in addition to the PDA, the trans-
position of large vessels is present, the PDA is not surgically
closed because it is the only way oxygenated blood into cir-
culation. Prostaglandins are used to maintain the PDA in
these situations, while NSAIDs are not given until the surgi-
cal repair of the two defects has been completed [1].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 37
G. Tagarakis et al. (eds.), Clinical and Surgical Aspects of Congenital Heart Diseases,

https://doi.org/10.1007/978-3-031-23062-2_6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-23062-2_6&domain=pdf
mailto:abbas.kamel1700b@comed.uobaghdad.edu.iq
https://doi.org/10.1007/978-3-031-23062-2_6

38

A.D. Al-Obaidi et al.

PDA was initially mentioned by Galen at the start of the
first century. However, the first time that an operation was
done on the ducturs was in 1888 when Munro dissected and
ligated it in an infant corpse. Fifty years later, Robert E. Gross
successfully ligated a 7-year-old boy with a PDA. In the his-
tory of medicine, this was a pivotal occurrence as it opened
the doors for the field of congenital heart surgery [2].

Anatomy

The ductus arteriosus (DA) is an essential structure of fetal
circulation during fetal life that enables the blood that leaves
the right ventricle to flow into the descending aorta bypass-
ing the pulmonary circulation. It supplies part of the blood
that will be delivered to the rest of the systems and organs of
the fetus. Usually, the pulmonary vascular bed passes through
just about 10% of the correct ventricular output. DA is an
embryological remnant of the distal sixth aortic arch, which,
near the stem of the left subclavian artery, connects the pul-
monary artery to the proximal descending aorta. It travels
from the pulmonary artery’s anterior aspect to the aorta’s
posterior aspect [3].

The recurrent laryngeal nerve is an anatomic marker of
the DA, which usually emerges anterior and caudal to the
ductus, from the vagus nerve. It subsequently loops around
the ductus to ascend posterior to the aorta on its way to the
larynx. Due to its close approximation, it is the anatomical
structure most often damaged in ductal ligation. Other ana-
tomically proximal components less often damaged include
the thoracic duct and the phrenic nerve [4].

The normal anatomy of the ductus may not be found in
the case of complex congenital heart defects. In combination
with complex aortic arch anomalies, anatomical irregulari-
ties may differ widely and are prevalent. While performing a
surgery, the aorta, the carotid artery, and the pulmonary
artery are among the structures that have been confused for
the PDA. For this reason, surgeries need to apply a height-
ened sense of awareness when attempting to locate the
PDA. Classification of the DA is determined by its side by
using an angiograph. The DA may be right, left, or both. A
Lt-DA during fetal development is considered a regular

structure. The presence of a Rt-DA, however, is frequently
seen with congenital anomalies, such as conotruncal devel-
opment and aortic arch anomalies. Another classification is
the Krichenko classification, which includes five types: “type
A (conical), type B (window), type C (tubular), type D (com-
plex), and type E (elongated)” [5].

Pathophysiology

During fetal life, the DA is usually patent. The DA is respon-
sible for much of the Rt ventricular outflow from week 6 of
fetal life and onward, leading to 60% of the overall cardiac
production in fetal life. In the lungs, just around 5-10% of
the outflow passes in. The presence of prostaglandin E2
(PGE2) encourages maintaining the patency of the
DA. Before birth, ductal closure may consequently cause the
failure of the right side of the fetal heart [6].

Thus, a PDA induces a shunt from left to right as it creates
a route for the passage of blood from the systemic to the
pulmonary circulation. Therefore, blood will flow in exces-
sive amounts through the lungs (see the image below). The
consequence of pulmonary engorgement is diminished pul-
monary compliance. The pulmonary vasculature’s response
to the increased flow of blood is unpredictable.

Relatively few variables depend on the extent of the
excess pulmonary blood flow. The greater the internal diam-
eter of the narrowest parts of the DA, the wider the shunt
from Lt to Rt. If the DA is restricting, then the magnitude of
the shunt also affects the length of the narrowed region. A
longer DA is associated with a minor shunt. Finally, the pul-
monary vascular resistance relationship to systemic vascular
resistance partly regulates the extent of the left-to-right shunt
[5, 6].

The flow through the ductus arteriosus is theoretically
great if the SVR is high with or without the PVR being low.
The direction of blood in a typical PDA is as follows: “PDA,
pulmonary arteries, pulmonary capillaries, pulmonary veins,
left atrium, left ventricle, and aorta.” Therefore, a wide
Lt-to-Rt shunt in a PDA can result in Lt-sided cardiomegaly.
A sufficiently large PDA can also dilate the pulmonary veins
and the ascending aorta [6].
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Functional Closure

As the placenta is removed at birth, a significant source of
prostaglandin will be lost; furthermore, when the lungs
expand, their ability to metabolize prostaglandins will begin.
Moreover, oxygen tension in the blood markedly increases
with the onset of natural respiration. With this operation, pul-
monary vascular resistance decreases. In healthy infants
born at term, functional closure of the DA ideally occurs
within approximately 15 h. This is caused by a sudden con-
traction of the DA, which is associated with an increment in
(PO,) coinciding with the first-taken breath. Blood will flow
preferentially into the lungs away from the DA [7].

When functional closure of the DA completely occurs and
the PVR/SVR < 1, some of the remaining Lt-to-Rt flow will
pass in a route starting at the aorta to the DA and eventually into
the pulmonary arteries. Despite the fact that the Da of the neo-
nate appears to be majorly responsive to changes in arterial
oxygen stress, the exact reasons for closure or persistent
patency are complex and include “the autonomic nervous sys-
tem, ductal musculature manipulation, and chemical media-
tors.” The vascular tone of the ductus is determined by a balance
of factors that trigger relaxation and contraction. The high lev-
els of prostaglandin, nitric oxide development, and hypoxemia
in the ductus are significant factors that induce relaxation.

Increased PO, and endothelin-1, decreased prostaglandin
levels and PGE receptors, and increased norepinephrine, bra-
dykinin, and acetylcholine are all factors that favor contrac-
tion. Increased prostaglandin sensitivity, combined with
hypoxia-causing pulmonary immaturity, leads to increased
PDA incidence in premature neonates. Proper anatomical
closure can take several weeks to occur, in which the DA can
no longer reopen. In 2-3 weeks, the second stage of closure
associated with fibrous intima proliferation is complete.
PDA typically manifests in infants who are at least 3 months
old [8].

In a full-term baby, spontaneous closure after 5 months is
uncommon. Patients with a large PDA who are left untreated
may develop Eisenmenger syndrome, in which the PVR/
SVR > 1, and the usual LT-to-Rt shunting reverses in the
Rt-to-Lt direction. The development of this syndrome is con-
sidered a contraindication to PDA closure, and the only hope
for long-term survival may be lung transplantation. Due to
poor prostaglandin metabolism in immature lungs, failure of
DA contraction in preterm babies is largely due to high levels
of prostaglandins rather than musculature defects. The loss
of DA contraction in full-term neonates will most likely be
caused by asphyxia or hypoxemia, high pulmonary blood
flow, kidney failure, and respiratory disorders [8].

Induction and expression of cyclooxygenase (COX)-2 (an
isoform of prostaglandins generating COX) could also prevent
ductal closure. Ductal smooth muscle relaxation is caused by
activating G protein-coupled EP4 receptors by PGE2. The
decrease in prostaglandin levels results in ductus arteriosus
constriction during late gestation. The intimate cushions thus
come into contact with the ductus lumen and occlude it.

Risk factors include:

e Premature birth
e Genetic conditions such as Down syndrome
¢ Congenital rubella infections

Epidemiology
In the United States, PDA incidence is approximately

e 0.02-0.005% of live births in term children

* 20% in preterm > 32 weeks and up to 60% in those
<28 weeks

* 30% in LBW infants (<2.5 kg)

In addition, the female:male ratio is 2:1 in cases where the
PDA is not accompanied by other risk factors. But, in patients
with specific teratogenic risk factors (i.e., infection with con-
genital rubella), the female: male ratio becomes 1:1.

Prognosis

Patients with no additional anomalies other than the ODA
tend to follow an excellent prognostic course. Premature
infants, however, usually have different sequelae of prematu-
rity that negatively affect their prognosis. Closure of the
PDA in those older than 3 months rarely occurs spontane-
ously. In contrast, this occurs at a rate of 72-75% in prema-
ture infants. Generally, after closure, patients’ symptoms
resolve, and no additional cardiac sequelae develop. On the
other hand, premature infants who experience a significant
PDA have the risk of the development of bronchopulmonary
dysplasia.

Morbidity

Congestive heart failure (CHF) may develop if a large PDA
is left untreated. Another concern is the development of pul-
monary hypertension [9].
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Mortality

Children with large shunts have lower survival rates.
Mortality is evidently low in patients with PDA (except in
premature infant). Left untreated, mortality for PDA is esti-
mated to be around 20% for patients who are 20 years, 42%
for those who are 45 years, and 60% for those who are
60 years. The surgical mortality rate is 20-41% among pre-
mature infants [8, 10].

Signs and Symptoms

In the first few days of life, a premature neonate can develop
life-threatening pulmonary over-circulation depending
mainly on the PDA width, pulmonary vascular resistance
(PVR), and gestational age of the neonate. This is different
from the presentation in adults, especially for whom PDA is
small in size as they may present simply with a newly dis-
covered murmur. Children with PDA are typically asymp-
tomatic. They may experience reduced exercise tolerance (as
a result of pulmonary congestion) in addition to a murmur
discovered during physical examination. Tachypnea, weak-
ness or feeding difficulty, diaphoresis, and abnormal growth
can occur in infants from 3 weeks to 6 weeks old [10].

A moderate-to-large Lt-to-Rt shunt of the DA can be
associated with a “hoarse scream, cough,” atelectasis, or
lower respiratory tract infections such as pneumonia. Failure
to prosper may also occur. Apparent symptoms of heart fail-
ure may occur; however, these are rare. Adults with undiag-
nosed PDA may have heart failure-related symptoms,
arrhythmia, especially atrial, or even differential cyanosis of
the lower limbs, suggesting pulmonary to systemic shunting
of non-oxygenated blood. PDA patients can be variable in
appearance. Based on physical inspection at birth, typically,
patients look healthy and have normal breathing and heart
rates. When the blood pressure is collected, a broadened
pulse pressure can be noted. There may be prominent supra-
sternal or carotid pulsations [10].

On examination, these findings exist:

1. Precordial activity is increased if the left-to-right shunt
increases as the shunt increases.

2. Apical impulse is displaced, usually laterally. Suprasternal
notch or left infraclavicular palpation may reveal a thrill.

3. Usually, there will be an unchanged first heart sound (S1),
and the second heart sound (S2) will be distorted by mur-
mur; phonocardiograph evidence from the past indicated
that they might be paradoxical S2 splitting and a pro-
longed duration of ejection through the aortic valve.

4. Ejection systolic murmur is the typical murmur to be
expected; nevertheless, a murmur of crescendo/decre-
scendo character extending to diastole may also occur.

5. Auscultation of the PDA sometimes shows multiple
clicks or sounds resembling shaking dice or a bag of
rocks.

Bounding of peripheral pulses may be evident. This is
linked to the amount of elevated left ventricular stroke vol-
ume, which leads to elevated systolic blood pressures. As
blood flows away from the aorta into the pulmonary circula-
tion, bounding pulses are caused by low diastolic pressure in
the systemic circulation. Diagnosing a PDA on auscultation
in a low-birth-weight premature infant can be difficult.
Babies with the more serious “hyaline membrane disease
(HMD)” may have a greater prevalence of PDA. The exact
reason for this is yet unknown. The classic symptoms of a
PDA are typically absent in a low-birth-weight premature
infant. Rarely is the classic constant murmur heard upon aus-
cultation. There may be a “rough systolic murmur” along the
left sternal line. Still, there may be no murmur in a tiny baby
with a wide PDA and severe pulmonary over-circulation.

It is essential to differentiate between clinically relevant
PDA and non-significant PDAs. PDAs that are clinically rel-
evant are characterized by breathing difficulties, tachycardia,
bounding pulses, and metabolic acidosis associated with pul-
monary congestion. The shunt from Lt-to-Rt leads to a wide
range of possible complications, such as intra-ventricular
hemorrhage, chronic lung disease, narcotizing enterocolitis,
and even death. Importantly, the symptom of CHF should not
be mistaken for upper respiratory infection (URI).

Diagnosis of PDA

PDA diagnosis is majorly based on thorough clinical assess-
ment, including physical examination for murmur, standard
electrocardiographic (ECG) anomalies, radiographical find-
ings, and echocardiographic/Doppler performance. The criti-
cal diagnostic study used to evaluate PDA is echocardiography.
Alternatively, more novel diagnostic methods are magnetic
resonance angiography and cardiac computed tomography.
Generally, laboratory findings are not beneficial in the
workup of a PDA. Yet, to assess the infant’s overall health, a
complete blood picture (CBP) is obtained. Findings in
patients with this condition are, however, usually within ref-
erence ranges. If the child has other congenital heart defects,
polycythemia may be present. The study of pulse oximetry/
arterial blood gas (ABG) typically indicates normal satura-
tion due to pulmonary over-circulation. Hypoxemia and
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hypercarbia from CHF and air-space disease (pulmonary
edema or atelectasis) may be caused by a large ductus arte-
riosus [9].

Echocardiography

The echocardiographic results for PDA are usually diagnos-
tic. Color flow Doppler imaging can accurately detect high-
speed turbulent flow jets in the pulmonary artery; even the
tiny PDA is sensitive to this technique. It is rare to rely on
alternate imaging methods to make the diagnosis of this dis-
order. In addition, information on related congenital cardio-
vascular malformations can be provided. The aortic end of
the PDA is first localized by two-dimensional (2D) echocar-
diography and then traced back to the pulmonary artery. It is
challenging to record precisely the scale, form, and direction
of the ductus. In the parasternal short-axis perspective and
from the suprasternal notch, the PDA can be seen most
clearly.

Doppler echocardiography shows steady drainage from
the aorta into the main pulmonary artery if no other anoma-
lies are present. If the magnitude of the Lt-to-Rt shunt is
high, continued flow around the arch of the aorta to the DA
in diastole plus reversal of flow in the descending part of the
aorta may be noticed. Higher flow rates in the pulmonary
veins are noticeable as the shunt amplitude rises and the left
atrium enlarges. The left ventricular size often increases as
the shunt magnitude increases.

Chest Radiography

Chest radiograph results vary from normal to showing find-
ings of CHF. Cardiomegaly can be seen. When there is a sub-
stantial Lt-to-Rt shunt through the PDA, chest films are
widened by the pulmonary veins and arteries in addition to
the left atrium and ventricle. The ascending aorta may also
be prominent. These will not be seen until the “pulmonary to
systemic circulation (QP/QS) ratio” reaches 2:1. A high pul-
monary artery pressure may be seen initially as a prominence
of the main pulmonary artery. Marked pulmonary overcircu-
lation is seen as pulmonary edema. It is possible to observe
accentuated pulmonary vascular markings in the periphery
of the lung field and expanded venous markings. The PDA
may calcify in elderlies and show on ordinary radiographs

[9].

Electrocardiography

The ECG findings are usually normal when the PDA is small.
With a larger PDA, hypertrophy of the Lt ventricle may be

present. With broad shunts, left atrial enlargement can also
be present. There may be proof of right ventricular hypertro-
phy in the case of severe pulmonary hypertension. Inversion
of T-wave and depression of ST-segment may be present in
neonates, especially premature neonates with a large PDA,
suggesting ischemia or a supply-demand mismatch.

Angiography and Catheterization

Cardiac catheterization and angiography are not usually
needed for uncomplicated PDA. In detecting a tiny PDA, the
more sensitive method than cardiac catheterization is color
flow Doppler mapping. However, if the diagnosis needs to be
confirmed in children with other congenital cardiovascular
malformations and/or established pulmonary hypertension,
cardiac catheterization may be required; pulmonary vasodi-
lator response may be essential in planning surgical
intervention.

Catheterization can be used as a therapeutic procedure
using coil embolization and as a method to illustrate the
following:

e Shunt and its amount
e Pressure in the pulmonary circulation
e Other possible cardiac malformations

Pulmonary artery oxygen saturation is high during a right
heart catheterization, except in Eisenmenger syndrome. To
assess the occurrence of any vascular pulmonary pathology
and the size of the DA, the PVR and shunt (Qp/Qs) can be
computed. The definitive method for assessing the presence
and scale of the ductus is selective angiography. Angiography,
when other abnormalities are suspected, is often used to
describe intracardiac anatomy [10].

Managements

The spontaneous closure of a PDA is normal. Therapy is
typically prudent if severe respiratory failure or impaired
systemic supply of oxygen is present. Intravenous (IV) indo-
methacin (or newer IV ibuprofen preparation) is also benefi-
cial for the closure of a PDA if given during the first
10-14 days of existence. Catheter closure and surgical liga-
tion, which requires a thoracotomy, are other options. Health
management also includes improving the symptoms of
CHE. CHF is an indicator that the PDA in infancy is closed.
If medical treatment is inadequate, immediate action should
be performed to close the system.

Due to the possibility of bacterial endocarditis linked to
the open structure, it is suggested that all PDA should even-
tually be closed. The high pulmonary blood flow hastens the
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occurrence of obstructive pulmonary vascular disease over
time, which is ultimately lethal. The most essential require-
ment before pharmacological or surgical closure of the PDA
is the detection of additional anomalies in the cardiac system
such as interrupted aortic arch or aortic-coarctation or pul-
monary atresia. Prostaglandin inhibitors (e.g., nonsteroidal
anti-inflammatory drugs [NSAIDs]) are one of the ways used
to close the DA when surgical ligation is not indicated. A
ductal-based lesion necessitates the persistence of a PDA to
maintain optimal pulmonary blood flow. Specific interven-
tions for the treatment of a patient with suspected PDA in
prehospital and emergency department (ED) consist of oxy-
gen supply via a mask for hypoxia, maintaining adequate
respiration in addition to supportive care. Other steps in the
form of fluid and sodium restriction as well as the correction
of any anemia are also needed. Patients showing signs of
florid CHF must be initially stabilized with positive pressure
ventilation and diuretics, then transfer to a tertiary care cen-
ter is mandatory. It may be best to consult a pediatric cardi-
ologist and a pediatric cardiovascular surgeon. Since patients
with a PDA are typically asymptomatic, there is no need for
acute management. However, before the patency of the duc-
tus is corrected, American Heart Association suggested
administering antibiotics in patients for the prevention of
bacterial endocarditis during cases of elevated exposure to
bacteremia (e.g., instrumentation, dental procedures).
Conservative standards require ventilation adjustment by
minimizing inspiratory time and providing more supportive
expiratory end pressure (PEEP). In addition, fluid limits,
which are at most 130 mL/kg/day beyond day three, are also
used. This approach has been found to have a high PDA-
closure rate.

Standard care with digoxin and diuretic medication gen-
erally palliates the condition of CHF-suffering infants. These
kids should be treated for ductal closure when they are older
(a few years old, for the least) and are successful candidates.
Should medical management of CHF fail, patients are essen-
tially referred for early surgical PDA closure. PDA closure is
activated by prostaglandin synthesis inhibitor administra-
tion, such as indomethacin (0.1 mg/kg body weight) given
orally three times per day (every 8 h). This procedure is ben-
eficial in premature infants suffering from “respiratory dis-
tress syndrome” exacerbated by Lt-to-Rt shunting through
the DA. Intravenous (IV) indomethacin or ibuprofen is typi-
cally used to treat premature neonates with severe PDA. In
most patients, this has been quite effective. It is unclear if
outcomes with indomethacin given by IV route are superior
to those with PDA surgical closure, except in premature neo-
nates, where the procedure’s safety is a concern. The stan-
dard drug treatment was IV indomethacin. The US Food and
Drug Association then approved IV ibuprofen (FDA). While
ibuprofen and indomethacin are similarly powerful, the
occurrence of intraventricular hemorrhage tends to be

decreased by indomethacin, but less kidney-related toxicity
is seen with ibuprofen [7, 8].

Indomethacin

Indomethacin has proven efficient, leading to the spontane-
ous closure rate being twice as high. In newborns (4 in num-
ber) with a birth weight of 1500-2075 g who were delivered
at 35 weeks gestation or more, McCarthy et al. demonstrated
the promising effects of indomethacin on PDA. In 13 PDA-
suffering patients whose condition was complicated by con-
genital heart disease, Watanabe et al. evaluated indomethacin
therapy and confirmed the closure in 4 of 7 infants with a
2500 g or more birth weight. Indomethacin is effective in
both scenarios; the DA can reopen after a few days or weeks.
It was also observed that prophylactic indomethacin reduces
the occurrence of extreme grades of intracranial hemorrhage.
Indomethacin’s side effects include vasoconstriction of the
blood vessels in the brain.

Ibuprofen

Prophylactic ibuprofen is commonly used as well. The dos-
age used for ibuprofen is 10 mg/kg of bolus, followed by two
additional days of 5 mg/kg/day. Ibuprofen, in preterm infants,
carries a relatively lower risk of oliguria as compared with
indomethacin. One research, however, observed a higher
prevalence of developing pulmonary hypertension. “The
Cochrane ibuprofen prophylaxis evaluation” found that
while ibuprofen prophylaxis lowers PDA occurrence on day
3, possible adverse effects such as neurodevelopmental prob-
lems may develop. The closure of PDA is dependent on ges-
tation, with a 65% cumulative closure rate.

Diuretics

While diuretics and fluid restriction have been suggested to
treat symptomatic newborns, this method is not supported by
rigorously collected evidence. A systematic review of the use
of furosemide in preterm neonates suffering from “respira-
tory distress syndrome” has demonstrated benefits in the
long term that are negligible and a higher rate of symptom-
atic DA-syndrome development. Infants with signs of failure
can be managed at the beginning with diuretics and digoxin,
but definitive therapy involves interruption of the ductus.

Catheterization

It is becoming more popular to use the percutaneous route to
close the PDA. Transcatheter occlusion is an essential surgi-
cal intervention alternative and is now seen as the main treat-
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ment for the majority of cases of PDA. In the first few months
of life, most patients with PDA alone will have effective
catheterization. The most popular treatment for patent ductus
arteriosus after the first birthday is occlusion at the time of
cardiac catheterization. Additionally, as catheterization pro-
cedures advance, the potential to fix abnormalities in smaller
newborns has been demonstrated with a high rate of success.
For PDA occlusion, many methods and equipment have been
used, but conclusive closure rates are not comparable to sur-
gery rates. The patient’s size contains contraindications for
catheter-based closure [9, 10].

Amplatzer Duct Occluder

More recently, the ability to close PDA during cardiac cath-
eterization has been expanded by the Amplatzer system. This
instrument is more stable and more accessible to implant
than spring occluding coils in a large PDA. The major down-
side of the design is that, particularly in children, the aortic
portion of the system can project into the aorta and block
some of its lumen. Nevertheless, for the treatment of all
forms of PDA, the “Amplatzer duct occluder II (ADO 1II),” a
nitinol mesh that is highly flexible and comfortable to use
flexible with a symmetrical shape, was approved in Europe.

Rashkind Ductus Occlusion Device

This device consists of either the transvenous or transarterial
pathway of a two-umbrella system administered to the duc-
tus. This treatment has an established rate of successful
occlusion of 83%.

Surgical Ligation

The standard treatment for large PDA requiring care in
infancy remains surgical ligation or surgical ligation and
separation. When performed by an experienced pediatric
cardiovascular surgeon, this is an incredibly effective, low-
risk procedure. This is true even in the tiniest of premature
infants. A left posterolateral thoracotomy can be performed
by PDA ligation (with or without division) without the need
for cardiopulmonary bypass. PDA ligation with “video-
assisted thoracoscopic surgery (VATS)” is less invasive,
effective, and safe.

The presence of a PDA is, with few exceptions, a sign for
surgical closure. The presence of other congenital heart lesions
that impede pulmonary blood flow must be paid attention to.
In these patients, all possible ways should be tried to maintain
ductal flow before a definitive repair can be performed or a
permanent shunt can be built. Surgical closure is still needed
for very tiny premature infants. In children, repair may be
urgent in the case of an asymptomatic patient with evidence of
heart or respiratory failure that is not sufficiently managed by
medication or may be delayed in an asymptomatic or well-
controlled patient receiving medical care.

If a patient is not older than 3 years and PDA closure is
done, postoperative outcomes are best. However, for older

patients, higher PVR and pulmonary hypertension occurs.
Severe pulmonary vascular disease is the main contraindica-
tion for repair. Suppose the PDA transient intraoperative
occlusion did not lower the high pulmonary arterial pressure
with a corresponding increment in aortic pressure. In that
case, the closure must be carefully carried out with the pos-
sibility of it becoming contraindicated. Ductal closure does
not alleviate preexisting pulmonary vascular disease. Surgical
ligation problems are often associated with left lateral thora-
cotomy. Mortality and morbidity caused by surgery are prac-
tically nonexistent. However, it is important to note careful
approach must be exercised due to the possibility of injuring
the pulmonary artery, aorta, and other structures [5, 6].

Hospitalization

Hospitalization is usually minimal. Patients who undergo
PDA catheter closure are typically sent home the same day
as the operation. Even patients who undergo a regular thora-
cotomy procedure are rarely hospitalized for more than
2-3 days. Based on defects in other organ systems, the proper
treatment and duration of premature neonates’ hospitaliza-
tion are determined.

Multiple Choice Questions
1. The pulse pressure for a newborn with patent ductus
arteriosus would be:
A. Wide
B. Normal
C. Fluctuating
D. Narrow

Answer is: C.

The pulse pressure will be widened. Because of left-
to-right shunting, the diastolic pressure will be low (due
to blood runoff from the aorta into the pulmonary arter-
ies), which will widen the difference between systolic
and diastolic pressure.

2. Closure of PDA in a premature infant can be stimulated
by administration of:
A. Indomethacin
B. Estrogen
C. Prostaglandin analog
D. Prostaglandin inhibitors

Answer is: D.

Prostaglandin inhibitors. DA normally closes soon
after birth. The effect of prostaglandin is what maintains
its patency in fetal life. Thus, when there is delayed clo-
sure of DA, we can use prostaglandin inhibitors to
induce DA closure.

3. Which one is a risk factor for PDA?
A. Meningococci
B. Maternal rubella infection
C. Late-term birth
D. Male gender
Answer is: B.



44

A.D. Al-Obaidi et al.

Rubella virus can cross the placenta and then spread
through the baby’s circulation, causing damage to the
blood vessels and heart and other organs.

A murmur developed after day 6 of life of a 28-week
gestation preterm baby. The physician reported it as a
continuous murmur on the left clavicle. What is the
appropriate further action?

A. Measure the JVP

B. Measure the systolic and diastolic blood pressure

C. Perform an ECG

D. Do a complete blood count test

Answer is: B.

With these symptoms, a low diastolic BP (wide pulse
pressure) is almost diagnostic for PDA.

A 7-day-old preterm baby was diagnosed with having a
PDA. This defect causes

A. Diabetes mellitus

B. Rt-to-Lt shunt

C. Lt-to-Rt shunt

D. Aortic stenosis

Answer is: C.

Left to right shunt
The most common cardiovascular anomaly in the neona-
tal period is?

A. Patent ductus arteriosus
B. Ventricular septal defect
C. Mitral atresia

D. Atrial septal defect

Answer is: A.

Patent ductus arteriosus is the most common anomaly
in neonates.

Persistence of a patent ductus arteriosus after birth
causes:

A. Systolic murmur

B. Right sternal border murmur

C. Gallop rhythm

D. Continuous murmur

Answer is: D.

PDA causes a continuous murmur that begins in sys-
tolic and continuous into diastole through the second
heart sound.

Which one of the following is not true regarding PDA?

A. Deoxygenated blood passes to systemic arteries.

B. The PDA connects the pulmonary artery and the
aorta.

C. Blood is shunted from the aorta to the pulmonary
trunk.

D. Itis essential for fetal development.

Answer is: A.

In PDA, the oxygenated blood that is pushed into the
aorta during contraction of the heart, part of it crosses
into the pulmonary trunk, causing pulmonary circulation
overflow.

9. PDA is best diagnosed by:
A. Echocardiography
B. Arterial blood gas test
C. Ultrasonography
D. CT scan
Answer is: A.
Echocardiography is usually diagnostic for
PDA. Even tiny PDA are sensitive.
10. A 5-day-old neonate is suspected of having PDA. Which
ECG findings will support the diagnosis?
A. ST-segment elevation
B. T-wave inversion and ST-segment depression
C. Wide QRS complex
D. ST-segment depression
Answer is: B.
T-wave inversion and ST-segment depression may be
present in neonates, especially premature neonates with
a large PDA, suggesting ischemia or a supply—demand
mismatch.
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The Coarctation of Aorta

Ameer Almamoury

Abstract

Congenital anomaly narrowing of descending aorta is just
distal to the subclavian artery typically. Asymptomatic
patient present delay by hypertension and headache, also
the symptoms appear in adult life. Brachial femoral pulse
delay is demonstrated on the physical exam (appearance) .
Because of the blood flow through a constricted aorta, the
systolic murmur is heard on the left intraclavicular. If the
collateral vessels present the murmur, due to the ventricle
hypertrophy the fourth heart sound and gallop may be
heard and present. Turner syndrome is associated with this
anomaly. May be acquired as Takayasu arteritis which is
rare. The pseudotype is located typically at the thoracic
aorta. There is claudication in the lower limp and hyperten-
sitivity will develop at the upper limp. The ECHO diagnos-
tic confirmation of the disease is also the angiography. The
two option for the treatment is balloon angioplasty and
stent placement procedure. Also, surgery required for the
special case will be discussed later in this chapter.

Keywords

Cardiology - Coarctation - Aorta - Hypertension - Pseudo
coarctation - Turner syndrome - Brachio-femoral pulse -
Aortic kink - Suprasternal notch - Heart failure - Balloon
angioplasty

Introduction

The eccentric narrowness of the aorta on the posterolateral
wall is due to internal ridge or shelf and the ridge is com-
posed of similar tissue of the muscular arterial ductus.
Common type is the bridge type and less commonly the con-
striction extends beyond the subclavian artery [1].
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Al Qadisiyah College of Medicine, Al Diwaniyah, Iraq
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Pathophysiology

CoA during the different physiological stages of life has
multiple pathological effects on the clinical outcome and
hemodynamically change. So in utero does not cause hemo-
dynamic change and problem, by the presence of the PDA
the blood will pass and shunt the stenotic and narrowing area
but after birth when the opening of the foramen ovale and
PDA start to close the blood flow will be affected by pres-
ence of constrict area of aorta on the lower extremi-
ties [2]. With this change the hemodynamics of the patient
will start to decline and range from mild to severe, also the
severity of the condition depends mainly on the presence of
other congenital defects. During this pathological change
and the physiological difference, the heart starts to compen-
sate to estimate the maximum function and restore the physi-
ological mechanism, including myocardial hypertrophy and
the development of collateral artery. The collateral blood
flow by involving intercostal and internal mammary artery
and another close by artery to shunt and circumvents the ste-
notic area. Time is major effecter to form the collateral ves-
sels, so in neonatal life if the constriction is severe the
symptoms will be developed (Figs. 1 and 2).
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Diagnosis
History

More incidence is observed in the male population. Turner
syndrome defect X chromosome and because of the sterility
in this patient the coarctation cannot be trans [3]. From
September to November the peak incidence of the coarcta-
tion is found and also from January to March. Produce sig-
nificant symptoms in early infancy and after the third decade
of life. The acute symptoms appear in the infant after the
ductus close. More than one-third of the survivors die by the
second decade of life and about 50% of them die in the third
decade, three-fourth live until the fifth decade. Some report
shows survival at 74 years and 76 years [4, 5].

Mild coarctation is always benign but severe cases are
always symptomatic. In the early diagnosis, some patient
tends to be well clinically so some suspicion required more
than measure or get attention to the upper and lower blood
pressure. The chief cause of mortality and morbidity is
hypertension [6—-12]. The incidence of heart failure is high in
the infant and less in adult hypertension is verse versa.
Ninety percent of infancy with coarctation expire little or no
problem. Just in the second of the close of the ductus the
blood flows into the lung and the femoral pulse disappears.
In Turner syndrome, trisomy 13, 18, 21, 22, 23 XO rupture
occurs due to inherent medial abnormality [13-21]. Pseudo
coarctation is also reported in this syndrome and gonadal
dysgenesis of Turner syndrome is reported that increases ath-
erosclerotic events [22].

Left subclavian
artery

Patent
ductus
arteriosus
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Physical Examination

Every Turner patient should suspect the coarctation of the
aorta and systemic hypertension occurs with or without
coarctation and Turner’s distinctive appearance [13, 23-29].

In the typical XO phenotype Turner female with short sta-
tus and neck webbing, scanty pubic and axillary hair, broad
chest, inverted nipple, small chin, cubitus valgus, short meta-
carpal and metatarsal, narrow nail, pigmented cutaneous
nevus is also exhibited. The Turner infant exhibit lymph-
edema of the neck [30-37]. Congenital heart disease on the
turner with webbing of the neck more than without webbing!
Noonan syndrome is associated only with coarctation of the
aorta [22].

Arteril Pulse

Few misdiagnoses can be emerged if we take care of this
hallmark and comparison between the upper and lower pres-
sure. Normal arterial blood pressure is based on gender and
age. Measurement of blood pressure should be part of regu-
lar routine physical examination [30, 38—44]. A pregnant
female with coarctation shows a similar fluctuation in blood
pressure compared to the uncomplicated pregnant who
exhibit toxemia lower than other hypertensive diseases.
Pregnant women increase the risk of aortic rupture [22].

Ausculation

The murmur is prominent if the collateral is well-developed.
Collateral murmur is crescendo-decrescendo because collat-
eral originating away from the heart has delayed onset. In
young children, collateral well-develops without murmur.
Adult collateral murmur is conspicuous. The coarctation
itself is responsible for systolic murmur size and the location
of the coarctation correlates with the murmur. In infant the
murmur is absent [45-49]. Heart failure causes the murmur
to decrease. Posterior auscultation begins in the midline of
the upper thoracic to the mid and lower of the thoracic spine.
If the diameter decreases to 2.5 cm the murmur occupies all
of the cardiac cycle. Loud brachiocephalic murmur is accom-
panied by a thrill. The murmur of the abdominal coarctation
was heard anteriorly in the epigastrium. Pseudo coarctation
creates systolic murmur posterior to the site of the aortic
kink [50].

ECG

Electrocardiogram pattern is related to two age groups: the
first is symptomatically neonatal coarctation. Coarctation
after children is the second group. The mean QRS axis in
adult is normal [51-57].

X-Ray

In asymptomatic patient the x-ray is normal [58-62]. X-ray
in symptomatic infant discloses pulmonary venous conges-
tion with dilation of the right ventricle. The descending tho-
racic aorta lining the run parallel to the left edge. One of the
classical radiologic signs of the aorta is the notching of the
ribs notch which vary from patient to patient and may be
single, multiple, shallow, and deep [63]. The notch seldom
occurs before 6 years [64]. The notch between the third and
the eighth ribs is bilaterally typical for the coarctation distal
to the left subclavian artery. In older children and adults with
coarctation, the ascending aorta is markedly dilated. In turner
syndrome, the ascending aorta may be aneurysmal [65].

Echocardiogram

In order to analyse the ascending aorta segment by segment,
transthoracic and transesophageal echo with a doppler scan is
used also the brachiocephalic artery, aortic isthmus can be
visualized. A long segment of luminal narrowing can be iden-
tified as suprasternal notch window with color flow imaging
identified as the coarctation. The persistent high-velocity dia-
stolic forward flow indicates the severity [66, 67].

Management
Early Management

The treatment of the coarctation is mainly by surgery or inter-
vention. When arterial hypertension is present the option of
the stent is still possible. The main effector on the choice of
procedure is stenosis and another associated anomaly [68].

Surgical Treatment

Each surgical technique has its own advantage and disadvan-
tage and long-term problem and must be considered in the
follow-up chosen of the procedure depending mainly on the
extent of the coarctation and the patient age [69]. There are
several operative techniques such as resection and extended
end-to-end anastomosis. This is the procedure used in patient
older than | year and also the main advantage is to remove
and excise all abnormal aortic tissue [70, 71]. Tube and jump
graft, if the segment of the coarctation is present, use the tube
method (interposition) and if the aortic is fragile we use the
bypass method. Extra anatomic bypass graft occurs if there
are complex cases associated with another CHD and it is a
very complex repair (ascending to descending)
[72]. Aortaplasty has to be a method with the prosthetic
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patch or by subclavian flap, the one that is less used in pri-
mary repair; in infant surgery usually the subclavian flap is
used.

Late Management

There is some warrant situation for intervention or reinterven-
tion in any case with a gradient pressure across 20 mmHg or
more, Left ventricle hypertrophy, patient with 50% or more
aortic narrowing, aortic valve stenosis, aneurysm at the previ-
ous coarctation site or aneurysm at the Wills circle [73, 74].

Medical Treatment

Avoidance of obesity and smoking, regulate the lipid profile
and cholesterol and limited the risk factor of early coronary
artery disease. Renal failure occurs in this patient if the lower
arterial pressure is reduced. Antihypertensive drug is used in
case of hypertension [75].

Procedure

Balloon angioplasty alternative to surgical repair is preferred
in all patients with isolated CoA, also when surgical inter-
vention is not the option. Not recommended in infant less
than 4 months, is unlikely to succeed in this setting, and con-
sidered also in case of severe ventricle septal defect and heart
failure [76, 77]. Stent placement improves luminal diameter,
and need to be dilated as the child grow so the adult needs
less reintervention. Aortoplasty is avoided in general because
of the formation of aneurysm [78—84]. Potential complica-
tion of angioplasty includes recoarctation, aortic aneurysm,
and aortic dissection. Long-term potential complication of
surgical repair of CoA is recoarctation. postoperative com-
plications or early complications include hypertension, nerve
injury, and paraplegia because of spinal cord
ischemia [85-87].

Follow-Up

Coarctation is one of the complex cardiovascular disorder
and complications may appear many years after the initial
successful treatment. Arterial hypertension, recurrent
obstruction, and aneurysm should be searched well [88].
Using the imaging technique in the following patient is
essential to the treatment if necessary and lifesaving should
take in Center, the lifelong prophylaxis of infective endocar-
ditis is controversial [89]. The residual gradient should be
treated. Pregnant woman with coarctation and gradient
hypertension has a high risk of aneurysm and lead to death
from aortic rupture or dissection. A fetal echocardiogram is
indicated in pregnancies complicated by maternal congenital
heart disease or having previous child with CHD [90].

Multiple Choice Questions
1. A 2-year old boy came to the pediatric clinic with his
parent complaining difficulty in walking for 2 months.
On examination the blood pressure is 140/85 mmHg,
systolic murmur in the left parasternal area. What is the
most likely finding?
Left ventricle dilated
Ribs shadowing
Prolong QT interval
High respiratory rate
. Low oxygen saturation in lower limp
2. An 8 year-old-female came to the emergency depart-
ment complaining of severe headache and claudication.
On the examination of the girl’s appearance, short state
and webbing of the neck, arterial pulse was checked and
the difference in the lower and upper extremity was
found.Regarding this finding, the next steps you have to
do to confirm the diagnosis is??
A. Check the blood pressure in the arm
B. Sent for chest X-ray immediately
C. Check the blood glucose
D. Sent for karyogenetic study
E. Brachio-femoral blood pressure
3. A 34-year-old male came to the emergency department
complaining of severe headache and claudication. The
patient looked confused and drowsy and after a minute
the patient suffered from neurological focal lesion and
paraplegia, and stroke symptoms. Afterward the patient
passed away and sent for autopsy. The autopsy report
showed that the patient has aneurysm in the wills circle
that develops acutely on top of chronic infarction that
came from reduced perfusion in the brain tissue and
hypoxia. The report also shows that the descending aorta
looks dilated and hypertrophic thick wall. Regarding the
finding, what is the cause of the death in this patient?
Rupture aneurysm
Sever infraction of myocardium
DVT
Sever stroke
Aortic rupture
4. A 2-year-old male child known for the case of CoA was
brought by his parent to the pediatric clinic because of
the developmental delay of the child. What is the main
cause of this delay in this particular patient:
Coarctation itself
The mental and neurological cause
Feeding and nutritional cause
Infection
. Heart failure
5. Pedlatrlc department showed a case of the syndrome
rare to see, so the syndrome is called Noonan syndrome.
What you suspected to see in this patient?
A. D-TGA

moY 0w
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B. Ventricle septal defect

C. Coarctation of aorta

D. Atrial septal defect

E. Patent ductus arteriosus

. A 9-year-old-girl was referred to the pediatric cardiolo-
gist by the gynecological physician, to check her because
she suffers from severe claudication and exercise intol-
erance. On the examination she showed the pulse differ-
ence between the brachial and femoral arterial pulse,
and development delay. The patient sent for investiga-
tion show mild to moderate narrowing in the descending
aorta. What is the next step in management of this
patient?

A. Surgery immediately

B. Beta blocker

C. Increase the aerobic exercise

D. Sent for thoracic MRI

. A 45-year-old male was diagnosed with coarctation
aorta. Patient was treated successfully by surgery and he
took his medication before 3 days the patient complains
from also chest pain. What is the most likely late
complication?

Pericarditis

Increase rate of lung cancer

Lower limp paraplegia

Myocardium hypertrophy

Myocarditis

. A 4-month-old infant child came to the pediatric clinic
with his parent because of the failure to thrive and tachy-
pnea. On the examination the pulse rate is high and there
is a difference between the brachial and femoral delay.
On investigation the patient was sent for a chest X-ray
what is the finding that you should find to confirm your
diagnosis?

A. Increase hilar vascularity

B. Reduce the curve of the left ventricle

C. Ribs notch

D. Elevate cardio-lung ratio

. A 12-year-old African-American boy came to the
office because he cannot play with his friend at the
school. This problem developed 6 months ago also his
limp show cold but not cyanotic. The first thing you
do to the patient is check the vital sign that report
hypertension 140/85, 18 respiratory rate, also the
pulse was 90 per minute in the upper limp and 65 per
minute in the lower limp which shows how the patient
was misdiagnosed until this age and he is totally nor-
mal except for this problem. What is the next step in
investigation that gives you more information about
this condition?

A. Chest X-ray

B. ECG

monw>
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C. ELISA
D. CBC
E. ECHO
F. RSG
10. An 1-month-old neonate was diagnosed with acyanotic
heart disease that is characterized by narrowing of the
descending aorta just distal to the patent ductus. What is
the hallmark of this disease?
A. Ribs notching
B. Ventricle hypertrophy
C. Brachio-femoral pulse delay
D. Hilar vascularity
Answers
1. The answer is D.

This known case of CoA regarding classical finding
blood pressure and leg claudication is the most powerful
finding in the diagnosis. The decrease in the oxygen
saturation in the lower limp is due to the coarctation.

2. The answer is E.

One of the hallmarks in the diagnosis of CoA is the
delay between two pulses and pressure difference in the
case of Turner syndrome with the coarctation of the
aorta which is the most common congenital anomaly in
this patient.

3. The answer is A.

In this case of the coarctation of the aorta regarding
the symptom and autopsy finding, a serious complica-
tion is will’s circle aneurysm that shows immediately
neurological symptoms and death if ruptured.

4. The answer is E.

The main cause of the growth and development delay
in the patient with coarctation is the congestive heart
failure

5. The answer is D.

The most congenital anomaly associated with Noonan

syndrome is the coarctation of the aorta
6. The answer is B.

One of the late managements in the patient of coarc-
tation of the aorta is medical and beta blocker treated the
heart failure that causes growth and developmental delay
in this patient who complain of it.

7. The answer is D.

The most common complication of CoA is myocar-
dium hypertrophy of the left ventricle because of the
increase in the pressure overload on this side

8. The answer is C.

One of the most likely diagnostic finding in patient

with CoA is ribs notching.
9. The answer is E.

This is the case of coarctation of the aorta by exami-
nation and finding so the most valuable diagnostic
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method in congenital heart disease as a whole is
echocardiogram

10. The answer is E.

The hallmark of the CoA is the brachio-femoral delay
pulse.
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Abstract

This chapter aims to discuss a rare congenital heart defect
called truncus arteriosus (TA). “TA is characterized by a
ventricular septal defect (VSD), a single truncal valve,
and acommon ventricular outflow tract (OT).” Oxygenated
and deoxygenated blood is mixed at the VSD level, sup-
plying the systemic, pulmonary, and coronary circulation
with deoxygenated blood and thereby giving birth to the
cyanotic clinical presentation of neonatal heart failure. TA
demands definitive surgical intervention. Otherwise, the
prognosis is unfavorable. Nevertheless, patients need fur-
ther revision operations throughout their later lives. Late
surgical management is a new entity, which seems to be
instrumental in cases where the diagnosis is missed.
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Introduction

“Truncus arteriosus (TA) is a rare form of congenital heart
disease (CHD)” occurring only in 1-3% of patients with
CHD, with an annual incidence of 7 per 100,000 live births
and without a racial or sex predisposition [1]. It was first
reported in 1798 in a case autopsy by J. Wilson, with the
anatomical morphology being described later in 1864 in a
six-month-old infant by G. Buchanan [2]. It falls under the
cyanotic congenital defects as it concerns a combination of
heart abnormalities resulting in a low blood oxygen level in
neonates.

Under normal conditions, the embryonic TA should give
rise to the aorta and the pulmonary trunk throughout fetal
development. Persistent TA develops when the septation of
these two major arteries is inadequate or fails.

Surgical intervention is deemed required for the treatment
of TA. Cases not addressed with surgical intervention are asso-
ciated with extremely high mortality rates in infancy. Following
surgical repair, long-term outcomes are satisfactory but resid-
ual, and potential complications burden the prognosis. Despite
surgery, patients need continuous, long-term cardiology fol-
low-up to prevent adverse clinical outcomes.
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Pathophysiology

“The primitive heart develops from five dilations during the
prenatal period: TA, conus cordis, primitive ventricle, primi-
tive atria, and sinus venosus” [3]. However, due to inade-
quate or failed septation of the embryonic common arterial
trunk during the fifth week of development, a persistent aor-
topulmonary trunk is created, consisting of a single OT,
rather than two vascular channels, in conjunction with a
common truncal valve (semilunar). This valve might have
one to four cusps (usually three) [4]. The ductus arteriosus is
a normal and essential fetal structure steering blood to the
right ventricle, away from the high-resistance pulmonary cir-
culation [5]. After birth, it closes spontaneously. In some
cyanotic congenital defects, however, ductus arteriosus must
remain patent to sustain systemic circulation.

Persistent TA can be linked to a variety of cardiac, aortic,
and pulmonary structural anomalies [6, 7].

Numerous cardiac abnormalities may be correlated with
TA, many of which variously impact the prognosis. Structural
lesions of the truncal valve, including dysplastic and super-
numerary leaflets, are usually reported and lead to valvular
stenosis or regurgitation (moderate or severe) in up to 20% of
the patients [8, 9]. Atrial septal defect, aberrant subclavian
artery, left superior caval vein, and right aortic arch are also
prevalent but with modest correlations. In addition to the
above relatively common lesions identified in the spectrum
of TA, further abnormalities have been less commonly docu-
mented, such as double aortic arch, complete atrioventricular
septal defect, and several functional variations of univentric-
ular heart.

Etiology

As in many other innate cardiac defects, the exact causes and
the underlying mechanisms of TA malformation are still
unknown. Important etiologic components in some cases of
human TA seem to be the abnormalities encountered in the
development of cells from the neural crest that occupy the
outflow region of the normal developing heart. Genetically, it
has been found that approximately 30-40% of patients with
TA have microdeletions within the chromosome band
22ql11.2 [10], which contains several related genes.
Specifically, this chromosomal abnormality is likely to
impair the cardiac neural crest cell migration and develop-
ment [11], eventually resulting in structural abnormalities in
TA. Although extensive research is being conducted to eluci-
date the correlation between TA and band 22ql1, only the
TBXI1 gene appears to be involved in the pharyngeal arch
and conotruncal development.

Other risk factors that may be associated with the devel-
opment of TA are the following:

Research studies provide evidence for a relationship with
poorly controlled diabetes mellitus in pregnant women [12,
13].

e Certain medications and various chemicals (e.g., retinoic
acid, bis-diamine) are considered teratogenic and respon-
sible for predisposition to TA in animal models. However,
no verified evidence suggests that they contribute signifi-
cantly to this anomaly in humans.

* Smoking and excessive alcohol consumption during preg-
nancy as well as the infection of a pregnant woman with
German measles (rubella) seem to play a role in the onset
of TA.

* DiGeorge syndrome, also known as velocardiofacial syn-
drome, is a rare disorder that comprises thymic and para-
thyroid gland abnormalities, conotruncal cardiac defects,
and dysmorphic facies. In most cases, it is caused by dele-
tions in the band 22ql1, and it is classified as a clinical
variant of the broad CATCH-22 syndrome [14]. The pres-
ence of DiGeorge syndrome has been ascertained in a
30-35% of patients with TA. These patients have the
above-mentioned genetic mutation in their genotype.

Diagnosis

The severity of TA may vary, and thus the disease is char-
acterized by variable clinical presentations. Prenatally,
most cases are diagnosed between 20 and 25 weeks.
Currently, most of the TA cases are diagnosed during the
neonatal period. Indeed, only a small portion of patients is
diagnosed through screening in utero with prenatal ultraso-
nography. Rarely, for some cases, the diagnosis may be
validated later in infancy or even in adulthood, with a pejo-
rative prognosis.

Prenatal Diagnosis

It is done by ultrasound studies during the pregnancy, and it
can be suspicious but not confirmatory [15, 16].

Postnatal Diagnosis

Diagnosis also includes early postnatal screening and is
based on clinical and radiological signs of a shunt. Pulmonary

blood flow and PVR are the determinant factors for clinical
presentation.
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The clinical recognition of infants with TA begins with
symptoms of acute cardiac heart failure: poor feeding, weak
cry, insufficient weight, lethargy, tachypnea, costal-sternal
retractions, grunting, nasal flaring, tachycardia, or hepato-
megaly [17, 18]. In most patients, heart failure is rapidly
worsening if left untreated. The newborn will appear moder-
ately cyanotic, with clubbing, respiratory distress, and an
oxygen saturation of <95%. Nevertheless, “cyanosis is not a
constant and permanent feature. It can be minimal, intermit-
tent, or even absent due to the large pulmonary flow, which
can overcome the need for oxygen” [19]. This variety in
patients’ clinical presentation is often perplexed by the pres-
ence of concurrent abnormalities, such as valvular regurgita-
tion (50% of patients) and clinical coarctation (10% of
patients). Concurrent anomalies are linked to adverse prog-
nosis and worse symptoms [15].

Investigations

Although chest radiography and electrocardiogram (ECG)
share limited specificity, they can raise clinical suspicion
about the presence of TA [16-20] (Fig. 1).

Transthoracic (TTE) and transesophageal echocardiog-
raphy (TEE) with color flow and Doppler studies can
establish a firm diagnosis, providing anatomical details.
Antenatally, the mid-trimester or routine ultrasound scan
includes the careful assessment of fetal anatomy to detect
significant anatomical abnormalities, including the exami-
nation of the four chambers and ventricular OTs of the
fetal heart. The identification of the mechanism, severity,
and consequences of TA relies primarily on the assessment
of pulmonary arterial pressures, atrial and ventricular vol-
umes, the defect in the wall between the left and right ven-
tricle, and the morphologic characteristics of a single
artery, the common OT, overriding the ventricles and giv-
ing supply to both the systemic and pulmonary circulation

Fig.1 Collett and Edwards’s
(top panel) and Van Praagh’s
(bottom panel) classification

systems Collett and Edward’s

classification

Type |

Van Praagh’s
classificaton

Type A1

[19, 21]. Furthermore, at least one of the pulmonary arter-
ies will rise from the ascending aorta or the transverse arch
until the origin of the left subclavian artery, according to
the classification of the TA (Fig. 2). Substantial pulmonary
overcirculation may indicate left atrial enlargement.
Furthermore, postnatal TTE can provide critical informa-
tion for other concurrent anomalies, aiding the preopera-
tive preparation and monitoring the perioperative
management.

As echocardiography provides high sensitivity and speci-
ficity (Fig. 3), the need for cardiac catheterization is limited.
Cardiac catheterization can clarify certain anatomic and
hemodynamic aspects, such as the precise PVR, which is not
clearly identified by echocardiography. However, MRI or CT
angiography may supplant the need for cardiac catheteriza-
tion by giving further details of associated anomalies before
surgery [15].

Moreover, genetic testing is recommended to be included
in the management routine for all patients born with TA due
to the frequent association with 22q11 genetic mutations and
DiGeorge syndrome [22].

Differential Diagnosis

Imaging modalities have increased the pre- and postnatal
diagnostic success rates of TA up to greater than 90%.
Nevertheless, there are limited cases where structures cannot
be identified clearly on prenatal echocardiography. Single
arterial trunk overriding a VSD is a common sonographic
finding in both TA and tetralogy of Fallot (ToF). Indeed, TA
may be diagnosed as ToF or pulmonary atresia with a
VSD. Because TA is a complex conotruncal anomaly with
multiple subtypes, diagnosis requires multiple imaging in
three-dimensional and four-dimensional ultrasonography.
Postnatally, auscultation in conjunction with the clinical pre-
sentation can clarify the diagnosis. In particular, a murmur

fp

Type Il Type Il Type IV
IF ductus
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Fig. 2 Fetal echocardiography of truncus arteriosus (aorta and pulmo-
nary artery), which bestrides a high ventricular septal defect. (Case
courtesy of Dr. Anastasia Keivanidou, AHEPA University Hospital)

will be audible in TA but not in ToF, while cyanosis in TA
will be milder.

Management
Palliative Treatment

The main goal is the patient’s stabilization and the balance of
the blood flow in the pulmonary and systemic circulation.
First, heart failure is treated vigorously with diuretics, ino-
tropic agents, and angiotensin-converting-enzyme (ACE)
inhibitors to achieve proper fluid balance [23]. Supplemental
oxygenation in clinical practice may worsen pulmonary
overcirculation and should be avoided. Furthermore, meta-
bolic derangements, electrolyte abnormalities, anemia, and
hypoglycemia should be corrected to reduce complications.

Corrective Treatment

The heterogeneity of this clinical condition makes its surgi-
cal management even more complex. The presence of trun-
cal valve regurgitation, concomitant interrupted aortic arch,
and anomalous coronary anatomy constitutes a further bur-
den. Definitive early surgical intervention of TA together
with a single-stage repair of any concomitant cardiovascular
anomalies throughout the neonatal period is well-established.
“The VSD is closed so that the left ventricle blood flow is
driven into the root of the common arterial trunk. A conduit
with or without a valve is placed to reconstitute the continu-
ity between the right ventricle and the confluence of pulmo-
nary arteries” [23, 24].

TIS1.5 Mi1.0

M M
+61.4

: Dist 0.304 em
+ Dist 0.617 em?

***bpm

Fig. 3 Ultrasound of the aorta and main pulmonary artery sharing a
TA. Mixture of blood is clearly seen. (Case courtesy of Dr. Anastasia
Keivanidou, AHEPA University Hospital)

Reports support that the TA can be repaired safely with
low morbidity and mortality, not only in neonates, but also in
infants, and older children. Late surgical therapy has also
been applied to children from developing countries who
often miss early diagnosis or early surgical treatment [25].
Nevertheless, as the degree of pulmonary vascular obstruc-
tive disease advances, the operative mortality and the proba-
bility of poor late results or late death are increased.
Nowadays, the late management of TA has begun to gain
ground, although it is a clinical challenge, and its indications
have not been defined [26].

Lastly, although rarely used today, pulmonary artery
banding is a surgical technique for the palliation (protection
of pulmonary vascular bed) of TA to limit the pulmonary
blood flow in case of a pulmonary over-circulation caused by
large left-to-right shunts. This strategy led to only minor
improvements in the clinical course of the disease, with sub-
stantial early and intermediate mortality rates [27].

Postoperative Period

Truncal valve regurgitation is a major, life-threatening com-
plication of the TA. Further operations will be needed in
patients with the progression of truncal valve insufficiency
or with a quadricuspid truncal valve [28]. The presence of
any diastolic murmur is indicative of valve or conduit
regurgitation.

Endocarditis prophylaxis is recommended preoperatively
and for the first postoperative for 6 months. Additionally,
branch pulmonary artery stenosis and pulmonary hyperten-
sion are both considered common sequelae. In some cases,
patients with postoperative pulmonary hypertension require
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medical support, with the administration of sildenafil and
NO, without favoring survival. Other complications reported
are tamponade, sternitis, mediastinitis, coronary ischemia,
and secondary pericardial drainage.

Prognosis

Several factors might impact the prognosis of children
receiving surgical treatment, which are classified as either
modifiable or not [29]. Perioperative morbidity seems lim-
ited and concerns mainly patients with complex CHD, low
cardiac output, cardiopulmonary bypass aftereffects, and
transient arrhythmias. Patients in the early postoperative
stage, especially those who undergo early repair, demon-
strate minimal late mortality rates [30]. On the other hand,
patients with complications such as significant truncal valve
regurgitation or aortic arch interruption have less favorable
results.

The clinical course of TA without surgical intervention is
not thoroughly clarified. Until recently, the median age of
death without surgery varied from 2 weeks to 3 months in
most patients, with mortality approaching 100% by the age
of one year. Patients with TA who survived into adulthood
with unrepaired structural abnormalities have also been
reported, but they constitute a decreasing minority.
Progressive metabolic acidosis and cardiac dysfunction are
the final results of this clinical sequelae. Systemic perfusion
is insufficient as a consequence of blood mixture and failure
to fulfill the body’s metabolic demands.

Follow-Up

Since the late 1980s, when complete repair in the neonatal
period came into widespread application as a treatment strat-
egy, techniques of perioperative management have dramati-
cally changed. Although existing data seem to be limited,
contemporary studies demonstrate more positive outcomes
in patients undergoing surgery. However, there is a minimal
proportion of patients who present late mortality after early
repair of TA. Most cases in which premature deaths occurred
are likely to be related to reinterventions. Nevertheless, the
truncal valve reintervention seems to be a low-risk operation
in terms of mortality [31].

Most children require revision operations throughout
their lives. Usually, the right ventricular OT is reconstructed
with a nonviable conduit (i.e., duration of 3 years or less after
implantation). When a conduit is placed during early infancy,
its size becomes inadequate as the child grows. Thus, the
conduit must be revised during childhood. Specifically, a

subsequent intervention is needed on the right ventricular
OT. Admittedly, the results of these required reoperations
and catheter-based reinterventions depend not only on the
technique but also on the materials used. When the patient’s
tissue (homograft) is used as a part of this OT, there is the
potential for growth of the conduit as the child grows, pre-
senting prolonged durability.

A 28-year-follow up study in 83 patients showed that
about 30% of patients remained without reoperation 10 years
after TA repair. In 2010, more than 90% of patients were in
good or very good clinical condition [32]. Moreover, another
20-year retrospective review in 165 patients demonstrated
that 10- to 20-year survival and functional status were sub-
stantially good in infants who underwent complete repair of
TA [33]. Conduit replacement or revision was considered
almost necessary in those patients.

Multiple Choice Questions
1. Which of the following statements about truncus arterio-
sus is correct?
A. Infants with TA usually are in distress in the first few
days of life.
B. Supplemental oxygen is always necessary.
C. All conduits used for TA have a lack of growth
potential through time.
D. The prognosis does not depend on the age of surgical
repair.
2. Which of the following genetic disorders increases a
patient’s risk of developing truncus arteriosus?
A. Edward’s syndrome (trisomy 18)
B. Down syndrome
C. DiGeorge syndrome
D. Patau syndrome
3. What other congenital heart defect isis the other con-
genital heart defect most commonly present in truncus
arteriosus?
A. Atrial septal defect
B. Pulmonary stenosis
C. Tetralogy of Fallot
D. Ventricular septal defect
4. The truncal valve most frequently has:
One leaflet
Two leaflets
Three leaflets
Four leaflets
Five leaflets
5. Diagnosis is facilitated primarily by:
A. MRI
B. CT
C. Cardiac catheterization
D. Echocardiography
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6.

10.

A 5-day-old full-term neonate with a cleft palate and
dysmorphic facial features is undergoing repair of trun-
cus arteriosus. After sternotomy, it is noted that the thy-
mus is absent. Results of genetic testing are pending.
Which electrolyte abnormality would you MOST likely
expect on the patient’s pre-op labs?

A. Hypoglycemia

B. Hypocalcemia

C. Hypercalcemia

D. Hyponatremia

. Which of the following does not belong in the differen-

tial diagnosis of truncus arteriosus?

A. Tetralogy of Fallot

B. Pulmonary atresia with a ventricular septal defect

C. Aortic dissection

D. Sepsis

Which of the following does not belong in the palliative

treatment of patients with truncus arteriosus?

A. Inotropic agents

B. Diuretics

C. Prostaglandin

D. Supplemental oxygen

Which of the following is a common finding in the

electrocardiogram?

A. ST-segment elevation

B. Combined ventricular hypertrophy with higher QRS
voltage

C. Low electrocardiographic QRS voltage

D. Q wave

The transthoracic echocardiography will show:

A. A common outflow tract overriding the ventricles

B. Only a ventricular septal defect

C. Ventricular inversion

D. An atrial septal defect

Answers

1.

The answer is A.

Most infants show symptoms in the first days of life
and, if left untreated, do not survive beyond 6 months.
Therefore, early surgical repair is crucial. As for the con-
ditions, their technical specifications regarding growth
are matter of current research.

The answer is C.

About 33% of neonates with truncus arteriosus have
a genetic disorder (stems from a deletion in the genome)
called DiGeorge syndrome.

. The answer is D.

A ventricular septal defect (VSD) is commonly pres-
ent in this CHD. The VSD will be near the truncus arte-
riosus, allowing blood to mix in the right and left

ventricles and enter the truncus artery. It is very uncom-
mon for one not to be present.

.de la Cruz MYV, Cayre R, Angelini

4. The answer is C.

The common semilunar valve may have one to four
cusps with tricuspid most frequently seen.

5. The answer is D.

Transthoracic echocardiography is a feasible, inte-
grated approach to raising suspicion for truncus
arteriosus.

6. The patient has a phenotype consistent with 22q11.2
deletion syndrome. These patients may have hypopara-
thyroidism resulting in hypocalcemia, dysmorphic facial
features, cleft palate, gastrointestinal and genitourinary
abnormalities, developmental delay, and psychiatric
disorders.

7. The answer is C.

Aortic dissection is not a part of the differential
diagnosis.

8. The answer is D.

Supplemental oxygen might worsen pulmonary
overcirculation.

9. The answer is B.

Ventricular hypertrophy is a common finding in con-
genital heart diseases.

10. The answer is A.

Echocardiography will show a common outflow tract
overriding the ventricles and giving blood supply to the
pulmonary and systemic circulation.
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Tricuspid Atresia

Nikolaos Otountzidis and Christos Tsagkaris

Abstract

Tricuspid atresia (TA) “is a rare cyanotic congenital heart
defect, defined by total agenesis or absence of the tricus-
pid valve, resulting in an obstruction of the blood flow
between the right atrium and ventricle.” Therefore, a
right-to-left shunt at the atrial level is obligatory for sur-
vival, resulting in the mixing of the systematic and pul-
monary venous circulation. The impaired oxygen
saturation and the underlying pathophysiological changes
in the left ventricle lead to the clinical manifestations of
the disease that include cyanosis and cardiac failure in the
early life. The severity of the clinical presentation depends
upon the flow in the pulmonary circulation. Apart from
the postnatal diagnosis in neonates or young infants, most
recent advances in fetal echocardiography permit the
accurate prenatal diagnosis of the TA. Without the appro-
priate treatment, TA is associated with high mortality
rates. Several surgical procedures such as the corrective
Fontan operation have altered the clinical course of this
congenital defect. This resulted in an improvement of
patients’ life expectancy and quality of life.
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Introduction

“Tricuspid atresia (TA) is a severe congenital disease that
belongs to the group of cyanotic congenital heart defects
(CHD), characterized by total agenesis or absence of the tri-
cuspid valve” [1]. As a result, there is no physical communi-
cation between the right atrium and the right ventricle. TA
was firstly described by Kreysig in 1817 [1].

Epidemiology

TA is present in 0.1 per 1000 live births, while it represents
approximately 1% of all congenital heart defects, making it
the third most common cyanotic CHD [2]. TA may also be
part of other congenital syndromes, such as chromosomal
anomalies, VACTERL syndrome, and others [3].

Embryology and Genetic Background

The genetic background of the TA remains unclear.
Embryologically, the atrioventricular valves are created after
the formation of endocardial cushions (primitive valves,
31-35 embryonic day), via the transition of endothelial and
mesenchymal cells with the coordination of many different
signaling pathways (especially erbB, NOTCH, and Wnt)
[4-6]. Cells from the endocardial cushions enter the extra-
cellular matrix in order to differentiate the tissue into valve
leaflets, while small remaining muscle bands form the papil-
lary muscles and the chordae tendonae [5]. A glycosamino-
glycan, called hyaluronan, seems to have an important role in
the development of the valves, as the lack of hyaluronan has
been proven to lead to defects in the endocardial cushion
development in experimental models [7-9]. Moreover, other
matrix components like fibronectin, fibulins, versican, and
collagen participate in the formation of the heart valves [5].
A fault to these embryogenesis stages of the tricuspid valve
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may lead to TA. Recent studies indicate specific gene muta-
tions, like those in RASAI and NFATCI genes, responsible
for familial and inherited presentations of the TA, respec-
tively [10, 11]. The recurrence risk of TA in a next pregnancy
is estimated to be relatively low (1-2%) [12]. Maternal dia-
betes mellitus is also referred to as a risk factor for the pres-
ence of TA in infants [13, 14].

Pathogenesis

In a heart with TA, the following characteristics are present
[15]:

e Fibrous thickening (most common) in the anatomical site
of the tricuspid valve

e Lack of communication between the morphologically
defined right atrium and ventricle

» Right ventricular hypoplasia with right atrial dilatation

e Interatrial communication via an atrial septal defect or a
patent foramen ovale

e Normal morphology of the left ventricle and the mitral
valve

e Ventricular septal defect (VSD, present in 90% of the
cases [16])

The blockage on the site of the tricuspid valve leads to
modifications in the blood flow. The blood from the supe-

Fig. 1 Blood circulation in a
heart with TA. RA right
atrium, RV right ventricle, LA
left atrium, LV left ventricle

rior and inferior vena cava returns normally to the right
atrium; however, the flow to the right ventricle is not pos-
sible due to TA. Therefore, the presence of interatrial com-
munication is necessary in order for the blood of the right
atrium to flow in the left atrium and through the mitral
valve into the left ventricle. Therefore, with normal great
vessel anatomy, blood from the venous circulation mixes
with the oxygenated blood returning to the pulmonary
veins [15]. The pulmonary circulation is then supplied with
the presence of a VSD, which allows the filling of the right
ventricle (Fig. 1). However, when the VSD is absent or
insufficient, or the outflow tract is severely obstructed, the
presence of a patent ductus arteriosus (PDA) or collateral
vessels between the two circulations are the alternate mean
of pulmonary blood supply. With the presence of
D-transposition of great arteries (Type II TA), the blood
from the left ventricle flows into the pulmonary artery,
while the systematic circulation is supplied by the right
ventricle through the VSD [15, 16].

The above-mentioned alterations in the blood flow result
in a univentricular system with an overworking left ventricle
so that a normal cardiac output can be preserved. In patients
with TA, significantly different dimensions of the left ven-
tricle are found, compared to normal individuals, with larger
ventricle diameter, width, spherical index, and volume mea-
surements, with concurrent smaller chamber length to be
present in TA [17]. These factors tend to return to normal
after the surgical treatment of the defect [17].




Tricuspid Atresia

63

Classification

TA can be classified according to the morphology of the
atretic valve, the X-ray appearance of the pulmonary circula-
tion, and the associated anatomical defects [18]. The mor-
phology of the valve can be grouped into five types: (a)
muscular (most common type, 76%), (b) membranous
(12%), (c) valvular (6%), (d) Ebstein’s (6%), and (e) atrio-
ventricular canal type (rare) [19]. Based on the X-ray find-
ings on the pulmonary vascular marking, three different
groups have been described: (a) decreased markings, (b) nor-
mal or increased markings, and (c) initially normal or
increased alternating to decreased markings [20]. Although
these classification systems have historical value, their clini-
cal importance is minor.

The most widely used and unified classification system is
based on the TA associate abnormalities, and it was proposed
by Rao [18]:

1. Type I: Normally related great arteries

2. Type II: D-transposition of the great arteries (TGA)

3. Type HI: Other than type II malpositions of the great
arteries

4. Type IV: Persistent truncus arteriosus

Each type can be further subdivided into three types
according to the pulmonary arteries’ status:

e Subtype a: Pulmonary atresia
* Subtype b: Pulmonary stenosis or pulmonary hypoplasia
e Subtype c: Normal anatomy of the pulmonary arteries

Clinical Presentation

Up to 80% of infants with TA will develop symptoms in the
first month of their life [15]. The main factor determining the
clinical presentation and the severity of the disease is the pul-
monary blood flow. Based on the above, two different cate-
gories can be described: patients with obstruction in the
pulmonary flow (usually due to the VSD) and patients with
unrestricted flow.

When the pulmonary circulation is obstructed, the patients
present with cyanosis early, in the first days of life. The tim-
ing of the cyanosis is proportional to the severity of the
obstruction, while other signs of low oxygenation can also be
present such as tachypnoea and respiratory acidosis.
Moreover, in infants with severe obstruction or even pulmo-
nary atresia, the cyanosis presents right after the closure of
the ductus arteriosus. During clinical examination, central
cyanosis, tachypnoea, and clubbing (in older infants or chil-
dren, chronic conditions) may be present with a normal heart
rate. A holosystolic murmur at the left lower sternal border

and/or a continuous murmur can be heard, indicating a VSD
or a PDA, respectively. Due to pulmonary obstruction, in
some cases, a systolic murmur may be present in the upper
left sternal border [15].

When the pulmonary blood flow remains unobstructed,
the infants usually present with the clinical picture of heart
failure. The symptoms appear later than in the first group,
typically without cyanosis, and they are characteristic of the
underlying heart failure, including fatigue, dyspnea, low
food intake, and growth restriction. Most of these patients
also have TGA (Type II TA). Clinical examination reveals
signs of congestive heart failure, including tachypnoea, ele-
vated heart rhythm, and hepatomegaly [15].

Diagnosis

The diagnosis of TA, as in many congenital heart defects, can
be set either before or after birth. With the rapidly growing
advancements in antenatal ultrasound screening and the spe-
cialization of sonographers, nowadays, most cases of TA are
diagnosed intra-utero, at least in countries with well-
organized prenatal screening programs.

Prenatal Diagnosis

TA is diagnosed prenatally in 0.2-0.9 cases per 10,000
births, while the proportion of the diagnoses before birth var-
ies between 12 and 100% in different countries [21]. The
initial diagnosis of TA is set at a median gestational age of
22 weeks [3]. Lack of patency of the tricuspid valve and the
presence of a VSD should be sought in the ultrasound [12].
Except TA, other associate defects such as great vessel trans-
position and pulmonary stenosis can be depicted, giving fur-
ther information for postnatal management. However, the
prenatal diagnosis of the TA does not seem to have signifi-
cantly improved the survival rates of the patients [22].

Postnatal Diagnosis

Infants or children with TA that were not diagnosed during
the fetal period may present with the signs and symptoms
attributed in the section “Clinical Presentation”. The oxygen
saturation measurement using pulse oximetry constitutes an
easily accessible tool with high specificity and sensitivity for
the detection of CHD [23].

The electrocardiogram (ECG) in TA presents with left
axis deviation in the frontal plane, which can be partly
explained by the left ventricle hypertrophy and the hypoplas-
tic right ventricle [24]. Other signs of left ventricle hypertro-
phy are also common. Moreover, due to the consequent
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dilatation of the right (and in some cases the left) atrium,
high amplitude P waves are also noted. The lead V6 may
indicate the pulmonary flow status, as in patients with the
restricted flow, the ECG depicts swallow Q and short R
waves, while in patients with unrestricted flow, the Q waves
are deep and the R waves tall [24].

Referring to imaging studies, chest X-ray in TA is indica-
tive of pulmonary blood flow. When the blood flow is
restricted, the radiograph generally demonstrates normal
heart dimensions. The pulmonary vasculature is poorly
depicted, while in patients with small pulmonary artery a
concavity may be seen on its normal radiological site. With
normal or increased pulmonary flow, the heart is portrayed as
enlarged, with good visualization of the pulmonary vessels.
In both cases, a prominent right heart border is the delinea-
tion of the dilatated right atrium [25].

Echocardiography is the gold standard technique for the
diagnosis of the TA. The atretic valve can be exactly deter-
mined. In the anatomical site of the tricuspid valve, a dense
hyperechoic band can be seen, representing the most com-
mon “muscular type” of TA, with concurrent attachment of
the anterior valve leaflet to the left of the interatrial septum
[15, 26]. Other typical findings include the right and left
atrial dilatation, the characteristic hypoplastic right ventricle,
and the left ventricle hypertrophy. Doppler imaging can be
used to further analyze the pressure difference in the atrial
and ventral septum defects and, more significantly, to iden-
tify and estimate the right ventricle outflow obstruction. The
possible TGA may be recognized through the visualization
of the great vessels’ characteristics close to the heart (bifur-
cation of the pulmonary artery and aortic arch, respectively)
[15].

While the use of interventional procedures for diagnosis
is nowadays restricted, they remain useful for the estimation
of hemodynamic data and the planning of the relevant surgi-
cal procedures. Cardiac magnetic resonance imaging (MRI)
is nowadays a considerable alternative, indicating similar
results with routine catheterization [27].

Management and Treatment

The initial management of patients presenting with TA
includes a thermically suitable environment, especially for
neonates, with usually moderate administration of O, (up to
40%) and concurrent correction of the biochemical values
[25]. Neonates with severe pulmonary obstruction or critical
VSD that are PDA dependent and present severe cyanosis
after birth will be benefited from the administration of pros-
taglandin (PGE1) [28]. Prostaglandin will maintain the
patency of the ductus arteriosus in order to provide adequate
flow in the pulmonary circulation, improving oxygen satura-
tion. In older patients with signs and symptoms of cardiac

failure, anticongestive therapy with diuretics, digoxin, and
afterload-reducing agents should be considered [15].
Although angiotensin-converting enzyme inhibitors (ACEi)
are commonly used, randomized evidence suggests that their
use does not improve patients’ clinical outcomes [29].

After initial stabilization and detailed examination, the
first surgical step in the treatment of patients with severe
obstruction is the modified Blalock—Thomas—Taussing shunt
(BTTS), performed in patients under 3 months old [15, 30].
The original procedure was first described in 1945 for
patients with pulmonary stenosis in tetralogy of Fallot, but
rapidly expanded in other CHD, like TA [30, 31]. The origi-
nal BTTS surgery includes a direct anastomosis of the right
or the left subclavian artery to the ipsilateral pulmonary
artery, while in the modified BTTS, a synthetic graft (Gore-
Tex or Dacron) is positioned between the subclavian artery
or the brachiocephalic trunk and a pulmonary artery branch
[32]. This provides adequate blood flow in the pulmonary
circulation with improvement in systematic oxygen satura-
tion. Recent evidence, however, suggests that a PDA stent is
a more effective and safer alternative than the BTTS for the
initial shunt [33].

In cases with the normal or increased pulmonary flow,
pulmonary artery banding can result in a reduction of the
blood volume. This is of great significance in patients with
TGA concerning high pulmonary pressure [25]. However, in
patients with normal great vessel anatomy, it is more com-
mon for the VSD to close spontaneously; thus, this proce-
dure will eventually lead to restricted pulmonary flow [34].
Therefore, conservative treatment is the first step in the man-
agement of these patients. Nowadays, an absorbable
(polydioxanone) band can be used in order to temporally
restrict the flow till the closure of the VSD, reducing the
number of reoperations [35, 36].

Other interventions that should be addressed include the
atrial septostomy in cases with the restricted interatrial flow,
reconstruction of narrow pulmonary arteries, and balloon
dilatation procedures (stenotic pulmonary valve, aortic con-
cartion, etc.) [37-39]. In particular, in patients with type II
TA (TGA), VSD enlargement procedures and the Damus—
Kaye—Stansel operation (anastomosis between the aorta and
the pulmonary trunk) can be performed in order to overcome
the systemic ventricular outflow obstruction [15, 40]. Before
the final operation, the pulmonary vasculature and pressure
should be analyzed in detail, and any aortopulmonary col-
lateral vessels should be occluded [25].

The final corrective surgery for the TA is the Fontan oper-
ation. This procedure allows the bypassing of the atretic
valve via a cavopulmonary connection. It is usually per-
formed in two stages.

The first stage includes a superior cavopulmonary anasto-
mosis, such as the bidirectional Glenn or the hemi-Fontan
operation. During bidirectional Glenn, the superior vena
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cava is directly anastomosed to the right pulmonary artery
[41]. The term “bidirectional” is used to highlight the blood
flow in both lungs. This anatomical modification allows the
blood from the upper body to return solely in pulmonary cir-
culation. This leads to better oxygen saturation in cyanotic
patients and lower blood load in the functional left ventricle
[42]. The procedure can be performed between 2 and
6 months of age [43, 44]. The hemi-Fontan operation remains
on the same principle. The difference relies on the fact that
the superior vena cava retains its connection with the right
atrium when anastomosed to the right pulmonary artery,
while the junction between the vein and the atrium is surgi-
cally obstructed via a homograft [45]. This may lead to a
more suitable anatomy for the upcoming Fontan operation,
though it generally constitutes a more complex procedure
[45].

All the above-mentioned surgical procedures should
respect the anatomical structures for the final corrective
Fontan operation. The procedure is generally performed in
children older than 2 years of age with a weight of 15 kg or
more [25]. The Fontan operation was first described in 1971
for the surgical correction of TA [46]. By this procedure, the
systemic and the pulmonary circulation are completely sepa-
rated. The original technique included: (a) anastomosis
between the superior vena cava and the distal end of the right
pulmonary artery (Glenn’s procedure), (b) anastomosis
between the right atrium and the proximal end of the right
pulmonary artery with the intersection of an aortic valve
homograft, (c) closure of the atrial septal defect, (d) intersec-
tion of a pulmonary valve homograft between the inferior
vena cava and the right atrium, and (e) ligation of the pulmo-
nary trunk [46]. Thus, there is a total separation between the
saturated and the desaturated circulation, as the blood from
the right atrium flows directly to the pulmonary arteries,
resulting in a normal circulation in terms of physiology. This
complex operation has undergone many modifications since
its initial description and nowadays two different techniques
are mainly used: the extracardiac conduit technique and the
intracardiac lateral tunnel technique.

The extracardiac is the most commonly used technique
and results in the total return of the venous blood to the pul-
monary arteries without the interference of the heart. The
superior vena cava is anastomosed directly to the right pul-
monary artery (Glenn’s procedure), while the inferior vena
cava is connected to the pulmonary artery through a conduit
[47]. Therefore, this Fontan modification is the operation of
choice if a bidirectional Glenn shunt precedes. The intracar-
diac lateral tunnel technique is differentiated by the forma-
tion of a composite interatrial channel, which leads the blood
from the inferior to the superior vena cava and then to the
right pulmonary vein, as mentioned before. The main out-
come of both procedures is the passive return of the systemic
venous volume to the pulmonary circulation. According to a

recent meta-analysis, the extracardiac procedure provides
better long-term survival and a lower rate of postoperative
arrythmias, when compared to the intracardiac approach
[48]. Moreover, fenestration (an anastomosis between the
Fontan circulation and the pulmonary venous atrium) during
the Fontan operation was shown to improve the short-term
outcomes and constitutes common practice for most cardiac
surgeons [49].

After a successful Fontan operation, further pharmaco-
logical treatment is also required. This includes thrombopro-
phylaxis through antiplatelet or anticoagulant agents and
possibly pulmonary pressure-reducing agents [50]. However,
other common treatments, like inotropes and afterload-
reducing agents, have shown no effect on the reduced out-
flow of the Fontan circulation [51].

Outcome and Follow-Up

Without the appropriate surgical treatment, TA results in up
to 90% mortality rates during the first year of life [20]. After
the Fontan operation, the survival of the patients with TA
rises at 93% in the first year and at 82% after 10 years, while
in the overall TA population, the survival lies at 81% and
64% in 1 and 15 years, respectively [52]. More recent data
report an overall 8-year survival of 84% [53]. The highest
mortality rates are generally mentioned between the initial
neonatal palliation (e.g., BTTS) and the first stage of the
Fontan operation (superior cavopulmonary shunt) [52, 54].

The Fontan procedure, however, is not without complica-
tions. Pleural effusions, arrythmias, thromboembolic events,
and protein-losing enteropathy remain among the most fre-
quent [16, 55]. Other conditions, such as renal dysfunction,
liver fibrosis, and neuropsychological disorders, have also
been reported [50]. The surgical procedure itself, the passive
venous circulation with the consequent elevated venous pres-
sure, and low cardiac output result in the manifestation of
these complications. Moreover, in women with Fontan circu-
lation, the miscarriage rates climb up to 50% [54]. Heart
transplantation remains the final solution for the patient with
failing Fontan [16].

Regarding the peculiarity of the Fontan operation, an out-
patient visit for clinically well Fontan patients every
6-12 months is highly recommended according to the
American Heart Association [50]. Most recent guidelines on
adult patients with TA and Fontan circulation suggest an
annual evaluation, or even more frequently if they present a
New York Heart Association (NYHA) stage of IIT or IV [56].
Finally, up to 60% of the patients that have undergone a
Fontan operation will require another intervention in the next
20 years [57]. Given the high mortality presented between
the first palliation procedure and the cavopulmonary shunt
operation, a recent paper studied the effectiveness of a home
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monitoring program on these death rates [58]. The result was
that this well-organized program (that includes, for example,
daily oxygen saturation measurements) leads to a decrease in
the death rates by up to 30% [58]. This indicates that a stan-
dardized follow-up pattern is of great significance in order to
minimize the adverse events of the TA.

Conclusion

TA represents a rare yet severe CHD with high mortality
rates. The current surgical options extend the patients’ lon-
gevity and quality of life; however, serious adverse events
are yet to be diminished. Novel advancements in pharmaco-
logical protocols and surgical techniques are expected to
alter the prognosis of these patients, minimizing the compli-
cations of the disease. In this context, the follow-up will be
transitioned to adulthood, indicating the need for an experi-
enced adult congenital disease approach.

Multiple Choice Questions
1. One of the following defects is necessary for the survival
in the TA:
A. Interatrial communication
B. Pulmonary atresia
C. Transposition of great vessels
D. Aortic coarctation
2. Which of the following is true about the diagnosis of TA?
A. The diagnosis can be set solely via the clinical
examination.
B. Interventional
diagnosis.
C. The ECG is the gold standard for diagnosis.
D. Echocardiography is the gold standard for diagnosis.

procedures are necessary for

Answers
1. Correct answer: A.

As there is no communication between the right
atrium and the right ventricle due to the atretic tricuspid
valve, interatrial communication is necessary for the
blood to flow into the left chambers and, from there, to
the systematic and pulmonary (via the VSD) circulation.
The other choices represent possible associated cardiac
defects.

2. Correct answer: D.

Echocardiography remains the gold standard for the
prenatal and the postnatal diagnosis of the TA, as the
atretic valve can be directly determined. Although the
ECG can depict some characteristic findings for the TA,
these can be present in various cardiac diseases. The clin-

ical examination can set the suspicion for a congenital
heart defect. Interventional procedures are not necessary
for the initial diagnosis; however, they can be useful for
surgical planning.
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Teratology of Fallot (TOF)

Abbas Mohammad

Abstract

TOF is one of the most common congenital heart dis-
eases. It is characterized by the presence of four structural
defects including (a) RVO obstruction, (b) large VSD, (c)
overriding of aorta on VSD, and (d) right ventricular
hypertrophy. The etiology of TOF is not fully understood
but there are many aspects suspected to contribute in the
developing of TOF. These aspects include genetic aspect,
embryological aspect, anatomical aspect, and hemody-
namic aspect. The severity of clinical features of TOF
mainly depends on the severity of RVO obstruction. The
clinical features vary with age. In newborn, the patient
may be normal or have cyanosis according to the severity
of RVO obstruction and patency of ductus arteriosus. In
infants, the commonest features are poor feeding and fail-
ure to thrive. In older children, the patient may develop
severe cyanosis in presence of exacerbating factors
including exercise, stress, metabolic (acidosis and dehy-
dration), drugs (beta receptor against), and ductus arterio-
sus closure. This condition is called “hypercyanotic spell”
which is characterized by squatting posture to compen-
sate for the cyanosis. This condition is treated by simple
procedure (such as knee-chest posture), beta-agonist, and
alpha-adrenergic agonist (phenylephrine). The TOF is
diagnosed by (a) clinical features including history and
physical examination, (b) laboratory tests including full
blood count, coagulation profile, arterial blood gases, and
blood culture, (c) ECG, and (d) imaging including CXR,
echocardiography, and MRI. There are many differential
diagnoses for TOF which may have cyanosis and should
be distinguished from TOF. These differential diagnoses
include cardiac, respiratory, chest wall, vascular, hemato-
logical, and neurological diseases. TOF management
depends on many factors including age of the patient,
severity of RVO obstruction and clinical features, and

presence of complications. The medical treatment for a
patient with TOF is unclear to be beneficial and some
patients may benefit from afterload—reducing drugs like
sildenafil and nitric oxide specifically in those with severe
pulmonary insufficiency and pulmonary hypertension.
The option of choice for a patient with TOF is surgical
treatment but also its not curative. The surgical treatment
includes the correction of surgical defects and either
replacement or repair of the pulmonary valve. The bio-
prosthetic valve is preferable to the mechanical valve. The
surgery does not eliminate the risk of arrhythmia so some
patients may need AICD or radiofrequency ablation. The
surgery has many complications which are divided into
(a) short-term complications including cardiac tampon-
ade, rebleeding, continuous raising of RV pressure, right
ventricular failure, atrial arrhythmia, wound infection,
heart block, and residual VSD and (b) long-term compli-
cations including continuous RVO obstruction, pulmo-
nary valve sufficiency, both ventricular and atrial
arrhythmia, right ventricular failure, and endocarditis.
Patient with TOF needs primary and secondary preven-
tion from endocarditis by using prophylactic antibiotics in
some invasive procedures. In the long term, the patient
may need reoperation or re-replacement of pulmonary
valve. The TOF has many complications which are
divided into (a) short-term complications including para-
doxical emboli and hypercyanotic spell (b) long-term
complications including arrhythmias, pulmonary valve
regurgitation, CHF, and sudden death.
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Introduction

Before discussing TOF, we discuss the heart anatomy and
physiology related to TOF. The heart looks like a house. It
has four rooms (chambers). In between, there are doors
(valves) to the inside and outside which allow unidirectional
blood flow. These heart rooms are separated by walls of dif-
ferent thickness (septi). The blood passes from outside to
inside then travels between heart rooms through the valves
and then outside to whole body. The blood comes back from
the whole body as the deoxygenated blood by the superior
vena cava and inferior vena into the right atrium and then
into the right ventricle through the tricuspid valve. After that,
its passes into the pulmonary artery through the pulmonary
valve. The travel to the lung undergoes gas exchange process
which occurs between pulmonary capillaries and alveoli to
recurring of oxygen and removal of CO, then comes back to
the left atrium by pulmonary veins. Then pass into left ven-
tricle through the mitral valve. From the left ventricle it
passes into aorta through aortic valve, then travel to the
whole body as oxygenated blood. The heart rooms are con-
nected parallelly. Many congenital defects may convert this
connection from parallel to series connection. One of the
most common of these defects is TOF. It is considered the
most common cyanotic congenital heart disease. It is charac-
terized by four structural defects including RVO obstruction,
VSD, RVH, and overriding aorta. These defects differ in
severity from patient to patient and the severity of defects
(especially RVO obstruction) reflect the severity of the dis-
ease. Also, the TOF may be associated with other cardiac
malformations such as right-sided aorta, ASD, anomalous
coronary artery, PDA, bilateral superior vena cava, and addi-
tional VSD [1, 2].

Epidemiology

TOF is the most common congenital heart disease. It repre-
sents about 7-10% of all congenital heart disease and rep-
resents about 230-630 per million births. During adulthood,
the percentage of TOF is about 0.1 in 350 to 0.1 in 450
people. In patients younger than 15 years, it represents
about 33.3% of all congenital heart disease. The cause of
TOF is unknown and most cases of TOF have no family
history of TOF (sporadic cases). It most commonly occurs
in males than females. When the parents are affected the
chance of a sibling being affected is about 1-5%. Sometimes
the TOF is associated with other extracardiac congenital
defects such as bone anomalies (craniofacial and skeletal
defects), hypospadias, cleft lip, and palate. Some genetic
studies show that there is some genetic base for TOF includ-
ing deletion mutation of 22q11 and submicroscopic genetic
alternations [3].

Today, there is a large patient group in adulthood who
have done cardiac surgery early in life, but the number is not
exactly known because they have poor compliance for fol-
low-up but approximately two-third of children who have
repaired TOF early in childhood can reach adulthood. A
study was done on 168 patients of 16 years old and older
who had repaired TOF. The study shows their survival rate is
about 94%. The 30 years survival rate for childhood TOF is
about 75%. In adulthood, the male and female are approxi-
mately equally affected clinically, but this result is not
exactly priced due to shortage of data on adults [4].

Pathophysiology

Around the 20th day of gestation, the heart starts to form by
fusion of both endocardial tubes to form one tubular structure
which is called the cardiac tube. The latter then looped and
folded to form the atrium which has a cranial and dorsal pole,
followed by moving down of primitive ventricles to the right
and ventrally. The dominant heart room during embryonic
and fetal life is the right ventricle which mainly contributes to
supply of the placenta, lung, and lower part of the body. It
receives about 65% of venus blood return during this period.
The right ventricle is composed of three parts including:

1. Trapiculated apical myocardium

2. Inlet which consists of a tricuspid valve with papillary
muscle and chordae tendineae

3. Conus or infundibulum

Embryonic Aspect of TOF

During embryonic life, the main contributor to TOF is
unknown but thought that there is cephalic and anterior divi-
nation of the infundibular septum causing misaligned and
overriding aorta that causes outflow obstruction of the right
ventricle.

Anatomical Aspects of TOF
There are four structural defects in patients with TOF.

1. Right ventricular outflow obstruction: the severity of
right ventricular outflow obstruction determines the
severity of signs and symptoms. There is a different site
for obstruction included in Table 1 with their percent-
ages [5].

When there is right ventricular obstruction, there is back
pressure on the right ventricle causing right ventricular
hypertrophy. The wall thickness of the right ventricle
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Table 1 The sites of RVO obstruction and their percentages

Site Percentage %
Infundibulum 50%
Pulmonary valve 20-25%
Infundibulum with pulmonary valve 20-25%
Supravalvular region and pulmonary artery Rare

becomes equal to those of the left ventricle. Also, there is
hypertrophy of crista supraventricular. The infundibulum of
the right ventricle becomes a distinct channel that is located
anterior to the VSD. This region will be smaller. Also, there
is an increase in trabeculation leading to RVO obstruction.
The RVO obstruction may result due to a structural defect
of the pulmonary valve, which may be unicuspid or bicus-
pid while the pulmonary trunk will be more narrow and
thinner than normal. Sometimes, there is atretic pulmonary
valve so the condition is called pulmonary atresia with VSD
which was previously called pseudo-truncus arteriosus [6].

2. Overriding aorta: In about two-third of cases, the aortic
root overrides the right ventricle. The overriding is differ-
ent from one patient to another (15-95% of the aortic ori-
fice). The most characteristic feature of the TOF is
biventricular aortic origin with large VSD. In about 25%
of cases, there is right-sided aorta. There is dilatation of
ascending aorta and inversely proportional to the size of
the main pulmonary artery.

3. VSD: It is large and has different sites including peri-
membranous, subaortic, or infracristal type. Also, in
some cases, there is multiple restrictive VSD, atrioven-
tricular canal, or supracristal VSD. The characteristic fea-
ture of VSD is the presence of continuous fibrous tissue in
the posteroinferior rim of structural defect between aortic
and mitral valves. In about 80% of cases, the size of VSD
is equal to the size of an artic orifice. The pressure in both
ventricles is equal.

4. Right ventricular hypertrophy: occur due to back pressure
on the right ventricle due to RVO obstruction. If there is
no dilatation of the right ventricleit is hypertrophy, and on
precordial palpation it is non-pulsatile (silent) [7].

Hemodynamic Aspect of TOF

1. Fetal circulation: The fetal circulation is not affected by
the presence of TOF and there is no interference with
umbilico-placental blood circulation. So, there is a good
blood supply to the fetus and there is normal fetal growth.

2. Neonatal circulation: after birth, when the neonate takes
the first breath and the lungs become ventilated, the pul-
monary vascular resistance decrease rapidly and the
blood flow to the lung increase. Delivery of the placenta
will increase systemic vascular resistance. When there is
TOF with RVO obstruction, there is a little blood flow to
the lung unless there is ductus arteriosus still patent which

can maintain the pulmonary blood flow from the aorta
and increase oxygen saturation which stimulates the duc-
tus arteriosus to constrict. For unknown causes, the duc-
tus arteriosus remains patent in patients with TOF for a
period longer than in normal neonates [8].

If the ductus arteriosus is closed early and there is severe
RVO obstruction, the pulmonary blood flow will decrease
severely and cause low oxygen saturation of systemic blood
(35-40% oxygen saturation) and there is severe cyanosis.
When ductus arteriosus is not closed early and remain patent
for a longer period, the collateral circulation develops and
this new vessel maintains pulmonary blood flow even after
the closure of the ductus arteriosus so there is no cyanosis
(acyanotic phase). In this condition, there is a small chance
for the development of congestive heart failure. The clinical
features severity depends on the degree of RVO obstruction
(systemic vascular resistance to pulmonary vascular resis-
tance). The clinical course of TOF is divided into four phases
according to hemodynamic stability:

In summary:

e The right-to-left shunt decreased by increased systemic
vascular resistance. So, the pulmonary blood flow
increases and also increases oxygen saturation.

e The ratio of systemic to pulmonary blood flow determines
the severity of the disease.

e The presence of cyanosis depends on pulmonary blood
flow which depend on the degree of RVO obstruction, the
presence aortic and brachial collateral circulation, and the
patency of ductus arteriosus. When there is mild RVO
obstruction or there is good collateral circulation or PDA,
the cyanosis disappears but some patients develop CHF
and pulmonary HTN. In general, CHF is uncommon
because the biventricular pressure is equal through the
large VSD (Table 2).

Table 2 The phases of TOF according to hemodynamic stability

Phase Description

Precyanotic  There is small pulmonary vascular resistance and mild

phase RVO obstruction. The pulmonary blood flow is
approximately adequate

Early There is exertional cyanosis because there is a balance

cyanotic between pulmonary and systemic circulation

phase

Cyanotic There is an increase in RVO obstruction and decreased

phase pulmonary blood flow with the development of
right-to-left shunt through the large VSD

Severe There is atresia of the pulmonary artery or severe

cyanotic RVO obstruction, so there is no pulmonary blood flow.

phase Also, deoxygenated blood from right ventricle is

pumped to the body through the aorta. During this
phase, the pulmonary blood flow can be maintained
only by PDA. If the PDA is closed, the flow is
maintained by collateral circulation from the aorta and
its branches
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Genetic Aspect of TOF

TOF may be associated with many genetic diseases/syn-
dromes including the following examples:

1. San-Luis valley and kabuki syndrome
2. Alagille syndrome

3. Syndrome or velocardiofacial syndrome
4. Cat’s eye syndrome

The deletion mutation of 22ql1.2 is present in about
8-23% of TOF cases. The common region size deleted from
DNA is more than 2 megabases and about more than 25
genes. Deletion of the half of amount of one or more of these
genes may result in the development of phenotype. Those
patients with those genetic mutations have more chance to
develop psychological disorders such as schizophrenia or
mental retardation in the later life. TOF is present in about
10-15% of Alagille syndrome (is inherited as autosomal
dominant. Characterized by cardiac defect, bile duct defect,
ocular defect, and characteristic face). This syndrome arises
due to a defect in gene known as the Jaggedl gene which
codes for a specific protein on the cell membrane that act as
a ligand for the transmembrane receptor. Also, there is a gene
related to the disease which is called Nkx2. 5 which is asso-
ciated with ASD and TOF [3].

Embryological Aspect of TOF

Until now, the embryological defect that results in the devel-
opment of TOF is not fully understood. Some studies suggest
that TOF defects result from a single embryological defect
which is the development of proportionally unequal ventri-
cles. The left has a large aorta and the right has a small pul-
monary trunk with stenosis due to deviation of the outlet
septum or conus more anteriorly. This deviation also results
in the development of VSD and infundibular RVO narrowing
giving rise to pulmonary stenosis. The degree of overriding
aorta and sub-valvular stenosis is determined by the severity
of antero-cephalic deviation. Another embryological factor
for TOF is maldevelopment of the right ventricular conus
which result in infundibular RVO narrowing and inadequate
development of the main pulmonary artery. This hypothesis
called “van Praagh hypothesis™ is popular but has some limi-
tations. It is a wide detailed hypothesis but in summary, the
truncus arteriosus is unequally separated by a spiral septum
that results in antero-cephalic deviation of septal conus
which results in the development of structural defects of
TOF. The TOF is sometimes called the “Monology of Fallot”
because all structural defects result from a single embryo-
logical defect [4, 9].

Associated Anomalies

The TOF is commonly associated with cardiac and extracar-
diac anomalies and it may be a part of genetic syndromes.
These anomalies are divided into vascular anomalies and
structural cardiac anomalies:

e Vascular Anomalies

1. Congenital coronary artery anomalies: The congenital
coronary artery defect include either abnormal course
or abnormal distribution or both. For example, single
coronary ostium, single circumflex artery originated
from RCA, left anterior descending artery originated
from RCA, fistula between pulmonary artery and coro-
nary arteries, anastomosis between right atrium or
bronchial arteries and coronary arteries, the right ven-
tricle crossed by large anterior ventricular arteries or
large conus artery. Congenital coronary artery anoma-
lies remain the most common congenital defects asso-
ciated with TOF

2. Left subclavian artery aberrancy

3. Persistent left SVC

4. Left pulmonary artery hypoplasia or sometimes
absence of pulmonary artery

5. Right aortic arch

6. Anomalous systemic venous return.

e Structural cardiac anomalies

1. Absence of pulmonary valve

2. Ostium secundum ASD

3. Primum ASD

4. Complete AV canal.

Clinical Features

e Pediatric age group:

The most common clinical feature of TO in infants is
failure to thrive and poor feeding. When the ductus arte-
riosus is closed without the development of collateral cir-
culation and when there is severe pulmonary stenosis, the
patient develops cyanosis. But when there is mild pulmo-
nary stenosis and adequate pulmonary blood flow, the
patient does not develop cyanosis and remain without
symptoms until a decrease in pulmonary blood flow.
Some neonates have no cyanosis at birth but with time the
patient will have attacks of cyanosis on feeding or crying.
This condition is called “hypoxic tet spells” or “hypercya-
notic spells” which is dangerous and unpredictable and
can occur even in patients without cyanosis. The mecha-
nism of tet spell is the rapid development of RVO obstruc-
tion due to right ventricular infundibular spasm which can
be decreased by specific techniques, especially in older
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children. The common technique used by children is
squatting. Also, it has diagnostic value. It is highly spe-
cific for children with TOF. The squatting can compen-
sate for the tet spell by decreasing the venous blood return
from lower limbs which is relatively low oxygenated and
allow venous blood return only from abdomen, upper
limbs, head, and neck which is relatively highly oxygen-
ated. Also, to increase systemic vascular resistance,
increase left ventricular pressure and decrease the left to
right shunt. With increasing age, exertional dyspnea
increase. Sometimes, in children, the collateral arteries
ruptured and result in hemoptysis. Rarely, the patient
remains asymptomatic in adult life. In general, cyanosis
increase with age, but there are some factors that may
increase in infants including:

— Exercise

— Stress

— Metabolic (acidosis and dehydration)

— Drugs (beta receptor against)

— Ductus arteriosus closure.

The right-to-left shunt causes cyanosis due to a high per-
centage of deoxygenated blood in systemic circulation
which in turn result in polycythemia. The direction of the
shunt depends on the degree of pulmonary stenosis. When
the stenosis is not severe, the pressure inside both ventricles
is equal and the shunt across VSD is bidirectional. When the
stenosis is very mild and the pressure inside the right ven-
tricle is lower than the left ventricle, the direction of shunt is
left to right which causes normal systemic oxygen satura-
tion. This condition is called “pink TOE.” Recurrent hypoxia
and TTA may result in mental retardation. The other symp-
tom is headache that is considered a constant symptom. The
headache is due to CNS complications including brain
abscess and venous sinus thrombosis. A brain abscess is one
of the important causes of death in patients with TOF if not
recognized. It more commonly occurs in those of 2-years
old age. Some patients develop anemia instead polycythe-
mia which can cause cerebral thrombosis. Hemoptysis also
may occur due to rupture of bronchial collateral circulation
or pulmonary thrombosis due to low blood flow and polycy-
themia. The aortic engorgement may compress the trachea
causing wheezing and stridor. Also, the CNS problem may
result in loss of normal nasal Resonance due to velopharyn-
geal dysfunction [10].

* Adult age group:

In adult, the clinical features of adult with TOF depend
on the severity of structural defects. The fact that should
be understood taken in care that the repairing surgery for
TOF is palliative surgery not curative surgery because the
surgery repairs defects not repair the cause. So, in long
term, the RV Anatomical and pulmonary vessels changes

are ongoing and is not prevented by surgery. So, all
patients who have repaired TOF will come back with clin-
ical symptoms due to right ventricular failure. But the
majority of those patients remain asymptomatic for at
least two decades after repairing surgery, then after
symptom-free period the patient develops asymptomatic
pulmonary valve insufficiency. This insufficiency
increases with time to become symptomatic insufficiency.
At this time the most clinical presentation for those
patients are palpitations and exercise intolerance [11].

Physical Examination

General inspection: With time the TOF increase in severity.
In adulthood, the patient develops palpitation and exertional
dyspnea. Also, there is a clinical feature of right ventricular
dysfunction including raised JVP, evidence of systemic
venous congestion including ascites, hepatomegaly, and
peripheral edema. On JVP examination, there is A wave that
occurs when there is severe pulmonary stenosis that causes
RVH which resists emptying of the right atrium causing late
diastolic atrial contraction [12, 13].

Auscultation: On Auscultation, there is low-pitched dia-
stolic murmur which is very difficult to be heard in most
patients because it has a short period this murmur occurs due
to pulmonary valve insufficiency. This can be missed even in
severe insufficiency. The other finding on auscultation is ejec-
tion click that occurs due to aortic dilatation. This aortic dila-
tation may cause aortic valve insufficiency in some patients
which result in the development of mid-diastolic murmur in
the aortic area. The other type of murmur also may be found
due to VSD is pansystolic murmur and RVO obstruction
(ejection systolic murmur). The pulmonary valve insuffi-
ciency is easily missed in a patient with TOF and with time
leads to the development of right ventricular failure. So most
of those patients in adulthood require correction of pulmo-
nary valve function either by replacement or just repair [14].

Hypercyanotic Spells

It is characteristic phenomenon for patients with TOF. The
incidence of this phenomenon increase to peak between 6
and 24 months of age. It rarely occurs after 2 years of age.
The aggravating factors to this condition include crying,
feeding, and defecation but sometimes occur spontaneously
without aggravating factors, especially in patients who have
severe cyanosis. There is a poor correlation between hyper-
cyanotic spell and degree of cyanosis. It is a more common
short period after steep awaking. It is characterized by parox-
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ysmal dyspnea, limpness, deep cyanosis, CNS symptoms
(CVA, convulsion), or death. Mechanism of spell is rapid
RVO obstruction due to infundibular spasms which increase
the pressure inside the right ventricle more than the left ven-
tricle and as a result the right-to-left shunt increases across
VSD and pumping of the blood from the right ventricle into
the aorta also increased. As the result, the deoxygenated
blood is pumped to the whole body and increases cyanosis.
This hypothesis is called “Paul hypothesis” which is the
most accepted hypothesis until now. While the mechanism of
aggravating factors (crying, feeding, and defecation espe-
cially after waking) is that the respiratory center in the brain
becomes sensitive to a sudden change in cardiac output after
a long period of sleeping. After awaking, there is a sudden
increase in activity. So sudden increase in heart rate, venous
return, and cardiac output in presence of RVO obstruction as
a result of the pressure inside the right ventricle increase
more than the left ventricle and increase right-to-left shunt.
Also, there is an infundibular spasm which enforces the con-
dition. The deoxygenated blood is pumped to whole body
causing high arterial Pco, and low arterial PO, also decrease
in arterial ph. At the same time, tissue hypoxia causes meta-
bolic acidosis and a further decrease in arterial ph. At this
time, the sensitive respiratory centre after prolonged sleep-
ing will be over stimulated by chemical change (change in
PH) causing further increase in cardiac output, heart rate,
and hyperpnea. This cycle will further be repeated causing a
further increase in severity each time. Also, arrhythmia like
rapid AF and paroxysmal SVT may develop causing further
deterioration by increasing heart rate and cardiac output.
This cycle continues until clinical cyanotic spell is established
which is interrupted by the simple procedures or progresses
to death. The most common one of this procedure is squat-
ting which is a characteristic procedure for a patient with
TOF. It is adapted by older child after simple exercise to
relieve dyspnea. It is commonly seen between 2 and 10 years
of age when a child gets walking. Also, there are equivalent
procedures including underneath leg down with sitting,
standing with crossed leg, knee-chest posture, and lying
down posture. Squatting and its equivalent are used to reverse
the dyspnea. The squatting can compensate for the tet spell
by decreasing the venous blood return from lower limbs
which is relatively low oxygenated and allow venous blood
return only from the abdomen, upper limbs, head, and neck
which is relatively highly oxygenated. Also, to increase sys-
temic vascular resistance, increase left ventricular pressure
and decrease the left to right shunt across VSD.

Diagnosis

The diagnosis of TOF depends on history, physical examina-
tion, laboratory investigations, ECG, cardiac catheterization,
and imaging studies:

» Laboratory investigations: laboratory tests used to evalu-
ate TOF including:

1. Full blood count: in most patients the CBC show mild
anemia, but when there is no cyanosis, CBC shows
polycythemia in rare conditions

2. Coagulation profile: in some patients with bleeding
and cyanosis, the coagulation profile shows abnormal
findings.

3. Arterial blood gases: ABG is used to evaluate the con-
dition of Po2, acid-base balance, and lactate level. In
patients undergoing surgery for repairing TOF, the
most prognostic factor for mortality are base and lac-
tate levels

4. Blood culture: used to exclude sepsis or endocarditis in
a patient with fever because a patient with TOF is vul-
nerable to endocarditis due to presence of structural
defects.

e ECG: due to the presence of pressure load in right ven-
tricle, the ECG shows right axis deviation, RBBB, and
RVH. The significant degree for RVH is when the QRS
duration is 180 ms or more because it may cause sudde
death due to arrhythmia. Also, the other productive find-
ing for the develoment of sudden death due to arrhythmia
is the rate of widening of QRS duration. When the rate of
QRS widening is more than 3.5 ms/year, it becomes
associated with a high risk of sudden death. Also, not
only abnormal increase QRS is significant but the rapid
change in QRS duration is significant even with normal
QRS duration. Another predictive risk for sudden death
is heart rate variation. in some patients with TOF, the
patient has atrial arrhythmia on ECG as AF and atrial
tachycardia [15].

e Cardiac catheterization: the catheterization is not the
study of choice for patient with TOF but may use to evalu-
ate the pressure load in the pulmonary artery and RV. Also
used to evaluate the pulmonary vessel condition, size, and
location of VSD. Also, it is necessary when there is suspi-
cion of pulmonary hypertension and anomalous coronary
artery when there is concern about pulmonary arterial dis-
ease and when the heart anatomy is difficult to be evalu-
ated by Echocardiography.
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e Imaging:
1. Chest X-ray: in some patients with TOF, the chest

X-ray is normal but in other patients there is cardio-
megaly due to RVH. The pathognomic radiological
finding of TOF on chest x-ray is boot—shaped heart.
This important radiological feature results due to small
size pulmonary artery with an upright elevation of the
cardiac apex due to RVH. Also, there is an oligemic
lung field due to decreased pulmonary blood flow. In
adult, this radiological feature is not always seen.

. Echocardiography: in adults echocardiography is used
to assess structural defects. Color-flow echocardiogra-
phy is more important than traditional echocardiogra-
phy because it can evaluate the following:

— If there is residual VSD, ASD, and PDA

— Overall heart function

- Cardiac valves status

— Severity and grade of RVO obstruction.

. Magnetic Resonance Imaging: MRI is the gold stan-
dard imaging modality to assess the size and function
of RV. Also used to assess the volume of pulmonary
regurgitation, so it is the first imaging of choice in
patients suspected to have pulmonary valve defect.
Also, it is used to evaluate the size of the aorta, sever-
ity of RVO obstruction, state of pulmonary vessels,
RVH, VSD, intrathoracic pressure, blood flow, and

Fig.1 X-ray of a patient with TOF

gradients. The MRI differs from other modalities by
its ability to detect stenosis in branches of the pulmo-
nary artery which can increase the severity of pulmo-
nary valve regurgitation and development of collateral
circulation between the aorta and pulmonary circula-
tion which is common when there is pulmonary atre-
sia. Some centers use MRI for screening of pediatrics
with TOF even in asymptomatic patients to provide
baseline information that can be used for monitoring
of patient every 3-7 years to detect any change [16,
17] (Fig. 1).
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Differential Diagnosis

See Table 3.

Table 3 Differential diagnosis of TOF (conditions associated with cyanosis)

Clinical features

Differential diagnosis

Class

Conditions

Cardiac conditions

Congenital
heart disease

Acquired heart
disease

Vascular
Arterial disease

Venous disease

TOF

Isolated pulmonary
valve stenosis
PDA

TPG

Truncus arteriosus
AV canal defect
Ebstein anomaly
Total anomalous
pulmonary venous
return

MI

Valvular heart defects
Heart failure
Cardiogenic shock

Cardiomyopathy

Cardiac tumor

Thromboembolism

Raynaud’s
phenomenon
Acrocyanosis

Venous congestion
SVC syndrome

Pulmonary conditions

Dyspnea Fever

Symptoms

Chest

pain

May be May be
present present
Yes Yes
May be May be
present present
May be Yes
present

May be May be
present present
May be Yes
present

May be May be
present present
May be Yes
present

Yes Yes

No Yes
Yes Yes

No Yes
Yes Yes
May be Yes
present

Yes No

No No

No No

No No
May be No
present

No
No
No
No
No
No
No
No
May be
present
No
May be
present

No

No

No
No

No

Signs
Central.
cyanosis
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes
Yes

Yes

No
No

No

Peripheral
cyanosis

No

May be
present
No

No

No
Yes
Yes
May be
present

No

No

Yes
Yes
Yes

Yes
Yes

Peripheral
edema

No

No

No

No
No
No
No
No

May be
present

No
No
No

Yes
Yes

Finger
clubbing

May be
present
May be
present
May be
present
May be
present
May be
present
May be
present
No

May be
present

No

Yes
Yes
Yes
Yes

May be
present

May be
present
Yes

May be
present
Yes

May be
present

By auscultation

Harsh systolic
murmur

Ejection systolic
murmur
Continuous
machinery murmur
Both systolic and
diastolic murmurs
Ejection systolic
murmur

Ejection systolic
murmur

Loaded S1 heart
sound

Systolic murmur in
the pulmonary area

There are S3, S4
heart sounds
Murmurs according
to pathology

S3 with coarse basal
crackle

Muffled heart
sounds

There are S3, S4
heart sounds

Early diastolic
murmur

Normal
Normal
Normal

Normal
Normal
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Table 3 (continued)

Clinical features

Differential diagnosis

Class

Conditions

Airway diseases Foreign body

Parenchymal
lung disease

Pulmonary
vascular
diseases

Chest wall
diseases

Chronic bronchitis
Bacteria Trecheatitis

Epiglotitis
Severe croup

Atelectasis

Obstructive sleep
apnea
Asthma

COPD

Pneumonia
Alveolitis

TB

ARDS

Lung cancer

Pulmonary fibrosis
Cystic fibrosis
Pneumoconiosis

Pulmonary embolism
(massive)

Pulmonary HTN

Pulmonary AV
malformation

Pneumothorax

Flail chest

Dyspnea Fever

Symptoms
Chest

pain

May be Yes
present

May be Yes
present

Yes Yes
No Yes
No Yes
Yes Yes
No Yes
May be Yes
present

Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
May be Yes
present

Yes Yes
May be Yes
present

May be Yes
present

Yes Yes
May be Yes
present

Yes Yes
Yes Yes
Yes Yes

No

May be
present
Yes
Yes
May be
present
May be
present
No
No
May be
present
Yes
May be

present
Yes

May be
present

No

No
May be
present
No
May be
present

No

No

No

Signs
Central
cyanosis
No

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes
No
Yes

Yes

No

No

No

Peripheral
cyanosis
Yes

Yes

Yes
Yes

No

No
No

Yes

No
May be

present
No

No

No

No
Yes

No

No

Yes

Yes

Yes

Peripheral
edema
No

No
No

May be
present

No

No

No

No

No
No
No
May be
present
No

No

No

Finger
clubbing
No

No

May be
present
May be
present

May be
present
May be
present
May be
present

May be
present

May be
present
Yes
Yes
May be

present
No

Yes

May be
present

No

By auscultation
Wheeze with
decreased breathing
sounds

Wheeze and crackle

Stridor (mostly
inspiratory
Presence of Stridor
Presence of Stridor

Wheeze with
diminished
breathing sounds
(localized)

Normal auscultation

Inspiratory crackle,
wheeze, and
decrease breathing
sounds

Crackle and wheeze
with pleural friction
Crackle and wheeze

Expiratory wheeze
with decreased
breathing sounds in
severe asthma
Inspiratory crackle,
wheeze, and
decrease breathing
sounds

Wheeze, Stridor
with the absence of
breathing sounds
Bilateral fine
crackle

Crackle and wheeze

Expiratory wheeze

Loaded P2 heart
sound, crackle, and
diminished
breathing sounds
Pulmonary arterial
bruit

Murmurs of
tricuspid and
pulmonary
regurgitations
Diminished
breathing sounds
Normal auscultation

(continued)
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Table 3 (continued)

Clinical features

Differential diagnosis Symptoms
Chest
Class Conditions pain Dyspnea Fever
Hematological disorders
Hematological  Polycythemia May be Yes May be
disorders present present
Methemoglobinemia  Yes Yes May be
present
Neurological disorders
Neurological Coma No No No
disorders Seizure No Yes May be
present
Head trauma No Yes No
Breathing-holding May be Yes No
attacks present
Management

All patients with TOF need preoperative and follow-up care.
This follow-up includes monitoring of body weight, pro-
gressive cyanosis, and the parents should be educated to dis-
tinguish the hypercyanotic spell early with early treatment
[18, 19].

Treatment of Hypercyanotic Spells

The hypercyanotic spell is one of the threatening conditions in
a patient with TOF and it is one of the important cardiological
emergency topics. The early treatment of spell is important
because late diagnosis and treatment may result in brain death
due to ischemia. The management of spell starts with simple
maneuvers. The most commonly used maneuver is squatting
(discussed previously) and knee-chest posture. The patient
should remain calm and giving off oxygen and avoidance of
stimulation. If severe cyanosis is persisting, acidosis will
develop. If these simple maneuvers failed to reverse cyanosis,
the next step is using medical treatments including:

e Stabilization of patient by using supportive measures
including intravenous fluid, oxygen, treatment of acido-
sis, and using morphine

e Increasing of pulmonary blood flow by using beta-
blockers to relieve infundibular spasm adequate RV
filling

* Increasing of systemic vascular resistance to increase pul-
monary blood flow by using alpha-adrenergic agonist
(phenylephrine) which is the last medical option.

In a newborn when there is profound cyanosis, alprosta-
dil (prostaglandin) is beneficial to maintain PDA to allow

Signs

Central ~ Peripheral Peripheral Finger

cyanosis  cyanosis edema clubbing By auscultation
Yes Yes No Yes Normal

Yes No No No Wheezing

Yes No Yes No Wheezing

Yes No No No Normal

Yes No No No Normal

Yes No No No Wheezing

passage of blood from aorta into pulmonary artery and
increased pulmonary blood flow. In those newborns, the sur-
gery is indicated during neonatal period. If medical therapy
is failed to reverse severe cyanosis, urgent Blalock—Taussig
shunt is indicated (making of a synthetic shunt between sys-
temic and pulmonary circulation by using the tube to
increase pulmonary blood flow). Another surgical option is
extract-corporeal membrane oxygenation. Preoperative
using of beta-blocker is beneficial while arranging for sur-
gery [20] (Table 4).

Medical Treatment of TOF

In a patient with pulmonary insufficiency, the medical treat-
ment including afterload reducing drugs is not beneficial
and does not prevent the condition progression. Some
patients especially those with severe pulmonary hyperten-
sion are put on sildenafil which may have some benefits, but
it is unclear if it is beneficial for long term or not due to a
lack of studies and it is unknown to prevent long-term pro-
gression of the condition. The other drug that is used for
pulmonary insufficiency is nitric oxide which is suggested
to be effective for pulmonary hypertension and pulmonary
insufficiency [21, 22].

Surgical Treatment of TOF

The ideal surgery for repairing of TOF is primary repairing
in infants by using of cardiopulmonary bypass. Surgery
should include VSD closing and RVO obstruction relieving
by resection of the stenosis of infundibulum. Before using
pulmonary bypass, a shunt should be placed between sys-
temic and pulmonary circulation.
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Table 4 The lines of management of hypercyanotic spell

Line no. Options Description
Simple Maneuvers ¢ Squatting

Knee chest posture

First line

Supportive care

Second line Beta blockers Propranolol

Dose:

Intravascular volume replacement by fluid or blood when needed
IV morphine to keep the child calm when needed

Correction of acidosis by using sodium bicarbonate when needed
Oxygen supplement to a degree that does not stimulate the child.

— Parental rout: 0.15-0.25 mg/kg given as initial bolus dose. Can be repeated in 15 min
— Oral route: 2-8 mg/kg/day given in 6 h divided dose

Esmolol

Dose: initial IV bolus dose of 100-500 pg/kg followed by infusion dose of 50-500 pg/kg

Supportive care
Third line Phenylephrine
Supportive care
Alprostadil

Supportive care

Newborn with severe
cyanosis and low
pulmonary blood flow

As mentioned in first line

Dose: initial IV bolus dose of 5-10 pg/kg followed by infusion dose of 0.1-0.5 pg/kg
As mentioned in first line

Given IV in a dose of 0.02-0.1 pg/kg

As mentioned in first line

Note: one of the adverse side effects of Alprostadil is apnea and conversion to mechanical ventilation. so, the apnea should be monitored

Surgery of TOF in Adults

In an adult risk-benefit ratio of surgery should be taken into
care because some patients have irreversible RV failure
which does not benefit from any surgery other than trans-
plantation [23].

Time of Surgery

The time of surgery in an adult with TOF is controversial. In
past, surgery was done when there is a long QRS duration
(more than 180 ms on ECG) some surgeons prefer the sur-
gery when the patient has symptoms. Other surgeons say that
when the patient has RV insufficiency, replacement of the
pulmonary valve is the only recommended procedure. Others
still say that the earlier surgery is more beneficial depending
on the finding of echocardiography not on the clinical picture
of the patient. The arguments about the time of surgery in an
adult are conflicting but the universal argument for all sur-
geons is that the waiting of patient to become symptomatic
before doing surgery is an unbeneficial option because there
is irreversible damage to the right ventricle. Also, pulmonary
valve replacement should be done before the development of
RV sufficiency. The surgery is not needed when there is nor-
mal RV function, no or mild dilatation of the RV, and the
patient is asymptomatic [24].

Procedure of Surgery

The surgery is done by cardioplegia and using cardiopulmo-
nary bypass. The first structural defect repaired is VSD clo-
sure after cardiac arrest. The VSD is closed by a patch
followed by infundibular dilatation and then repairing of the
pulmonary valve. For pulmonary valve insufficiency, trans-
mural patch is not used for the adult patient due to the risk of

pulmonary valve insufficiency late in life. So, the pulmonary
valve is either repaired or replaced without using of transmu-
ral patch. The best choice for pulmonary valve insufficiency
is the replacement of valve. This option can improve the
function of RV and reduce its size in long term. But the risk
of arrhythmia is the same and not affected by options of pul-
monary insufficiency correction [25, 26].

Choosing the Type of Valve (Bioprosthetic or
Mechanical Valve)

The best type of valve used for pulmonary valve replacement
is a bioprosthetic valve not a mechanical valve due to three
reason

1. Increased risk of thrombosis associated with mechanical
valve which needs anticoagulant lifelong that put the
patient at risk of bleeding

2. Lower blood flow in the right ventricle and pulmonary
circulation

3. In female, using mechanical valve with anticoagulant (war-
farin) is a strong limitation to getting pregnant due to the
difficulty using of warfarin during pregnancy (it is terato-
genic). There are two types of bioprosthetic valves which
are homograft (human tissue) and animal tissue (Porcine
heart valve or pericardium of bovine). The main problem
associated with bioprosthetic valve is that has no longer sur-
vival. On average about 47. 5% (40-55% as a range) will
survive only one-decade post-replacement and then dam-
aged. So bioprosthetic valve is not suitable for young
patients because there is a high chance for repeating surgery
and re-replacement with a new valve once or more in the
future that increases the chance of surgery complication.
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Using of AICD (Automatic Implantable
Cardioverter-Defibrillator)

As mentioned above, the surgery does not eliminate the risk
of arrhythmia. So, in some patients who persist to expert
ventricular arrhythmia that put the patient at risk of sudden,
AICD is indicated. AICD was implanted under local
anesthesia.

Radiofrequency Ablation

In a patient with TOF who has a trial or ventricular arrhyth-
mia, the other option for treatment of this arrhythmia is abla-
tion which is a recent technique.

Postoperative Monitoring

The patients who get open cardiac surgery should be sent to
ICU with restricting monitoring of hemodynamic measures.
In a study on postoperative opening cardiac surgery patients
found that the short-term results depend on the inotropic
amount and pressure support during admission to ICU. The
patients who need more support have a more worse result.
Any postoperative patient of open-heart surgery should stay
intubated and on mechanical ventilation until stabilization of
respiratory and cardiac status. The intravascular volume and
peripheral tissue perfusion should be maintained along with
an adequate cardiac output by using of atrial pacemaker on
need. Daily body weight should be checked to assess the vol-
ume condition. A permanent pacemaker is indicated when
the heart rate is not back to normal value within 5 days in a
patient on a temporary pacemaker due to heart block.

Outcomes of Surgery

There are various results of surgery among patients with
TOF. The mortality rate is about 6-10%. The 5 years survival
rate is more than 90% and 10 years survival rate is more than
86% after the replacement of the pulmonary valve. The stud-
ies show excellent short-term outcomes while there are poor
long-term outcomes. Some patients will need re-replacement
of the pulmonary valve especially bioprosthetic valve and
may need the insertion of pacemaker, while other patients
may continue to have elevated RV pressure. Some studies
that follow postoperative patients show that the replacement
of the pulmonary valve reverses or reduces the progression
of pulmonary valve insufficiency. These complications
including tricuspid insufficiency and RV failure. While the
risk of arrhythmia is not affected by surgery, some studies
show that there is a reduced risk of arrhythmia in the short
postoperative period but in long-term, there are no differ-
ences in risk. So, the risk of arrhythmia generally is not
affected by surgery [27, 28].

Complications of Surgery
The complications of TOF repairing surgery are divided into
short-term and long-term complications.

Short-term Complications

Cardiac tamponade

Rebleeding

Continuous raising of RV pressure
Right ventricular failure

Atrial arrhythmia

Wound infection

Heart block

Residual VSD

PN R L

Long-term Complications

. Continuous RVO obstruction

. Pulmonary valve sufficiency

. Both ventricular and atrial arrhythmia

. Right ventricular failure

. Endocarditis: which persists lifelong risk, but it is lower
than those in unrepaired TOF.

I O R

Arrhythmia is considered the most common cause of
death after surgery especially ventricular arrhythmia, which
is the most common type. Ventricular arrhythmia-related
sudden death is reported in about 0.5% of patients with TOF
within 10 years postoperatively. While in patients with early
surgery, the risk of arrhythmia is about 1% [29].

Prophylaxis for Infective Endocarditis

It is commenced before surgery and continues 6 months
postoperatively. Lifelong use of prophylaxis during invasive
procedures (such as surgical dental procedures, respiratory
system procedures, and infected skin) is indicated in patients
with postoperative residual defects at the site or near bio-
prosthetic valve. [30] (Table 5).

For cardiac surgery °‘the aim of the prophylaxis is
against staphylococcus spp., so the prophylaxis of choice
is cephalosporin (cephalexin). But in general, choosing of
antibiotic depends on the susceptibility result for each hos-
pital. For other invasive (such as surgical dental proce-
dures and invasive respiratory system procedures infected
skin) the aim of prophylaxis is against enterococci, so the
prophylactic of choice is penicillin (ampicillin or amoxi-
cillin). It is indicated before mentioned invisible in all
followings:

Table 5 The drugs of choice and their doses

Option Dose

Cephalexin Single oral dose of 50 mg/kg given 1 h before invasive
procedures. Maximum dose is 2000 mg/dose

Amoxicillin Single oral dose of 50 mg/kg given 1 h before invasive

procedures. Maximum dose is 2000 mg/dose

Single IV or IM dose of 50 mg/kg is given half an hour

before invasive procedures. Maximum dose is

2000 mg/dose

Ampicillin
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1. Any patient with uncorrected CHD or those with pallia-
tive shunt

2. Any patient with corrected CHD but there is a residual
structural defect at the site or near bioprosthetic valve.

Secondary prevention

Any patient with TOF should receive seasonal vaccination
against respiratory syncytial virus. Also, taking antibiotic for
infected endocarditis is indicated before invasive procedures
such as surgical dental procedures or invasive procedures for
any patient with uncorrected TOF or corrected TOF with
residual defects at the site or near the device. Female with
TOF should have counseling before getting pregnant because
there is 10-folds increase in the risk of TOF in off siblings if
there is a first-degree relative who has TOF. For a pregnant
female, who has a previous child with CHD or she has CHD,
fetal echocardiography 1is indicated during pregnancy.
Female with corrected TOF should undergo a complete car-
diological assessment before pregnancy [31, 32].

Patient Education

The patients should be informed that the surgery is not a
curative option and other surgery may be needed in the
future. Female with TOF should be informed about the risk
of her children having TOF or other CHD so counseling is
indicated before getting pregnant and cardiac assessment by
echocardiography is indicated during the pregnancy.

Reoperation

The percentage of patients who underwent surgical correc-
tion of TOF during childhood and need reoperation in the
future is about5%. The most important indications for short-
term reoperation

1. Residual RVO obstruction with pressure more than
60 mmHg
2. Residual VSD with a shunt of to 2:1

The residual VSD Significance depends on its size. When
it is small, there is no clinical significance but when it is
large in size, there is a clinical significance because it caused
volume overload which is intolerable to the patient. In a
patient who undergo reoperation, there is a dramatic
improvement and low-risk operation. Sometimes, there is a
progression of pulmonary valve sufficiency and develop-
ment of RV insufficiency. The pulmonary valve may be re-
repaired or re-replaced in about 5% of patients with TOF

who underwent surgery during childhood. But in general,
there is increasing long-term survival rates due to excellent
surgery outcomes at the present time. Most of those patients
presented with the clinical features of pulmonary valve
regurgitation which is treated by replacement with biopros-
thetic valve which is better than mechanical valve to avoid
high risk of thrombosis [33].

* Indications of pulmonary valve re-replacement in cor-
rected TOF

1. Asymptomatic patient: if there are two or more of the
following criteria:

(a) Index of right ventricular end-systolic volume is
more than 80%
(b) Index of right ventricular end-diastolic volume is
155% or more
(c) Ejection fraction of the right ventricle is less than
47%
(d) Ejection fraction of the left ventricle is less than
55%
(e) Large RVO tract aneurysm
(f) Wide QRS complex more than 162nd right-sided
heart volume overload sustained arrhythmia
(g) Significant hemodynamic abnormalities including:
- RVO obstruction with right ventricular systolic
pressure is 0.7 systemic or more
- Severe pulmonary artery stenosis (pulmonary
blood less than 30% in affected branch) not cor-
rected by transcatheter interventions
— Tricuspid regurgitation in a moderate degree of
more severe
— Pulmonary to systemic shunt through residual
VSD or ASD is 1:5 or more
- Severe aortic valve insufficiency.

2. Symptomatic patients: if there are symptoms (such as
the feature of CHF, arrhythmia-induced syncope, and
exercise intolerance not related to extracardiac condi-
tion) with one or more of the criteria mentioned above.

Prognosis

During recent years, the postoperative survival rate for a
patient with TOF is increasing and decreasing early mortal-
ity. According to data from American and European cardio-
thoracic surgery registries, the perioperative mortality rate is
lower than 3%. Some factors can affect the perioperative
mortality rate including:

1. Oxygen saturation

2. Gradient pressure through pulmonary valve
3. Pulmonary arteries size

4. Pulmonary valve function
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The perioperative mortality rate is high among patients
with the following factors:

1. Repairing with a transannular patch which is considered
only in severe TOF when the pulmonary annulus Z score
is between —2 and —3

Prematurity

Associated coronary anomalies

Small size of body

Genetic anomalies

DA e

A follow-up for a medium period shows no significant
change in mortality rate while the long-term rate is about
68.5%. The most important factors in long-term outcomes
are the severity of pulmonary valve insufficiency and resid-
ual RVO obstruction. In recent years, the adulthood surviv-
ing for a patient with TOF is increased than those patients
need a special care lifelong and with increased rate of adult-
hood survival, the rate of reoperation is also increased.
During following of patients with repaired TOF, the regis-
tries found that about 44% of patients need reoperation by
surgery or catheter intervention beyond the age of 35 years.
Other study found that about 19-29% of patients with
repaired TOF reoperated beyond the age of 30 years. A study
found that the risk of reoperation and 10-years survival rate
is lower among patients with the transarterial repair which is
about 80% that need no reoperation. Another study found
that about 75% need no reoperation within 25 years postop-
eratively. The single case-control analysis compared with
outcomes of transarterial and transventricular repair. It found
that the pulmonary valve replacement amount for patients
with transarterial repair is lower than those with transven-
tricular repair. But use of transannular patch increases the
risk of reoperation [34-36].

Follow-Up

Any patient undergoing surgical repairing of TOF should be
assessed by a cardiologist. The recommendation of CCA/
AHA is that any adult with corrected TOF should undergo a
scheduled assessment by adult CHD specialized cardiolo-
gist. The frequency of assessment can increase according to
clinical pictures and the result of assessment. The other
important advice is that echocardiography and MRI should
be performed only by expert physician. The other guideline
from the European society of cardiology is the same recom-
mendations as CCA /AHA including the following of adult
with corrected TOF by an expertise cardiologist. Female
with corrected TOF should get counseling before pregnancy
and during pregnancy. For a patient with corrected TOF,
every 1-5 years should undergo RV function assessment
and check pulmonary valve state for valve insufficiency or

stenosis by echocardiography. This schedule of assessment
is variable from patient to other. Yearly assessment is indi-
cated if there is a valve problem (stenosis or insufficiency),
RV dilatation progression, or symptomatic patient. The
other modalities for assessment of RV function are MRI and
CT scan. The MRI provides accurate assessment by produc-
ing a 3D picture of RV volume, so now it is used for time
detection of replacement of pulmonary valve. In some
patients, multiple imaging modalities are used due to their
significant clinical picture and the result of the previous
assessment. [37, 38].

Complications of TOF
e Short-term complications

1. Paradoxical emboli: patient with unrepaired TOF has
communication between the venous circulation and arte-
rial circulation, so there is a risk of paradoxical emboli
because venous embolism can pass through the large
VSD and enter the left ventricle or directly into the aorta
then impacted in the arterial circulation causing ischemia
of the supplied organ. Also, there is an increase in the risk
of intravenous catheter-related air embolism because air
bubbles pass through the catheter into the venous system
can pass through the VSD causing arterial air embolism.
So intravenous catheters should be used with caution in
patients with unrepaired TOF. There is no need for anti-
coagulant prophylaxis in a patient with unrepaired TOF
but when there is a risk of venous thrombosis it should be
identified and managed

2. Hypercyanotic spell: discussed previously.

e Long-term complications

1. Ventricular arrhythmia: there is a medium risk of ven-
tricular arrhythmia in a patient with unrepaired
TOF. The risk of development of ventricular arrhyth-
mia is one of the limiting factors for long-term out-
comes. A retrospective study was done in the period of
1960-1993 for patients who have unrepaired TOF. The
result of the study was as follows
- No ventricular arrhythmia in 28% of patients
— Minor ventricular arrhythmia in 51% of patients
— Non-sustained VT in 10.5% of patients
— Sustained VT in 9% of patients

The most important risk factor for ventricular

arrhythmia is the widening of QRS complex. So, mon-
itoring of QRS width is important for the detection of
the risk of arrhythmia. If there is a widening of QRS,
further assessment with other electrophysiological
studies is necessary. A recommendation by some of
the expertise clinicians for periodic monitoring with
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Holter as an arrhythmia screening test. Other clini-
cians use exercise test as a screening test [39—41].

. Atrial arrhythmia: there is a medium risk of atrial
arrhythmia which is one of the common long-term
complication of corrected TOF which start to increase
in the previous decade. A retrospective analysis was
done on an adult who underwent surgical repair of
TOF during childhood. It shows that about one-third of
included patients have atrial arrhythmia in the form of
SVT, AF, atrial flutter, and sinus node block.

. Pulmonary valve regurgitation with right-sided heart
failure: the risk is high. A one to study done on 100
adult patients who underwent surgical correction of
TOF in childhood and by using MRI imaging show
that poor left ventricle and right ventricle functions are
independent risk factor for a poor clinical condition.
Congestive [42].

. Congestive heart failure: the long-term risk of devel-
opment of CHF in patients with TOF is low. The symp-
toms may be present in a patient with minimal RVO
obstruction and most commonly treated with furose-
mide, but the diuresis-induced hypercyanotic spell
should be considered. In patients with repaired TOF,
the CHF is not a common long-term complication.
One study done on 100 adult patients with repaired
TOF during childhood found the following results
(percentages or stages of CHF):

— Patients with NYHA class I about 48%
- Patients with NYHA class II about 40%
— Patients with NYHA class III about 12%

. Sudden death: there is a low risk of sudden death in
patients with repaired TOF. The sudden death occurs
due to ventricular arrhythmia (VF and VT) which is
the most common cardiac-related death in a patient
with corrected TOF. There is a belief that sudden car-
diac death is associated with the progression of right
heart failure. There is an increase in the risk of sudden
death per year from 0.06 to 0.2% 10 years postopera-
tively. Prospective study done in the US during the
period of 1958-1996 shows that about 11 of each 445
patients with corrected TOF died suddenly. Another
study on an adult patient who underwent surgical
repairing of TOF during childhood found that 100% of
patients who died suddenly have moderate to severe
pulmonary valve insufficiency [43—48].

Multiple Choice Questions
1. The severity of clinical features of TOF mainly depends

on the severity of which of the following:
A. VSD

B. Overriding of aorta

C. Degree of RVO obstruction

D. Patient age

. By physical examination of the patient with TOF, all of

the following murmurs may be heard except:

A. Low-pitched diastolic murmur of pulmonary valve
insufficiency

B. Pansystolic murmur of RVO obstruction

C. Ejection systolic murmur of VSD

D. Mid diastolic murmur of aortic valve insufficiency

. All of the following are associated anomalies for TOF

except:

A. Congenital coronary artery anomalies
B. ASD

C. Right-sided aortic arch

D. Right subclavian artery aberrancy

. All of the following are aggregating factors for hyper-

cyanotic spell except:
A. Isoproterenol

B. DKA

C. Diarrhea

D. Indomethacin

. A 4-year-old boy with uncorrected TOF presented with

severe cyanosis and dyspnea while playing football. The
oxygen saturation was 80%. What is the first step in the
treatment of this patient?

A. Propranolol

B. Phenylephrine

C. Knee—chest posture

D. Alprostadil

. In Tetralogy of Fallot, the tetralogy comprises all

EXCEPT

A. Pulmonary stenosis.

B. Left ventricular hypertrophy.

C. Overriding of the ventricular septal defect by the
aorta.

D. Left ventricular hypertrophy.

. Palliative Blalock—Taussig shunt is done:

A. Between pulmonary vein and aorta

B. Between pulmonary artery and aorta

C. Between subclavian artery to subclavian vein

D. Between pulmonary artery and subclavian artery

. The most common site of RVO obstruction in a patient

with TOF is:

A. Pulmonary valve

B. Infundibulum

C. Supravalvular region
D. All of the above regions

. Patient have increase in RVO obstruction and decrease

pulmonary blood flow with the development of the right-
to-left shunt through the large VSD. According to hemo-
dynamic phases of TOF, this phase is

A. Precyanotic phase

B. Cyanotic phase

C. Severe cyanotic phase

D. None of above
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Total Anomalous Pulmonary Venous

Return

Morad Al Mostafa

Abstract

Congenital heart diseases range from diseases that can
have minor symptoms and do not require treatment to dis-
eases that pose a threat to life and need urgent surgical
intervention. They are the most common among congeni-
tal diseases, which have a health, psychological, and
financial burden on the infected children and their family.
This chapter discusses one of these congenital heart dis-
eases, total anomalous pulmonary venous return, which is
a cardiac abnormality in which pulmonary veins are not
connected right.

We have studied the latest scientific research, articles,
and studies related to total anomalous pulmonary venous
return, the etiology, and the types of this defect, which
includes supracardiac, cardiac, infracardiac, and mixed
TAPVR.

The chapter also discusses the diagnosis, signs and
symptoms, pathophysiology, and the effect of this defect
on the normal blood flow and normal function of the
heart.

Due to recent developments and the accumulation of
experiences in the field of treating congenital heart dis-
eases, it has become possible to treat total anomalous pul-
monary venous return. The concept of surgery is to create
a communication between pulmonary veins and the left
atrium and to close any abnormal connections. The surgi-
cal approach, risks , benefits, and complications of surgi-
cal correction are discussed in this chapter.
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Introduction

Congenital cardiac abnormality, where there are defects in the
structure of the heart, is the most prevalent birth defect, account-
ing for approximately 33% of all birth defects worldwide [1].

Congenital heart disease is a term used to describe cardiac
abnormalities that develop before birth. During pregnancy,
such anomalies can happen in the baby. The defect can be in
the heart walls, heart valves, or the blood vessels.

Every year, 1.4 million children worldwide are born with
congenital cardiac disease. A tiny hole in the heart might
alter the way blood flows through it or cause life-threatening
complications. Although there are serious defects, they can
be treated through surgery, and there are defects that exist
without causing problems or symptoms.

Etiology

There is no obvious reason behind it. The reason in most
children diagnosed with total anomalous pulmonary venous
return is unknown [2] (Fig. 1).

Congenital heart defect has a major effect on children’s
lives, and it is a main cause of prenatal morbidity and mortal-
ity, despite medical and surgical improvements. This effect
varies based on the disease’s nature and intensity. But in
general, this disease is a financial and psychological burden
on children and families.

The pulmonary veins transfer oxygen-rich blood from the
lungs to the left atrium, where it is pumped via aorta from the
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Fig. 1 Etiology

During pregnancy, smoking,
alcohol, or certain
medications should be

avoided.

Medications such as
acne medication,
anti-seizure
medications
containing valproate.

left ventricles to the body. In the absence of congenital car-
diac defect, the right ventricle ejects oxygen-poor blood to
the lungs via the pulmonary artery. There are two pulmonary
veins returning blood from each lung, for a total of four pul-
monary veins. Normally, they all attach to the left atrium of
the heart.

TAPVR (total anomalous pulmonary venous return) or
TAPVC (total anomalous pulmonary venous connection) is a
cardiac abnormality in which pulmonary veins are not con-
nected right. The four pulmonary veins connect to the heart
by an anomalous route instead of the left atrium as they
should, and this means that oxygen-rich blood goes to the
wrong chamber.

In the right atrium, the oxygen-poor blood will mix with
oxygen-rich blood returning via the pulmonary veins. This
will prevent oxygen-rich blood from going to the rest of
body. Other heart defects often occur with TAPVR and help
infants have enough oxygen in their blood until they can
have surgery.

In order for the child to live, there must be a road connect-
ing the right and left part of the heart, allowing oxygen-rich
blood to reach the left ventricle and then be pumped into the
body through the aorta. Babies with TAPVR usually have an
atrial septal defect (a hole between the left and right atrium)
or patent foramen ovale, which enables oxygenated blood to
reach the left heart.

As a result, the left ventricles contain a low amount of
oxygen in the blood, which will be pumped to the body, and
this leads to problems and symptoms related to the disease.

Problems with a child’s genes or
chromosomes, such as Down
syndrome. A baby’s chances of
developing a problem can increase by
as much as 50% with specific gane
mutations. (2)

Diabetes,
gestational diabetes dose not
raise a baby’s chance of
having a heart defect.

A viral infection like rubella
in the first trimester of
pregnancy.

The rest of the blood is pumped from the right ventricle
through the pulmonary artery into the lungs. Oxygen-rich
blood will go an ineffective way back to the lungs instead of
the path the body needs to get enough oxygen-rich blood.
TAPVR cannot be tolerated for a long time [3].

Partial anomalous pulmonary venous return (PAPVR) is a
defect that is not critical and severe as TAPVR, because not
all the pulmonary veins have an anomalous route. One or
more pulmonary veins attach to the left atrium as they should.

Total anomalous pulmonary venous return is classified
into four types:

Darlings Classification

Supracardiac Total Anomalous Pulmonary
Venous Return
Supracardiac TAPVC is the most common type accounting
for approximately 45% of cases. In supracardiac TAPVC, the
right and left pulmonary veins join a common pulmonary
confluence that drains superiorly via a vertical vein (derived
from a primitive anterior cardinal vein) into the left brachio-
cephalic vein, the right superior vena cava, or less commonly
the right azygos vein and then to the right atrium [4].
Supracardiac TAPVC is further classified into two
subtypes:

1. Connection to the Right SVC or Right Azygous Vein
2. Connection to the Left Innominate Vein (LIV)
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The hemodynamic state and clinical features depend on the
presence or absence of obstructive lesions in the anomalous
pulmonary venous channel and the size of the interatrial defect.

Supracardiac TAPVC causes right-sided hypertrophy
because of volume overload and various degrees of pulmo-
nary hypertension. If there is a restriction of the interatrial
connection, pulmonary overcirculation will increases and
systemic output will decrease.

Anatomic site of obstruction:

— Interatrial septum:

— Patients with large interatrial openings survive longer
than those with restricted ones.

— Intrinsic narrowing of the anomalous vessels” wall

— Extrinsic pressure on the anomalous vessels when the
vertical vein to the innominate vein passes between the
left main bronchus and the left main pulmonary artery.

When the pulmonary veins are not obstructed, the patients
may be asymptomatic at birth, but half of them will have
heart failure within the first month. By the age of 6 months,
the majority of patients will have heart failure. Untreated
children have an 85% death rate in their first year of life.

Cardiac Total Anomalous Pulmonary Venous

Return

Common pulmonary venous sinus drains either directly into
the right atrium or into the coronary sinus [4].

Infracardiac Total Anomalous Pulmonary Venous
Return

The pulmonary venous confluence drains by a descending
vertical vein inferiorly anterior to the esophagus to the
hepatic vein or portal veins (most common), IVC, and then
to the right atrium.

This variant of TAPVR can induce pulmonary venous
obstruction because the descending vertical vein drains into
the portal venous system. Obstruction can be caused by a
variety of factors, including intrinsic narrowing of the con-
necting vessel, the interposition of the hepatic sinusoids
between the pulmonary veins and the heart, and constriction
of ductus venosus. To allow pulmonary venous return to
reach the left heart, an atrial septal defect is required [4].

The infracardiac type of total abnormal pulmonary venous
return is the type mostly associated with obstructed pulmo-
nary veins.

Mixed-Type TAPVC

It occurs when there is more than one level of anomalous
venous connections, and it is the least common among other
types, accounting for less than 10% of cases.

Signs and Symptoms

TAPVR (total anomalous pulmonary venous return) causes
cyanosis, feeding difficulties, and tachypnea in newborns.
This occurs because there is a combination of oxygenated
and deoxygenated blood in the left heart that is pumped by
aorta to the body [5].

Physiological manifestations depend on the distribution
of the mixed venous blood between systemic and pulmonary
circulation.

The state of the interatrial septum is important if the atrial
septal defect is small and the amount of blood reaching the
left ventricles and supplying the body will be reduced.

The pulmonary and systemic vascular resistance is
approximately equal at birth. Because the pulmonary vascu-
lar resistance is decreased in the first weeks of life, there is a
larger amount of mixed venous blood flow via the pulmonary
circuit.

When there is TAPVC with pulmonary venous obstruc-
tion, patients will complain of dyspnea, tachycardia, and
cyanosis within hours of birth. The elevated pressure will be
transmitted to the pulmonary capillary bed and result in pul-
monary hypertension and pulmonary edema. Once symp-
toms begin, there will be rapid progression to cardiorespiratory
failure, necessitating emergent surgical surgery to correct
this defect.

Total anomalous pulmonary venous return symptoms
include:

e A bluish color of the skin, lips, and nails (cyanosis)
* Breathing difficulties

e Heart murmur

* Poor feeding or poor growth

Diagnosis

The total anomalous pulmonary venous return may be sus-
pected in the first few months when the child presents with
cyanosis and heart murmur. In infracardiac TAPVC with
obstruction, there might be severe respiratory distress and
acidosis.

e Chest X-RAY findings:
TAPVC without pulmonary venous obstruction:
— Evidence of pulmonary hypertension and pulmonary
edema.
— Right atrium and right ventricle are enlarged.
— Pulmonary artery segment is prominent.
— Left atrium and left ventricle are not enlarged.
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— The supracardiac has a snowman appearance (figure of
8 heart or cottage loaf heart), where the head of the
snowman is formed by brachiocephalic vein on top,
the dilated vertical vein on the left, and the superior
vena cava on the right. The right atrium represents the
body of the snowman.

TAPVC with pulmonary venous obstruction:

— Ground glass appearance

* ECG findings:

Tall, peaked P waves

— Right axis deviation

Right ventricular hypertrophy
— Incomplete right bundle branch block

e Pulse oximetry:

e The reading will be low (in the mid to high 80s).

* Right ventricular hypertrophy is common in TAPVC with
pulmonary obstruction, while right atrial enlargement is
uncommon.

e The gold standard diagnostic test of total anomalous pul-
monary venous return is the echocardiogram. The test’s
objectives are to confirm the diagnosis, to reveal any aber-
rant connections between the pulmonary veins, whether
supracardiac, cardiac, or infracardiac, and to evaluate
whether the pulmonary venous flow is obstructed.

e Cardiac catheterization is occasionally needed to make
the diagnosis. In TAPVC without pulmonary venous
obstruction, the venous site of anomalous connection can
be identified. A balloon dilation can be used to enlarge the
restrictive ASD for improved blood shunting between the
left and right atria.

e Cardiac MRI

There are screening tests to look for birth abnormalities
and other disorders during pregnancy. Some ultrasound find-
ings may point to the possibility that a baby has TAPVR. If
this is the case, a fetal echocardiography might be requested
to confirm the diagnosis. Because there is not much blood
going to the lungs in the uterine life, the pulmonary veins are
difficult to spot on prenatal screening tests. This defect is
easier to identify after delivery [6].

Treatment for Total Anomalous Pulmonary
Venous Return

Total anomalous pulmonary venous connection includes
supracardiac, cardiac, infracardiac, and mixed types.
TAPVC’s surgical correction results have improved over

time, and surgical mortality has decreased as a result of the
accumulation of experience in the surgical field and exten-
sive postoperative care.

In all cases, total anomalous pulmonary venous return
necessitates open heart surgery. To preserve the patient’s life,
early detection of the illness and urgent surgical surgery are
required. Surgical treatment is timed differently based on the
type of total abnormal pulmonary venous return and the state
of the child. When surgery is undertaken on severely sick
neonates, especially those with obstructed pulmonary venous
return, the death rate is higher. Surgeons may wait up to
2 months to do surgery if the child is not dangerously ill.
Although the surgery is not urgent in these children, there is
usually no advantage in delaying it more than 1 or 2 months.

Corrective surgery is the definitive treatment. Obstructed
total anomalous pulmonary venous return is a surgical emer-
gency, while nonobstructed total anomalous pulmonary
venous return is corrected by an elective surgery a few days
after the diagnosis.

TAPVR repairing is done by open-heart surgery. In supra-
cardiac and infra-cardiac TAPVR, an anastomosis between
the pulmonary venous confluence and the left atrium is cre-
ated and the vertical vein is divided and ligated. The goal of
surgery is to create a communication between pulmonary
veins and left atrium and to close any aberrant connections.
Later in life, if the pulmonary veins become obstructed, fur-
ther surgery or catheterization is needed [7].

Infants who have surgically corrected abnormalities may
have long-term complications. A kid or adult with TAPVR
should be followed up on a frequent basis to track the course
of his or her health condition and avoid problems.

What are the risks of TAPVR surgery for a child?

e Bleeding

e Infection

e Stroke

e Arrhythmia

e Heart block

e Anesthetic complications
e Death

The outcome of surgical correction for complete anoma-
lous pulmonary venous return is typically favorable, and
these children are anticipated to grow normally as a result of
regular circulation. Intensive postoperative medical care is
required for severely sick babies who survive surgery. They
are frequently placed on a ventilator for a lengthy period of
time to allow their lungs to recover [8].
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Follow-Up Care for TAPVR

Children with TAPVR who underwent surgical correction
must continue to have a regular follow-up with a
cardiologist.

Multiple Choice Questions
1. All of the followings are ECG findings of TAPVR
except:
A. Right axis deviation
B. Pulmonale
C. Right ventricular hypertrophy
D. Findings of left atrial enlargement
2. Snowman appearance is found in:
A. Supracardiac TAPVR
B. Infracardiac TAPVR
C. Cardiac TAPVR
D. Mixed-type TAPVR
3. The gold standard diagnostic test of total anomalous pul-
monary venous return is:
A. Chest X-RAY
B. Cardiac catheterization
C. Echocardiogram
D. Cardiac MRI
4. One of the followings is false regarding TAPVR:
A. The outcome of surgical correction for complete
anomalous pulmonary venous return is favorable.
B. Infants who had surgically corrected abnormalities
may have long-term complications.
C. The goal of surgery is to create communication
between pulmonary veins and the left atrium.
D. In surgery on severely sick neonates with obstructed
pulmonary venous return, the death rate is low.
5. The most type of TAPVR that is associated with
obstructed pulmonary veins is:
A. Supracardiac TAPVR
B. Infracardiac TAPVR
C. Cardiac TAPVR
D. Mixed-type TAPVR
6. Regarding the etiology of TAPVR, it is attributed mostly
to:
A. The reason in most children is unknown.
B. Maternal viral infection in pregnancy
C. Smoking during pregnancy
D. Defects in the genes and chromosomes of the child
7. The pulmonary venous confluence in infracardiac total
anomalous pulmonary venous return drains in most
cases to:
A. Hepatic vein
B. Portal veins

10.

C. Inferior vena cava
D. None of the above

. In the nonobstructed TAPVR, the majority of patients

have heart failure at age:

A. At birth

B. 2 years

C. 6 months

D. First month

Pulmonary venous obstruction in infracardiac total

anomalous pulmonary venous return can be caused by

one of the following mechanisms:

A. Intrinsic narrowing of the connecting vessel

B. Constriction of ductus venosus

C. Interposition of the hepatic sinusoids between the
pulmonary veins and the heart

D. All of the above

One of the following statements is true:

A. When the atrial septal defect is large, the amount of
blood reaching the left ventricles is reduced.

B. Less amount of blood flow via the pulmonary circuit
when pulmonary vascular resistance is decreased.

C. A child with total anomalous pulmonary venous
return will present with cyanosis and breathing
difficulties.

D. The infracardiac TAPVR has a snowman
appearance.

Answers
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Abstract

The existence of two or more related or unrelated malfor-
mations in the patient is called multiple malformations,
and they include the pentalogy of Cantrell, Shone syn-
drome, and Scimitar syndrome. Cantrell pentalogy is a
rare anomaly characterized by sternal or pericardial
defect, diaphragmatic defect, omphalocele, ectopia cor-
dis, and various congenital cardiac abnormalities. Other
cardiac malformations are Shone syndrome and Scimitar
syndrome characterized by defects in the heart, major
blood vessels, and lungs. Surgical intervention can be
done to treat all of these defects.
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Multiple malformations - Congenital heart defects
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Shone syndrome - Aortic coarctation - Hypoplastic
ventricle - Scimitar syndrome - Turkish sword
Pulmonary hypertension

Introduction

When two or more unrelated structural anomalies of the
heart coexist in a patient, they are referred to as multiple mal-
formations. In other words, the existence of two or more
malformations in the same baby and at the same time is
called multiple malformations [1]. Pentalogy of Cantrell,
Shone syndrome, and Scimitar syndrome are the classical
anomalies that can be addressed under multiple malforma-
tions of the heart.
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Cantrell Pentalogy

Cantrell pentalogy is a rare hereditary anomaly categorized
by a constellation of five clinical features, which include
sternal or pericardial defect, anterior diaphragmatic defect,
omphalocele, ectopia cordis, and various congenital intracar-
diac abnormalities, including left ventricular diverticulum,
ASD, VSD, and tetralogy of Fallot [2-5]. Clinical presenta-
tion varies in the degree of severity and can cause potentially
lethal complications in the majority of cases. Most cases do
not show the full presentation of PC and are called incom-
plete pentalogy of Cantrell. Complete pentalogy of Cantrell
is only referred to those cases having all the five defects [6].
The term “Cantrell pentalogy,” also called Cantrell defor-
mity, was first introduced by Cantrell and co-workers in
1958 [3, 4] (Fig. 1).

Diaphragmatic
defect

Pericardial
defect

Omphalocele

Cantrell
Pentalogy

Congenital
cardiac
anomalies

Ectopia cordis

Fig. 1 Salient features of Cantrell pentalogy
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Classification

The pentalogy of Cantrell can be classified as class 1, 2, and
3. A patient having all five defects present is categorized as
class 1. The one having four of the five defects is categorized
as class 2. The patient in which there is an incomplete expres-
sion of defects is categorized as class 3 [3, 4].

Etiology and Incidence

The pentalogy of Cantrell is very rare, and the exact preva-
lence is not known [6]. But an incidence of around 6 in 1
million live births has been reported in some studies [5]. The
exact etiology is not known, but family history has been
described in some cases suggesting the involvement of
genetic factors [2]. Cantrell pentalogy has a slight male pre-
dilection with an MTF ratio of 2.7:1 [4].

Pathogenesis

The collection of malformations detected in Cantrell pentalogy
is believed to result from the abnormal migration of the sternal
anlage and myotomes [5] and defective formation of the intra-
embryonic mesoderm at about 14-18 days of gestation [6].
Abnormal migration of paired primordial structures results in
the development of sternal and abdominal wall defects, while
pericardial, intracardiac, and diaphragmatic anomalies are due
to maldevelopment of septum transversum [4].

Diagnosis

Early diagnosis of Cantrell pentalogy is essential, and tech-
niques include fetal ultrasound, echocardiography, and
MRI. Cantrell pentalogy can be diagnosed by ultrasonogra-
phy within the first 10 weeks of gestation [4]. Transverse
abdominal ultrasound shows an omphalocele containing the
heart prenatally, which is the hallmark of Cantrell pentalogy,
and sagittal ultrasound shows both the liver and heart outside
the chest of the fetus [7]. 3D ultrasound is an adjunctive to
2D ultrasound to visualize fetal abnormalities in various
orthogonal planes [4]. To assess the degree of involvement of
the heart in PC, echocardiography can be performed [6]. It
has been recommended that MRI can also provide an opti-
mal evaluation of fetuses with Cantrell pentalogy [4]. The
degree of certain abnormalities such as the abdominal wall
and pericardial defects can be assessed using MRI [6].
Chromosomal analysis of the fetus is also recommended to
detect associated trisomies and Turner syndrome [4]. The
differential diagnosis of Cantrell pentalogy includes ectopia
cordis, omphalocele, limb body wall complex, and amniotic
bands, so they should be kept in mind [2].

Clinical Characteristics

The clinical features of Cantrell pentalogy vary from patient
to patient and can range from mild defects to serious, life-
threatening complications. Ectopia cordis with omphalocele
is the most severe presentation of Cantrell pentalogy
expressed at birth. Omphalocele may be large or small, and
in some cases, it is totally absent. Other forms of abdominal
wall defects include diastasis of abdominal wall muscles and
gastroschisis. Sternal abnormalities may range from the
absence of the xiphoid process of the sternum to an abnor-
mally short sternum or sternal cleft to absence of the ster-
num. Pericardial defects can also be seen in PC, especially in
the diaphragmatic part of the pericardium. Affected babies
may also have a congenital diaphragmatic hernia. Intracardiac
abnormalities in Cantrell pentalogy include ventricular sep-
tal defect, atrial septal defect, dextrocardia, and tetralogy of
Fallot. Other complex congenital heart defects can also be
detected in Cantrell pentalogy, but their type and severity
vary from person to person [6].

Associated Anomalies

Abnormalities associated with Cantrell pentalogy may be
intracardiac or extra-cardiac. Intracardiac abnormalities include
Ebstein’s anomaly, septal defects, single atrium, or tetralogy of
Fallot [4]. Extra-cardiac anomalies in this syndrome include
craniofacial malformations such as cleft lip, cleft palate, or
supernumerary nares; CNS abnormalities like craniorachischi-
sis, encephalocele, hydrocephalus, cystic hygroma, or neural
tube defects; and skeletal defects such as vertebral column
anomalies, limb abnormalities—often an absence of radius or
tibia, and clubfoot [3-5]. Abdominal abnormalities include
polysplenia, malformation of the kidneys, and gallbladder
agenesis [4, 6]. Other serious defects associated with the pen-
talogy of Cantrell include underdevelopment of the lungs,
breathing difficulties, and abnormal function of the heart [6].
The co-existence of PC with other syndromes such as Edward
syndrome, trisomy 13, and trisomy 18 has also been reported in
some studies [3, 5]. Affected infants are also at a higher risk of
developing widespread abdominal infections [6].

Treatment

The specific treatment strategy of Cantrell pentalogy depends
on the nature of ectopia cordis, the size and type of the
abdominal wall defect, and the associated cardiac and extra-
cardiac abnormalities [4]. Most cases of PC, however, show
a very poor prognosis. The aims and goals of surgical man-
agement of PC include repairing cardiac abnormalities, pro-
tecting the heart from compression, and making an adequate
space in the chest cavity for the return of the heart [5].
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After the prenatal diagnosis of PC, correction of the
omphalocele, sternal defects, pericardial anomalies, and dia-
phragmatic defects should be done immediately after birth
[4]. Surgical repair of the epigastrium or lower sternum may
be required after an appropriate growth of lungs in the chest
cavity, usually by 2-3 years [6]. Surgical repair is very dif-
ficult in the case of abdominal or thoracic hypoplasia. So, a
multidisciplinary team of healthcare workers should be there
to determine the best time of delivery. Following amniocen-
tesis, showing abnormal karyotype, pregnancy can also be
terminated [4].

Shone Syndrome

Shone syndrome, also known as Shone’s anomaly [8], was
first introduced by a Canadian pediatric cardiologist Dr. John
Shone [9, 10]. He identified four lesions as specific clinical
features of Shone syndrome, including coarctation of the
aorta, subaortic narrowing, supra-valvular mitral valve ring,
and parachute mitral valve [9—11]. But now, Shone syndrome
is characterized by eight typical lesions [9]. A person must
have at least three of these lesions to be diagnosed as Shone
syndrome, and incomplete forms are common [12]. The clin-
ical severity and prognosis depend on the complexity of each
lesion and the degree of block across the left ventricular
inflow and outflow tracts [10] (Fig. 2).
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ring

Parachute
bicuspid
valve

Shone
syndrome

Hypoplastic
aortic arch

Left
ventricle
hypoplasia

Aortic
coarctation

Abnormal
aortic valve

Fig. 2 Salient features of Shone syndrome

Etiology and Prevalence

Shone syndrome, a disease of unknown etiology, usually
develops very early in the fetus. It is believed to affect both
sexes, all races, and ethnic groups [8]. The exact prevalence
is not known but is estimated to be less than 0.7%. There is
often left ventricular hypoplasia leading to LV inflow and
outflow tract obstruction [10].

Diagnosis

Shone syndrome can be diagnosed prenatally using fetal
echocardiographs. Left ventricular dimensions and luminal
diameters of the mitral and aortic valves are diagnostically
very important. The abnormal echocardiographic findings
seen in patients with Shone’s anomaly include small sizes of
the left ventricle and root of aorta, decreased luminal diam-
eter of the mitral valve, and narrowed or stenosed aortic
valve. All these abnormal dimensions are compared with
normal cardiac measurements for accurate diagnosis [13].

Clinical Features

Generalized symptoms of congestive cardiac failure include
difficulty in breathing, tachycardia, weakness, fatigue,
edema in legs, and frequent pneumonia [8]. The first patho-
logical finding in Shone syndrome is mitral valve obstruc-
tion, which leads to left ventricular hypoplasia, LV outflow
tract obstruction, and coarctation of the aorta [12]. Specific
clinical lesions characteristic of Shone anomaly are as
follows:

Cor Triatriatum

Cor triatriatum results in the formation of a membrane in the
left atrium, which divides it into two. Pulmonary edema or
pulmonary hypertension may develop due to the backup of
blood in the lungs. Management of cor triatriatum is often
surgical, and the recurrence rate is low [9].

Supramitral Ring

The supramitral ring can lead to narrowing and obstruction
of mitral valve [9]. The embryologic basis of this defect is
not clear, but it is believed to result from an incomplete parti-
tion of endocardial cushion tissue [12]. The membrane is
thick, fibrous, and looks like orange peel that can easily be
peeled off the annulus. The clinical presentation may be vari-
able, ranging from mild forms to severe obstruction. Surgical
treatment of the supramitral ring is highly successful [9].
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Parachute Bicuspid Valve

Papillary muscles provide attachment to chordae tendineae
around the bicuspid valve and control their opening and clos-
ing [9]. When there is a single papillary muscle for chordal
attachment in the left ventricle, the condition is called para-
chute mitral valve as the pattern of attachment of it to the
mitral valve looks like a parachute [14]. This is often asymp-
tomatic but can lead to either stenosis or regurgitation of the
mitral valve in some cases [9].

Aortic Coarctation

Constriction of the aorta at different levels is called aortic
coarctation [14]. An important clinical feature, present at
the level of aortic media, is the partial disappearance of elas-
tic tissue [12]. The clinical presentation of it is highly vari-
able, ranging from milder forms in adults to more severe
forms in infants. High blood pressure is a typical diagnostic
finding and is difficult to control. Immediate surgical repair
is needed in the case of infants and is the treatment of
choice. Balloon angioplasty and stent replacement can be
done in adult patients, and success rates of these procedures
are quite high [9].

Hypoplastic Aortic Arch

A small aortic arch in Shone syndrome can lead to chronic
high blood pressure as the left ventricle is pumping blood
against higher resistance [9].

Subaortic Stenosis

It is also a common defect in patients with Shone syndrome
[9]. A membranous or muscular thickening is formed under
the aortic valve, which leads to LV outflow tract obstruction
[14]. Clinical manifestations of subaortic stenosis may appear
earlier, and surgical repair is the treatment of choice [9].

Bicuspid Aortic Valve

When the normal tricuspid aortic valve has only two cusps or
leaflets, the condition is called bicuspid aortic valve. Not
only two cusps are present, but their movement is also
restricted. The narrow opening of the aortic valve leads to
obstruction of blood flow through this valve. Valve repair or
replacement can be done to treat this condition [9].

Hypoplastic Left Ventricle

Various lesions in Shone’s anomaly can cause the left ven-
tricles to become hypoplastic. These ventricles are usually
stiff and are frequently missed on examination. One of the
biggest morbidities in Shone’s anomaly is left ventricular
stiffness, which leads to decreased pumping activity of the
ventricles. Pulmonary edema, pulmonary hypertension, and
arrhythmias are quite common in these cases. Hypoplastic
left ventricles are difficult to treat surgically, so they are
managed using drugs like diuretics and ACE inhibitors [9].

Scimitar Syndrome

Scimitar syndrome, also named Halasz syndrome, congeni-
tal veno-lobar syndrome, vena cava broncho-vascular syn-
drome, mirror-image lung syndrome, or hypo-genetic lung
syndrome, is a rare congenital heart deformity [15]. In
Scimitar syndrome, pulmonary veins drain the right lung to
IVC. Furthermore, there is right lung hypoplasia, pulmonary
hypertension, and other cardiac anomalies [16]. Scimitar
syndrome was described by Neill and his team [17] referring
to the tubular opacity seen on chest radiography, which
resembles a saber with a curved blade or a curved Turkish
sword called a scimitar [16].

Epidemiology

Scimitar syndrome is very rare, with an estimated incidence
of 3—6% [18]. The condition is more common in females,
with an estimated MTF ratio of 1:2 [15].

Classification

Scimitar syndrome can be classically divided into infants
and adult forms. Frequently the disease has a benign clinical
course. The patient may be asymptomatic in infancy but can
eventually develop heart failure, recurrent respiratory infec-
tions, or dyspnea on exertion [19, 20].

Etiology

The exact etiological basis of Scimitar syndrome is not
known but is believed to result from an embryological defect
in the development of the right lung bud [15]. This leads to
right lung hypoplasia and failure of growth of the endoder-
mal tissue, which forms pulmonary venous plexus. The
endodermal tissue from the right lung fails to fuse with the
mesodermal pulmonary vein outpouchings, which lead to the
formation of a scimitar vein to drain the venous supply from
the right lung [18].

Clinical Presentation

Scimitar syndrome has varied clinical presentations ranging
from an asymptomatic state to severe pulmonary hyperten-
sion or heart failure. Signs and symptoms of this rare syn-
drome depend on the age of the patients at which they present.
Infants present with poor growth, cyanosis, pulmonary arte-
rial hypertension, and other complex cardiac abnormalities
[21]. Adult patients usually have a benign course and may
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present with recurrent pulmonary infections and dyspnea on
exertion. Hemoptysis may also be a rare presenting symptom
in some patients [21]. On physical examination, there is a
characteristic right-ward shift of the heart sounds and cardiac
impulse often associated with a systolic murmur [15].

Diagnosis

The diagnosis of scimitar syndrome can be done by chest
X-radiography, angiography, transthoracic or trans-esophageal
echocardiography, or CT scan. Chest X-ray reveals a small,
hypoplastic lung with blurred right heart borders. The anoma-
lous vein draining the right lung can be seen as a shape of a
Turkish sword, hence the name scimitar syndrome [17].
Besides chest X-ray, angiography, CT scan, and echocardiog-
raphy can also be done for diagnosis [21]. Fetal echocardiog-
raphy may be helpful in the prenatal diagnosis of scimitar
syndrome by visualizing the anomalous pulmonary venous
pathway [15]. Another diagnostic technique to visualize the
abnormal vascular anatomy of this complex congenital anom-
aly is magnetic resonance imaging (MRI) [21].

Differential Diagnosis

Differential diagnoses of scimitar syndrome include pul-
monary sequestration, right middle lobe atelectasis, con-
genital hypoplasia of the right lung, unilateral absence or
aplasia of pulmonary artery [17], bronchopulmonary mass
with systemic arterial blood supply [15], and Macleod’s
syndrome [21].

Treatment

Management of scimitar syndrome often involves a multidis-
ciplinary approach. Medical intervention should be started
immediately if the infants present with the signs of cardiac
failure [15]. Surgical correction is considered in the case of
significant pulmonary hypertension and heart failure. Careful
lobectomy can also be performed if the anomalous vein
drains only one lobe of the lung [20]. The main objective of
surgical repair is to avoid the deleterious consequences of
chronic heart overload [16].

Complications
Surgical correction of scimitar syndrome may lead to various

complications like pulmonary hypertension and the Eisen-
menger phenomenon [17].

Multiple Choice Questions
1. One of the five characteristic features of Cantrell
Pentalogy is:
A. Club foot
B. Cleft lip
C. Ectopia cordis
D. Hyperpigmentation of skin
2. Scimitar means:
A. Turkish wood
B. Turkish sword
C. Arabic dagger
D. European knife

Answers
1. Option C: Ectopia cordis.

Cantrell pentalogy is a rare anomaly characterized by
five salient features: sternal or pericardial defect, defi-
ciency of anterior diaphragm, omphalocele, ectopia cor-
dis, and various congenital cardiac defects.

2. Option B: Turkish sword

The word “scimitar” means “Turkish sword” referring
to the tubular opacity seen on chest radiography, charac-
teristic of Scimitar syndrome.
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Ectopia Cordis
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Abstract

Ectopia cordis is a rare cardiac deformity resulting from
the atypical early development of the primitive heart out-
side the embryonic disc. Hence, there is the abnormal
placement of the heart outside the thoracic cavity due to a
defect in the chest wall and abdominal wall associated
with cardiac malformation, a defect in the parietal peri-
cardium, diaphragm, and sternum. The etiology is not
well understood and studies suggest that the disorder is
related to chromosomal abnormalities, e.g., trisomy 18,
Turner syndrome, and 17 g+. Diagnosis is done by physi-
cal examination on childbirth, the condition can also be
diagnosed antenatally by ultrasound and most accurately
through magnetic resonance accompanied by echocar-
diography in the prenatal period (MR/MDCT). Although
the condition has a poor prognosis especially if associated
with other congenital anomalies, the definitive treatment
is done by surgery to reduce the heart into, correct tho-
racic and abdominal wall deformities, and later correct
intracardiac defects.
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Introduction

“Ectopia cordis is a rare congenital anomaly caused by fail-
ure of maturation of the midline of the mesodermal part of
the anterior chest wall and abdomen, rendering the heart in
abnormal position outside the thoracic cavity, as well as

1. D. Al-Hasani (0<) - H. S. Salih - A. M. Hatem - Y. A. Hussein
College of Medicine, University of Baghdad, Baghdad, Iraq

sternal malformations, parietal pericardium diaphragm
malformations, and internal cardiac defects” [1]. The
abnormality is called true ectopia cordis when there are
internal defects internally in addition to the abnormal posi-
tion of the heart [2]. It’s a sporadic heart lesion that was
linked to chromosomal abnormalities, according to studies.
It has a prevalence of 5.5-7.9 per million newborns. It is
categorized into five groups based on its location: cervical,
cervicothoracic, thoracic, thoracoabdominal, and abdomi-
nal. “There are two classifications suggested for ectopia
cordis which are partial or total according to the location of
the heart away from the thoracic cavity, and depending on
the amount of cardiac size revealed outside the cavity” [3].
The heart may beat through the skin in partial ectopia cor-
dis as it is placed just beneath the skin outside the chest
wall. However, the heart is seen completely outside the
chest not concealed by any skin layer in complete ectopia
cordis [3-7]. Although the newborn cardiac surgery has
been passed strides, ectopia cordis surgery is still a hurdle
with a poor prognosis [8—10].

Associated Anomalies

The disease often coexists with other organ malformations
that develop abnormally as in abdominal wall defects.
Defects associated with ectopia cordis include:

1. Intracardiac defects [11]
* Ventricular septal defect—100% of cases.
* Atrial septal defect—>53% of cases
» Tetralogy of Fallot—20% of cases
e Left ventricular diverticulum—20% of cases [11].
2. Non-cardiac defects
* The disorder is associated with an increase in the inci-
dence of Encephalocele, hydrocephalus as well as
cleft lip and/or palate deformities, and craniorachis-
chisis [8, 12, 13].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 929
G. Tagarakis et al. (eds.), Clinical and Surgical Aspects of Congenital Heart Diseases,

https://doi.org/10.1007/978-3-031-23062-2_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-23062-2_13&domain=pdf
https://doi.org/10.1007/978-3-031-23062-2_13

100

I. D. Al-Hasani et al.

e Limb defects such as clubfoot can possibly be associ-
ated with ectopia cordis, as well as the absence of tibia
or radius, and hypodactyly [14, 15].

e Defects in the formation of abdominal organs such as
gallbladder agenesis and polysplenia [16].

Etiology

The normal embryonic development of the heart and the tho-
racic cavity commences as the mesoderm migrates to form
the ventral body wall at day 8 of embryonic life. The heart is
situated then in the cephalic side of the embryo as it lies
finally between the ventral folding and lateral flexing by day
16 to 18 of embryonic life [17]. The midline fusion and for-
mation of both thoracic and abdominal cavity is reached by
the ninth week of gestation which will give the steps of car-
diac and thoracic development its final steps [8, 10-18].

Mechanism of ectopia cordis development includes fail-
ure of midline fusion, either total or partial, causing a spec-
trum of deformities ranging from isolated ectopia cordis to
complete ventral evisceration [17, 19-21]. The causes of
midline fusion failure are poorly understood nor fully
explained but the most suggested theories are:

1. Entanglement of fibrous bands of the amnion to the devel-
oping embryo because of a ruptured amniotic membrane,
this causes fetal disruption of normal development during
gestation and the resulting deformities depend on the site
of entanglement and timing of rupture during embryonic
life, usual deformities are [22]:

— Ectopia cordis
— Midline sternal cleft

Frontonasal dysgenesis and mid nasal cleft

Limb deformities

Theories suggest that a rupture insult during the car-
diac descent at the third week of gestation is responsible
for the development of ectopia cordis [22].

2. Ectopia Cordis cordis can happen in isolation from amni-
otic rupture and solitary EC differs from EC with rupture,
that’s why researchers suggest the presence of several
other causes of EC including intrauterine exposure to dif-
ferent medications and chemicals [19-23] (Fig. 1).

Fig. 1 At Al-Zahra teaching hospital in Najaf city, Iraq. A 30-year-old
woman, gravida 5 para 2, had not previously received prenatal care
prior to 24 weeks of gestation. During the first ultrasonographic evalu-
ation at 24 gestational weeks of an uneventful pregnancy. There has
been no history of congenital anomalies, genetic abnormalities, or ecto-
pia cordis in the family. The mother smoked 15 cigarettes a day while
pregnant and she did not take folic acid during pregnancy. And unfavor-
able prognosis for the fetus was anticipated, this conservative prenatal
care was chosen

Classification

Ectopia cordis could be classified into four categories relying
on the location of the heart:

1. Thoracic: anterior to the sternum (65%).

2. Thoraco-Abdominal: between the thorax and abdomen
(20%).

Abdominal: within the abdomen (10%).

4. Cervical: in the neck (5%) [24, 25].

b
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Genetic Basis of EC

Chromosomal disorders, especially trisomy 13,18, and 21,
XXY, Turner syndrome, and 17g+ have a close relation to the
development of ectopia cordis. It is a sporadic disease with
karyotyping that can be normal or abnormal. With this aber-
ration, a chromosomal analysis should be considered [3-7].

Prognosis of EC

Because the heart is exposed and malformed, cervical and
thoracic ectopia cordis are usually fatal within days. The
absence of intracardiac abnormalities and omphalocele in
abdominal ectopia cordis makes this condition carry a better
prognosis [26].

The prognosis is often correlated to the congenital anom-
alies associated with the defect. The more associated anoma-
lies the poorer the prognosis [27].

Differential Diagnosis of EC

¢ Pentalogy of Cantrell Sternal: is a condition that
includes the anterior diaphragmatic defect with midline
supraumbilical abdominal wall defect and diaphrag-
matic pericardium defect which is associated with many
congenital intracardiac anomalies and lower sternum
defect [10].

* Amniotic band syndrome: this condition is noticed by
many defects such as constriction rings, bands, and ampu-
tations [28].

* Beckwith-Wiedemann syndrome: this syndrome can be
noticed by the enlarged organs, polyhydramnios, and
macroglossia with a large omphalocele [29, 30].

e Limb-body wall complex: this can be characterized by
anomalies of the craniofacial structures, thoracoabdomi-
nal wall, extremities, and Columna Vertebralis, and espe-
cially the umbilical cord-placental unit [31, 32].

Diagnosis of EC
The diagnosis can be carried out by the following methods:

¢ Physical examination by meticulous inspection must
be performed at birth to look for specific signs that
might include [33]:
— Cyanosis of the skin and mucous membranes

Polypnea with flail chest
An exposed heart covered by the pericardium
— Open sternum
Omphalocele
— Visible abdominal organs
¢ Plain radiograph
Frontal chest radiographs can reveal widely spread
anterior ribs and the proximal ends of the clavicles on
plain chest radiography might indicate sternal cleft.
Computed tomography, on the other hand, can provide
further detailed information [34].
e Antenatal ultrasound
Ultrasound is frequently used to diagnose this dis-
ease, which can occur as early as the first trimester
(10-12 weeks). 3D ultrasound and Doppler aid to
understand the complex anatomy [35]. When in isola-
tion, the heart is placed in the amniotic cavity with a
chest wall defect. The condition may be associated
with The Pentalogy of Cantrell, then omphalocele may
be seen [33].
« MR/MDCT
The most accurate assessment of ectopia cordis can be
achieved through magnetic resonance accompanied by
echocardiography in the prenatal period enabling
improved prognosis and preoperative planning [36].
Multidirectional computed tomography can be uti-
lized as an alternative to MR in patients with Cantrell
pentalogy. There are different benefits obtained from
using MDCT as it provides high resolution, multi-
directional views, and fast results without using anes-
thesia [37].

Management of EC

This complicated and life-threatening abnormality necessi-
tates special care for newborns from the moment they are
born. The mother must have a C-section. The endotracheal
tube is also beneficial in keeping air moving [38].

Surgery

Surgical repair is the definitive treatment for this anomaly.
Cutler and Wilens tried the first ectopia cordis repair in 1925
[39], and Koop (1975) successfully repaired thoracic ectopia
cordis in two phases for the first time [35]. “Amato et al.
reported on a successful single-stage repair of thoracic ecto-
pia cordis in 1995 [40].
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The Procedure of Surgery

Most frequently the repair is done in phases. The surgery
takes the following steps:

1. The priority is to provide urgent cover of the exposed
heart and abdomen contents with saline-soaked gauze
pads or a silastic prosthesis (inactive compounds) to pre-
vent heat loss and desiccation and, if required, hemody-
namic palliation.

2. Repair of the defect in the chest wall (either by doing the
primary chest wall closures or by using bone or cartilage
or artificial prosthesis) [40].

3. The sternal defect is repaired.

4. The initial step includes repair of the related omphalocele,
sternal, diaphragmatic, and pericardial abnormalities.

5. The heart is reduced into the left thorax. Surgical repair
will be difficult and not tolerated in the neonatal period
due to a lack of mediastinal space available to the
heart. Due to the extended length of the major arteries
and its aberrant course, reducing the heart into the tho-
rax might compress the heart and kink the major arter-
ies, subsequently leading to poor heart-filling and
output. If there is hemodynamic instability, palliation
might be delayed for a few weeks until the hemody-
namic effects of the chest covering have resolved [41].
Reduced pulmonary flow, ventricular septal defect,
patent ductus arteriosus, left ventricular diverticulum,
and other disorders linked with thoracic ectopia cordis
can all be treated with prostaglandin E1. Following tis-
sue covering, these problems can be addressed medi-
cally [8, 41].

6. The correction of the intracardiac defects should be
postponed until some thoracic cavity growth occurs.
This is normally done by the time a child reaches the
age of 2 years. At this time, simple stable intracardiac
defects including ASD, VSD, LVD, and TOF can be cor-
rected [42]. Furthermore, certain problems, such as
ASD or VSD, may have been resolved on their own.
Prior to the reduction of the heart into the left thorax and
restoration of abdominal contents, intracardiac abnor-
malities are repaired [43]. The heart is reduced into the
thoracic cavity, closed with a skin and muscle flap, and
provided with extra strength with the rotation of the
lower costochondral cartilage once the intracardiac
defect is fixed [41].

7. In coordination with a plastic surgeon, chest wall repair is
performed at a later period.

8. Antibiotics and inotropic medicines can be given system-
ically to prevent infection, support the heart, and enhance
blood flow [17, 38, 40, 44].

Outcomes of Surgery

Ectopia cordis with major intracardiac anomalies can live
through infancy and receive successful cardiac repair or
more definitive palliation for single-ventricle physiology in
the absence of significant extracardiac problems [45].

Multiple Choice Questions
1. The prognosis is determined by the following factors
except:
A. Abnormalities associated with the disease
B. The location of the defect
C. The length of the limbs
D. The extent and severity of intracardiac defects
Answer: C
The location of the defect, the extent of intracardiac
defects, the severity of the intracardiac defects, and the
abnormalities connected with it are the four parameters
that define the prognosis.

2. Pentalogy of Cantrell has the following lesions, except:
A. Ectopia cordis
B. Diaphragmatic defects
C. Constriction rings, amputations, and bands.

D. Omphalocele

Answer: C

Cantrell pentalogy includes pericardial and diaphrag-
matic abnormalities, as well as omphalocele and ectopia
cordis. Random abnormalities, constriction rings, ampu-
tations, and bands describe the amniotic band syndrome.

3. In plain radiograph, the confirmation of the extratho-
racic location of the heart is done by:

A. The anteroposterior view
B. The lateral view.
C. The posteroanterior view
D. None of the above
Answer: B
The lateral view is used to confirm the extrathoracic
placement of the heart.

4. According to the strategy of repair in the surgical proce-
dure in treating ectopia cordis. One of the following is
false:

A. Urgent coverage to the exposed heart and abdominal
contents with saline-soaked gauze
B. Closure of the chest wall defect
C. Leave repairing of the associated omphalocele, ster-
nal, diaphragmatic, and pericardial defects to the
second phase.
D. Closure of the sternal defect
Answer: C
In the first step, the related omphalocele, sternal, dia-
phragmatic, and pericardial abnormalities are repaired.
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5. According to the strategy of repair in the surgical proce-

dure in treating ectopia cordis. One of the following is

false:

A. Palliation can be postponed for a few weeks if there
are hemodynamically significant defects

B. Urgent coverage to the exposed heart and abdominal
contents with saline-soaked gauze

C. Closure of the chest wall defect

D. Prostaglandin cannot be used to treat conditions that
are associated with thoracic ectopia cordis.

Answer: D

Reduced pulmonary flow, ventricular septal defect,
patent ductus arteriosus, left ventricular diverticulum,
and other problems linked with thoracic ectopia cordis
can all be treated with prostaglandin E1.

. According to the strategy of repair in the surgical proce-

dure in treating ectopia cordis. One of the following is

false:

A. Urgent coverage to the exposed heart and abdominal
contents with saline-soaked gauze.

B. Palliation can be postponed for a few weeks if there
are hemodynamically significant defects.

C. Intracardiac defects are corrected secondly after the
reduction of the heart into the left thorax and replace-
ment of abdominal contents.

D. Prostaglandin can be used to treat conditions that are
associated with thoracic ectopia cordis.

Answer: C

Prior to the reduction of the heart into the left thorax
and replacement of abdominal contents, intracardiac
abnormalities are repaired.

. Non-cardiac defects that are associated with ectopia cor-

dis are all of the following except one:

A. Encephalocele

B. Hydrocephalus

C. Cleft lip

D. None of the above

Answer: D

Encephalocele, hydrocephalus, cleft lip and/or palate
abnormalities, and craniorachischisis are all linked to
the condition.

Ectopia cordis may be accompanied with limb abnor-
malities such as clubfoot, hypodactyly, and the lack of
the tibia or radius.

Gallbladder agenesis and polysplenia are defects in
the creation of abdominal organs.

. According to the strategy of repair in the surgical proce-

dure in treating ectopia cordis. One of the following is

false:

A. Systemic antibiotics and inotropic drugs can be
administered to prevent infection and support the
heart and improve the blood supply.

10.

B. Palliation is urgent if there are hemodynamically
significant defects.

C. Prostaglandin can be used to treat conditions that are
associated with thoracic ectopia cordis.

D. Urgent coverage to the exposed heart and abdominal
contents with saline-soaked gauze.

Answer: B
Palliation can be postponed for a few weeks if there
are hemodynamically significant defects

Ectopia cordis can be accurately assessed using the fol-

lowing methods:

A. Echocardiogram and magnetic resonance imaging

B. Ultrasound

C. Examination of the body

D. Plain radiograph

Answer: A

In the prenatal period, magnetic resonance imaging
combined with echocardiography can provide the most
accurate assessment of ectopia cordis, allowing for bet-
ter prediction and preoperative preparation.

According to the prognosis of ectopia cordis which one

of the following is false:

A. Thoracic and cervical ectopia cordis has a better
prognosis than other kinds of ectopia cordis.

B. The prognosis is frequently linked to the congenital
malformations that accompany the condition.

C. The absence of intracardiac abnormalities and
omphalocele in abdominal ectopia cordis makes this
condition carry a better prognosis.

D. Because the heart is exposed and malformed, cervi-
cal and thoracic ectopia cordis are usually fatal
within days.

Answer: A

Cervical and thoracic ectopia cordis are frequently
lethal within days because the heart is exposed and
deformed. Abdominal ectopia cordis has a better prog-
nosis due to the absence of intracardiac anomalies and
omphalocele.

The prognosis is frequently linked to the congenital
malformations that accompany the condition. The worse
the prognosis, the more related anomalies there are.

L.
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Aortic Stenosis (AS)

Zanyar Qais, Kashmala Qais, and Simrenpreet Dhillon

Abstract

Aortic stenosis (AS) is the most common valvular heart
disease affecting 5% of those aged over 65 where severe
stenosis occurs in 1-3%. AS can be acquired or congeni-
tal. Congenital AS usually shows up early in childhood or
early adult life. Acquired AS is rarely seen before the age
of 75. The severity of AS is based on valve hemodynam-
ics. The cardinal symptoms of AS are angina, dyspnea,
and syncope. The patient is asymptomatic for many years
and relatively safe in this latent period. It is when symp-
toms occur that the mortality increases manyfold, and the
prognosis becomes poor. The only curative treatment is to
undergo valve replacement. Currently, the preferred
method is the surgical approach, however with progres-
sion and improvement in the transcatheter method it
might become the preferred approach.

Keywords

Aortic stenosis - Valve replacement - Supravalvular
stenosis, Subvalvular stenosis - Bicuspid valve
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Introduction

The aortic valve is a semilunar valve found between the left
ventricle and the aorta. The function of the valve is to provide
blood to the systemic circulation without causing leakage
back into the ventricle. Aortic stenosis is the term used when
there is an obstruction to the outflow from the left ventricle.
Even though this condition is usually associated with age-
dependent calcification, it is important to know the existence
of the various types of aortic stenosis and underlying risk fac-
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tors which may be present since birth. AS can be divided into
valvular, subvalvular, and supravalvular. The obstruction can
be either congenital or acquired and most commonly a com-
bination of both as you will read in this chapter.

Epidemiology

Aortic stenosis (AS) is the most common valvular heart dis-
order and is four times more common in males. The most
common cause of aortic stenosis in young and middle-aged
adults is almost always due to the calcification of a congenital
bicuspid valve. In patients older than 75 years there is usually
calcification of a normal tricuspid valve. The prevalence of
congenital bicuspid and unicuspid valve is 1-2% respectively.
Rheumatic disease is a rare cause of AS in the west, but one
of the most common causes in the developing countries and is
always associated with mitral dysfunction [1].

Anatomy of the Aortic Valve

It is worth to be familiar with the anatomy of the aortic valve
to understand the pathophysiology of the various causes and
also the manifestation such as angina. The aortic valve is a
tricuspid semilunar valve (not to be confused with the tricus-
pid valve). The three cusps of the valve have a half moon
shape and are called Right Coronary, Left Coronary, and
Non-coronary. Some books refer to them as Right, Left, and
Posterior or just simply coronary and non-coronary valves.
You might have noticed by now that the naming of the valve
is relative to the origin of coronary sinus which lies between
the ascending aorta and the cusps. The coronary cusps are
just proximal to the coronary sinuses. During the course of
aortic stenosis, the obstruction itself may limit perfusion to
the coronary artery. This is why sometimes symptoms of
angina or ischemia may occur without any evidence of ath-
erosclerotic plaque on angiography.
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Fig. 1 Picture of mechanical and biological valve

The best place for auscultation is the second left intercos-
tal space. Normally this valve is made up of three leaflets,
however valves with only two or one leaflet also exist.
Artificial valves are being recreated with various shapes and
methods to replace the normal function of the aortic valve

(Fig. 1).

Etiology
Valvular Aortic Stenosis

Stenosis of the aortic valve can occur at different levels.
The most common type is valvular, and the most common
cause is degenerative calcification of a tricuspid and bicus-
pid valve. AS in elderly patients occurs most commonly
due to age-related degenerative calcification of the aortic
cusps. The deterioration and calcification of the aortic valve
is not a passive process, but rather one that shares many
characteristics with vascular atherosclerosis, such as endo-
thelial dysfunction, inflammatory cell activation, lipid
accumulation, cytokine release, and upregulation of several
signaling pathways. Many patients with VAS also have cor-
onary artery disease. Rheumatic disease of the aortic valves
causes commissural fusion, which can result in a bicuspid
valve. This, in turn, makes the leaflets more vulnerable to
damage, eventually leading to fibrosis, calcification, and
further stenosis. By the time the obstruction to left ventric-
ular (LV) outflow causes substantial clinical dysfunction,
the valve is usually a rigid calcified mass. The valve does
not open properly nor close and therefore aortic regurgita-
tion (AR) presents concurrently. Rheumatic AS is always
associated directly with mitral valve dysfunction and aortic
regurgitation [2].

Younger patients with AS typically have a congenital
defect, a bicuspid or unicuspid valve. Due to this defect, they
are more prone to degenerative processes than a normal tri-
cuspid valve. Bicuspid valve is a far more common defect
than a unicuspid valve. The production of fibrous material

Table 1 Etiology of AS frequencies

Etiology Approximate frequency
Degenerative 80%

Rheumatic 11%

Post-endocarditis 1%

Congenital 5%

Other 1%

and the deposition of lime in the valve system is a gradual
process. The manifestation presents itself in adulthood and
rarely in childhood.

Supravalvular

Supravalvular aortic stenosis (SVAS) is an uncommon cause
of AS. The obstruction in this type lies above the valve
where there is a diffuse narrowing of the ascending aorta.
The most common form is where the ascending aorta takes
the form of an hourglass. The defect is due to a systemic
elastin arteriopathy which may present in nonsyndromic or
syndromic state. It is usually part of William syndrome
which is characterized by mental retardation, growth delay,
and elf-like facies. William syndrome occurs due to the
deletion of the gene at chromosome 17 which produces elas-
tin. This protein is responsible for the distensibility in tis-
sues, especially the arteries. These patients also tend to
present with stenosis of other vessels, the pulmonary, renal,
and coronary arteries. Similar to valvular stenosis the patient
remains asymptomatic for a long time and the symptoms
usually occur when there is severe stenosis. These patients
develop symptoms much earlier in life around their 20s.
When symptoms occur, they are similar to those of valvular
type. Note however that on auscultation different findings
may be present (Table 1).

Subvalvular

Subvalvular aortic stenosis (SAS) is an uncommon congeni-
tal disorder seen in infants. The cause of the obstruction is
usually a muscular membranous outgrow in the left ventricle
just proximal to the aortic valve which obstructs the outflow.
Similar to SVAS it is highly associated with syndromes but
also with other congenital heart diseases such as ventricular
septal defect, coarctation of aorta, and bicuspid aortic valve.
The progression is gradual and the symptoms usually appear
in the first decade of life. The definitive treatment for a symp-
tomatic patient is surgery (Table 2).
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Table 2 Etiology of AS regarding to age

Age of onset Etiology of AS

30-70 Calcification of congenital bicuspid valve
75+ Calcification of normal tricuspid aortic valve
Pathophysiology

Normally there is free flow between the valve and aorta
during systole. When the aortic valve becomes stenotic, it
causes resistance to systolic ejection and the formation of a
systolic pressure gradient over the left ventricle and the
aorta. This outflow blockage raises the systolic pressure of
the left ventricle (LV). As a compensatory mechanism to
decrease LV wall stress, LV wall thickness increases via
parallel sarcomere replication, resulting in concentric
hypertrophy. It is worth mentioning that not every patient
presents with hypertrophy, even in severe stages of steno-
sis. In the early stages of AS the chamber is not dilated, and
ventricular function is intact, while diastolic compliance is
diminished. However, as LV end-diastolic pressure
(LVEDP) rises, pulmonary capillary arterial pressures rise
as well, resulting in a decrease in cardiac output due to dia-
stolic dysfunction. Myocardium contractility may start to
decline after a while, resulting in a decrease in cardiac out-
put due to systolic dysfunction. Heart failure develops as a
result [3].

Despite a higher LV systolic pressure, most individuals
with aortic stenosis have sustained LV systolic function and
cardiac output for many years. Although cardiac output is
normal at rest, it frequently fails to increase correctly during
exercise, leading to exercise-induced symptoms. Patients
often mistake these exertional symptoms to be due to
deconditioning.

Adult Presentation

The clinical presentation in an adult is usually asymptomatic
until there is mild to moderate stenosis. AS is a chronic and
slow-progressing disease in which the ventricles attempt to
compensate by developing myocardial hypertrophy. As a
result, we will usually see symptoms in the late stages of
disease [4].

The three cardinal symptoms of aortic stenosis are exer-
tional dyspnea, near syncope or syncope and angina. One
very interesting thing about AS is that it has a long latent
period where morbidity and mortality are low. When AS
patients start to become symptomatic the mortality increases
manyfold. There is no single parameter which can alone
define the severity of AS. The severity depends on clinical
symptoms, pressure gradient between the ventricle and

Table 3 Criteria for lesion severity: ACC/AHA/ASE Guidelines 2014

Indicator Mild Moderate Severe

Jet velocity <3.0 m/s 3.04.0 >4.0 m/s
Mean gradient <25 mmHg 2540 >40 mmHg
Valve area >1.5 cm? 1.0-1.5 <1.0 cm?

valve area. Table 3 shows the criteria made by the AHS for
lesion severity. The rate at which progression of AS from
asymptomatic to symptomatic is hard to predict and varies
for every patient. Thus, it is very important with regular
follow-up in patients with recognized AS, even if it is
asymptomatic and mild. In severe stenosis, death occurs
within 2-3 years if no measures are taken to treat it surgi-
cally (Table 3).

Dyspnea is usually the first and only symptom to occur in
AS. It occurs due to a hypertrophic and stiff heart which
leads to backflow and pulmonary congestion. Increased fill-
ing pressure, myocardial ischemia, and the need to overcome
pressure gradient from left ventricle to aorta are all the fac-
tors that contribute to dyspnea. Tachyarrhythmias and physi-
cal activity can aggravate dyspnea as well.

Angina is caused by a concurrent increase in oxygen
demand by the hypertrophic myocardium and a decrease in
oxygen supply because of a decreased coronary flow reserve,
lower diastolic perfusion pressure, and relative subendocar-
dial myocardial ischemia. Many risk factors are shared by
aortic stenosis and coronary heart disease, and up to half of
the patients evaluated for aortic valve surgery have substan-
tial coronary stenosis.

Syncope

Syncope can be caused by either tachyarrhythmias, AV-block,
bradyarrhythmia, or due to a fall in blood pressure.

Neonatal Presentation

AS does not always have a latent period and is sometimes
present as early as in the first days of life. 10-15% may pres-
ent the symptoms before the age of 1. The etiology of AS
then is most probably all other congenital causes except for
congenital bicuspid valve since these tend to present in
young adulthood, such as subvalvular stenosis and supraval-
vular. Pediatric patients with severe stenosis can present with
signs of heart failure, shock, and poor growth rate in the neo-
natal period. These patients are in critical need of interven-
tion and are dependent on the patency of PDA to survive.
The first priority in the management is to keep the ductus
patent to maintain adequate perfusion to vital organs. Further
evaluation should then be done to estimate if the ventricle
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size of the neonate allows for intervention in the form of bal-
loon dilation. If the ventricle size does not allow balloon
dilation the surgeon needs to perform surgical valvotomy.

Diagnosis

Both physical examination and echocardiogram play an
important role in the diagnosis of AS. The most common
presentation is a murmur or incidental abnormal findings on
echocardiography. Physical examination is both sensitive
and specific and has an important role as echocardiogram. As
we discussed earlier there are several causes of AS. With the
help of echocardiography, we can visualize the type of
obstruction and also to what degree. It also can assist in the
assessment of the pressure gradient which helps in determin-
ing the severity of the disease and potential surgery in the
future. Since valvular AS is the most common form, we are
going to focus on this type further in this chapter [4].

Physical Examination

The main components of the clinical examination are palpa-
tion of the peripheral pulses, auscultation, and to look for
signs of heart failure. The peripheral pulse should be assessed
and especially the carotids. One should note the amplitude of
the pulse. In AS the patient has pulsus parvus and tardus
which means the pulse is weak and slow to rise. This is due
to the fact that there is an obstruction at the valvular level
which causes the contraction in the ventricle to slower trans-
late into a pulse in the carotids (Fig. 2).

ECG

ECG is unreliable as a diagnostic test. In AS hypertrophy is
a normal finding, however not everyone will have it. Even

Fig. 2 Pulse presentation
of AS

patients with severe stenosis may have a normal ECG and
even if there are no abnormal findings, it does not exclude
severe stenosis. Atrial fibrillation is also a common finding
in AS [5].

Echocardiography

Echocardiography is the gold standard for assessing and
diagnosing AS. By looking at the structure of the valve and
its surrounding, such as the number of cusps and the pres-
ence of calcification we can find out the etiology and poten-
tially coexisting lesions. This diagnostic test does not only
allow us to visualize the structure but also to find out the
severity of the obstruction by measuring the velocity, mean
gradient over the valve. The left ventricle function is also
assessed, and we can see if there is hypertrophy (Fig. 3).

Stress Test

Exercise testing is a contraindication in symptomatic
patients. This test is mainly done on asymptomatic patients
who present with severe stenosis.

Auscultation

* During auscultation, we can hear a low pitched, harsh early
systolic murmur called crescendo and decrescendo. The
murmur is heard in early systole when AS is mild, but as
the disease progresses it is heard in mid systole. The sound
is produced due to the turbulent blood flow passing through
the valve. The murmur is best heard over the second inter-
costal space and radiates to the right carotid artery.

e FEjection click is a sound produced in early systole due to
the abrupt opening of the valve. The sound comes from
the valve being mobile, which in advanced stage is no
longer the case and therefore may be absent. In severe
cases the aortic sound of the S2 is diminished and we only
hear the closure of the pulmonic valve. This is due to the
aortic valve not being mobile.

Normal pulse

Pulsus parvus et tardus (Delayed peak)
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Fig. 3 Echo of stenotic valve

Mild AS
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Fig. 4 Heart sound
presentation of AS

e Aortic Valve (A2)
@ Pylmonic Valve (P2)

* Physiologically there is splitting of the two components
of S2, the aortic valve closes first and then the pulmonic
valve, this is known as splitting. During inspiration, the
venous return is increased to the heart resulting in more
blood volume being pumped across the right part of the
heard and consequently later closure of the pulmonic
valve. This leads to a greater delay between the two
sounds of S2. However, in AS we have the opposite. Due
to the obstruction in the valve the aortic valve closes later
than the pulmonic valve and the aortic tone of the S2
comes after the pulmonic. During inspiration, the pul-
monic valve delays its closure and leads to a narrowing of
the S2 sound. This is called the paradoxical splitting of
the S2. Normal splitting of the S2 can exclude severe
obstruction.

o If the patient develops diastolic heart failure, we can hear
an S4 heart sound. This sound is caused by the atria con-
tracting blood against a stiff hypertrophic ventricle. For
the S4 sound to be present the atria should be contracting
normally. Note however that we can never hear S4 in atrial
fibrillation, a rhythm which is common in AS (Fig. 4).

Moderate AS Severe AS

S, S, S, S,
R ||.|||||||uH ' ||-.u||\||||.

Findings on Auscultation
Ejection click (Systolic)

e Crescendo—Decrescendo murmur
e Soft S2 or single S2

e Paradoxal splitting of S2

e S4 sound due to diastolic failure

Management

The main goal of the treatment of AS is to control the symp-
toms of heart failure. It is not possible to cure AS with medi-
cations, the definitive curative treatment of aortic stenosis is
surgically. The choice of treatment is a multidisciplinary
task. Factors to be considered are age of onset, type of aortic
stenosis, severity of symptoms, and surgical risks. Treatment
of symptomatic AS medically has a poor prognosis and holds
no value in curative treatment, but rather as palliative and
symptomatically. All patients with recognized aortic stenosis
should receive prophylaxis for endocarditis [6].
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As mentioned earlier in this chapter children born with
congenital bicuspid valves are at higher risk for development
of aortic stenosis, but children with tricuspid aortic valve can
also develop this condition. If the symptoms are severe, sur-
gery is needed with balloon dilatation of the valve. As a rule,
it is expected that patients who have been operated in child-
hood need reoperation within the next 10-15 years.

Medical Management

Treatment with medications serves only as symptomatic
relief and does not stop the underlying process, nor decrease
mortality. It mainly aims to treat the heart failure and the
arrhythmias associated with it. The aim is usually to stabilize
the patient in anticipation of surgery or as palliative treat-
ment. AS and coronary artery disease (CAD) share the same
risk factors and one would think that the use of statins would
be beneficial. However, studies have shown them not to be
effective in stopping the progression of AS alone. Since
CAD often occurs together with AS it may still be beneficial
with statins for the patient. Even though it does not prevent
AS directly, it can prevent coronary events [7].

* Heart Failure Use of ACE inhibitor may be useful if the
patient has heart failure or hypertension but should be
used with caution. Start with a low dose to prevent hypo-
tension. Beta-blockers should generally be avoided in AS
to prevent LV dysfunction. Digitalis may also be used.

e Symptomatic Diuretics may be used in the case of dys-
pnea due to pulmonary edema. Nitrates may be used with
caution in patients with pulmonary congestion.

Surgical Management

Indications for Operation Patient with severe aortic stenosis
and who are symptomatic should undergo aortic valve
replacement (AVR), a procedure where the valve is excised
and replaced with a prosthetic valve. Asymptomatic patients
with AS are relatively safe and it is important to recognize
the right indication for intervention in this group of patients
to not put the patient under unnecessary surgical risk, how-
ever in some circumstances it might be necessary. Patients
who are asymptomatic and have a poor ventricular function
measured as low ejection fraction should also be referred for
surgery. In Table 3 you can see the indications for AVR in
asymptomatic patients.

For patients who are eligible and candidates for aortic
valve replacement there are two options, either open or per-
cutaneous. replacement. The choice of method depends on
the surgical risk and comorbidities of the patient. The stan-

dard choice of method is open-heart surgery, especially in
younger patients [8, 9].

Percutaneous Valve Replacement Since the introduc-
tion of transcatheter aortic valve replacement (TAVR) it has
given patients who were not able to tolerate surgery a good
alternative treatment. These valves are biological which are
expanded in the place of the old valve through a catheter.
The valve can be either self-expanding or expanded with
the help of a balloon. TAVR is mainly reserved for patients
who are at high operative risk. Due to it potentially causing
paravalvular leakage, AV blocks, and other challenges, the
use is limited to those who do not tolerate open surgery. In
recent times there has been improvement in the methods of
TAVR and may even become the standard choice in the
future, even for those at low surgical risk. Recent studies
are also starting to show comparable results between the
two methods [10].

Prosthetic Valve There are two options for prosthetic
valves, biological or mechanical. Both have advantages and
disadvantages and the best choice is relative to the circum-
stance of the patient. For example, biological valve does not
require anticoagulation and is a good choice for young fertile
female. However, these valves tend to have a lifespan of
10-15 years and therefore can be a good choice in elderly
patients who are not expected to live beyond the lifetime of
the valve. Mechanical valve on the other hand lasts lifelong
and good biomechanical properties but requires long-life
anticoagulation use and is not suitable for women of child-
bearing age (Fig. 5).

Percutaneous Aortic Valvuloplasty (PAV) is reserved for
patients with severe comorbidities which does not allow
them to undergo AVR, such as patients with cardiogenic
shock. If no contraindication is present AVR should be per-
formed over PAV, even if the patient is of older age. In most
cases restenosis usually occurs within months. The life
expectancy of an adult patient treated with balloon valvulo-

Fig.5 Picture of biological transcatheter valve
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Fig. 6 Indications for surgery

SEVERE AS
Symptomatic Asymptomatic
Either one
¢ EF < 50%
* Undergoing other cardiac
surgery (Eg. Bypass)
* Symptoms during excercise
testing
Valve Replacement
Surgical Risk
Low Intermediate High
SAVR SAVR TAVR

plasty is the same as those not treated and nowadays this
method is mainly reserved for young children and adults
who are hemodynamically unstable to undergo AVR (Fig. 6).

Multiple Choice Questions

1. What is the most common cause of AS in the elderly?
A. Congenital
B. Rheumatic
C. Degenerative
D. Bicuspid valve

2. What are the cardinal symptoms of AS?
A. Angina, hypertension, dyspnea
B. Angina, dyspnea, syncope
C. Heart failure, hypertension, syncope
D. None of the above

3. What syndrome is supravalvular AS commonly associ-
ated with?
A. Down syndrome
B. Angelman syndrome
C. William syndrome
D. Marfan syndrome

. Patient with severe asymptomatic AS and EF 30%, treat-

ment of choice?

A. Refer patient to heart team for valve replacement
B. Patient is asymptomatic and does not need surgery.
C. Wait and observe

D. None of the above

. What medication should be used carefully in patients

with AS

A. Beta-blockers
B. Diuretics

C. Ace inhibitors
D. All the above

. Which of these are not typical findings in severe stenosis

during auscultation?

A. Crecendo-Decrecendo systolic murmur

B. Ejection click

C. Increased splitting of S2 during inspiration
D. Single/decreased S2 sound

. Which statement is false about TAVR

A. TAVR is preferred over SAVR
B. TAVR is used when the patient is at low surgical risk
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10.

C. TAVR is used when the patient cannot undergo
SAVR due to high surgical risk

D. A+B

What is commonly the first and only symptom in AS?

A. Exertional angina

B. Exertional dyspnea

C. Edema

D. Syncope

A young patient presents with symptoms of AS. After

further diagnostic evaluations, the diagnosis of AS is

confirmed. What is the most likely cause of AS in this

patient?

A. Supravalvular

B. Degenerative calcification

C. Rheumatic AS

D. Bicuspid valve

What are the complications associated with TAVI

A. AV block

B. Valve regurgitation

C. A+B

D. Pulmonary valve regurgitation

Answers

1.

C

The most common cause of AS in patients older than
65 is the calcification of a tricuspid valve. The most
common cause in those younger than 65 is the calcifica-
tion of a congenital bicuspid valve.
B

The cardinal symptoms of AS are exertional angina,
dyspnea, and syncope.
D

William syndrome. The syndrome in which the dele-
tion of the elastin leads to systemic arteriopathy and nar-
rowing of the ascending aorta.
A

This patient should be referred to a heart team for
AVR. Patients who are asymptomatic and have severe
stenosis with EF lower than 50% have indication for
AVR.
D

All of the above should be given with care. ACE
inhibitors should be started at low dose to decrease the
risk of sudden hypotension which can further exacerbate
the condition. Beta-blockers are usually avoided in AS

10.

patients to prevent left ventricular dysfunction. While
giving diuretics reduces the pulmonary congestion it is
important to realize that the patient is dependent on ade-
quate filling pressure to maintain optimal cardiac output.
C

This is a physiological mechanism. During AS we
usually have paradoxical splitting where the splitting is
decreased during inspiration. The absence of paradoxi-
cal splitting excludes severe stenosis.
D

TAVR is usually only considered when the patient is
a high-risk patient for surgery.

. D

Dyspnea is usually the first and only symptom of AS.
D

The most common cause of AS in those under 65 is
the calcification of a bicuspid valve.
C

Regurgitation and AV blocks are some of the compli-
cations which occur today when treating with TAVR. AV
block can occur due to the over or underestimation of the
necessary valve size which may compress the AV node
when put in place.
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Atrioventricular Septal Defect

Kiran Shafig Khan and Irfan Ullah

Abstract

“The term atrioventricular septal defect (AVSD) is char-
acterized by a common atrioventricular junction with
coexisting atrioventricular septation defect with the inci-
dence of 4-5.3 per 10.000 live births”. Most of the cases
are associated with Down syndrome and a large number
of cases are accompanied by aortic valve regurgitation.
The majority of patients present with central cyanosis
although murmur could not be appreciated at a younger
age. With the advancement in the surgical era, the mortal-
ity rate has been reduced significantly. Patients with pre-
operative regurgitation or any associated cardiac or
extracardiac issue may experience problems postopera-
tively or required reoperation otherwise they may live a
healthy life. Patient education and understanding regard-
ing the defect and procedure are very important.

Keywords

Atrioventricular septal defect - Atrioventricular valve
Central cyanosis - Murmur - Embryogenesis - AVSD

Introduction

The term atrioventricular defect (AVSD) is defined as a defi-
ciency of the atrioventricular septum above or below the
atrioventricular valve [1] with an incidence of 4-5 per 10,000
lives birth [2]. It is also named ostium primum atrial septal
defects (ASDs), AV canal defects, endocardial cushion
defects, and AV commissure [3]. Around 7% of congenital
heart diseases are AVSD and 30-40% of cases are associated
with Down syndrome [3—7]. The morphogenesis is still con-
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troversial. The main problem that arises is right to left shunt
at atrial and ventricular levels. In the majority of cases, these
defects are accompanied by AV valve abnormality which
may lead to aortic regurgitation. Before surgical treatment,
the mortality rate was 50% [8]. Now, the goal of surgical
repair is to preserve and improve the AV valve function with
a good long-term outcome [6]. This chapter summarizes the
anatomy, embryogenesis, types, treatment plan, and associ-
ated pathologies.

Pathophysiology

Incomplete AVSD: In 10% of the population moderate to
severe left AV valve regurgitation occur. It is often directed
to the right atria therefore, it is typically called left ventricu-
lar to right atrial shunt [2]. This term is a misnomer because
the shunt can also go from left ventricular to left atrium due
to an increase in left ventricular shunting magnitude [9].

Complete AVSD: These patients usually present earlier
in life because of both atrial and ventricular level shunting
[2]. They usually present with congestive heart failure. In a
study, it has been reported that 90% of the patients with
untreated and complete AVSD develop the pulmonary vascu-
lar disease by age 1 year due to bigger left to right shunt that
may be worsened by AV regurgitation [9].

Types
AVSD is of two types

1. Complete AVSD
2. Incomplete AVSD/partial AVSD

Complete AVSD includes ostium primum defect at atrial
septum level and defect in the inlet portion of the ventricular
septum. This type may have one AV annulus and a common
AV valve. This common AV valve mostly comprises superior
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and inferior leaflets across the ventricular septum [10]. In
this type of AVSD shunting take place at atrial as well as
ventricular level. Mostly an isolated atrial component is
present in complete AVSD that bridges the leaflet attached to
the ventricular septum with one annulus. This results in two
orifices and shunting occur at the atrial level [10].

In partial AVSD (isolated ventricular component) is less
commonly found incomplete AVSD, where the leaflets are
partially fused and attached to the atrial septum. This AVSD
is related to inlet ventricular septal defect clinically [5].

Of note, the intermediate also known as transitional AVSD
includes ostium primum defect and a restrictive VSD just
below the AV valves with two separate AV orifices because of
bridging leaflets [10]. Besides, some authors and IPCCC nei-
ther support this classification nor acknowledged it as an
AVSD type because of 2 annuli [11]. IPCCC defines AVSD
with unequal and unbalanced ventricular and AV valve posi-
tions with some degree of ventricular hypoplasia [10].

Anatomy

Morphologically, “AVSD is described by the presence of a
common atrioventricular junction, a defect in the muscular
and membranous atrioventricular septum, and an ovoid
shape of the common atrioventricular junction with dis-
placed left ventricular outflow tract” [2]. Normally, the inlet
and outlet dimensions of the left ventricle are equal but in
AVSD a disparity in outlet dimension is found [12].

Incomplete AVSD: The incomplete AVSD is due to the
continuousness of the left superior and inferior leaflet. The
commissure between them forms the cleft of the left AV
valve therefore most incomplete AVSD has no ventricular
shunting [12]. This continuity of tissues forms a bridge that
obliterates the shunting below the leaflets level [2].

Complete AVSD: Incomplete AVSD, there is a space
between the bridging leaflets therefore the AV orifices are
common. The left-to-right shunting is because of the attach-
ment of bridging leaflets with the atrial septum and ventricu-
lar septum. The shunting tendency in a complete AVSD
depends upon the position and extension of leaflets that may
increases from type A to C according to Rastelli classifica-
tion [2], where type A leaflet is divided by an interventricular
septum and attached to the VSD crest. Type B and C fibers
extend to the right ventricle [2].

Valvular dysfunction is another important feature of
AVSD, which is due to dysplasia of the AV valve of a lateral
leaflet [13]. There are some abnormalities found in the heart
conduction system specifically in AVSD patients [14]. Right
bundle branch block, first degree AV block and more rarely
second and third degree AV block all are present in AVSD
patients [15, 16]. AV node is positioned more posteriorly,
this defines the presence of a long non-branching bundle of
His [16].

In all types of AVSD, there is a common orifice with dif-
ferent extension and fusion of leaflets with the atrial or ven-
tricular septum with the difference in conducting system.
Therefore, it is very essential to appreciate the importance of
leaflets even in post-surgical patients [17].

Embryology

Typically, cardiac septation occurs in the first 9 weeks of
embryogenesis. Splanchnic mesoderm forms the primary
heart tube. In addition, the second pool of mesoderm tissue
formed the arterial and venous side of the fetal heart. The
inner endocardial layers form first then the outer myocardial
layer. These two layers are separated by cardiac jelly [18].
During the later stage of heart development, four endocardial
cushions form the AV valve. Initially, an opening is present
between the septum primum and AV canal. To complete the
AV septation these two structure fuses later on with the ves-
tibular spine [19]. The superior and inferior endocardial
cushion forms the leaflets of the tricuspid valve and mitral
valve [20]. The right lateral cushion forms the anterior and
posterior leaflets [20].

The insufficient looping and fusion of the endocardial
cushion and mesenchymal cap result in abnormal develop-
ment of the heart. Also, the heterogeneous mutation in
GATAA4 [21] and NR2F2 [22] in the mouse can result in par-
tial (ASD1) or complete AVSDs. This mutation is because of
deficient endocardial cushions development thus resulting in
complete AVSD [23]. Whereas, the mutation in (SHF spe-
cific) Shh [24] and Pdgfr-a [25] reduces the DMP formation
and leads toward partial AVSD. It has been reported that
abnormal AV septation affects the development of the heart
conduction system [26]. In AVSD the anterior and posterior
AV node fails to fuse which defines the posterior position of
the AV node in patients with AVSD [27].

Clinical Presentation

The clinical picture of AVSD depends upon the morphology
and type of defect present.

Incomplete AVSD: Clinically 10% of the patient present
with moderate to severe AV valve regurgitation. The present-
ing symptoms are pulmonary congestion and infection, dys-
pnea, tachycardia, and failure to thrive [28]. Medically
uncontrolled congestive heart failure and presentation at
early age indicates the need for early surgical intervention.
This may be due to the presence of left-sided anomalies such
as LV hypoplasia, LV outflow tract obstruction, and aortic
arch obstruction [2].

Complete AVSD: The patent with complete AVSD is
usually present in infancy. The signs and symptoms are
worsened by AV regurgitation [29]. On physical examina-
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tion, hyperactive pericardium with thrill is found. A systolic
murmur at the left sternal border, mid-diastolic flow murmur
across the AV valve, and a high-pitched murmur at apex due
to AV regurgitation can be appreciated on auscultatory exam-
ination [28]. A split first heart sound can be heard due to
pulmonary vascular resistance [2].

Infants with complete AVSD are likely to develop conges-
tive heart failure within starting months of life. Due to sig-
nificant regurgitation coarctation of the aorta or ventricular
imbalance, cardiac failure, Eisenmenger’s syndrome may
occur much earlier than the expected timeline [2]. Around
25% of untreated or undiagnosed AVSD patients can die dur-
ing infancy [28]. Newborn with AVSD may present with cen-
tral cyanosis due to bidirectional shunting in the presence of
increased pulmonary vascular resistance [29].

Diagnosis
Prenatal Diagnosis

The AVSD can be detected in utero with the help of fetal
echocardiography till 12 weeks of gestation [30]. The sen-
sitivity in detecting AVSD in routine screening is 27%
[31]. It has been reported that with the advanced training
and protocols the detection rate on routine screening has
raised to 67% for balanced AVSD and 93% for unbalanced
AVSDs [11]. To get better with the detection ratio atrial to
ventricular ratio [32] and level of linear insertion [33]
have been added in detection findings. Due to the negative
prognosis, elective termination of pregnancy has been
suggested [7, 34]. Cardiac anomalies, extra-cardiac abnor-
malities, and aneuploidy specifically Down syndrome in
40-50% of cases have been reported [35]; therefore, early
invasive testing is recommended, i.e., array comparative
genomic hybridization to detect the presence of copy num-
ber variations [36].

Postnatal Diagnosis

Clinically the patient may present with central cyanosis, con-
gestive heart failure, severe AV regurgitation, and
Eisenmenger syndrome if left untreated [37]. The partial
AVSD can remain asymptomatic for years [10]. Following
imaging studies can be used to detect the abnormality.

Imaging Studies
Chest Radiography

Mild cardiomegaly and prominent pulmonary vascular mar-
gins can be seen in patients with incomplete AVSD, whereas

in complete AVSD significant cardiomegaly and vast change
in pulmonary marking are noticed. It may also indicate levo-
cardia and a left-sided aortic arch [37].

Doppler Echocardiography

Doppler echocardiography is a diagnostic tool; in incom-
plete AVSD atrial defect with absent ventricular shunting can
be seen [38]. While incomplete AVSD atrial and ventricular
shunting along with valve abnormality can be noticed [38]. It
has been reported that 3D echocardiography can show addi-
tional findings that may play an additive role in surgical
planning [39]. Moreover, the use of intraoperative trans-
esophageal echocardiography decreases the rate of re-
operation [40] and regurgitation [41].

The four-chamber view is mostly used in antenatal screen-
ing ultrasound anomaly scans. This view can detect the
AVSD easily. Diagnostic features are obstetric four-chamber
view of the heart in the presence of a common atrioventricu-
lar valve [42]. The detection of anomalies plays a vital role in
deciding for surgeons as well as for parents. An accurate
indication of the outcome can be given [2]. The mortality
rate is higher in a patient with other associated cardiac anom-
alies such as left atrial isomerism, congenital complete heart
block. It may have a very poor prognosis and result in fetal
loss [43].

Electrocardiography

The characteristic finding on ECG is the superior orientation
of the frontal QRS loop [37]. Left axis deviation with promi-
nent p wave presenting atria enlargement and a prolonged
PR interval is noted in incomplete AVSD. Whereas, biven-
tricular hypertrophy is an additional finding of incomplete
AVSD [44].

Diagnostic Procedures

Cardiac Catheterization

Cardiac catheterization is indicated in an adult population
with incomplete AVSD. Due to decreased pulmonary artery
flow, a high fraction of inspired oxygen (FiO,) is required in
these patients. Whereas incomplete AVSD is allowed in
young patients as well even patients under 1-year-old [45].

Treatment
Medical Therapy

Patients with incomplete AVSD rarely required medical
treatment whereas complete AVSD patients were treated
promptly with medical therapy [46]. Complete AVSD
patients usually present with congestive heart failure, there-
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fore, required diuretics or volume overload, digoxin can be
used as an inotropic agent and angiotensin-converting
enzyme (ACE) inhibitors use to reduce that afterload effects
[38]. The associated issues such as feeding difficulty and
calories deficit can be managed with a nasogastric tube and
added calories [10].

Surgical Therapy

It is the method of choice for AVSD repair. Younger patients
and a good functioning AV valve provide the best outcome
postoperatively [47]. Multiple surgical techniques are used
for repairs such as single-patch technique, two-patch tech-
nique, and modified single-patch technique [48]. In a single
patch, one prosthetic material is used to close both atrial and
ventricular defects [38]. In the double or two-patch tech-
nique, two patches are used to close the defect separately
whereas in the modified patch technique common valve is
stitched to the ventricular septum and the atrial defect closes
separately with a patch [38]. Most of the time, incomplete
AVSD closes with a single patch technique and complete
AVSD closes with two patch techniques. Choice of tech-
nique depends upon the condition of the patient and extend
of the defect but all of them provide the same surgical out-
come [38].

Because of the high mortality rate due to pulmonary vas-
cular resistance, AVSD repair is recommended at 3 months
of age [38, 49]. According to a literature search, the median
age of AVSD repair varies from 1.8 [50] to 7.9 years [51]. It
has been reported that surgical repair at an early age is
associated with LAVV regurgitation [49]. Likewise, surgi-
cal repair at an older age has less morbidity and mortality
ratio [51].

Follow-Up

Patients with AVSD are recommended to have lifelong fol-
low-up at least every 2—3 years [52] because a displaced and
angulated anterolateral papillary muscle has been found in
patients with AVSD repair [53]. 3D echocardiography should
be done to rule out further complications [54] such as sub-
aortic stenosis and left atrioventricular regurgitation.
Antibiotic prophylaxis is recommended in case of subacute
endocarditis [54].

The 10-year survival percentage has been raised to 70%
[55]. The incidence of postoperative arrhythmias ranges
between 0.5 and 7.5% [56, 57], mostly in patients with com-
plete AVSD repair.

Postoperative Complications, Outcome,
and Prognosis

In 10-15% of patients, postoperative AV regurgitation has
been noticed [58] that may lead to reoperation. Postoperative
heart block may be because of trauma to AV node or bundle
of His. In a study, 22% of cases reported right bundle branch
block [58].

Previously, repair at a young age under 2 years was sup-
posed to be a major factor for mortality in patients with
AVSD but in a recent report, it has been found that age has
no relation with the mortality rate and disease outcome [59,
60]. Only good preoperative management is necessary, it
may reduce the mortality risk and improve the outcome [61].
Preoperative AV regurgitation, associated trisomy 21,
Tetralogy of Fallot (TOF), and unbalanced AVSD provided
the worse outcome [62].

Pregnancy and AVSD: A close and detailed examination
is required inpatient with partial AVSD who wants to get
pregnant. In the presence of severe pulmonary hypertension
pregnancy should be avoided [63]. While a patient with cor-
rected AVSD can tolerate pregnancy and its physiological
changes very well. Some women experienced few complica-
tions during pregnancy. 17% of women with corrected AVSD
have AVV regurgitation, 19% experienced arrhythmias dur-
ing their pregnancy [64]. Around 10-12% recurrence rate of
AVSD was reported in the offspring of a mother with AVSD
[64, 65].

Conclusion

Early diagnosis and prompt management are necessary
for a patient with AVSD. Timely plans for surgical inter-
vention provide the best results with a low mortality rate.
A long-term follow-up prevents further complications.
The patient should watch for atrioventricular valve
function, left ventricular outflow tract obstruction, and
dysrhythmia.

Multiple Choice Questions

1. The most common presentation of AVSD is:
A. Central cyanosis
B. Peripheral cyanosis
C. Jaundice
D. Syncope

Answer: A

2. The following type present earlier with AVSD
A. Complete AVSD
B. Incomplete AVSD
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C. Partial AVSD
D. Transitional AVSD
Answer: A
In complete AVSD the primary defect locates at:
A. Ostium secundum
B. Ostium primum
C. Sinus venosus
D. Lower portion of ventricle
Answer: B
In AVSD the left ventricle dimensions are
A. Equal inlet and outlet dimensions
B. Unequal inlet dimensions but
dimensions
C. Unequal inlet and outlet dimensions
D. Equal outlet dimensions, unequal inlet dimensions
Answer: C
Shunting tendency depends upon:
A. Position of leaflet only
B. Dimensions of inlet and outlet
C. Extension of leaflet only
D. Both extension and position of leaflet
Answer: D
Cardiac septation occurs in which week of gestation:

equal outlet

A5
B. 6
C.9
D. 12

Answer: C
Prenatal diagnosis of AVSD can be done till which week
of gestation?
A. 11
B. 13
C. 12
D. 20

Answer: C

. Which of the following is the diagnostic tool?

A. Chest x-ray.
B. Echocardiography
C. ECG
D. Doppler ultrasound
Answer: B
Which view can detect AVSD on ultrasound?
A. 2 chamber view
B. 3 chamber view
C. 4 chamber view
D. None
Answer: C
What percentage can be found in the offspring of patient
with AVSD?
A. 10%
B. 17%
C. 20%
D. 8%
Answer: A
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Bicuspid Aortic Valve
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Abstract

“The bicuspid aortic valve affects 1-2% of the total popu-
lation. Majority of patients with bicuspid aortic valves are
asymptomatic”. Therefore, it remains undetected until
infection and calcification disturbs the valve. Antibiotic
prophylaxis is recommended for patients with infective
endocarditis. Diagnosis is based on echocardiographic
changes. In the pre-surgical era, the diagnosis and treat-
ment of BAV were difficult with a high mortality rate.
Now, with the advancement in medicine field, valve
replacement is the mainstay for treatment.
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Introduction

The bicuspid aortic valve (BAV), also called bicommissural,
is regarded as the most common congenital heart disease. It
consists of 2 unequal-sized leaflets or cups with one line of
coaptation [1]. It may lead to multiple pathologies, i.e., val-
vular dysfunction, aortic stenosis, aortic regurgitation, infec-
tive endocarditis, coarctation of the aorta, aortic dissection,
and ascending aortic dilation and aneurysm formation [1, 2].
It affects 1-2% of the total population [1, 2]. This chapter
includes the background, anatomy, clinical presentation, and
complications associated with the bicuspid aortic valve.
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Background

Around 500 years back, the first detailed illustration of
BAV was drawn by Leonard do Vinci [2]. In 1844, it was
first described as a pathological interest by Paget. In 1858,
Peacock identified BAV obstructive lesions [3]. In 1886, Sir
William Osler recognized BAV as the most common con-
genital heart valve disease [4]. In a study, 18 cases of BAV
were studied in which the tendency of valve to develop
infective endocarditis was discussed [5]. In 1950, it has
been reported that isolated calcification of BAV is due to
the intrinsic property of the valve rather than an effect of
rheumatic fever [6, 7]. Wauchope et al., in their autopsy
report, regarded it as a commonest congenital anomaly of
the heart [8, 9]. The first association of BAV with aortic
dissection was discovered in 1927 by Abbott [2]. The risk
factor associated with the development of aortic dissection
in patients with BAV was first described by Larson and
Edward in 1984 [10]. With the advancement in the field of
medicine, etiology, morphology, and other aspects of BAV
are well defined [1, 2].

Embryology

Normally, during the development of the heart, the embry-
onic spiral conotruncal septum divided the truncus arteriosus
[2] Right and left aortic leaflet or cups formed at the junction
of ventricular and arterial ends of the conotruncal channel.
The posterior or non-septal cusp forms from other conotrun-
cal channel tissue. Mesenchymal outgrowth, also known as
cardiac cushion gives rise to the semilunar valve [2]. Any
abnormalities during development in this area lead to incom-
plete septation of valve tissue, thus, results in a bicuspid aor-
tic valve [11].

In contrast, the histological assessment of hamsters done
by Sans-Coma and his colleagues revealed that fusion of
right and left valve cushion is the key factor that results in the
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development of bicuspid aortic valve [12-14]. Other
researchers suggested that abnormal valvulogenesis could be
because of abnormal molecular mixing of extracellular
matrix protein that helps in cell differentiation and cusp for-
mation [15, 16]. In another study, Lee and colleagues claimed
that lacking endothelial nitric oxide synthase could result in
BAV formation. Any mutation in this protein may disturb the
intracellular signaling pathways [17].

Bicuspid Aortic Valve Morphology

Anatomically, BAV consists of 2 leaflets, usually of unequal
size. This could be due to the fusion of two cusps resulting in
the formation of one larger cusp [2] with a raphe or false
commissure [18]. The larger leaflet also called the conjoined
leaflet is mostly identified in BAV patients [19]. Two com-
missures partially fused at the hinge point forms a high raphe
that eventually predisposed toward stenosis in half of the
patients. Histologically, no valve tissue was found in raphe
providing no plane of attachment to the two commissures
[20]. For that reason, they never extend to free margins of the
conjoined cusp [21].

The orientation and anatomy of valve leaflets vary the
most. The right and left with true commissure oriented ante-
rior and posterior in positions, it may be in anteroposterior
orientation [18]. Generally, right and left coronary leaflets
fused to form larger, fused leaflet. Other non-coronary leaf-
lets are separated by true commissure. BAV’s free edge is
usually rounded rather than straight contributing to its lim-
ited mobility [18]. In a recent study, a conjoined leaflet was
found in 76% of specimens [22]. Out of these, 86% have
fused raphe between right and left cusps while left and non-
coronary cusp fusion was noticed in 3% of specimens [22].

Different BAV alignments manifest different pathophysi-
ological outcomes [23]. BAV without raphe is a true BAV
while the presence of raphe makes it more vulnerable to
more aggressive forms of the disease [23]. It has been
reported that its absence accelerates the aortic dilation [23]
and the patient presents at an early age with more complica-
tions [23, 24]. On the contrary, in a recent study found that
patients with raphe compared with 237 patients with BAV
without raphe, results show poor prognostic effects of raphe
in patient with BAV [25]. Therefore, it remains controversial
that different morphologies of BAV can predict prognostic
outcomes [25, 26].

BAV is usually asymptomatic and diagnosed as an inci-
dental finding in children and young adults on echocardio-
gram [27]. In a recent study, a review of the echocardiograms
was conducted among 1135 children with BAV which
revealed the most found morphologic variant, i.e., right-
coronary and left-coronary leaflet fusion in 70% of cases. It

has also been noticed that fusion of the right-coronary and
non-coronary leaflet, was more likely to be associated with
aortic stenosis or regurgitation pediatrics group whereas, a
fusion of the left coronary and non-coronary cusps was the
least common morphologic variant found in the study [2].

Epidemiology

Bicuspid aortic valves affect 1-2% of the total population
[2]. According to autopsy and echocardiographic studies,
0.5-2.0% cases have been reported [1]. Normal functioning
BAV prevalence is around 0.6-0.9% [1]. In a recent retro-
spective study based on 85 confirmed necropsy cases of
BAV, 13 of them showed no association with any complica-
tion, i.e., stenosis, regurgitation, or underlying structural
heart disease giving an estimated result of 0.9% population
with normal functioning BAV. If the affected population was
added the percentage will rise to 2% of the population [3].

Formerly, Osler noted 7 cases of normal functioning BAV
out of 800 necropsy studies giving the prevalence of 1.3%
[28]. Similar results were detected by Lewis and Grant’s
study with the prevalence of 1.39% [29]. A recent report sug-
gests a lower incidence rate in African-Americans [30].

The male-to-female ratio is 2:1 [30] or 3:1 [31, 32]. It is
more common among the Caucasian population [10]. In a
recent echocardiographic screening of 817 asymptomatic
children, BAV was found in 4 of them with 3 of them were
male [33].

Clinical Presentation and Diagnosis

The majority of patients with BAV are asymptomatic and
have normal functioning valves throughout their lives, few of
them may develop progressive calcification and other com-
plications such as stenosis or regurgitation [34]. “Clinically,
BAV presented with aortic ejection click with or without
ejection systolic murmur on routine physical examination”
[35]. The aortic ejection click defines as a short sound heard
well at the apex with the diaphragm of the stethoscope, it is
less distinct and of medium pitch, heard throughout expira-
tion and inspiration just after the first heart sound (S1). Its
duration and sound velocity may vary with certain maneu-
vers (e.g., hand-grip, Valsalva, squatting) [36]. In the pres-
ence of ejection click, subtle valve insufficiency can also be
heard, high pitched sound at the third intercostal space with
a diaphragmatic stethoscope [36].

“2D-echocardiography is recommended as a screening
tool for the progeny and first-degree relatives especially
males because of the high recurrence rate, i.e., 12—17% has
been confirmed in quite a few families” [37].
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Laboratory studies: It has been reported that a high level
of low-density lipoprotein (LDL) cholesterol accelerates
sclerosis of the bicuspid aortic valve [38]. Patients with a
family history of hypercholesterolemia and early coronary
artery disease should get tested for lipid profile [38].

Imaging Studies
Chest X-Ray

The plain film chest x-ray provides multiple clues that point
toward BAV presence. Lung field and pulmonary arteries
may look completely normal in case of aortic stenosis.
Commonly, aortic root dilation is noted, it doesn’t correlate
with the valve functional capacity [39—41]. On lateral projec-
tion, aortic valve calcification can be easily identified [42,
43]. An enlarged cardiac silhouette and aortic enlargement
are often present in chronically regurgitate BAV. A plain film
can also identify other associated congenital lesions espe-
cially COA. Rib notching and convexity of descending aorta
can be identified easily [43]. But it is not regarded as the best
screening tool for BAV.

Echocardiography

Two-dimensional echocardiography provides the best
results. Therefore, it is the most accurate tool for confirming
BAV [44]. 2D-echo shows BAV in multiple planes. Most of
the information can be gathered from parasternal long-axis
and short-axis views [2].

In parasternal long-axis view, systolic doming due to lim-
ited valve opening and eccentric valve closure are the dis-
tinctive features of BAV presence. During peak systole,
appropriate valve orifice diameter can be measured [2, 45].

In patients with asymmetrical bicuspid leaflets and raphe,
the valve may appear tricuspid in the diastole phase. The
leaflets become more fibrosed and thickened with age. Due
to extensive calcification with age, valve doming disappears
and is no longer noted in the short-axis view. Thus, it
becomes very difficult to distinguish it from tricuspid aortic
valve (TAV) calcific stenosis [2]. In that case, the opening
pattern of the aortic valve is very helpful. BAV false-positive
results can be because of incomplete demonstration of all 3
valve closure lines. The bicuspid valve can be missed if a
high raphe is detected with valve closure [2].

However, it has been reported that BAV diagnosis may
become difficult in severe stenosis and after cusp fusion sec-
ondary to inflammation. Then, a definitive diagnosis can be
made by a histological examination after the excision of the
valve [46].

Angiography

Angiography is not the primary method to diagnose BAV. The
valve is best viewed at the anteroposterior 30° right anterior
oblique (RAO) with systolic doming due to incomplete
opening of the valve [47].

Transesophageal Echocardiography

It provides information regarding valve commissures and
vegetation which is very necessary to obtain in adolescents
and young adults especially in symptomatic patients [47].
Transesophageal echocardiography has a sensitivity and
specificity of 78% and 96% for identification of BAV [48].
Espinal and colleagues reported a high degree of sensitiv-
ity and specificity of transesophageal echocardiography
for assessing valve morphology especially in multiple
planes [48].

Treatment Plans (Medical, Surgical, Diet,
Activity)

The initial plan to manage the BAV is to maintain a healthy
diet by controlling the lipid profile. Risk factors like hyper-
cholesterolemia and coronary artery disease increase sclero-
sis and deterioration of BAV. Therefore, it is very important
to maintain a healthy diet especially in patients with recog-
nizable risk factors. The fat diet should be no more than 30%
of total calories and not more than 10% from saturated fat
[38, 49]. Other risk factors that accelerate calcification
include age, arterial hypertension, dyslipidemia, diabetes,
and smoking [50].

It has been reported in a study conducted by Michelena
et al. that presence of raphe and dyslipidemia may increase
the vale degeneration of BAV [51]. Hence, the use of statins
and control over cardiovascular risk factors may reduce BAV
degeneration [19].

Patients with normal functioning BAV don’t need any
intervention other than dietary changes. They can take part in
any strenuous activities or sports after valve clearance and
assessment for aortic dilation by echocardiogram [52]. But
patients with valve insufficiencies are restricted from doing
strenuous exercise and activities such as weight lifting, rope
climbing, and pull-ups [53]. Thus, a regular follow-up is nec-
essary for early diagnosis and avoidance of any complica-
tion, i.e., valve insufficiency, valve stenosis, and progressive
aortic root dilation [53, 54].

The most appropriate and definitive treatment of deterio-
rating BAV is valve replacement. 30% of the individuals
develop complications such as valve insufficiency, valve ste-
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nosis, progressive aortic root dilatation, and possible bacte-
rial endocarditis [22, 55, 56]. Surgery is indicated in
symptomatic patients, patients with abnormal left ventricle
function and valvular dysfunction. In the former patients,
early valve surgery is recommended [46]. Patients with iso-
lated aortic regurgitation are the candidate for early valve
repair, it can save them from long-term consequences and the
need for anticoagulation [46]. Around 50-75% of the patients
of BAV undergo valve replacement during their lifetime
[57]. Most aortic surgeries are performed for dilation of the
aortic root or ascending aorta, and rarely for aortic dissection
[57, 58].

Postoperatively, patients with BAV not required prophy-
laxis antibiotics for any invasive and dental procedures [59].
It is recommended only if the patient developed endocarditis.
No special recommendation is required in patients with
uncomplicated BAV other than bacterial endocarditis [59].

In a pre-surgery era, 19% of the patients with BAV died
because of complications, commonly due to coarctation
[60]. Presently, this number has been reduced.

Associated Pathologies and Their Outcome

The overall complication rate varies in patients with BAV
[3]. In a mean 13-year follow-up 39% had at least one car-
diac event [61]. Pathologies associated with the bicuspid aor-
tic valve are aortic stenosis, aortic regurgitation, and infective
endocarditis [62] (Table 2).

In 20% of the cases, BAV is usually an isolated defect,
while in 50% BAV may be associated with multiple other
cardiovascular problems [2].

Aortic Stenosis

BAV is most frequently accompanied by aortic stenosis and
a large number of patients need surgery because of stenosis
development. Patients with severe stenosis develop prema-
ture calcium deposition, fibrosis, and stiffening, it all leads
toward abnormal functioning valve [35] but it could be age-
related [47, 63]. It has been reported that people with asym-
metrical cusps may have worse and progress more rapidly
toward severe stenosis [35, 64, 65].

In the second decade, BAV sclerosis begins and calcifica-
tion becomes more prominent in the fourth decade [66].
Patients with coronary risk factors such as smoking, high
LDL levels, and low HDL levels experience valve abnor-
mality at an earlier age. The rheumatic fever appeared as the
most common cause of aortic stenosis. In developed coun-
tries, the bicuspid aortic valve remains the most common
cause of aortic stenosis due to the declining graph in rheu-

matic fever cases [66], whereas in developing countries
rheumatic fever is still the main problem for the develop-
ment of aortic stenosis. The aortic valve damage due to
rheumatic fever can only be confirmed by the presence of
Aschoff bodies [66].

A recent report showed that most of the patient’s valvular
calcification started by the age of 20 and almost every one of
them showed calcified valve by the age of 30 years and
required aortic valve replacement [65] (Table 3).

Aortic Regurgitation

Patients with BAV develop aortic regurgitation due to cusps
prolapse, fibrotic retraction, and dilation of the sino-tubular
junction. Isolated regurgitation develops in younger patients
[67]. Endocarditis seems to be the most common and earlier
complication in patients with BAV plus regurgitation [67].
According to reports the incidence of aortic regurgitation in
the presence of BAV is 1.5-3% [68, 69]. It can be present
with aortic root dilation, coarctation of the aorta, or infective
endocarditis [70, 71] (Table 3).

Patent Ductus Arteriosus

Patent ductus arteriosus (PDA) usually presents as an iso-
lated pathology. In the pediatric population, BAV is found to
be associated with PDA [72, 73]. It is recommended that
adults with treated PDA should get a further evaluation for
the assessment of BAV [72, 73].

Supravalvular AS and William’s Syndrome

“William’s syndrome is characterized by elfin facies, short
stature, stellate iris, peripheral pulmonic stenosis, arterial
hypertension, COA, and renal artery stenosis” [39]. The
diagnosis is usually made during childhood. Around 60% of
the patients with supravalvular aortic stenosis have this syn-
drome, and 35% of patients have BAV [74]. The patient usu-
ally presents with exertional chest pain during their adulthood
and 56% of patients required reoperation as compared to the
19% of individuals with normal functioning valves [75].

Ventricular Septal Defect

It is the most common congenital heart defect. It may be
found as an isolated defect or in connotation with their mul-
tifarious lesions [2]. In 30% of the cases, VSD is associated
with BAV [76, 77]. It could be due to partial prolapse of an
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aortic leaflet. In addition, reconstructive surgeries for VSD
may cause aortic insufficiencies as well [2]. Therefore, deter-
mination of BAV is necessary before correcting peri-
membranous VSD [2].

Bacterial (Infective) Endocarditis

Around 10-30% of the patient with BAV are at risk of devel-
oping infective endocarditis during their lifetime. In 25% of
infants and children, BAV is the second most common etiol-
ogy for IE [78]. As discussed above, infective endocarditis
complicates 50% of aortic regurgitation in patients with BAV
[2], and 43% and 60% cases of cusps perforation have been
reported [78, 79] with a significant 9% mortality rate [71].

Moreover, BAV-associated endocarditis occurs usually in
young adults of 38-53 years of age and predominates in 73%
of males [71, 80]. The most common organisms responsible
for the development of endocarditis are Staphylococci and
viridans streptococci [81]. They have been accounted for 3%
of the cases. If not treated at an earlier stage, they may result
in heart failure, valvular or myocardial abscess [81]. Due to
the development of the these complications, surgery is rec-
ommended beforehand [71].

The Bicuspid Aortic Valve and Aortic Wall
Abnormalities

Following the aortic wall, abnormalities are associated with
BAV [2]:

1. Coarctation of the aorta (50% to 80%)
2. Aortic dissection (36%)
3. Aortic aneurysm

The development of cystic medial necrosis is the main-
stay for the development of aortic wall abnormalities [2].
Pachulski et al. found that patients with BAV have signifi-
cantly larger aortic diameter than normal individuals [82].
Dissolution of aortic elastic tissue in the upper aortic ring
causes root dilatation [83].

Coarctation of the Aorta (COA)

Around 85% of cases of coarctation of the aorta are associ-
ated with BAV and 27% have interrupted aortic arch [78, 84].
The ignorance of these associations may lead to myocardial
infractions [85]. It has been reported that untreated, inade-
quate treatment, and recurrent COA may increase the chances
of aortic stenosis, aortic regurgitation, or dissection of the
aorta [35].

Coarctation of the aorta is classified as a simple or com-
plex defect. The former is associated with intracardiac and
extracardiac defects [2]. Patients with COA associated with
bicuspid aortic valve undergo treatment at an earlier age.
Around 11-14% of patients required long-term follow-up
after surgical correction [85]. In a report, a large group of
patients 41% undergo reoperation due to valvular indication
[86]. As a result, these patients undergo long-term follow-up
with echocardiographic assessment and modification of
avoidable risk factors [2].

Aortic Root Dissection

Post-stenotic dilation and abnormal elastic fibers are the two
main aggravating factors [87]. The association with Marfan
syndrome is also because of abnormally developed and bro-
ken elastic fibers [87] (Table 3).

A retrospective cohort study conducted among 416
patients over a follow-up of 16 years reported a low inci-
dence of aortic dissection in BAV patients 2 of 416 [87].
Another study reported nine times higher risk of dissection
in BAV patients [11]. A 7-13% unselected cases also
reported aortic dissection in BAV patients [35, 54].
Morphogenic studies show less elastic tissue concentration
in BAV patients than normal functioning valves [88]. Aortic
dissection can also occur in normal functioning valves but
usually with stenosed valves and require valve replacement
at an earlier age [35].

Aortopathy

The prevalence of aortopathy in BAV patients ranges from
20 to 80% [53, 89]. Aortopathy defines as the progressive
dilation of ascending aorta, root, tubular part, the aortic arch,
or less commonly descending aorta. The risk of acute com-
plications such as aortic rupture and dissection is eight times
higher than normal individuals [90]. To prevent these acute
aortic events, surgery is recommended [23]. In several com-
munity studies, it has been observed that 20 years after diag-
nosis of aortic dilation another kind of cardiovascular disease
surgery is required [88, 91]. A recent meta-analysis claimed
a ten times higher risk of aortic dilation development in
patients with AVR surgery [92].

In a recent study, the aortic root was found to be dilated in
34% of cases, and ascending aorta in 76% of the cases. A
large number of controversial data exist that define aortic
dilation threshold and BAV morphology [90]. Aortic stenosis
and aortic regurgitation both are associated with aortic dila-
tation but AR is independently associated [35]. It has been
found that the younger population specifically males had a
high prevalence of root dilation [35].
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Survival Rate

Despite multiple complications, 2 larger series have claimed

that there is no change in life expectancy in patients with BAV 5.

disease. In asymptomatic patients the 10-year rate of valve
function varies from 96.1 to 96.5% [47], in symptomatic
patients, it ranges up to 90.3% for 20 years of survival [47].

Conclusion 6.

Subsequently, the survival rate of patients with BAV is good.
Reviews and reports suggest that the course of life is fairly
good and long but numerous serious problems will occur if
care were not taken properly or prompt treatment was not

given due to valve tear and over workload. Routine and regu- 7

lar follow-up is required.

Patient and family education is important regarding the
accelerated aging process, i.e., progressive stenosis and diet
changes. The development of infective endocarditis should be
explained in detail and it should be emphasized that BAV is

the potential source for its development, therefore good oral 8.

and dental hygiene is important. The patient should know that
no physical restriction is required unless any stenosis or
regurgitation developed. At least one simple examination is
required before participating in a sports competition.

MCQS

1. The male-to-female ratio in the bicuspid aortic valve is 9.

A. 1:2
B. 2:1
C. 34
D. 13
Answer: B
2. The bicuspid aortic valve has _____leaflets

D. Ejection systolic murmur heard well at the apex with
the belt of the stethoscope
Answer: A
The lipid profile of BAV patients shows:
A. High LDL and high HDL
B. High LDL and high TAG
C. High HDL and low LDL
D. High LDL and low HDL
Answer: D
The best modality tool for BAV is
A. Chest X-ray (PA view)
B. Echocardiography
C. Transesophageal echocardiography
D. Angiography
Answer: B
Risk factor for BAV include all except:
A. Age
B. Arterial hypertension
C. Dyslipidemia
D. Exercise
Answer: D
What percent of patient needs surgical intervention due
to the development of complication?
A. 40%
B. 30%
C. 90%
D. 45%
Answer: B
Supravalvular aortic stenosis is usually associated with
which syndrome?
A. Down syndrome
B. Edward syndrome
C. William’s syndrome
D. Marfan syndrome
Answer: C

A. 2 unequal size leaflets 10. Which of the following factor aggravates aortic root
B. 2 equal size leaflets dilation in patients with BAV?
C. 3 equal size leaflets A. Post-stenotic dilation and abnormal elastic fibers
D. 3 unequal size leaflets B. Pre-stenotic dilation and abnormal microfibrils
Answer: A C. Post stenotic dilation and abnormal smooth muscle
3. The presence of raphe makes BAV more_____ fibers
A. The presence of raphe indicates good prognosis D. Pre-stenotic dilation and abnormal fibrous tissue
B. The absence of raphe indicates good prognosis Answer: A
C. The presence of raphe has no impact
D. The absence of raphe indicates poor prognosis
Answer: B References
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Abstract

Cardiomyopathies are a group of diseases which affect
the muscle of the heart, impairing its function and inter-
fering with the normal systolic ejection fraction. They can
be classified into three major groups which differ by etiol-
ogy and outcome. Dilated cardiomyopathy “DCM,” is the
most common form, it can be primary or idiopathic
accounting for more than 50% of cases or secondary due
to underlying etiology as in cases of alcohol consumption,
inflammatory diseases of the myocardium (myocarditis),
and metabolic/endocrine diseases. On echocardiography
there can be detected enlargement of the myocardium and
decrease of the EF; treatment is based on symptomatic
management of congestive heart failure together with the
treating of underlying etiology. Restrictive cardiomyopa-
thy is (RSV) another form of cardiomyopathy which is
way less common than DCM, characterized by infiltration
of the myocardium by different substances such as amy-
loid and fibrotic infiltrates. However, the EF is preserved
in RSV and echocardiography detects a decrease in the
ventricular filling. Arrhythmogenic right ventricle cardio-
myopathy (ARVC) is characterized by impairment of the
right ventricle of the heart because of the fibrotic infiltrate
which leads to dysfunction of the right part of the heart
and subsequently the left part and congestive heart
failure.
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Introduction

Cardiomyopathies represent a group of heterogenous dis-
eases that can progress often to congestive heart failure, with
high mortality and morbidity. This disease is classified into
some other group based on the etiology, pathology manifes-
tations, and management.

This disease in most of its cases is asymptomatic early in
life and slowly it can progress and present with clinical man-
ifestations of the underlying disease; manifestations as dys-
pnea, edema peripheral or pulmonary, fatigue, paroxysmal
nocturnal dyspnea, and other -electrical abnormality.
Diagnostics such as ECG, echocardiography, and endocar-
dial muscle biopsy can be used and management is based on
lifestyle change as the first step together with medical and
various surgical interventions to limit the progression of the
disease and relieve various symptoms and signs.

Groups of cardiomyopathies are:

1. Dilated cardiomyopathy.
2. Restrictive cardiomyopathy.
3. Hypertrophic obstructive cardiomyopathy.

Dilated Cardiomyopathy

The disease of heart muscle is characterized by enlargement
of ventricular chambers one or both and abnormality of the
contractile function; it is a progressive disease asymptomatic
initially but leads to decompensated heart failure mostly
later, classified as primary(idiopathic) or secondary due to
underlying etiology [1].
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Epidemiology

The prevalence of this disease is estimated to be 36 per
100,000 in the population in the united states; more common
in men than in women.

Etiology (Table 1)

Genetic Causes of DCM

Recent studies have shown a strong relation between muta-
tion in some genes (more than 60) and development of
DCM. Titin (TTN) gene mutation is very important and
DCM is detected in more than 25% of the population
expressing this mutation, although its mutation is not oblig-
atory associated with DCM and the patient may be pheno-
typically normal due to other gene modifier effects.
Diagnostics using echocardiography should be done for the
family members who are at high risk to develop DCM
along with genetic tests for early diagnosis of DCM;
screening should be routinely every 2-3 years since the risk
is age-dependent.

The predominant mode of inheritance of DCM is auto-
somal recessive to be more than X-linked or mitochondrial-
related, although some of the mutated genes can be
related to X chromosome as Duchenne muscular
dystrophy(dystrophin).

Other genetic causes also predispose to DCM autosomal
dominant diseases, as for diseases which affect actin, des-
min, and lamin proteins present in cardiomyocytes.

Histological examination of the heart in DCM shows typi-
cally interstitial and perivascular fibrosis also necrosis of the
subendocardial cells.

Table 1 Etiologies and diagnostics of dilated cardiomyopathy

Cause Example
Idiopathic * Mutations of TTN gene, encoding for the
intrasarcomeric protein titin (connectin)
» Mutations of MYH7 gene, encoding for the
beta-myosin heavy chain
Infiltrative/ ¢ Hemosiderosis, sarcoidosis
inflammatory » SLE, dermatomyositis
Pregnancy
Toxins Alcohol, amphetamines, cocaine...
Infections Coxsackie A and B/HIV/CMV/parvovirus B19/chagas
disease
Metabolic/ Electrolyte disturbances hypocalcemia,
endocrine hypophosphatemia

Clinical Manifestations

The course of the disease varies from person to person but in
general a slow course of progression is dominant in DCM,
patients at the early stage are usually asymptomatic, at the
late stages with the progression of the disease DCM may
present with signs and symptoms of congestive heart failure
such as dyspnea, peripheral edema, and jugular vein disten-
tion. The patient should be treated conservatively as treating
patient with CHF due to any other etiology as coronary heart
disease... [2].

On physical examination, a S3 sound may be heard on
auscultation of the heart together with enlargement of heart
border (cardiomegaly). Laboratory and instrumental diag-
nostics may show elevated brain natriuretic peptide (BNP)
secreted from the left atrium which indicates heart failure (it
may be normal at the early stages), ECG may show left bun-
dle branch block and ventricular enlargement; chest x-ray
may show cardiomegaly.

Diagnosis

ECG

Not specifically diagnostic and is used as first-line for any
patient with any heart abnormality to rule out ischemic cor-
onary diseases. ECG in DCM may show tachycardia, left
ventricle enlargement, and some electrical conduction
abnormalities as LBBB due to fibrotic changes in the heart.
Tachycardia is seen only in 20-30% of patients having
DCM.

Echocardiography
Echocardiography in DCM shows enlargement and dilation
of the left ventricle, shows a decrease in the EF, and also

Diagnosis
Family history

ESR, CRP, history + clinical features, biopsy is the gold standard

History + signs and features of heart failure in the last trimester of
pregnancy + echocardiography

History of the patient + urine toxicology screening

Serology test for the infection suspected

Blood electrolytes, blood metanephros’s level, hormone level of
suspected disease

Endocrine disorder (pheochromocytoma, Cushing...)
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shows valvular abnormality as mitral and tricuspid regurgita-
tion; however, echocardiography cannot distinguish between
the cause predisposed for DCM either it is idiopathic or
secondary.

Cardiac Magnetic Resonance Imaging

This procedure is more specific and can differentiate between
ischemic and non-ischemic heart dilation. In cardiomyopa-
thy due to ischemic coronary heart disease it usually shows
late gadolinium enhancement (LGE), extending transmu-
rally to epicardium; however, DCM may show features of
absence of LGE.

Myocarditis and DCM

Viral myocarditis in its chronic form has a bad outcome on
the myocardium and it can be a major cause of DCM. Virus
such as coxsackie b, CMV, HIV are common viruses that can
progress to DCM in their chronic form to cardiomyopathy;
however, recent studies have shown that patient with chronic
form of myocarditis and those who have developed DCM
can still benefit from anti-viral medication such as interferon
B-1 and it has proven by consequent biopsies taken from a
patient with chronic myocarditis where appeared clearance
of the virus and improvement of the features of DCM. Early
treatment and preventing the chronic form of myocarditis is
of high value however there are no enough studies about the
efficiency of anti-viral medication.

Endomyocardial biopsy (EMB) is considered as the gold
standard for the diagnosis of DCM due to myocarditis. The
procedure should be guided with MRI target area to decrease
the risk of complications. Biopsies are taken for histological
exam and they show myocardial fibrosis.

Peripartum Cardiomyopathy (PPCM)

PPCM is a rare form of cardiomyopathy that develops in a
pregnant woman during her last trimester or during the
5 months postpartum. The full etiology of this form of car-
diomyopathy is not fully understood but it is assumed to be
related due to cleavage of protein and oxidative stress peri/
postpartum. PPCM is a diagnosis of exclusion after exclud-
ing all other causes that can predispose the patient to cardio-
myopathy and heart failure, PPCM is considered during the
last trimester or within 5 months postpartum; features are
those in a patient with congestive heart failure as dyspnea,
edema. Treatment is different from other etiologies because
some drugs are teratogenic or should not be prescribed for
lactating women [3].

Stress-Induced Cardiomyopathy

Also called takotsubo cardiomyopathy after the Japanese
cardiologist takotsubo.

Etiology of this form is related to a history of stress or
physical activity along with dyskinesia in the left part of the
heart seen on imaging. ECG shows ST elevation which
resembles the elevation in acute MI however the elevation
here is reversible and transient. Coronary angiography is
used to rule out obstructive causes of coronary artery dis-
eases. Etiology suggested to be a high level of catechol-
amines secreted during emotional and physical stress,
contractile abnormality, and LV dyskinesia are noted on
imaging, imaging such as ECG (shows transient and revers-
ible ST elevation), echocardiography demonstrating LV
hypokinesis and enlargement together with a decrease in EF,
and cardiac MRI which is the best imaging in detecting such
cardiomyopathy by demonstrating dyskinesia in the LV.

Drug-Induced Cardiomyopathy

Many drugs have been implicated in cardiotoxicity in their
chronic courses for treatment, and these drugs have a remod-
eling outcome on the myocardium even though applied in a
proper way. Some of these drugs are anti-tumor medications
such as anthracyclines. These drugs are highly cardiotoxic,
and their forms are acute and subacute which manifest in a
short time after beginning treatment as myocarditis and peri-
carditis or in chronic forms which begins in late-onset years
after beginning treatment. Diagnostics such as echocardiog-
raphy are highly suggestive in confirming the diagnosis and
should be done routinely in patient on an antineoplastic treat-
ment for early diagnosis. Management, when heart failure
has developed, consists of treatment of systolic heart failure
with p-blockers, ACE inhibitors, spironolactone in NYHA
IIT and IV, and amiodarone is also used for arrhythmia.

Management

There is no specific treatment for DCM. Treatment is based
on treating chronic heart failure and complications coming
from it, together with eliminating the underlying cause which
predisposed to DCM as in cases of an alcoholic by absti-
nence from alcohol or drug-induced DCM by eliminating the
drug. Treatment of heart failure consists of drugs such as
B-blockers and ACE inhibitors, diuretics such as furosemide
in case of volume overloads, effusions in decompensated
heart failure, and also amiodarone and different antiarrhyth-
mic drugs in case of any arrhythmia detected.
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Invasive approach has significant importance in patients
with recurrent ventricular fibrillation and desynchrony.
Implantable cardioverter defibrillator “ICD” has shown an
important outcome by decreasing rates of sudden cardiac
death caused by DCM by a rate of 31% according to a meta-
analysis study.

In patients with extremely dilated heart and features of
heart failure, the option of ventricular remodeling and recon-
struction together with mitral annuloplasty should be consid-
ered apart from the etiology as either ischemic or idiopathic
has led to DCM [4].

Although stem cell transplantation has shown a good out-
come in ischemic DCM, it is still not confirmed if it is with
good outcome in idiopathic DCM.

Restrictive Cardiomyopathy “RSC”

RSCis adisease of the myocardium characterized by impaired
filling of the ventricles due to interstitial fibrosis and calcifi-
cation of one ventricle and is called non-diffuse RSC or both
ventricles and called diffuse form RSC. It could be classified
as primary where the etiology is unknown as idiopathic RSC
and Loffler’s endocarditis or secondary due to infiltrative dis-
eases such as sarcoidosis, amyloidosis, or storage diseases as
hemochromatosis. Unlike the other cardiomyopathies, the
abnormality in RSC is hemodynamic related more than mor-
phological as the case in DCM and diastolic function is
impaired not systolic which may be increased in this case.
The disease is progressive and begins with reduced ventricu-
lar filling and ventricular stiffness which later progress to
reduced systolic function and signs of heart failure.

Etiology (Table 2)

Idiopathic RSC is a rare form of cardiomyopathy which
manifest mainly in children and adults. Assumed to be a
genetic related to autosomal dominant inheritance encoding
sarcomere proteins such as troponin T, alpha cardiac actin,
and beta-myosin heavy chain.

RSV of idiopathic form manifested mainly in children
who require high systolic pressure for maintenance of out-
put, with reduced output in RSV of idiopathic form systolic

Table 2 Restrictive cardiomyopathy, examples of primary and second-
ary causes

Etiology Examples

Primary/ Endomyocardial fibrosis

idiopathic Loeffler eosinophilic endomyocardial disease
Secondary  Sarcoidosis, hemochromatosis, progressive systemic

sclerosis, radiation, glycogen storage diseases such as
Fabry disease and Gaucher

dysfunction appear and manifest with signs and symptoms
of congestive heart failure. Studies have shown that children
with poor left ventricle function despite a normal diastolic
function could be a hallmark of restrictive heart disease.

Loeffler Endocarditis

Defined as the eosinophilic infiltrate of the myocardium due
to any cause (allergic, parasitic, idiopathic.) described by
W. Loeffler in 1936.

Divided into idiopathic, primary, and secondary.

Idiopathic which is the most common cause characterized
by idiopathic eosinophilia, primary has been associated with
an underlying myeloproliferative and stem cells disorders
like leukemia and lymphoma, and secondary which is reac-
tive to underlying non-neoplastic causing crises of eosino-
phils levels as allergic reaction, parasitic infections.

The pathophysiology of Loeffler endocarditis is not well
understood. Some suggest that the eosinophils infiltrating
the heart secrete protein granules damaging the endocardium
and myocardium by producing some toxins which later acti-
vate platelets. Platelets by their turn form intracavitary and
intravascular thrombi damage the endocardium.

Biopsy of the endocardium demonstrates fibrosis and
thickening of ventricles leading to a decrease in ventricular
size. On a light microscope degranulated eosinophils and
eosinophilic infiltration are seen.

Patient’s clinical symptoms are variable from heart failure*
symptoms as dyspnea, palpitations, chest pain, cough, and
fatigue to others as pericarditis (4% of patients with Loeffler
endocarditis) 0.38% of patients may develop congestive heart
failure. Eosinophils infiltration may cause valvular abnormal-
ity (42% of cases are detected with mitral insufficiency, aortic
stenosis and regurgitation are as well detected (4%).

Diagnostics of Loeffler endocarditis is done with:

ECG (may show T wave inversion, left atrial enlargement,
and left ventricle hypertrophy.)

Echocardiogram (it may show left ventricle hypertrophy,
endomyocardial thickening, mitral valve stenosis, or any
other valvular abnormality.)

Cardiac magnetic resonance (more specific and sensitive,
shows cardiac fibrosis and thickening.)

And the gold standard with endomyocardial biopsy.

Treatment and Management

Regarding treatment of primary RSC, there is no specific
treatment, the main thing is to treat symptomatically by man-
aging congestive heart failure with diuretics, ACE inhibitors,
and anticoagulant as well as valvuloplasty and other inter-
ventions aiming to treat valvular abnormalities.
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The treatment of Loeffler endocarditis consists of cor-
rectly identifying the condition before the end-stage fibrosis
occurs. Medical therapy with corticosteroids, cytotoxic
agents, and interferon to suppress the intense eosinophilic
infiltration of the myocardium.

Endomyocardectomy and cardiac transplantation are also
other advanced interventions in advanced RSC.

Amyloidosis

Light chain amyloidosis is consequent on a clonal plasma
cell proliferative disorder in which misfolded immunoglobu-
lin light chains are deposited as amyloid fibrils in multiple
organs, including heart. In about half of cases heart is fre-
quently involved but other organs and systems may be
involved such as as renal and respiratory.

Early diagnosis is not frequent. Patients usually come
with late stages of disease, when patients present with signs
and symptoms of right-side heart failure such as jugular vein
distention, dyspnea, peripheral edema, and others.

First type of cardiac amyloidosis is cardiac transthyretin
amyloidosis associated with the inherited dominant syn-
dromes of familial amyloid neuropathy and familial amyloid
cardiomyopathy.

Second is wildtype transthyretin amyloidosis referred to
senile systemic amyloidosis increasing in the aging
population.

Third type is hereditary transthyretin amyloidosis; trans-
thyretin gene (TTR) gene is located on chromosome 18,
many mutations usually occur in this gene but only specific
mutation is responsible for the development of this disease.
Inheritance is autosomal dominant.

Diagnostics

Diagnosis usually requires biopsy and histologic examina-
tion for confirmation of cardiac amyloidosis.

Some serum markers such as natriuretic peptide, tropo-
nin, and others should increase the suspicion of cardiac amy-
loidosis in a patient with senile patients and with known
plasma cell dyscrasia and should prompt other diagnostics.

ECG

It may show in progressed disease right ventricular hypertro-
phy, left heart hypertrophy or both, as well as leads voltages
are decreased in all leads. Infarctions and arrhythmias are
also common and because of the infiltration AV block may
occur.

Echocardiography
Thick-walled ventricles, small left ventricular chamber vol-
ume, valve thickening atrial enlargement.

Interventricular septum thickness > 12 mm in absence of
hypertension or controlled hypertension.

Cardiovascular Magnetic Resonance (CMR)

It has a high specificity and sensitivity especially with the
use of gadolinium-based contrast agent, especially useful in
patients with increased left ventricular wall thickness.

Treatment

Supportive treatment with salt and fluid restriction, together
with restriction of medications managing heart failure
including beta blockers, ACE inhibitors, and ARB, since this
medication are poorly tolerated in amyloidosis because they
decrease cardiac output.

Chemotherapy directed toward amyloidosis is the main-
stay of treatment as bortezomib which is a proteasome inhib-
itor used with other agents or alone and associated with
hematological response in up to 90%.

Stem cell transplantation is associated with the most dura-
ble remission.

Therapeutic antibodies have the potential to target amy-
loid deposit directly. Liver transplantation as well is a good
variant in some forms of amyloidosis.

Hypertrophic Cardiomyopathy (HOCM)

HOCM is a genetic disease that affects heart cells causing
hypertrophy in an abnormal disorganized, asymmetric way
with fibrosis/scarring in between cells. Mitral valve can be
affected and it may cause obstruction of blood flow from the
left part of the heart.

The disease prevalence is 1 in 500, although some patients
remain not diagnosed. Individuals undergo normal life lon-
gevity since the majority of patients are asymptomatic.
Symptomatic patients may have chest pain, dyspnea, and
fatigue. Some patients with HOCM are at risk of developing
sudden cardiac death, especially during physical exam.

Pathogenesis
HOCM is autosomal dominant, men and women have the same

chance of inheriting this disease, and not all patients who inherit
the disease may show signs and symptoms of the disease.
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In HOCM, the muscular wall of the left ventricle becomes
thickened, most often increasing thickness of the upper part
of the septum.

Increased thickness of the septum may cause obstruction
of blood ejection from the left ventricle causing increasing
pressure in the left ventricle. Impairing of the mitral valve
function leads to mitral regurgitation together with other
complications related to HOCM.

Mutations in genes coding for f-myosin heavy chain and
myosin binding protein C as HCM, MYH7, MYBPC3 are
the most commonly mutated genes involved in developing
HOCM. Mutations in genes responsible for storage disease
such as Gaucher is also involved in the development of
HOCM.

Clinical Manifestations

Most of the patients have no or few symptoms. Commonly
seen in puberty after hypertrophy of the heart, the most com-
mon symptoms in patients:

e Dyspnea,

e Chest pain during rest or exertion,

» Fainting or syncope,

 Palpitations,

e Light shades when standing or sitting up,
e Peripheral edema.

Diagnosis

Whenever HOCM because of genetic predisposition or clini-
cal symptoms is suspected different diagnostics methods
from ECG, Echocardiography, or cardiac magnetic reso-
nance together with biopsy and genetic testing should be
done to confirm the HOCM.

ECG performed as the first choice may show enlargement
of one ventricle or both, or electrical activity abnormalities.

Echocardiography: It detects the size of the chambers of
the heart as well as valvular functions and motions and ejec-
tion fraction of the heart and can detect the thickness of the
interventricular septum. Highly rerecommended in patient
with family genetic predisposition to HOCM.

Arrhythmia evaluation by using Holter monitoring record-
ing patient ECG for 24 or 48 h: It detects arrhythmia and the
cause for which arrhythmia has occurred.

Cardiovascular magnetic resonance: It detects the thick-
ness of the septum and thickened area which could not be
detected by the echocardiography as well as valves motions
abnormalities.

Cardiac catheterization: It detects the pressure of blood in
different chambers of the heart usually done before surgery
to detect any obstruction at the coronary artery levels.

Evaluation of first-degree relatives is recommended
whenever HOCM is diagnosed.

Treatment

Treatment in HOCM is aimed to reduce symptoms and com-
plications and to prevent sudden cardiac death. There is no
specific treatment for HOCM.

Treatment is targeted to relieve symptoms of heart failure,
and to prevent arrhythmia and sudden cardiac death.

People with HOCM are recommended to avoid dehydration
and compensate immediately for any cause leading to dehydra-
tion to avoid hypovolemia. Patients with HOCM are also rec-
ommended to avoid competitive sports which need high energy
and eventually need high oxygen compensation of different
tissues of the body which the heart in HOCM cannot afford and
may lead to sudden cardiac death which is the most common
death in adults with this form of cardiomyopathy [5].

Beta blockers, calcium channel blockers, and other antiar-
rhythmic drugs are used to reduce the risk of complications
of HOCM. They increase the filling of the left ventricle,
decrease oxygen need, and favor oxygen supply to cardio-
myocytes and eventually decrease the risk of arrhythmia and
sudden cardiac death. Avoiding inotropic drugs is also with
significant value and should be avoided together with sympa-
thomimetics and glycosides such as digoxin.

Patient should cover also all the risk factors which can
predispose to coronary artery diseases and should control
blood pressure with anti-hypertensive drugs (ACE inhibitors,
ARB, diuretics). He should reduce all forms of lipid intake
and control the level of lipids with drugs which decrease lip-
ids level in the blood (statins).

All patient is advised to maintain normal oxygen level
and prevent hypoxia and treat it immediately in case has
occurred by controlling COPD exacerbation and preventing
smoking.

Other invasive procedures are considered in patients who
fail to preserve heart function with conservative and medical
treatments and in patients with severe obstruction of the aor-
tic outflow and thickened septum. Procedure such as septal
myectomy which is a surgical procedure is performed only
under specialized operators (class I recommendations of
2011 ACCF/AHA) to remove the excess muscular tissue in
the septum causing obstruction and preventing normal out-
flow from the left part of the heart. Some precautions should
be considered in patients with septal myectomy according to
the 2011 ACCF/AHA recommendations III:
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* Avoidance of this procedure in asymptomatic patients
with HOCM.

e Mitral valve replacement is not an alternative treatment to
septal myectomy.

* Avoidance of alcohol septal ablation in patients who are
candidates for septal myectomy in whom septal myec-
tomy can be performed (pediatric patients <21 y.o,
patients with comorbidities, and patients >40 y.o).

Mitral Valve Replacement
Reserved for patients with severe mitral regurgitations, par-
ticularly in patients who developed congestive heart failure.

Pacemaker Implantation
To maintain atrioventricular synchrony and prevent sudden
cardiac death, it has shown some good impacts on decreasing
the level of left ventricular outflow obstruction and increas-
ing the quality of life in HOCM patients.

2011 ACCF/AHA recommends avoiding this procedure
in patients, candidates for septal myectomy, and in asymp-
tomatic patients as well.

Catheter Septal Ablation

Transvenous catheter ablation of the septal region using
selective arterial ethanol infusion to destroy myocardial tis-
sues lead to remodeling of the septum and significant
decrease of the septum thickness. It has shown great out-
comes since 1990 and is still performed as the main invasive
procedure in many medical centers.

Alcohol Septal Ablation

Superior over septal myectomy in some areas as it does not
require surgical incision, recovery is shorter and used in
elderly populations with comorbidities which are not candi-
date for invasive procedures.

Indicated for patients with drug refractory treatments, and
not indicated in patients with thickness of septum >30 mm.
postoperative complications may include AV block and the
need for permanent pacemaker.

Implantable Cardioverter Defibrillator (ICD)

Sudden cardiac death in HOCM is approximately 1% each
year. Individual with high risk may benefit from ICD to pre-
vent SCD due to Vfib.

Cardiac Transplantation

Recommended in patients according to American college of
cardiology foundation/American heart association (ACCF/
AHA) patients with advanced heart disease and NYHA class
IIT and IV, symptoms which are refractory to managing.

Multiple Choice Questions

1. All of the following are considered as etiologies for con-
gestive dilated cardiomyopathy except:
A. Metabolic.
B. Peripartum.
C. Ischemic.
D. hemochromatosis.

2. Amyloid and sarcoid are considered what type of
cardiomyopathy?

Infiltrative.

Restrictive.

Congestive.

Dilated.

. Hypertrophic.

3. Which of the following is a common echo finding in
patients with restrictive cardiomyopathy?

Left ventricle dilation.

Asymmetric septal hypertrophy.

Pericardial effusion.

Right ventricle dilation.

. Normal left atrial size.

4. Patients with advanced symptoms from having a dilated
cardio might benefit from all the following except:

A. MV replacement.
B. Intra-aortic balloon pump.
C. LV assist device.
D. Heart transplant.

5. In what type of restrictive cardiomyopathy eosinophilic
infiltration of the myocardium is found under
microscope?

A. Sarcoidosis.

B. Hemochromatosis.
C. Loeffler endocarditis.
D. Amyloidosis.

6. In a hypertrophic obstructive cardiomyopathy patient
with comorbidities which is not a candidate for surgical
procedure what is the best next step?

A. Alcohol septal ablation.

B. Mitral valve replacement.

C. Septal myectomy.

D. Implantable cardioverter defibrillator.

7. In a 27 y.o patient practicing some kind of sport and
suddenly lost conscious and lost pulse despite many
chest compressions cycles. He presents to the hospital
and died, this patient’s most common cause of death
is:

. Constrictive cardiomyopathy.

. Restrictive cardiomyopathy,

. Aortic dissection.

. Hypertrophic obstructive cardiomyopathy.
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8.

10.

Regarding diagnostic interventions in different variants
of cardiomyopathies the least informative variants to
detect such abnormality is:

A. Endomyocardial biopsy.

B. Echocardiography.

C. Cardiac magnetic resonance.

D. ECG.

In a patient with gastric adenocarcinoma undergoing
chemotherapy presents with signs of heart failure, after
cardiac follow-up with echocardiography dilated cardio-
myopathy is suggested as preliminary diagnosis, what is
the most common cause of DCM?

A. Viral myocarditis.

B. Myocardial ischemia.

C. Drug-induced cardiomyopathy.

D. Alcohol-induced cardiomyopathy.

The most common type of cardiomyopathy is:

A. Dilated cardiomyopathy.

B. HOCM.

C. Restrictive cardiomyopathy.

D. Arrhythmogenic type.

Answers

1.

D.

Explanation: Dilated cardiomyopathy has different
etiologies either primary or secondary due to underlying
causes, causes as metabolic as hypocalcemia, thyrotoxico-
sis, and other causes as ischemic as CAD may cause car-
diomyopathy and lead to CHF; however, hemochromatosis
is an underlying cause of cardiomyopathy but restrictive
form where deposition of iron and ferritin is diagnostic.
A.

Explanation: Although deposition of amyloid and
sarcoid in the myocardium is considered a form of
restrictive cardiomyopathy, this form does not develop
until a later stage and is considered as infiltrative cardio-
myopathy in the early presentation.

C.

Explanation: On echocardiography, the most com-
mon specific sign suggesting restrictive cardiomyopathy
besides decreased ejection fraction and signs of heart
failure is pericardial effusion because of deposition of
substances such as amyloid in the myocardium.

A.

Explanation: In patients with advanced heart failure
according to NYHA stage III or IV interventions such as
valvuloplasty and mitral valve replacement are not con-

10.

sidered beneficial however interventions to decrease
mortality such as IVD are considered.

. C

Explanation: Loeffler endocarditis is considered a
major etiology of restrictive cardiomyopathy, and under
endomyocardial microscopic biopsy eosinophilic infil-
tration is seen, other causes such as sarcoidosis, hemo-
chromatosis may also lead to RSC but other findings are
seen.

A.

Explanation: This patient with HOCM is not a can-
didate for surgery and has many comorbidities and non-
invasive procedures should proceed due to the high risk
of complications. The best step is to go with alcohol sep-
tal ablation which is noninvasive and with a low risk of
postoperative complications. Septal myectomy is inva-
sive and should be avoided. (choice B) Although mitral
valve is abnormal and mostly regurgitate blood and
should be displaced is not the first step for HOCM. ICD
should be considered in patients presenting with
arrhythmia.

. D

Explanation: This patient mostly has HOCM, which
is the most common cause of death among adults, physi-
cal activity should be avoided by such patients because it
increases the oxygen demand of heart which cannot be
accomplished in HOCM leading eventually to arrhyth-
mia and sudden cardiac death.

D.

Explanation: ECG is the first-line diagnostic in
patients with chest pain, is not specific to diagnose any
type of cardiomyopathy, and is just a first-line interven-
tion to exclude myocardial infarction and angina. It can
detect some abnormalities such as AV block, LV hyper-
trophy, and others and further diagnostics should be
done to put diagnosis. Endomyocardial biopsy is the
gold standard diagnostic for cardiomyopathy.

C.

Explanation: Drug-induced cardiomyopathy is the
most common cause in this patient. Anthracyclines
which are widely used as antineoplastic agents have a
high degree of cardiotoxicity and cause a cardiac char-
acteristic form of dose-dependent toxic cardiomyopa-
thy. It should be suspected in all patients with suspected
cardiomyopathy who are undergoing chemotherapy.

A.

Explanation: Dilated type cardiomyopathy is the

most common type of cardiomyopathy among all types.
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Complete Heart Block (CHB)

Ali Talib Hashim, Qasim Mehmood, and Shoaib Ahmad

Abstract

“Complete heart block, also called third-degree heart
block, is a condition in which no signals can pass from
atria to ventricles.” It is considered as the most severe
heart block and is relatively rare. Common causes of this
pathological condition include coronary ischemia leading
to progressive degeneration of the conducting system of
heart, congenital causes which are mostly linked to SLE,
Lyme disease causing Lyme carditis, certain drugs like
quinidine, and hyperkalemia which decreases the conduc-
tivity of the heart. An acute MI can also present with a
complete AV block requiring the insertion of a permanent
pacemaker. Symptoms include chest pain, dizziness, pal-
pitations, and syncope. Treatment may be medicinal or
surgical. Although insertion of pacemaker is the definitive
treatment option, drugs like atropine, dopamine, or epi-
nephrine may be helpful.

Keywords
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Introduction

Heart block is also referred to as atrio-ventricular block (AV
block). A heart block occurs when the electrical activity
pathway which originates from the sino-atrial node (SA

A. T. Hashim (D<)
Golestan University for Medical Sciences, Gorgan, Iran

Q. Mehmood
King Edward Medical University, Lahore, Pakistan

S. Ahmad
Department of Pediatrics, District Head Quarters Teaching
Hospital, Faisalabad, Pakistan

node) to the AV node becomes partially or completely
blocked [1]. Throughout this chapter, complete heart block
will be discussed. Complete heart block as the name entails
occurs when no electrical activity passes from the atria to the
ventricles as the SA node cannot propagate to the ventricles.
As will be discussed in the “Physiology” section below; as a
compensatory mechanism to this blockage the ventricles try
to generate their own impulses by generating an accessory
pacemaker [1]. Complete heart block is also known as third-
degree heart block [2].

Physiology

As mentioned above, AV CHB is a type of arrhythmia where
the signal is completely blocked when moving from the atria
to the ventricles since the AV node is not conducting the sig-
nals from the SA node. This results in the SA node to work
independently from the ventricles. CHB is principally the end-
point of either Mobitz I or Mobitz IT AV block [2, 3]. CHB is
in fact considered to be the most pathological and severe heart
block and is also referred to as third-degree AV block. In CHB,
it is important to note that even if the atria are going at a nor-
mal rate of 60 beats per minute (bpm) as if everything was
normal, none of these signals make it down to the ventricles
[3]. As a compensatory mechanism, the ventricles try to gener-
ate their own impulses by generating an accessory pacemaker.
This accessory pacemaker is generated from either the bundle
of His, or the right and/or the left bundle or the ventricular
muscle itself depending on where the level of block is. This
phenomenon is known as an escape rhythm [4]. In fact, on an
ECG rhythm escape beats at very slow rates are normally vis-
ible. These escape rhythms are normally around 30 beats per
minute. Also, the PR Interval is variable since there is no rela-
tionship between the atria and the ventricles and they are both
working independently but regularly from each other [5].
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Epidemiology

Although other AV blocks are not uncommon, CHBs are
relatively rare [1]. In 2005, the global annual incidence of
CHB was estimated to be 430,000 [2]. Eighty percent of
these estimates were reported in low/middle-income coun-
tries with only 20% of patients being under treatment. The
incidence of CHB seems to vary according to etiology; in the
healthy asymptomatic population, the reported incidence
was 0.001% [3]. Nonetheless, this incidence increases in
individuals with greater disease burden, with an incidence of
0.6% in individuals with hypertension and 1.1% in those
with diabetes [4]. The only and sole treatment of CHB is
pacemaker, and the number of pacemaker implantation is on
the rise [5]. It has been reported that CHB 5-years mortality
without pacemaker is as high as 68% [2], which adds on the
economic burden related to the disease.

Etiology

As will be mentioned in this section, numerous conditions
can result in third-degree heart block, yet the most common
cause is coronary ischemia [6]. Coronary ischemia can lead
to a progressive degeneration of the heart’s electrical con-
duction system which can result in first-degree AV block,
second-degree AV block, bundle branch block, or bi-
fascicular block and finally leading to third-degree heart
block [7].

It is also important to note that an acute myocardial infarc-
tion (MI) may also present with a complete AV block. An MI
in the inferior wall may result in AV node damage causing
CHB. In this case, the pathology is usually transitory.
Numerous studies have shown how in the case of an inferior
wall MI a CHB which may have occurred usually resolves
within 2 weeks of its onset [7].

An anterior wall MI may also result in a complete AV
block by causing damage to the distal conductive system.
The damage caused is typically so extensive that it results in
permanent damage to the conduction system resulting in the
need of the insertion of a permanent pacemaker [8].

Congenital causes of complete AV block have also been
reported. The main congenital cause has been linked to the
presence of systemic lupus erythematosus (SLE). SLE may
cause heart damage to the fetus by antibodies from the
mother which may cross the placenta during gestation and
attack the fetus’s heart [9].

Hyperkalemia can also decrease conduction through the
His-Purkinje bundle system inducing the formation of a

complete heart block distal to the AV node junction. Lyme
disease causes Lyme carditis which may also lead to heart
block.

Borrelia burgdorferi, the spirochete which causes Lyme
disease, damages the heart directly by either causing direct
invasion and/or stimulating an exaggerated immune response
of the body to the disease [10].

History and Physical Examinations

AV blocks severity, and symptoms vary from person to per-
son according to their degree. The first-degree cases are
mainly asymptomatic, second-degree cases from one hand
can be either asymptomatic or associated with fainting, feel-
ing dizzy, chest pain, heart palpitations, nausea, and pre-
syncope/syncope. Symptoms of third-degree cases, on the
other hand, are similar to the previous one. Nevertheless, they
are more intense and severe due to the slow heart rate [11].

The initial clinical evaluation of a symptomatic person
has an objective to identify an obvious diagnosis and stratify
the patient risk according to severity as high or medium. At
first, it is necessary to perform a detailed interrogation with
the patient and his surroundings. This examination aims at
clarifying four key elements listed as follows:

e The age; since AVB is increasingly seen in the elderly
population.

e The family history in case of a sudden death, considering
any possible existence of heart diseases.

* The personal history of heart disease in a middle-aged
person.

* The types of medication, such as beta-blockers, calcium
channel blockers, antiarrhythmic drugs, or digoxin [12].

It is noteworthy that expert must clarify the posture at the
time of the onset of symptoms (standing, sitting, lying, etc.)
according to the patient’s activity (effort or rest), in addition
to specifying any abnormal movements or other symptoms
and their duration, considering that momentary amnesia can
mislead the patient on the exact duration, the mode of awak-
ening (sudden or progressive, with or without a post-critical
phase, and the presence of nausea, vomiting, profuse sweat-
ing, a feeling of cold or urinary loss).

It is sometimes impossible to know whether the loss of
consciousness was really complete or not, especially when it
is very brief. Thus, it is necessary to know how to give up
collecting this information, especially in the elderly popula-
tion [13].
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Diagnoses

First of all, we can see the severe bradycardia and the hypo-
tension. If left untreated for a long while and/or in severe
cases hemodynamic instability may also occur [14]. The
ECG will show P waves with a regular P-to-P interval (in
other words, a sinus rthythm). This represents the first thythm.
The ECG will also show QRS complexes with regular R-R
interval. This represents the second rhythm. The PR interval
will be variable, as the hallmark of complete heart block is
that the P waves and the QRS complex occur independent of
each other and there is no relationship between them [15].
Congenital third heart block may be detected during preg-
nancy using an ultrasound scan to measure the fetal heart-
beat. An abnormally slow heartbeat may signify a heart
block. An echocardiogram before or after birth may also be
used to confirm congenital third-degree heart block [16].

Differential Diagnosis

CHB identification is usually confusing so it must not be mixed
with other disorders like high-grade AV block and AV dissocia-
tion due to similarity in symptoms. In CHB, atrial impulses
cannot be conducted to ventricles while in AV dissociation,
atrial impulses will capture the ventricles if temporal opportu-
nity and non-refractory tissue permit [17]. It may often occur
that second-degree heart block and high-degree heart block
mistaken for CHB but regular repetitive ECG is helpful in iden-
tifying CHB, minimizing the chance of error [17].

Complications and Prognosis

Patients who are suffering from complete heart block are at
increased risk of experiencing symptomatic bradycardia and
decreased cardiac output. Both these factors lead to decreased
organ’s perfusion. Thus, patients with CHB may be at
increased risk of syncope leading to falls and head injuries.
Additionally, decreased perfusion may lead to decreased
organ perfusion leading to organ injury and less oftenly car-
diac arrest [18].

Long-term prognosis of third-degree AV block is not well
studied. Its occurrence is unpredictable and its incidence var-
ies depending on the presence or absence of risk factors.

Patients with third-degree AV block are rarely asymptom-
atic, frequently presented with severe symptoms such as bra-

dycardia, hypotension syncope, and sometimes hemodynamic
instability. These CHB’s patients have then a poor prognosis
without any pacemaker implantation, especially if the patient
has exhibited syncopal symptoms [19].

A sudden death in some patients whose cause can often be
tachyarrhythmias secondary to the change in ventricular
repolarization (prolongation of the QT interval) and sudden
changes in frequency might be the result of this type of
block.

A person with complete atrioventricular block compared
to a person of the same age who does not present with a
block has a survival rate during the first year of less than 50%
[20].

As previously mentioned, it is difficult to predict the
prognosis of these cases. Thus, a pacemaker should be
implanted using the endocardial or epicardial approach in
order to avoid any fatal evolution.

To sum up, the prognosis in atrioventricular (AV) block is
directly linked to its degree. Individuals with AV block who
are not treated with permanent pacing remain at risk for syn-
cope and sudden cardiac death, especially cases with under-
lying structural heart disease [21].

Although pacemaker is the definitive treatment for
patients in third-degree AV block, a recent study showed that
a heart failure might be one of the most frequent conse-
quences of pacemaker implantation [22].

Treatment/Management

The incipient management of bradycardic patients with
symptoms is atropine according to advanced cardiac life sup-
port recommendations 2021 [23]. Epinephrine and dopamine
are second-line drugs in treating bradycardia in third-degree
heart block which are not responding to atropine (see
Table 1). Transcutaneous pacing is more rapid, although both
electrical and mechanical capture must be assured [24].

“If transcutaneous pacing is not successful, a transvenous
pacemaker would be necessary. In cases of drug toxicity,
transcutaneous pacing is not successful unless the underly-
ing cause is treated” [24].

Table 1 Dosage of drugs used in complete heart block

Name of drugs  Atropine  Epinephrine Dopamine
Dosing 1 mg 1 mg 400 mg
Time 3-5min  2-10 mcg/min  5-20 mcg/kg/min
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Multiple Choice Questions

1.

Complete heart block is also called:
First-degree heart block.

Second-degree heart block.

Third-degree heart block.

Fourth-degree heart block.

. None of these.

Congemtal complete-degree heart block is commonly
linked to

Down’s syndrome.

Systemic lupus erythematosus.

Turner’s syndrome.

Hydrocephalus.

. All of these.

Wthh of the following drugs leads to complete degree
heart block?

Quinidine.

Flecainide.

Beta-blockers.

Amiodarone.

. All of these.

Most common cause of complete degree heart block is:
Coronary ischemia.

Pneumonia.

Thromboembolism.

Sore throat.

. All of these.

Borreha burgdorferi can cause.

A. Lyme disease.

B. Lyme carditis.

C. Syphilis.

D. Sore throat.

E. Both A and B.

Complete degree heart block may be linked to:
Hyperkalemia.

Hypermagnesemia.

Hyponatremia.

Hypokalemia.

. None of these.

Risk factors of third-degree heart block include.
Young age.

Old age.

Positive family history.

Both B and C.

. All of these.

Deﬁmtlve treatment for complete degree heart block is:
Heart transplant.

Beta-blockers.

Artificial pacemaker.

Chemotherapy.

None of these.
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9. Which drug prove promising in case of third-degree
heart block?
A. Atropine.
B. Dopamine.
C. Epinephrine.
D. Beta-blockers.
E. A,B,and C.
10. Patients with complete degree heart block are at
increased risk of:
A. Symptomatic bradycardia.
B. Symptomatic tachycardia.
C. Lung cancer.
D. Pneumonia.
E. All of these.
Answers
1. C
2. B.
3. E.
4. A.
5. E.

Explanation: Borrelia burgdorferi causes Lyme dis-

ease which can lead to Lyme carditis.
6. A

Explanation: Hyperkalemia decreases the conduc-
tion velocity of the heart leading to complete-degree
heart block.

7. D.

Explanation: Old age and positive family history are

usually linked to complete-degree heart block.
8. C.

Explanation: Definitive management option for

complete degree heart block is insertion of pacemakers.
9. E.

Explanation: Antimuscarinic drugs (atropine) and
beta-adrenergic agonists (dopamine and epinephrine)
may be helpful in managing complete degree heart
block.

10. A
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Dextrocardia

Ibad Ur Rehman, Khadija Igbal, and Irfan Ullah

Abstract

Dextrocardia is the first cardiac malposition that was
described in the early seventeenth century. It can be
explained as a right-sided heart with a base apex axis
pointed toward the right side. It occurs very rarely and has
1 in 12,000 incidences. It occurs during development due
to a defect in cardiac looping or laterality determination.
Even though its cause has not been identified some asso-
ciation have been made with a defect in dynein or ciliary
motility.

Patient suffering from dextrocardia can either be
asymptomatic or present with a variety of symptoms,
most of which can be attributed to the associated anomaly
it presents with. In order to make a correct and accurate
diagnosis, patients must undergo a thorough physical
examination, imaging like X-ray, CT abdomen, ECG,
echocardiogram, and cardiac catheterization. Interventions
in these patients are comparatively difficult and require a
different approach. Treatment in patients of dextrocardia
majorly includes managing the underlying problems and
anomalies. Special consideration must be given to associ-
ated cardiac anomalies before doing any cardiac surgery
in such patients. Supportive treatment and counseling of
patients and their attendants can be helpful in managing
such patients in the long run.
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Introduction

The human heart is aptly poised within the pericardial sac in
the inferior part of the middle mediastinum typically resid-
ing on the left side of the thoracic cavity with its apex located
deep to fifth intercostal space. Location of the heart any-
where but its usual position would be termed as a cardiac
malposition [1]. Such a malposition may include surround-
ing organs and vessels or may be limited to the heart itself.
Described first in 1606 by Fabricius, dextrocardia is believed
to be the first cardiac malposition explained [2]. Dextrocardia
(From Latin dexter meaning “right” and Greek kardia mean-
ing “heart”) is an uncommon congenital disorder in which
the heart lies on the right side of the thoracic cavity instead
of its usual position on the left. It is a malposition intrinsic to
the heart and may happen in association with other congeni-
tal abnormalities [3]. Depending on the time of malforma-
tion, dextrocardia may present with situs solitus (dextrocardia
with thoracoabdominal structures in their normal position),
situs inversus (thoracoabdominal structures are mirrored
from their normal position), or isomerism (heterotaxy syn-
drome) [4, 5].

Definitions
Before starting the discussion about dextrocardia, it is impor-

tant to understand some definitions relevant to the disease
[5-7] (Tables 1 and 2).
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Table 1 Shows different terms relevant to dextrocardia

Term Description

Dextrocardia Right-sided position of the heart in the thoracic
cavity regardless of the cause

Levocardia Left-sided position of the heart in the thoracic
cavity

Mesocardia When the heart is located in the midline

Normal position of the visceral organs (liver and
stomach)

Left to right reversal in position of visceral
organs (stomach on right and liver on left)
Dextrocardia in combination with situs inversus

Situs solitus

Situs inversus

Situs inversus

totalis Also called as true dextrocardia/mirror image
dextrocardia

Isolated Dextrocardia in combination with situs solitus

dextrocardia

Dextroposition  Pathology in which an anatomically correct heart

is displaced to the right in the thoracic cavity

Table 2 Signs of BAV

Five components for diagnosing dextrocardia

. Physical examination

. Chest X-ray

ECG

. Echocardiogram

. Cardiac catheterization selective cineangiography

O N R

Epidemiology

The exact incidence of dextrocardia is unbeknown. Most of
the population-based studies suggest that it is a rare disease
with an incidence of 1 in 12,000 pregnancies [8—10]. It
occurs in equal frequency in both male and female genders
and has no predilection in terms of ethnicity or origin.

No of cases of situs solitus, situs inversus, and isomerism
are found to be equal. On the other hand, associated cardiac
malformations are found to be more common in the isomer-
ism and situs inversus group and more severe in both situs
solitus and isomerism group [9, 10].

As for its incidence in some of the associated malforma-
tions almost 50% of patients of primary ciliary dyskinesia
present with situs inversus totalis and hence kartagener
syndrome. Comparatively only 0.6% of patients having pri-
mary ciliary dyskinesia present with situs solitus [11-13].

Etiology

The etiology of dextrocardia depends on whether the pathol-
ogy is primary or secondary [13]. Primary dextrocardia is
always congenital while secondary dextrocardia can be both
acquired and congenital. The exact reason for the heart point-
ing toward the right side instead of the left side of the chest

is unknown but it is thought to be secondary to the abnormal
position of other organs during development [9, 11, 13, 14].

Some patients having dextrocardia with situs inversus
totalis have issues with cilia responsible for filtering the air
entering their air passage ways (primary ciliary dyskine-
sia). Kartagener syndrome is a subset of primary ciliary
dyskinesia and represents the triad of paranasal sinusitis,
situs inversus totalis, and primary ciliary dyskinesia. A
defect in left-right dynein is seen in the syndrome and since
dynein is involved in left-right asymmetry, it can cause
dextrocardia [15].

In another type of dextrocardia, the abnormal position of
the heart is accompanied by the abnormal assembly of other
organs in thorax and abdominal region (heterotaxy). It is
called the heterotaxy syndrome and is a sequalae of disrupted
left-right axis orientation. It is a very serious condition asso-
ciated with a high number of abdominal and cardiac defects
including asplenia, abnormal gallbladder system, problem
with lungs, and severe heart and blood vessel defects like
anomalous pulmonary venous connections and systemic
venous abnormalities [15, 16].

Pathophysiology

The precursor cells required for the development of the heart
arise from the epiblast and migrate through the primitive
streak into the splanchnic layer of mesoderm [17]. A cluster
of cells forms the endocardial heart tubes. After the folding
of embryo in the cranial and lateral directions, the change in
position of the heart and fusion of tubes takes place to form
a single tube on the ventral surface of the embryo into the
pericardial cavity.

After the formation of heart tubes, the next step is the
looping of heart tube which demarcates the relative positions
of various chambers of heart.

The research shows that one of the causes of dextrocardia,
in which the position of heart changes from left to right is
abnormal looping of heart. Dextrocardia may be associated
with a change in the position of viscera, i.e., situs inversus
[17-20]. The critical period for developing laterality defects
like dextrocardia is day 15-16. Faulty Bulbo ventricular loo-
ing may lead to L and D dextrocardia in hemithorax.

The second common cause for these defects is loss of ciliary
motility as seen in Kartegners syndrome. In these cases associa-
tion of respiratory infections with laterality defects is also seen.
During gastrulation the fate mapping of embryo determining the
right and left sides of the embryo is also the main cause pre-
dicted by the researchers. The key factor regulating the mecha-
nism is serotonin (5-HT]. During pregnancy, the intake of
antidepressants of the selective serotonin inhibitors class can
lead to an increase in heart defects [17-21] (Flow Chart 1).
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Flow Chart 1 Development
of a normal heart versus
dextrocardia [10-21]

Normal heart development

Dextrocardia

|

Clusters of splanchnic mesodermal cells,
in cardiogenic area, ventral to pericardial
coelom

In dextrocardia the
defect may be induced during gastrulation
and cardiac looping

!

2 angioblastic cords that
canalize

|

2 endocardial heart tubes.

}

After lateral folding of embryo,

2 endocardial tubes fuse to form a single
heart tube (21,22 days). The
primitive heart tube elongates and
develops alternate dilatations and
constrictions (truncus arteriosus, bulbus
cordis, primitive ventricle, primitive
atrium, sinus venosus).

1) In Gastrulation when laterality is
established and cells
of the epiblast migrating through
through the primitive streak have been
mapped, and their ultimate fates have
been determined. Cardiac progenitor
cells are also specified for their left-right
sidedness by the laterality pathway. Day
16 to 18 is critical for the laterality
sequence

A

A 4

v

Elongation of heart tube; this step is
necessary for normal functioning of right
part of the heart (ventricle) and components of
outflow tract like truncus arteriosus and
conuscordis, which contribute in making aorta
and pulmonary vein.

2) Abnormal looping of heart tube

y

Bending of tube takes place on day 23. The
cephalic portion of the heart tube bends
ventrally, caudally, and to the right and the
atrial (caudal) portion shifts dorsocranially
and to the left. Bending cause
the formation of cardiac loop.

Clinical Presentation

Symptoms

Patient might present with [27-29]

Clinical features in a patient with dextrocardia vary accord-

ing to its type and whether it is isolated or happening in asso-
ciation with situs inversus totalis or as a subset of primary
ciliary dyskinesia in the form of kartagener syndrome

[22-24].

The simplest dextrocardia (without any association) is

asymptomatic [22-26].

Complaints of bluish discoloration (cyanosis).
Breathing difficulties (dyspnea).
e Difficulties in growth (failure to thrive).

e Fatigue and tiredness.

e Yellow discoloration of skin and eyes (jaundice).

e Decreased exercise tolerance.
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e Respiratory infections including repeated sinus or lung
infections.

e Headache.

 Intestinal obstruction.

Sign

The detailed physical examination of a patient with dextro-
cardia can help in narrowing down the cause and type of
dextrocardia. The patient may have following signs on
examination [29-32]

e Cyanosis.

e Clubbing.

e Pulsations (apex beat on the right side).

e Palpation of apex beat on the right side of the chest.
e Heart sounds audible on the right side of the chest.

Evaluation of Physical Examination

In order to evaluate and diagnose dextrocardia patient’s his-
tory of symptoms and physical examination including per-
cussion and palpation are of utmost importance [33-36].

A detailed examination starts with a general physical exam-
ination in order to evaluate the patient’s growth assessment and
vitals including heart rate and pulse. Followed by inspection of
all the abovementioned signs and symptoms especially pallor,
skin discoloration, and signs of clubbing [29-32].

The next part is the examination of the precordium includ-
ing inspection, palpation, and auscultation. Even though in a
patient with dextrocardia heart would be on the right side
instead of the left, the approach to the examination would be
the same. The patient will be inspected for visible pulsations
and prominent veins. It will be followed by palpation for
apex beat, starting from the lower part of the right side of the
chest instead of the left, then along the right parasternal bor-
der, and finally upper part of the left side of the chest. The
examiner will look for the site and character of apex beat,
parasternal heave, and palpable heart sound. In the last part,
patients’ heart will be auscultated and assessed for normal
heart sounds, any other sounds or clicks, and murmurs (may
present in patients having associating cardiac anomalies)
[29-36].

Assessment on Investigations

In terms of prenatal diagnosis of dextrocardia, a wide spec-
trum of complex cardiac defects makes it very difficult to
diagnose it on prenatal ultrasound. A comparatively newer
method known as fetal intelligent navigation echocardiog-
raphy (FINE) has proven to be a rapid and reliable method
of detection of congenital heart diseases including dextro-
cardia [33].

1. Imaging studies.

In adults, imaging studies like an X-ray, CT scan,
echocardiography (ECHO), MRI, and cardiac catheter-
ization may all be used to assess and diagnose dextrocar-
dia and even classify it.

e Chest X-ray; Its diagnosis on X-ray is mostly inciden-
tal in routine radiological examination revealing that
the heart is not in its usual position. Chest radiography
might show a right-sided cardiac silhouette which can
also be seen in Figs. 1 and 2 [34-38].

* CT Abdomen: A CT abdomen might help to assess the
position of visceral organs and further differentiate
dextrocardia. In situs inversus totalis, liver will be seen
on the left side and spleen on the right side [37-39].

Fig. 1 X-ray of a patient with dextrocardia

Fig.2 Another X-ray of a patient with dextrocardia
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e Echocardiography: Echocardiography is used to
assess the structural defects and provide an analysis of
the situs, connections, and anatomy of the heart.
Color-flow echocardiography is more important than
traditional echocardiography because it can help eval-
uate complex congenital heart defects associated with
dextrocardia [39, 40].

2. Cardiac catheterization:

Catheterization is not the study of choice for a
patient with dextrocardia but when the heart anatomy is
difficult to be evaluated by echocardiography it may be
used [39, 40].

3. Electrocardiogram (ECG):

The major features of dextrocardia on ECG are:
¢ Right-axis deviation.

e Negative P wave, QRS complex, and T wave in lead I.

e Positive QRS complex in aVR.

e Reversal of R-wave progression in the precordial
leads.

It is important to note that in order to differentiate
between human errors such as opposite limb electrode
placement from situs inversus totalis R-wave progression
should be traced. In situs inversus totalis, it would be absent
[39, 40].

For testing and screening associated conditions like karta-
gener syndrome, some additional tests like nasal brush
biopsy and nasal nitric oxide can be used. For confirmation
of the diagnosis of underlying conditions of said syndrome
(primary ciliary dyskinesia), genetic testing and electron
microscopy can be used [37-41].

Treatment and Management

In terms of treatment and management of dextrocardia, inter-
ventions are not needed in the majority of the patients since
they are asymptomatic, especially if there are no associated
anomalies (cardiac or otherwise).

In patients who do present with symptoms or other con-
genital anomalies, interventions can be done. Although,
medicines will be required before patients are ready for sur-
gical intervention [42-44].

Medical

Medical treatment has no direct effect in managing dextro-
cardia however it can alleviate some of the symptoms these
patients may present with. This treatment depends on the
associated condition the patient has,

* Antibiotics should be used in patients having complaints
of sinus or respiratory infections. Broad-spectrum antibi-

otics are also recommended in patients presenting with
asplenia to fight off respiratory infections.

* Mucolytics and expectorants can be used to alleviate
symptoms in patients presenting with primary ciliary
dsykinesia in kartagener syndrome.

e Diuretics, ACE inhibitors, and certain ionotropic agents
might be beneficial in certain cardiac anomalies patients
might present with, in dextrocardia.

Surgical

In patients with associated cardiac anomalies such as trans-
position of great vessels (TGA), single ventricle (SV), ven-
tral septal defect (VSD), and Tetrology of fallot (TOF)
surgical intervention is required

e In surgical treatment primary goal is to treat the underly-
ing defect. For this purpose, a fontan operation can be
done or surgical exploration with anatomical correction
can be performed.

e Patients having vascular anomalies and consequently
heart blocks or defects in conduction of cardiac system
can be evaluated for pacemakers.

* Dextrocardia patients with cardiac anomalies may require
definitive treatment in the form of heart transplantation
[44-48].

Complications

Depending on the type and associated anomalies untreated
dextrocardia can progress to various systematic complica-
tions including:

Growth restriction, failure to thrive
Recurrent sinusitis, pneumonia, infections

Growth problems
Respiratory
problem

Cardiac problems
Intestinal problems
Genital problems

Congestive cardiac failure
Intestinal malrotation and obstruction, asplenia
Infertility in males

Prognosis

Life expectancy and progress of patients with dextrocardia
depend mainly on how the anomaly presents itself and what
other congenital defects accompany it.

Inisolated dextrocardia, mostly a disease-free life is expected
without any complications relative to the location of the heart.

In newborns and younger children, complications like
recurrent infections due to anomalies accompanying dextro-
cardia like asplenia can alter a patient’s prognosis and prove
to be fatal. Such conditions should be treated efficiently by
using prophylactic antibiotics [47, 48].
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Counseling and Educating Parents

If dextrocardia is identified at the time of birth timely coun-
seling regarding its manifestation and presentation can be
very helpful for the patient.

Parents must be informed regarding the heart’s position,
how it may affect their children’s life, anomalies associated
with it, and how it may lead to certain complications in them
including infections, breathing problems, intestinal prob-
lems, and even infertility. They should also be informed how
certain procedures like cardiac catheterization and surgical
intervention might be a little more difficult in such patients.

Educating and communicating with the patients and their
families regarding the disease is a very essential step in man-
aging it [47].

Differential Diagnosis

There is a certain condition in which the heart can be located
on the right side, it is important to identify them from dextro-
cardia so it can be timely managed.

These include kartageners syndrome, cardiac dextroposi-
tion, dextroversion, and heterotaxy [6].

Multiple Choice Questions

1. Which of the following period is critical for heart devel-
opment and individuals with laterality defects like
dextrocardia?
A. Days 16-18.
B. 20-24.
C. 24-32.
D. 32-36.

2. Congenital heart disease most frequently results from.

Maternal medications.

Rubella virus.

Mutant genes.

Fetal distress.

. Genetic and environmental factors.

3. When dextrocardia is associated with a normal position
of other thoracoabdominal structures, it is called.

A. Situs solitus.

B. Situs inversus.

C. Kartegner syndrome.
D. Digeorge syndrome.

4. A 25-year-old primigravida visited the sonologist for
routine US at 6 weeks. The sonologist told the mother
that the heart tube has not yet differentiated into differ-
ent chambers of heart. From the arterial to the venous
end, the heart tube differentiates into which of the fol-
lowing chambers:

A. Bulbuscordis, the ventricle, the atrium, sinus venosus.

mON® >

B. Bulbuscordis,, the atrium, the ventricle, sinus venosus.
C. The ventricle, bulbuscordis, the atrium, sinus venosus.
D. Bulbuscordis, the ventricle, sinus venosus, the atrium.
E. The atrium, bulbuscordis, the ventricle, sinus venosus.

. A female baby was born to a primigravida. After deliv-

ery the baby developed cyanosis. On US a defect was
present between atrium and ventricles. This defect is
known as which of the following:

Foramen primum.

Foraman ovale.

Fossa ovalis.

Foraman secundum.

. Crista terminalis.

mo 0w

. Which of the following congenital defects is the direct

outcome of malformation of the spiral partitioning of the
conuscordis and truncusarteriosus?

Double aortic arch.

Transposition of the great vessels.

Patent foramen ovale.

Ventricular septal defect (VSD).

Ectopiacordis.

moNwp

. A newborn baby is diagnosed with Fallotstetrology. The

echocardiographic view shows the associated defects:
pulmnory stenosis, ventricular septal defect, and hyper-
trophied left ventricle. The ventricular septal defect
reflects a developmental failure of which of the follow-
ing structures?

Septum secundum.

Bulbuscordis.

Endocardial cushions.

Truncusarteriosus.

. Sinus venosus.

monw >

. Which of the following is important for establishing lat-

erality during gastrulation for patterning the right and
left sides of the heart:

A. Serotonin (5-HT].

B. TWISTL

C. MSX2.

D. EFNBI encodes ephrin-BI.

. All the following are true with respect to heart develop-

ment except.

A. During weeks 2-3 the single heart tube is divided
into four chambers.

B. The right and left sides of the heart are separated
from each other by the endocardial cushions.

C. The endocardial cushions appear on the dorsal and
ventral walls of the heart tube in the midline, grow
toward one another, and fuse.

D. Fusion of the endocardial cushions result in the right
and left atrioventricular canals.

E. Fusion of the endocardial cushions initiates the sepa-
ration of the atria and ventricles of the heart.
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10.

All the following are true with respect to heart develop-

ment except.

A. As the bulboventricular loop forms, the primitive
atrium is carried behind (dorsal to) the primitive
ventricle.

B. The sinus venosus attached to the primitive atrium
has a left and right horn with three vessels entering
each horn.

C. The vessels entering each horn of the sinus venosus
are the supracardinal, subcardinal, and posterior car-
dinal veins.

D. As the two atria form, the right horn of the sinus
venosus which has enlarged is incorporated into the
wall of the right atrium.

E. The embryonic atrium persists as the right auricle,
the rough-walled appendage of the atrium.

Answers
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Abstract

The double inlet left ventricle is a congenital cardiac
abnormality, which means it exists from birth. The heart’s
top collecting chambers, the right and the left atria (plural
to atrium), are attached to similar bottom ventricle or,
pumping chamber, under this scenario. One of the ventri-
cles of the heart’s in some situations might be unusually
small. Because neonates with common-inlet LV are
extremely rare, those two concepts might be related to the
development of the human heart and considered to be
separate from septation of the atrioventricular canal
apparently. The common-inlet right ventricle is a rare
occurrence that usually arises in the context of heterotaxia
syndrome. Benoit Bruneau, a developmental biologist,
and his equals discovered molecular foundation related to
the ventricular septum creation by an exclusive series of
experiments. The presence of T-box Tbx5 (transcription
factor) is connected to the creation of ventricular septum
in mammals and humans (low in the right ventricle and
high in the left one, and exactly in the location of the sep-
tum formation there is a sharp boundary of expression).
The homozygous Tbx5 null mouse was found to be dead
at 10.5 embryonic days with an LV that has severe hypo-
plasia and a slew of other abnormalities, highlighting the
protein’s importance in so many facets of embryonic
development.
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Introduction

The double inlet left ventricle is a congenital cardiac abnor-
mality, which means it exists from birth. The heart’s top
collecting chambers, the right and left atria (plural to
atrium), are attached to similar bottom ventricle, or pump-
ing chamber, under this scenario. One of the heart’s ven-
tricles may be unusually tiny in some situations. The right
and left atriums (plural: atria) are located just at the upper
area of the human heart, and the right and left ventricles are
located at the bottom. The ventricle and atria transport
blood into and at the same time from the body parts by
arteries (which transfer the blood from the heart) and veins
(which bring the blood into the heart). Blood that requires
oxygen pass into the right atrium through huge veins known
as the vena cava, then it passes to the right ventricle, which
drives the blood via the pulmonary artery into lungs, where
it is oxygenated. After that it returns back to the left atrium
in the heart, as it will be collected and then transported to
the left ventricle, which then drains the blood fully oxygen-
ated to the whole-body parts through the aorta, a big artery.
A left ventricle that functions normally (the chamber that
pumps the blood into the body) and the presence of tiny
right ventricle are common in babies with a left ventricle
with double inlet (the chamber that pumps the blood into
the lungs). The left ventricle receives the blood from the
two atria. Therefore, the two types of blood one rich in oxy-
gen and the other oxygen depleted are mixed together. The
baby’s lungs and body receive this blend of blood. The two
inlets left ventricle is sometimes known as the single ven-
tricle or common ventricle [1].
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Term “‘single ventricle” is used to refer to the double-inlet
ventricle or common inlet ventricle, 2 (or more, if an atrium
with double outlet is also present), a common AV orifice or
AV orifices, that opens into single ventricular chamber, cor-
respondingly. Early embryonic development in humans, a
high-resolution analysis from Carnegie stages 13-23 (30-56
embryonic days) had confirmed that two processes at least
must go wrong in order to develop a left ventricle (LV) with
double inlet: loss of common (unseptated) AV canal to shift
from its original into rightward forming an arrangement over
the ultimate LV at day 30 and concomitant failure of the
common (unseptated) atrioventricular canal to rightward
movement.

Because neonates with common-inlet LV are extremely
rare, these two processes might be linked in heart develop-
ment of the human and to be free apparently of septation of
the AV canal. The common-inlet right ventricle is a rare
occurrence that usually arises in the context of heterotaxia
syndrome [2].

Benoit Bruneau, a developmental biologist, and his equals
discovered molecular foundation related to the ventricular
septum creation by an exclusive series of experiments. The
presence of T-box Tbx5 (transcription factor) is connected to
the creation of ventricular septum in mammals and humans
(low in the right ventricle and high in the left one, and exactly
in the location of the septum formation there is a sharp
boundary of expression). The homozygous Tbx5 null mouse
was found to be dead at 10.5 embryonic days with an LV that
has severe hypoplasia and a slew of other abnormalities,
highlighting the protein’s importance in so many facets of
embryonic development. Tbx5 is expressed throughout the
lone ventricular chamber during early development in an
animal with only one ventricle as the turtle. Bruneau’s lab
genetically modified mice in order to express at a moderate
level Tbx5 throughout the heart of the embryo, like in turtles,
rather than the normal gradient steep left-right, to illustrate
that the amount of the TbxS5 is considered to be causal rather
than correlative of the formation of the ventricular septum.
Despite the left-right differences in the expression in ven-
tricular of other genes like atrial natriuretic peptide (Nppa)
maintained, the offspring of these mice had no ventricular
septum formation. A circulation of Fontan-type is character-
ized by biliary having and hepatic failure with cirrhosis
probability, a low ejection efficiency paired with a high after-
load, and protein-losing enteropathy. Short stature, atrial
tachyarrhythmias, venous collaterals from systemic venous
to pulmonary ones, thromboembolism, collaterals from sys-
temic artery to pulmonary artery, esophageal varices, and
plastic bronchitis are some of the most serious complica-
tions. Further information regarding the technical compo-

nents of the operation of modified Fontan can be found in

other places.
DILV is

malformations:

associated with other congenital heart

e Coarctation of the aorta.
e Pulmonary stenosis.
* Pulmonary atresia.

Causes

In humans, the reason of a solitary ventricle is unremarkable.
Till now, minimally ten targeted single-gene defects have
resulted in mice in RV hypoplasia, which is similar to a sin-
gle left ventricle (LV). Global nulls in Nkx2.5, Isl1, dHand
(also known as Hand2), Mef2c, Fog-2, Fgf8 hypomorph,
Foxhl, TGF 2, Bop, and Has2 are along the disruptions. A
shared atrioventricular orifice is also seen in the Fog-2 null,
which is virtually fully across the future LV (i.e., common-
inlet ventricle). It has to be seen whether hypomorphic alleles
of similar mutations in humans cause a single ventricle phe-
notype to develop but do not lead to mortality in embryonic
life [3].

Tbx5 misexpression in the ventricles (as explained in the
introduction section) and GATA4 inactivation in the myocar-
dium cause a single ventricle.

Pathophysiology

Because the pulmonary and systemic circulations are nor-
mally parallel and connected at two levels: atrial and ductal,
no circulatory abnormality is observed throughout fetal
development. Postnatal cyanosis is caused by an inability of
the systemic and pulmonary circulations to separate, with
severity determined by the concurrent pulmonary outflow
tract obstruction extent. Patients with an aortic arch obstruc-
tion and single ventricle are considered to be the least patients
to develop cyanosis because pulmonary stenosis is never
developed, but their lower body circulation is compromised
due to the narrowing of the ductus arteriosus.

Prognosis

The great majority of patients should have a minimum of
20 years of life. Severe AV valve regurgitation is associated
with a much worse prognosis. Unlike hypoplastic left heart
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syndrome, where completing only the first stage (Norwood
procedure) is clearly superior, the vast majority of patients
who have a single ventricle have a single (LV) left ventricle,
S0 extremis is not present, and remain stable fairly for years
after palliation initially, which includes a completed sys-
temic to pulmonary connection [4].

Between 2000 and 2011, a retrospective analysis of 368
children with a single ventricle who received a procedure as
Norwood and 118 children who received an aortopulmonary
shunt indicated that both groups had comparable interstage
mortality. In comparison to the surviving newborns, at sur-
gery reduced weight and the occurrence of arrhythmias were
considered as risk factors for interstage death in infants
treated with shunt. Interstage remissions were common
(75%) in another retrospective analysis (2012-2016) of 57
infants who had received hybrid surgical palliation stage 1,
with 17% due to substantial side effects. Between phases, the
mortality rate was found to be 7%. It’s still unclear if the
cavopulmonary circulation can duplicate or even outperform
this level of life quality over a period of 30 years. In the pedi-
atric population, the long-term effects of a mean systemic
venous pressure greater than 10 mm Hg are unknown. The
level of coexisting pulmonary outflow tract stenosis (or,
alternatively, aortic blockage) as well as the ductus arteriosus
reduction in the caliber establish the severity and timing of
presentation. Before discharge to home screening could help
identify those infants who have symptoms before they
develop using newborn pulse oximetry [5].

Patients who have single ventricles and in the same time
have extracardiac abnormalities have more risk factors more
likely (e.g., low weight, prematurity), require a longer period
of recovery following first-stage palliation, and have a higher
interstage mortality and hospital rate.

Complications

Following the Fontan operation, patients may experience
pleural effusions, pericardial effusions, and ascites. Thoracic
and abdominal effusions, long regarded as the most agoniz-
ing postoperative early complication following Fontan com-
pletion, typically persisted for weeks and usually caused
cardiac output impairment. Prior to early 1990s, those issues
had a threat to exclude Fontan’s principle application in the
majority of patients who have a single ventricle. Despite
there is a fact stating that the molecular and cellular basis of
this situation is unknown, surgeons have begun to use several
less-than-complete Fontan surgeries as a last resort.

Since higher than 80% of the patients acquired collaterals
for intrahepatic venuses, that results in increased shunts from

right to left, Lecompte’s followed by Norwood’s partial
hepatic vein exclusion technique was widely abandoned. As
a result, the fenestrated Fontan procedure proposed by Laks
has been the most extensively used complete Fontan opera-
tion since the late 1990s. After the fenestrated Fontan (extra-
cardiac conduit or lateral tunnel), early postoperative
exuberant problems are minimized considerably, mostly
because of a lower central venous pressure. However, rather
than the mid-1990s found following nonpenetrated Fontan,
saturation of arterial oxygen is frequently in low-1990s or in
the upper 1980s [6].

Atrial Tachyarrhythmias
Are one type of tachyarrhythmia that affects the heart:

e This is considered the most common of the multiple late
complications that can occur after various Fontan altera-
tions, and it can be a symptom of hemodynamic deteriora-
tion. Due to the common comorbidity of dysfunction of
sinus node, the reason for this problem is likely compli-
cated, and treatment could be difficult. Surgical treatment
looks to be more effective than medicinal treatment.
Trauma during surgery to the sinus node or its concomi-
tant blood supply is one of the current explanations for the
origin of sinus node dysfunction. Also known as bidirec-
tional Glenn surgery, subsequently extracardiac conduit
(instead of the lateral tunnel) installation, was not suc-
cessful in lowering the prevalence of sinus node dysfunc-
tion as a substitute to hemi-Fontan operation. This could
be due to the fact that the sinus node region is considered
not well defined by microscope, making measures to keep

away from it (such as the bidirectional Glenn)
ineffective.
Thromboembolism

Nearly 10% of those who survive the fenestrated Fontan pro-
cedure have venous thrombosis, but not arterial thrombosis.
This complication’s source is unknown. The pulmonary
arteries and cerebral veins are examples of possible sites.
Normal cardiac output, normal intracardiac blood flow pul-
satility, and altered hepatic synthesis of thrombolytic path-
way components endogenously had all been presented as
plausible causes. The rule is hepatic dysfunction, as con-
cluded by galactose elimination half-life and prothrombin
time.
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Malformations of the Pulmonary
Arteriovenous System

This consequence of the hemi-Fontan surgery and its vari-
ants can occasionally be addressed following Fontan proce-
dure lower than complete (of the lateral tunnel, hepatic vein
exclusion varieties, or extracardiac conduit). When per-
formed directly into the pulmonary arteries during cardiac
catheterization, contrast echocardiography was found to be a
method for the identification of pulmonary arteriovenous
malformations with high sensitivity.

Plastic Bronchitis

The formation of mucinous bronchial casts is a symptom of
this condition. Palliation has been described via atrial pac-
ing, fenestration, or heart transplantation.

Systemic-to-Pulmonary Arterial Collaterals Are
Formed

Collaterals from the systemic artery can transport the whole
ventricular output and to the pulmonary artery which can take
up to 40% of the total ventricular output. It is unknown whether
it is due to the previous bidirectional Glenn or hemi-Fontan or
the fenestration that was created surgically that results in arterial
desaturation. While MRI is an efficient and non-invasive diag-
nostic tool for hemodynamic evaluation and screening, inter-
vention and visualization by an angiography is usually required.

Clinical Features
History

Cyanosis occurs in newborns with a substantial pulmonary
outflow tract obstruction and single ventricle, however addi-
tional symptoms are usually not found. Rapid breathing,
lethargy, and poor feeding may occur in neonates who had a
single ventricle and an aortic arch or systemic outflow tract
obstruction.

Physical Examination
Keep the following in mind:

e Patients with significant pulmonary outflow tract stenosis
have cyanosis.

e Patients having a single ventricle and at the same time
having an aortic obstruction or significant systemic out-
flow tract have poor peripheral perfusion.

e Unless the right subclavian artery is abnormal, a blood
pressure difference is noted between the lower extremity
and right arm if interrupted or coarctation is involved with
aortic obstruction.

e The first heartbeat is typical.

e The second heart sound is usually a single sound.

e Patients with pulmonary or systemic outflow tract steno-
sis have a systolic ejection murmur.

e Breathing problems.

e Poor feeding.

* Sweating may occur.

* Heart failure and heart murmur also.

Differential Diagnosis

The symptoms and signs of coexisting aortic arch blockage
must be recognized. Inadequately alleviated the aortic ste-
nosis, subaortic stenosis, or both should be recognized by
clinicians. Children with single-ventricle cardiac physiol-
ogy frequently require airway examination and intervention,
and those who have undergone high-risk cardiac procedures
are more likely to experience recurrent laryngeal nerve
injury. Presence of subglottic stenosis appears to be the
strongest predictor of the necessity for a tracheostomy in
these patients [7].

When examining patients with a single ventricle, keep the
following things in mind:

e Complicated malformation of the heart with arch block-
age or aortic stenosis.

e Arch obstruction, or a component pulmonary stenosis or
both of them as a complex heart malformation,

e Sepsis in newborns.
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The Double Outlet RV Surgery.

Heterotaxy, Polysplenia.

Heterotaxy Syndrome and Primary Ciliary Dyskinesia.
The Neonatal Sepsis.

A Pediatric Valvar Aortic Stenosis.

A Pediatric Hypoplastic Left Heart Syndrome.
Corrected Great Arteries Transposition by a Surgical
Procedure.

A Protein-Losing Enteropathy.

The Valvar Pulmonary Stenosis.

The Surgical Treatment of Pediatric Hypoplastic Left
Heart Syndrome.

Classification DILV (Fig. 1)

1. DILV associated with leftward aorta and anterior (left-
handed ventricular topology I-looped ventricles).

Fig. 1

Commonest variant.

Right-sided morphological left ventricle.

A left-sided subaortic with hypoplastic RV/incomplete
cavity.

Straddling and severe overriding of the left-sided
atrioventricular valve which results in its relation to
the left ventricle,

The classification of

DILV

The ventricular septal defect gives connection to a
hypoplastic left side right ventricle.

The morphological size of the cavity of the RV might
be different from being very hypoplastic to 75% only.
A restrictive VSD could be associated with obstruction
of the subaortic area.

. DILV associated with rightward aorta and an anterior

(right-handed/D-looped ventricular topology).

Right-sided hypoplasia of the subaortic area incom-
plete/hypoplastic right ventricular cavity.

Ventricular septal defect offers connection to a hypo-
plastic RV.

Morphologic left ventricle which is left-sided.

The aorta is located rightward and anterior.

A restrictive VSD could be associated with obstruction
of the subaortic area.

. DILV associated with normal great arteries (right-

handed/D-looped ventricular topology).

Known also as Holmes Heart.

Morphologic left ventricle on the left side.
Right-sided hypoplasia of the subaortic area incom-
plete/hypoplastic right ventricular cavity.

The VSD might function as a substitute for the
obstruction of the pulmonary outflow tract which
might be favorable to certain degree and will result in
a stable circulation.

The ventricular septal defect gives connection into a
hypoplastic RV.

DILV

1. DILV with anterior and
leftward aorta (I-looped
ventricles/left-handed
ventricular topology)

2. DILV associated with
anterior and rightward
aorta (D-looped/right-
handed ventricular

3. DILV with associated
with normal great arteries
(D-looped/right-handed
ventricular topology)

topology)
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Diagnosis
Laboratory Investigations

In the preoperative investigations for the single ventricle, no
special laboratory blood testing is required, though entire
genome inexpensive sequencing will likely be helpful in the
near future. Differentiating in between the conditions of sin-
gle ventricle with arch blockage and the same conditions
with severe pulmonary stenosis, aortic stenosis, or both of
them can often be done with pulse oximetry or a measure-
ment of arterial blood gas. When prostaglandin E1 is not
given, a partial pressure of oxygen greater than 50 mm Hg
reduces the chance of substantial pulmonary stenosis in a
newborn with a single ventricle. The detection of fecal
alphal-antitrypsin after a Fontan operation is critical in mon-
itoring for the complication of protein-losing. The reason
behind that is the liver being the source of albumin endoge-
nously, a low level of serum albumin suggests that the liver is
unable to provide compensation for protein excessive loss or
insufficient intake of protein [8].

Imaging

Two-Dimensional Echocardiography

and Doppler Analysis

The single ventricle is diagnosed via two-dimensional echo-
cardiography. It’s simple to distinguish between pulmonary
outflow tract stenosis, aortic stenosis, and an aortic arch
obstruction. The specific atrioventricular connection also
with the alignment ventricles are easily revealed. The two
most famous kinds of single ventricle are the L-looped left
ventricle associated with great arteries transposition and ste-
nosis of the subpulmonary and the D-looped left ventricle
associated with the same previous conditions. L-looped sin-
gle left ventricle associated with great arteries transposition
and hypoplasia of the aortic arch is considered as third
mostly prevalent kind. D-looped single left ventricle that has
regular alignment of great arteries (i.e., pulmonary artery
from outflow chamber aorta from LV), often known as a
Holmes heart, is the fourth most frequent type. The subaortic
stenosis usually presents at the same time in single LVs with
great arteries transposition and obstruction of the aortic arch
because of a narrowing at the connection in between the
rudimentary right ventricle (outlet chamber) and the LV.
Bulboventricular foramen or exit foramen are common
names for this opening.

Chest X-Ray

The results of chest radiography can differ. The cardiac sil-
houette could be normal to moderately enlarged in patients
who have pulmonary stenosis. Vascularity of the lungs is not
increased. The profile of the cardiac is usually modestly
expanded in cases of arch blockage.

ECG

A septal q waves are found in precordial leads on the right
side (in conditions with a single LV the L-looped type) and
there is common findings like the presence of R/S pattern
found monotonously over the anterior side of the
precordium.

Holter Placement

It is particularly beneficial following the Fontan procedure
done for surveillance to check the presence of sick sinus syn-
drome, supraventricular arrhythmias, and conduction block-
age following a hemi-Fontan procedure (or a bidirectional
Glenn procedure).

MRI
It is used to assess the following:

e The Physiology: cines of the systemic venous rout, Cines
of the pulmonary arteries and cines of the short axis of the
ventricle (to study ventricular performance).

e The inferior vena cava, superior vena cava, aorta, and
branches of pulmonary arteries were all mapped for
velocity.

* Viability imaging, three-dimensional reconstruction, and
post-gadolinium injection.

e Anatomy: Bright blood images that are SSFP, which
stands for steady-state free precession. Static images of
dark blood shown as double inversion; and HASTE (half
of Fourier acquisition single-shot turbo spin-echo
sequences).

Catheterization

Cardiac catheterization is used to assess Fontan surgery can-
didacy, characterize post-Fontan hemodynamics, and man-
age supraventricular arrhythmic problems. In most patients,
interventional correction (balloon angioplasty or endovascu-
lar stenting) of pulmonary artery stenosis, aortic recoarcta-
tion, and collateral vessel embolization has become the
therapy of choice. Catheterization hazards include vascular
disruption during balloon dilation, hemorrhage, nausea,
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vomiting, and pain, as well as arterial or venous blockage
due to spasm or thrombosis.

Blood vessel rupture, bradyarrhythmias, tachyarrhythmias,
and vascular blockage are all possible complications [9].

Treatment

Patients with a single ventricle should be admitted for tests
and surgery. Patients with a single ventricle are supposed to
be evaluated as an inpatient in an intensive care unit. Patients
with severe pulmonary outflow tract or aortic arch obstruc-
tion should receive intravenous prostaglandin E1 immedi-
ately after birth. The initial arterial blood gas test is the best
indicator of the requirement for an arterial line and assisted
ventilation. Prior to the Fontan operation, patients’ resting
cardiac index ranges from 70 to 80 percent normally.
Additionally, ability to raise cardiac output is limited and
usually leads to a reduction in exercise capacity.

Surgical Procedures

There are three main procedures used to treat DILV which
are:

1. Blalock-Taussig shunt: This is the initial surgery that is
normally performed within the first weeks of the life of
the baby, and it involves the use of a tiny tube to guide
blood flow to the lungs.

2. The Glenn treatment is done within the first 6 months of
the baby’s life, and surgeons direct blood flow from the
upper body to the pulmonary artery, allowing the blood to
collect oxygen from the lungs without passing through
the heart.

3. Fontan procedure: This is the third surgery, which is nor-
mally performed when the child is between the ages of
two and three. The doctors will now separate the circula-
tion so that blood does not mingle. The workload on the
solitary ventricle is likewise reduced. Although this sur-
gery does not restore the normal circulation of the blood
to the body, it only improves it.

Complications of the Fontan Procedure Include

* Intolerance of heavy exercise.
e Protein-losing enteropathy.

e Poor ventricular function.

e Mortality.

e Heart blocks or dysrhythmias.

e Hepatomegaly and/or cardiomegaly.
e Ascites also might develop or edema of the limbs.
e Thrombosis of systemic veins.

Additionally, other operations may be necessary while the
infant waits for the Fontan surgery, and the kid may require
anticoagulants digitalis, diuretics, and ACE inhibitors for the
remainder of his or her life or before and after surgery. In
extreme circumstances, as the patient reaches maturity, a
heart transplant may be necessary. It is critical to recognize
that the Fontan method is constantly changing. Over extended
follow-up periods, patients treated in this manner continue to
be at risk for an increased incidence of heart failure, cardiac
arrhythmias such as supraventricular arrhythmias, predomi-
nantly due to right atrial dilatation, and pulmonary
hypertension.

Aortic Arch Blockage or Stenosis
of the Pulmonary Outflow Tract
If pulmonary stenosis exists, the severity of the condition
determines if a systemic-to-pulmonary artery shunt is
required following the ductal closure. In the presence of an
obstruction to the aortic arch, the commonest treatment is
mainly done to restore the flow of the unobstructed aortic
arch while restricting the pulmonary blood continue to flow.
The reason is that most of the patients with arch obstruction
have a bulboventricular foramen that is tiny, banding the pul-
monary artery has given place to other means of reducing
pulmonary blood flow. Bulboventricular foramen diameter
has the tendency to shrink in overtime and might suddenly
shrink in caliber after unloading treatment for the volume by
pulmonary artery banding, even if it is not initially restricted
(also the Fontan operations and hemi-Fontan) [10].
Reconstruction by a Norwood type (the anastomosis
between the proximal pulmonary artery to the aorta) is now
preferred to eliminate the potential of hemodynamically sub-
stantial systemic outflow tract stenosis. The reason is the
proximity between conduction system and the occurrence of
atrioventricular valve connection into the rim frequently,
making the bulboventricular foramen larger by muscle resec-
tion is dangerous.

The Physiologic Sensitivity of Infants Treated

with a Norwood-Type Operation Was Reduced
Although this is not always the case in single ventricle
patients, physiology of palliation of newborn after treatment
by Norwood-type had been generally noted to be frail rela-
tively. This was found to be attributable to tiny aorta. Because
the coronary artery flowing is primarily or could be com-
pletely dependent on retrograde aortic perfusion in the case
of aortic valve atresia, the coexisting customized Blalock-
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Taussig shunt creates “diastolic steal” incident that is consid-
ered extremely susceptible to pulmonary vascular resistance
changes. Actually, the mortality during the transition from
the first stage to the second stage had found to be high for
decades, also in some facilities, patients are kept in the hos-
pital for the whole interstate period.

Creating a Cavopulmonary Circulatory System

Due to the acute volume unloading there is an association with
an acute upsurge in ventricular thickness of the wall, it is safer
to create a cavopulmonary circulation in phases over 1-2 years.
The diastolic performance of the single ventricle is signifi-
cantly altered by this increase in wall thickness, which might
decrease cardiac output. The hemi-Fontan procedure improves
systemic blood flow (cardiac output) compared to the nonpen-
etrated “full Fontan” procedure since the cardiac output
reduces by a smaller amount. The less-than-complete Fontan
is now thought to offer the best blend of near-normal arterial
oxygen saturation and low exuberant complication rates. As a
result, even the “ultimate” step frequently leads to the forma-
tion of a fenestrated Fontan, where nearly all the vena cava
flow is directed to the pulmonary arteries. Whatever the struc-
ture dividing the pulmonary venous pathway from the sys-
temic venous pathway, a single 4 mm diameter hole in or
numerous 2-3 mm in diameter holes are drilled. Although the
latter form is characterized by final spontaneous closure, some
patients develop protein-losing enteropathy and require place-
ment of a catheter or surgery in order to establish a stable fen-
estration. Partial hepatic vein exclusion is a less-than-complete
Fontan option. When the baffle is inserted, left anterior hepatic
vein, one hepatic vein usually, could be expelled from the
venous systemic stream. Hepatic vein drains into the pulmo-
nary venous system were ruled out. Unfortunately, most
patients who have had their hepatic veins partially removed
eventually develop collaterals from the right hepatic vein to
the left hepatic vein.

Transplantation of the Heart

Those who have had the Fontan operation and have experi-
enced major problems, as well as the patients who has hemo-
dynamics make them poor candidates for the Fontan
procedure, may be candidates for cardiac transplantation.

Prevention

Due to the fact that the etiology of double inlet left ventricle
is unknown, there is no method to prevent it entirely.
However, you can begin preparing for a healthy pregnancy

even before you get pregnant by taking care of yourself.
Consider the following:

¢ Eat healthy types of foods and try to exercise regularly to
keep or to get a healthy weight.

* Visit your healthcare professional before getting pregnant
to find out how healthy you are and to share your family’s
health issues and history.

e Stop smoking if you are a smoker. As well as the same
goes for drinking and/or using prescription or street drugs.
As those things could harm your baby.

e Take a 400-mcg of folic acid supplement in order to pre-
vent brain and spine defects.

Difference in Between the Double Outlet RV
and the Double Inlet LV

Both (DORV) and (DILV) are congenital anomalies that
result in single ventricle formation. This concludes that the
heart, that ordinarily consists of 2 different chambers for
pumping (left and right ventricles), now consists of a single
functioning chamber.

DORYV and DILV are both single ventricle abnormalities
that are related to hypoplastic left heart syndrome and tricus-
pid atresia. Additionally, pulmonary atresia and some types
of atrioventricular canal abnormalities may contribute to the
development of the diseases associated with a heart with a
single ventricular [11].

Generally, the RV which is the heart’s chamber lying on
the lower right, gets oxygen-depleted blood from the right
atrium on its way to other parts of the body. The RV delivers
blood to the lungs by the pulmonary artery. The left ventricle
is the heart’s chamber lying to the lower left which gets
blood rich in oxygen from the lungs given by the atrium on
the left. Left ventricle then pumps this blood under pressure
which is high and distributes it to the other parts of the body
through the aorta.

Great arteries (aorta and pulmonary artery) both of them
find their exit through the right ventricle in DORYV, and the
patients are often found to have associated (VSD) ventricular
septal defect. On the other hand, in people with DILV, the
great arteries are inverted and both atria drain to an abnormal
left ventricle as it is enlarged in its size.

The RV is typically reported in DILV to be small, and
both atrial septal defects (ASDs) and VSDs may be present
[12].
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D. Obstruction in the subaortic area can be associated
with VSD that is restrictive in type.

Multiple Choice Questions
1. The gene defect that mostly associated with single

ventricle. 8. In monitoring of the complication of protein-losing
A. Tbx5 misexpression in the ventricles. enteropathy (PLE) after a Fontan operation we depend
B. GATAA4 inactivation. on.
C. GATA3 inactivation. A. The detection of fecal alphal-antitrypsin.
D. Both A and B. B. Lipoproteins lipase level.
. Patients who are LEAST cyanotic, are those with aortic C. Doppler analysis.
arch obstruction and a single ventricle because. D. Holter Placement.
A. Pulmonary stenosis does not develop. 9. Regarding Glenn treatment which one is false.

B. They usually develop pulmonary stenosis.

C. They never develop aortic stenosis.

D. Both A and C.

. Most single-ventricle patients live.

A. For at least 10 years.

B. For at least 20 years.

C. 10-15 years.

D. 5 years only.

. The most common of the multiple late complications
that can occur after various Fontan alterations.

ventricle.

C. VSD ensures a route of communication to the hypo-
plastic Lt-sided Rt ventricle.

D. Obstruction in the subaortic area can be associated
with VSD that is restrictive in type.

. “DILV” with rightward and anterior aorta (right-handed

ventricular topology/D-looped) which one is true.

A. Left side hypoplastic subaortic incomplete/hypo-
plastic RV cavity.

B. Morphologic Lt ventricle which is right side.

C. VSD ensures a route of communication to hypoplas-
tic Rt-ventricle.

A. Performed when the baby is roughly 6 months old.

B. Surgeons route blood flow from the upper body to
the pulmonary artery.

C. Allowing the blood to collect oxygen from the lungs
without passing through the heart.

D. It’s the initial surgery.

10. The false statement regarding Fontan procedure.

A. Normally performed when the child is between the
ages of two and three.
B. Separate the circulation so that blood does not

1.

A. Atrial tachyarrhythmias. mingle.
B. Thromboembolism. C. The workload on the solitary ventricle is likewise
C. Plastic bronchitis. reduced.
D. Malformations of pulmonary AV system. D. Although this surgery restores normal blood circula-
. Which of the following is FALSE according to thrombo- tion to the body.
embolic complications in DILV?
A. Nearly 10% of those who survive the fenestrated Answers
Fontan procedure have venous thrombosis, 1. D.
B. Arterial thrombosis is common, 2. A
C. The pulmonary arteries and cerebral veins are exam- 3. B.
ples of possible sites. 4. A.
D. Altered hepatic syntheses of endogenous thrombo- 5. B.
lytic pathway components have all been presented as 6. A.
plausible etiologies. 7. C.
. According to the “DILV” with leftward and anterior 8. A.
aorta (left-handed ventricular topology/ 1-looped ventri- 9. D.
cles) which one is false. 10. D.
A. It’s the least common variant.
B. Severe overriding in addition to straddling of Lt-
sided AV valve leads to commitment of it to the left
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Double Outlet Right Ventricle

Mays Sufyan Ahmad

Abstract

Dual outlet right ventricle (DORV) is a cardiac abnormal-
ity involving the outflow of the right ventricular system,
the great arteries both originate from the right ventricle.
Categorization of the group of abnormalities is based on
the location of the VSD in relation to the aortic and pul-
monary arteries. The location of the VSD has a significant
impact on the physiologic symptoms of DORV as well as
surgical concerns (subpulmonary, subaortic, committed,
and non-committed VSD types). A comprehensive history
of the patient’s illness and physical examination to assess
the precordium and respiratory system should be used to
identify  clinically relevant heart abnormalities.
Echocardiography typically gives enough information for
a precise and appropriate diagnosis, as well as the infor-
mation needed to design the surgical strategy. The pulmo-
nary stenosis presence greatly influences the patient’s
symptom profile and age at the time of clinical manifesta-
tion. Most of the patients were present earlier, in neonatal
period. ECG, x-ray, cardiac angiography, and MRI were
used but not standard or well-established diagnostic tech-
nique for this disease. CT scanning may be beneficial in
determining coronary artery architecture in infants with
TOF type. Medical and surgical treatment depends on the
types of DORV and the associated anomalies. Palliative
surgery can be done until the definitive treatment is pos-
sible. The prognosis also depends on whether the patient
did a surgery or not, the type of intervention, and the
underlying anomaly.
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Introduction

The term “dual outlet right ventricle” (DORV) refers to a
diverse group of related cardiac abnormalities involving the
outflow of the right ventricular system in which both great
arteries originate from the right ventricle. This anatomic
defect can range from tetralogy of Fallot (TOF) to full trans-
position of the great arteries (TGA).

The incidence of DORYV is estimated to be 0.09 per 1000
live births in the United States. About 1-1.5% of all con-
genital cardiac disease is caused by DORV. There has been
no identification of a single causative agent or predicted
event.

The clinical picture might range from severe cyanosis to
fulminant congestive heart failure. DORV definition has
been a source of contention among congenital cardiac sur-
gery specialists. In general, classifying the lesion as DORV
is appropriate from a surgical standpoint when more than
50% of both major arteries emerge from the right ventricle.
Typically, one artery and the majority of the other vessels
emerge from the right ventricle. Others specify that if the
fibrous continuity between the arterial and atrioventricular
valves is absent, then that is a characteristic feature of
DORV. Lev et al. (1972) revised this categorization by pro-
posing that aortomitral fibrous discontinuity be needed.
Furthermore, Lev et al. started to categorize the group of
abnormalities based on the location of the VSD (its location
regarding the great vessels) [1].

The following are the occurrence rates of related cardio-
vascular anomalies:

e Pulmonary stenosis: 20-45% (most common with VSD
of subaortic type).

e Atrial septal defect: 20-25%.

e Patent ductus arteriosus: 15%.

e Atrioventricular canal: 9%.

e Subaortic stenosis: 5-33%.

e Aortic coarctation, hypoplasia, or interruption: 3—-46%.
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e Mitral valve anomalies: 32%.
e And other non-cardiac associations: aneuploidy (trisomy
13,18) and tracheoesophageal fistula.

Pathophysiology

A VSD is usually often linked with DORV. The location of
the VSD has a significant impact on the physiologic symp-
toms of DORV as well as surgical concerns. Four major cat-
egories can be identified:

1. Double outlet right ventricle with subaortic VSD.

2. Double outlet right ventricle with subpulmonary VSD.

3. Double outlet right ventricle with doubly committed
VSD.

4. Double outlet right ventricle with noncommitted VSD.

According to the position of the great vessels:

1. Side by side great vessels position.
2. Right-sided position of great vessels.
3. Left-sided position of great vessels.

Subaortic VSD Type

It is the most frequent type of DORV. The degree of pulmo-
nary stenosis determines the pathophysiology resulting in
cyanosis (TOF type). When there is no pulmonary stenosis,
the flow of blood increases, resulting in heart failure.

Subpulmonary VSD Type

The pulmonary artery gets oxygenated blood from the left
ventricle, whereas deoxygenated blood from the right ven-
tricle flows to the aorta (TGA type). The Taussig-Bing anom-
aly is a classic case of a DORV with subpulmonary VSD. A
common connection is aortic arch hypoplasia. Associated
with reversed differential cyanosis.

Doubly Committed VSD Type

Both the aortic and pulmonary valves are connected to the
VSD because of the infundibular missing. The pulmonary
stenosis determines the clinical characteristics if present [2].

Noncommitted VSD Type

This type is located far away from the aortic and pulmonary
valves. The majority of patients with noncommitted VSD are
treated with single ventricular palliative methods.

Clinical Features

The clinical appearance and therapy of DORV are largely
determined by its type and the existence of concomitant car-
diac abnormalities.

A comprehensive history of the patient’s illness and its
evolution and detailed physical examination to assess the
precordium should be used to identify clinically relevant
heart abnormal. Furthermore, pulmonary auscultation, as
well as peripheral cyanosis and capillary filling, should be
examined also.

The pulmonary stenosis presence greatly influences the
patient’s symptom profile and age at the time of clinical
manifestation. Most of the patients were present earlier, in
the neonatal period. Cyanosis is evident in patients with sig-
nificant pulmonary stenosis, while congestive heart failure is
seen in patients with the massive pulmonary flow [3].

Diagnosis

Electrocardiographic (ECG) results are rarely diagnostic.
Right ventricular hypertrophy, right axis deviation, and, on
rare occasions, indications of left ventricular hypertrophy are
common findings. Routine laboratory testing includes the
following: complete blood count (CBC), electrolyte levels,
renal profile, hepatic function, coagulation profile, and
assessment of nutritional status [2, 3].

Echocardiography

In neonates, echocardiography typically gives enough infor-
mation for a precise and appropriate diagnosis, as well as the
information needed to design the surgical strategy. Sanders
and colleagues found that in 109 of 113 babies, conventional
transthoracic echocardiogram (TTE) was utilized to diag-
nose conotruncal malformation. The diagnosis of DORV was
confirmed with angiography in 11 of the 12 babies who had
previously received a diagnosis based on subxiphoid two-
dimensional echocardiography [4].
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Cardiac Angiography

Heart catheterization, which was previously the gold stan-
dard, is now seldom used in the evaluation or preoperative
planning of this cardiac disease.

When warranted, angiography offers numerous advan-
tages, including the following: Hemodynamic parameters
can be evaluated directly in an older child with a long-
standing illness. The real anatomic variance can be described
in the context of probable aberrant coronary architecture.
When a Rastelli-type repair is considered, this knowledge
can influence surgical strategy. Angiography can assist in
identifying the major pulmonary branches, the pulmonary
vascular tree, and the collateral arteries to the lungs in the
setting of pulmonary vascular abnormalities.

Magnetic Resonance Imaging (MRI)

MRI has been used before but, it is not currently a standard
or well-established diagnostic technique for this disease.
MRI can provide additional anatomic information, such as
the connection of the two ventricles.

Chest Radiography

Anteroposterior and lateral chest radiography results are
dependent on the degree of pulmonary (or subpulmonary) ste-
nosis. The pulmonary parenchyma is largely oligemic in the
situation of severe stenosis, but in the setting of mild pulmo-
nary stenosis (particularly with a Taussig-Bing heart), results
are likely to be consistent with congestive heart failure. In
either case, the chest picture demonstrates cardiomegaly.

Computed Tomography (CT) Scanning

Preoperative CT scanning may be beneficial in determining cor-
onary artery architecture in infants with TOF type. A study that
looked at the incidence and diagnostic accuracy of preoperative
cardiac CT scanning for identifying detailed coronary artery
anatomy in 318 children with TOF type discovered a 95% con-
cordance between cardiac CT scanning and surgical findings, as
well as a 96.9% diagnostic accuracy for cardiac CT scanning [5].

Management

Medical therapy of DORYV is based on the abnormalities and
underlying physiology. Maintaining patent ductus arteriosus
is critical in the situation of insufficient pulmonary blood
flow. Prostaglandin E (alprostadil) infusions are the standard
of treatment until healing may occur. Having congestive
heart failure is contradictory; cautious diuresis, inotropic
support digoxin usage, and pulmonary blood flow manage-
ment through intubation and blood gas manipulation may be
needed [5].

Indications for Surgery

Because (DORYV) is a disease that does not resolve on its
own, the diagnosis alone is sufficient to warrant surgery.
Sakakibara et al. reported the first successful biventricular
repair for this condition in 1967.

The clinical appearance and surgical technique required
for correction are determined by the relative anatomic abnor-
malities discovered. The accompanying VSD is generally big
and nonrestrictive.

Palliative procedures are often done solely in patients
who need short-term therapy, whereas noncardiac illness
(e.g., sepsis) is addressed when anatomic characteristics do
not allow for final repair [6].

In an ideal world, DORV is a procedure that repairs both
ventricles, with the left ventricle linked to the aorta and the
right ventricle attached to the major pulmonary artery.
Palliative procedures differ depending on the subtype’s phys-
iology. With excessive pulmonary flow, banding can be done
until definitive treatment. In case of insufficient blood flow,
commonly a Blalock-Taussig shunt (an aortopulmonary
shunt) can relieve symptoms until definitive treatment can be
done.

Bidirectional Glenn operation is used for univentricular
hearts or complicated congenital heart illness one of the
DORV. In a retrospective cohort (4 years) study including
115 patients who underwent this surgery, the doctors deter-
mined that this procedure can enhance gas exchange and vol-
ume overload. Poor nutrition and late presentation increase
the morbidity post-operation.
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Contraindications for the Surgery

Significant left ventricular hypoplasia and severe atrioven-
tricular valve overriding or straddling are absolute contrain-
dications to double outlet right ventricle biventricular
surgery. Single ventricle palliation would be suggested in
individuals who are not candidates for biventricular surgery

[7].

Preoperative Assessment

Preoperative investigations should be used to correctly assess
surgically important characteristics such as pulmonary and
tricuspid valve separation and their diameter, the presence of
aortic coarctation, and anatomy of heart coronaries.
Significance of pulmonary valve stenosis, VSD location, pul-
monary stenosis, and size of major vessels are veryimportant
to be assessed prior to surgery.

Intraoperative Assessment

Repair of DORV with Subaortic VSD Subtype

It is repaired usually by making an intraventricular tunnel
that shunts blood from the left ventricle through VSD to the
aorta. A patch (like polytetrafluoroethylene) can be used.

Post cardiopulmonary bypass by cannulation and cardiac
arrest, the anatomy is examined by a right atriotomy. Through
the tricuspid valve, the VSD can be visualized and connec-
tion to the aorta is done. The VSD can be enlarged if needed.
This can be done superiorly and anteriorly, leading to the
excision of some pieces of the infundibular septum [8].

The VSD closure by interrupted or a continuous suture. If
the intraventricular tunnel bulges into the right ventricular
outflow tract, the right ventriculotomy should be sealed by a
patch. Surgery of subaortic VSD and pulmonary stenosis
subtypes of RVO is done by the same procedure used in
TOF. Before pulmonary bypass, it is important to locate the
coronaries and plan for right ventriculotomy if indicated.

Subpulmonary VSD Type Repair

This type can be associated with aortic coarctation, so coarc-
tation repair with a pulmonary artery band is the preferred
method; however, repairing both defects can be done in one
stage operation. If the VSD is restricted, it should be expanded
to allow the blood flow from the left ventricle to the pulmo-
nary artery. Other defects can be done concurrently [9].

Doubly Committed VSD-Type Repair

This is a rare type; the repair is done in the same manner as
the subaortic VSD type method. The VSD mostly does not
block the left ventricular flow through an intraventricular
tunnel to the aorta. There may be a need for a conduit from
the right ventricle to the pulmonary artery if there is a right
ventricular obstruction or pulmonary stenosis.

Noncommitted VSD Repairs

The most difficult to repair and carry a high risk for the
patient. This abnormality is distinguished by a persis-
tent subaortic conus and a double infundibulum. The
subaortic conus is larger than the typical right ventricu-
lar structure leading to aortic displacement normal posi-
tion of the pulmonary artery and both of them are placed
nearby.

Pulmonary artery banding is required for severe subaor-
tic blockage, restrictive VSD, or aortic arch obstruction.
Types with pulmonary stenosis should be managed conser-
vatively or by modified Blalock-Taussig shunt which is a
systemic to pulmonary shunt. The hypoplastic left ventricle
and severe overriding of the atrioventricular valve are the
main limitations to doing a biventricular repair. The surgery
of choice when using combined atrial and ventricular meth-
ods is an intraventricular tunnel that links the VSD to the
aorta [10, 11].

Outcome and Prognosis

Brown et al. reported a 56% of 15-year survival rate in indi-
viduals with DORV from 1980 to 2000 (including those who
undergo the surgery and the patients that don’t do it). The
majority of non-complicated cases (95%) had a 15-year sur-
vival rate after surgery, whereas the Taussig-Bing abnormal-
ity had an 89% survival rate.

individuals with a double outlet right ventricle and a non-
committed VSD were at a greater risk of reoperation and
mortality [12].

Multiple Choice Questions

1. The most useful diagnostic method for dual outlet right
ventricle is:

ECG.

X-ray.

CT scan.

MRIL

Echocardiography.

monw>
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2.

Patent ductus arteriosus should be kept open in some
cases with pulmonary stenosis by administration of:
Indomethacin.

Alprostadil.

Mifepristone.

Aspirin.

. Baclofen.

monw

. Contraindication for biventricular repair:

A. Left ventricular hypoplasia.

B. Coarctation of aorta.

C. Having ventricular septal defect.

D. Aneuploidy.

In noncommitted type of double outlet right ventricle, the
VSD location is:

A. Subaortic VSD.

B. Subpulmonary VSD.

C. VSD that located far away from major vessels.

D. VSD that is connected to both major vessels.

. The most common type of DORV you can see in patients

is:
A. Subaortic VSD.

B. Subpulmonary VSD.
C. Committed VSD.

D. Noncommitted VSD.

. Taussig-Bing anomaly is a type of:

A. Subaortic VSD.

B. Subpulmonary VSD.
C. Committed VSD.

D. Noncommitted VSD.

. Reversed differential cyanosis seen in subpulmonary

VSD type in:

Toes of the feet more than hand fingers.

Fingers of the hand mostly.

Equally in toes and fingers.

There is no differential cyanosis in the subpulmonary

type.

cCaw>

Answers

1.

E.

Explanation: Echocardiography typically gives
enough information for a precise and appropriate diagno-
sis, as well as the information needed to design the surgi-
cal strategy.

B.

Explanation: Alprostadil is a prostaglandin agonist
that is used to keep ductus arteriosus open.

Mifepristone is antiprogesterone and the other drugs
are non-steroidal anti-inflammatory drugs that close the
duct.

A.

Explanation: Significant left ventricular hypoplasia
and severe atrioventricular valve overriding or straddling
are absolute contraindications to double outlet right ven-
tricle biventricular surgery. Single ventricle palliation
would be suggested in individuals who are not candidates
for biventricular surgery.

C.

Explanation: Located far away from the aortic and

pulmonary valves

A

Explanation: Subaortic VSD.
B.

Explanation: Subpulmonary VSD.
B.

Explanation: Differential cyanosis is mostly seen in
hand fingers associated with clubbing usually.
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Abstract

Ebstein’s anomaly, which is described by Wilhelm
Ebstein, is one of the congenital heart diseases that are
seldom encountered with a 1 per 200,000 live birth preva-
lence. It entitles the presence of deformity in the right side
of the heart and the tricuspid valve and more specifically
itis a downward displacement of septal and posterior leaf-
let into the right ventricle leading to enlarged atrium and
atrialized ventricle. Many heart abnormalities can be
associated with EA like ASD, conduction system abnor-
malities, PFO, pulmonary stenosis or atresia, and
VSD. This anomaly has a wide range of manifestation
depending on the severity of the lesion and it can be diag-
nosed by echocardiogram which is considered to be the
diagnostic test for this anomaly. Management could be by
observation in asymptomatic patient, medical therapy in
mild cases while surgical intervention may be required in
severe cases as well as valve replacement and heart
transplantation.
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Introduction

Ebstein’s abnormality (EA) is one of the congenital heart
diseases that are seldom encountered. It affects 1 in every
two hundred thousand living-births and accounts for approx-
imately 1% of all congenital heart disease occurrences.
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Wilhelm Ebstein first identified this condition in 1866 in his
report “Concerning a very rare case of insufficiency of the
tricuspid valve caused by a congenital malformation.” EA is
a type of CHD marked by Rt-side of the heart and tricuspid
valve (TR) abnormality. The inability of the leaflets of the
TR to delaminate from the underlying cardiac-endocardium
causes distinct characteristics [1]. There are different levels
of downward displacement of the tricuspid leaflets into the
Rt ventricle with the septal leaflet being the most signifi-
cantly affected, followed by the posterior one; as a result, the
annular circumference is often quite large, and the Rt atrium
is quite enlarged; there is myopathic changes in the RV and
it is divided into two distinct areas, an “atrialized” area of
poor function, situated between the hinge point of the septal
leaflet that is displaced apically and the true annulus, and the
functional area which is located below the hinge point. This
functional RV volume might be fairly small, its volume
mainly depends on how much the leaflet is displaced. ASD,
persistent patency of foramen ovale, abnormalities in the
conductive system of the heart, VSD and stenosis or atresia
of the pulmonary valve are among the cardiac abnormalities
linked to EA [2]. EA manifests clinically as a spectrum rang-
ing from minor types that become apparent in adulthood to
severe forms that result in significant newborn mortality. EA
can cause hydrops fetalis in the uterus, and cyanosis and dys-
pnea in children and adults, but the disease can manifest in a
variety of ways and can become clinically severe at any
moment during life. The diagnostic technique of choice for
definitively diagnosing Ebstein’s abnormality is echocar-
diography, which can also be used to characterize the degree
of valvular insufficiency and the quality of the leaflets [3].
Other modalities, including an electrocardiogram (ECG),
radiography of the chest, or prenatal ultrasonography, are
frequently used to detect heart abnormalities and it is the ini-
tial tests that lead to additional investigation. When possible,
valve repair is obviously preferred and it is more likely to
succeed if the anterior leaflet is broad, sail-like, and rela-
tively thin while thicker, muscularized anterior leaflet is an
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unsuitable repair substrate. However, in other circumstances,
replacement is required. Transplantation or single-ventricle
palliation (Starne’s technique) may be required in the neona-
tal period [3].

Associated Defects with EA

Ebstein’s anomaly can be associated with congenital heart
defects in any part of the heart, with mitral valve prolapse
and left ventricular noncompaction (LVNC) being the two
most prevalent [2, 3].

Associated Defects

* Prolapse of one or both mitral leaflets, focal fibrous thick-
ening of the mitral leaflets, cord anomalies, and papillary
muscle anomalies are all examples of mitral valve issues
[4].

o Left ventricular noncompaction (LVNC) was linked to a
greater mortality risk when compared to cases with EA by
itself.

e Arrhythmias: “Wolff-Parkinson-White (WPW)” and due
to dilated Rt atrium, EA patients can encounter a variety
of atrial-originating arrhythmias such as: “atrial flutter,
atrial tachycardia, atrial fibrillation, intra-atrial reentrant
tachycardia in addition to AV node reentrant tachycardia,
and ventricular arrhythmias [4].”

e Structural abnormalities: ASD, patent foramen ovale
(right-to-left shunting across these defects explains why
certain individuals exhibit relative hypoxia), pulmonary
stenosis or atresia (requiring surgical intervention), and
ventricular septal defect [5].

Teratogens and the Role of Genetics in EA

EA has a quite heterogeneous etiology. In most cases (80%),
EA is a non-syndromic and an isolated defect, while in about
20% of cases, it occurs in association with other anomalies
that are extracardiac in origin as in cases where Mendelian or
chromosomal defects are present. All patients have chromo-
somal abnormalities affecting genes involved in the early
development of cardiac structures [6].

Non-syndromic EA is a sporadic abnormality that affects
families. In familial situations, inheritance patterns were
“autosomal recessive,” with reappearance in siblings, and
“autosomal dominant with reduced penetrance,” with recur-
rence in nephews and uncles. This could be because the
genes that are responsible for heart morphology formation
are mutated, such as the NKX2.5 and MYH7 genes, have

been found in some EA patients. Nonetheless, EA is likely to
be characterized by genetic variation as well as multifacto-
rial inheritance, as screening of the“NKX2.5 and GATA4
genes” mutations in other EA-suffering individuals has come
up negative [6, 7].

Syndromic EA Could Be Due To

Chromosomal abnormalities, such as deletions, may cause
syndromic EA. Facial dysmorphisms, microcephaly, mental
retardation, CHD, plus genital anomalies are characteristics
of 8p23.1 deletion. CHD affects 40-65% of affected patients,
with an AV canal defect, stenosis of the pulmonary valve,
and Fallot tetralogy being the most frequent abnormalities.
The GATA4 gene, which is expressed throughout the devel-
opment of the heart and maps to the 8p23.1 crucial area, is
frequently deleted in disease-suffering patients and is the
main cause of CHD [8, 9].

Micro chromosomal Anomalies: One of the most preva-
lent is terminal deletion Ip36, which is characterized by epi-
lepsy, poor cognition, and facial dysmorphisms. CHD, with
anatomical anomalies and cardiac myopathy in addition to
the specific hallmarks of Lt ventricular non-compaction, is
identified in nearly half of these patients. Ebstein anomaly
has been found in many cases, indicating that this genetic
condition should be investigated in patients with syndromic
EA and poor cognition, both with and without epilepsy [9].

Numerous chromosomal anomalies have been described,
including: “duplication 9p, deletion and duplication 11q,
duplication 15q, terminal deletion 18q, trisomy 18, trisomy
21, and the 5g35 microdeletion syndrome,” as well as a wide
range of Mendelian illnesses. Risks of recurrence and the
inheritance patterns of chromosomal or Mendelian illnesses
are followed in genetic counseling for syndromic EA. Factual
risk statistics are implemented to evaluate the possibility of
recurrence in ensuing pregnancies of those having a kid with
EA in the case of non-syndromic Ebstein abnormality. If one
sibling is affected, the probability of CHD recurrence in first-
degree relatives of patients with EA is estimated to be around
1% [10]. When multiple relatives are affected, the danger is
increased. When two siblings are impacted, the couple’s
recurrence risk is approximately 3%. If we look for terato-
gens that aid in the development of EA, lithium therapy
(drug to treat bipolar disorder) during the initial three months
of pregnancy was considered strongly linked to the develop-
ment of EA in the fetus. However, newer epidemiological
researches have not supported these observations, suggesting
that the use of lithium medication during pregnancy is of
minor consequence as a risk factor for illness development.
Maternal exposure to benzodiazepines may contribute to
developing the anomaly [11].
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Pathophysiology of EA

Many distinct lesions have been identified and are relevant to
surgical treatment:

e The delamination of the TV leaflets has failed.

* Appropriate level of attachment of the anterior leaflet;
however, it is sail-like or large in appearance. Numerous
attachments of the chordae to the wall of the ventricle are
present, as well as aberrant fenestration [12].

e The RV is thin and dilated in the area above the functional
annulus (“atrialized right ventricle”), with varying hyper-
trophy. The real annulus of the tricuspid valve is virtually
always enlarging and descending apically [13].

e The effective RV’s cavity is reduced.

e The excess anterior leaflet’s tissue and its chordal attach-
ments to the infundibulum frequently obstruct the RV’s
infundibulum.

These anomalies result in that blood flows backward from
the tricuspid valve into the RA when the RV contracts. The
RA enlarges as a result of this. The elevated pressure in the
RA maintains opening of the PFO, if the tricuspid regurgita-
tion is severe enough, this defective connection permits
blood that is deoxygenated to pass from the RA to the LA,
bypassing the lungs and directly reaching the body (right-to-
left shunting) [14]. Lower oxygen levels in the blood will
arise as a result of this. This is the reason behind the fact that
patients with EA may seem “cyanotic,” or bluish in color,
have lower than normal oxygen saturations (arterial desatu-
ration), paradoxical embolism, and pulmonary oligemia,
congestive heart failure can also result [15].

The degree of apical displacement of the septal leaflet
(=8 mm/m? body surface area) is the critical distinguishing
feature of EA from other congenital regurgitant lesions.
Ebstein’s anomaly can range from mild to severe, depending
on the extent of valvular displacement and so EA can be clas-
sified into many types. The anatomic severity of Ebstein’s
abnormality can be described in two ways. The first method is
based on the appearance of the anomaly on echocardiogra-
phy, which is classified as “anatomically mild, moderate, or
severe.” The degree of right ventricular dilatation and the
quantity of leaflet displacement and tethering are measured.
This classification is a little imprecise, but it gets the job done.
The second technique is to detail the actual architecture of
each of the heart’s relevant structures as seen during surgery.
The features that surgeons consider crucial when deciding
whether to repair or replace the tricuspid valve are highlighted
in this nomenclature system. Celermajer et al. established an
enhanced Glasgow Outcome Scale grading system depending
on echocardiographic findings, with grades ranging from 1 to
4.19. The functioning right ventricle and left heart are com-
pared to the total area of the RA and atrialized RV (ratio less

than 0.5, grade 1; ratio 0.5-0.99, grade 2; ratio 1.0-1.49,
grade 3; ratio more than 1.5, grade 4) [16].

In 1988, Carpentier et al. depending on the exact anatomy
of lesion suggested a classification of EA as follows:

1. Type A.

Mild apical leaflet displacement, mild FRV size reduc-

tion, and normal silhouette of the anterior leaflet.
2. Type B.

The leaflets are moderately apical displaced, the FRV
volume is moderately reduced but generally adequate,
and the anterior leaflet could appear to have normal
mobility but aberrant chordal attachments.

3. Type C.

Leaflets with severe apical displacement and a small
FRV. RVOT blockage due to anterior leaflet constriction
caused by aberrant chordal attachments.

4. Type D.

“Tricuspid Sac.” The leaflets are completely non-
delaminated, with only the infundibular section of the RV
remaining.

Clinical Manifestation

EA manifest as a wide spectrum ranging from very mild to
very severe cases with many clinical findings due to highly
variable natural history, in many times severe cases are
unable to reach birth and lead to fetal loss or hydrops fetalis
while if severe cases reach the birth, they will be critically ill
at birth with apparent cyanosis which is considered to be the
cardinal sign. They usually depend on the ductus arteriosus
and need prostaglandin E2 infusion to maintain the patency
of the duct. Supraventricular tachycardia (rate > 300 beats
per minute) and heart failure may also occur and require
immediate intensive care [17].

The remainder of the spectrum of Ebstein anomaly can
remain remarkably symptomless throughout childhood and
tolerate the TR very well, growth and development are gen-
erally normal in patients suffering from EA. Some young
patients have cyanosis, due to right to left shunt. Children
may complain from palpitation which is usually described
by children as “my heart beats in a funny way.” They may
become tired faster than their peers, especially on the play-
ground. Symptoms may improve with age as the pulmonary
vascular resistance falls allowing the blood to flow to the
lungs and tricuspid valve regurgitation becomes less, as a
result cyanosis and other symptoms become better. Some not
presenting until adulthood. In patients of young age, the sen-
sation of difficulty in breathing, palpitations, and feeling of
chest pain can be the initial symptoms. Progressive cyanosis
can be one of the manifestations and sudden cardiac death is
also possible [18].
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Diagnosis

In Ebstein’s abnormality, the tricuspid valve does not develop
in the appropriate way during the initial weeks of intrauterine
life. A process known as delamination begins to create the AV
valve leaflets from the tissues of the ventricular myocardium
around week 7. The tricuspid valve is fully established by the
end of week 12. Normal cardiac structure involves that the
tricuspid valve has three leaflets: * anterior, posterior, and
septal.” That means the tricuspid valve and right ventricle are
malformed in EA. Fetuses with EA can be diagnosed prena-
tally using fetal echocardiography, or heart sonography [19].
This is the diagnostic test of choice for Ebstein’s anomaly
because it can accurately assess the tricuspid valve leaflets as
well as the size and function of the cardiac chambers. The
main hallmark of Ebstein’s abnormality is apical displace-
ment of the septal leaflet of the tricuspid valve, which can be
seen on sonography. There is also a significantly enlarged RA
and the RV is atrialized. Tricuspid valve regurgitation is com-
mon as a result of the valve’s abnormality, albeit the location
and severity vary. Echocardiography can also be used to
determine the viability of valve repair.

Postnatal diagnosis depends on physical examination and
many imaging techniques.

Appearance and Physical Examination Show

Patients may have a blue-colored face depending on the
degree of cyanosis and Rt-Lt shunting, cyanosis is usually
found in patients younger than 1 year old [20].

1. Vitals.

The pulse may be weak or impalpable due to right-

sided heart failure.
2. Skin.

No apparent skin findings are usually found in EA

patients.
3. Neck.

Elevated jugular venous pressure can be caused by tri-
cuspid regurgitation and increased right atrial pressure.
These patients have a prominent “a” wave in their dilated
jugular veins. Because of the damping effect of the large
atrium, the V wave of TR is rarely seen in the jugular
pulse. However, in severe TR cases, a prominent “v”
wave may be seen.

4. Heart.
e [Inspection.
— Asymmetrical chest due to an enlarged right heart.
— An apical impulse may be visible.
e Palpation.

— On the apex of the heart, a palpable impulse can be

detected.

— A systolic thrill can be felt near the left side of the
lower sternal border.

— The right ventricular heave is faint due to the right
ventricle’s small size.

* Auscultation.

— Wide-splitting of the first and second heart sounds
due to the RBBB (Rt bundle branch block) that is
frequently encountered with this illness.

— A loud first heart sound (S1) of tricuspid
regurgitation.

— It’s possible to notice a noticeable S3 and S4.

— A grade 3 pansystolic murmur caused by tricuspid
regurgitation, loudest near the left-lower border of
the sternum and increasing with inspiration (with-
out radiation), in association with a “mid-diastolic
murmur” caused by the elevated diastolic flow vol-
ume over the tricuspid valve.

— A click sound may be heard if the anterior leaflet
moves abnormally.

5. Lung.

e Lung examination is usually normal in patients with
Ebstein’s anomaly but some patients may have tachy-
pnea or dyspnea.

e Abdomen.

» Tricuspid regurgitation and a high right atrial pressure
might cause hepatomegaly.

* Back (no observed clinical findings).

* Genitourinary (no observed clinical findings).

e Neuromuscular (no observed clinical findings).

6. Extremities.

e Clubbing.

e Cyanosis.

* Cool periphery.

* No pedal edema.

While Imaging Techniques Include

Echocardiography of the heart is the principal diagnostic
procedure for determining the definitive diagnosis of
Ebstein’s abnormality and identifying any concomitant car-
diac abnormalities. It allowed the cardiologist to accurately
estimate the level of valvular displacement, insufficiency or
stenosis severity, heart chambers size, and whether foramen
ovale has remained patent. This test also helps to diagnose
patients whose clinical features were not pathognomonic.
The presence of septal leaflet tissue and movement of the
anterior leaflet with a “free leading edge” are both favorable
echocardiographic markers for TV repair. Any delamination
of the septal and inferior leaflet helps in completing circum-
ferential reconstructive planning successfully. Leaflet
anchoring to the endocardium with muscularization, on the
other hand, indicates a more challenging repair. Severe annu-
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lar dilatation, which can reach 8 cm or more in adults, is
another factor that makes effective repair difficult. A chest
x-ray, which is used to determine the heart size, may fre-
quently reveal considerable right atrial enlargement and car-
diomegaly, giving the appearance of a “wall-to-wall,” “clock
face,” “box-shaped,” “globe-shaped” heart that occupies
most of the cavity of the chest. Due to the presence of an
abnormally big heart that is easily seen on chest X-ray,
Ebstein anomaly is frequently suspected. The pulmonary
vasculature could be normal or abnormal [21].

Cross-sectional investigations from the “apical four
chamber view” were particularly useful for measuring septal-
leaflet displacement, which is invariably >15 mm in individ-
uals with EA. If severe hypoplasia of the lungs is a danger, a
CT scan may be beneficial. Cardiac MRI is very helpful for
determining the function and size of the RV. RV volumes and
tricuspid regurgitation can be measured using magnetic reso-
nance imaging with gadolinium contrast, as well as the size
and function of the left ventricle. The inclusion of the area of
the RV that is atrialized in the quantification of its ejection
fraction and volume calculations varies majorly, and this
must be kept in mind when trying to interpret results. Velocity
mapping perpendicular to the regurgitant jet is used to quan-
tify tricuspid regurgitation, and a jet cross section of more
than 6 mm x 6 mm is considered severe.

An electrocardiogram can help verify the imaging tech-
nique’s findings or make a differential diagnosis of Ebstein
abnormality if performed first. It generally consists of the
following:

1. RA hypertrophy—seen as tall P wave of more than 3 mm.

2. First-degree heart block—seen as PR interval prolonga-
tion of duration >0-10 s.

3. Complete heart block.

4. Complete or incomplete RBBB with QRS duration
>0-06 s.

5. Atrial tachycardia(arrhythmia) including atrial fibrilla-
tion, atrial flutter, ectopic beats, or atrioventricular nodal
reentrant tachycardia.

6. Patients may have additional conducting pathways such
as “Wolff-Parkinson-White syndrome” and this enhances
the possibility of sudden cardiac death.

An electrocardiogram (ECG) is a test that records the beat
of the heart. If the patient has complained of tachycardia and
the test results are normal, the patient may be given a recorder
to wear at home to try to capture the tachycardia episodes.
An exercise stress test may be done on the patient to better
measure cardiac function during exercise. Additional elec-
trophysiologic testing may be required for some people with
irregular heart rhythms in order to properly diagnose and
perhaps treat their heart rhythm disorders. When a pre-
excitation route is present, a preoperative electrophysiologic

examination is recommended, and most patients can be
treated percutaneously. Cardiac catheterization is an invasive
diagnostic test which is not performed today as in the past.
Catheterization was used previously to define the cardiac
anatomy and function but by the development of imaging
technique and the ability of echocardiograms and cross-
sectional imaging to provide a necessary information about
anatomy and function of the heart, catheterization become
contraindicated due to its serious complication like arrhyth-
mias and cardiac arrest.

Treatment

Asymptomatic patients can be treated medically and moni-
tored for years. Arrhythmias, progressive RV widening, and
worsening of RV systolic performance should all be con-
stantly monitored. When patients develop symptoms like
worsening exercise capacity, paradoxical embolism, pro-
gressive RV changes, cyanosis, and the appearance of new
arrhythmias, and if repair of the tricuspid valve is applicable
in a setting where morbidity and mortality are low, they
should be considered for operative intervention.

Medical Management of Patients with EA

Medical therapy is mainly used in order to make surgery less
of a necessity, especially when the patient is still a neonate,
when the risk of death from any surgical procedure is high-
est. Medical care helps to gradually reduce pulmonary vas-
cular resistance, allowing surgical repair to be undertaken if
necessary. With low oxygen supplementation and prosta-
glandin infusions, relatively stable newborns can be
observed. Maintaining ductal patency is critical, especially
in infants with anatomical pulmonary atresia. To minimize
pulmonary over circulation and heart volume overload, sup-
plemented oxygen should not exceed 21% fractional inspired
oxygen. During this time, keep blood oxygen saturation
between 75 and 85%. Prostaglandin therapy can be stopped
if pulmonary vascular resistance reduces. As the ductus
closes, they allow for accurate measurement of the antegrade
flowing pulmonary blood. If oxygen saturation falls below
80%, medications to lower the pulmonary vascular resis-
tance, like supplementary oxygen and nitric oxide, can be
used to enhance the antegrade flow passing through the right
ventricle. In functional pulmonary atresia, however, a trial of
prostaglandin removal may be required. Similarly, prosta-
glandins may worsen the symptoms of heart failure as a cir-
cular shunt is being established in the presence of pulmonary
valve regurgitation. Blood pathway starting from the left
ventricle to the aorta, then through the big ductus into the
pulmonary artery, then the retrograde flow starts through the
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pulmonary valve into the RV to the RA by the tricuspid valve
which is incompetent, and finally by the ASD it will be back
again to the heart’s left side. This process results in cardiac
failure with a high output. In this instance, early prostaglan-
din removal may be necessary. A two-step procedure can be
used to treat neonates with a circular shunt. The main pulmo-
nary artery is ligated first, with or without branch PA bands,
and then a Starnes surgery is performed once the patient is
stabilized. Cardiogenic shock develops as hemodynamic
instability worsens [21]. Mechanical ventilation and intuba-
tion with tidal volumes considerably large are essential in
these cases to ensure sufficient breathing in case of patients
having significant cardiomegaly. Paralysis and sedation
might also be required to minimize oxygen demand. To help
improve cardiac output, inotropic assistance such as milri-
none combined with epinephrine or dopamine in low doses
might also be required. Milrinone is a highly effective medi-
cation since it affects the right ventricle in both lusitropic and
inotropic ways. It also lowers pulmonary vascular resistance,
allowing for increased antegrade pulmonary blood flow.
Because of the wide separation of tachyarrhythmias in this
particular group of patients, there should be an imitation of
catecholamine inotropes with caution.

Frequent echocardiograms are helpful in determining the
antegrade flow via outflow tract of the RV and the extent of
TV regurgitation during medical treatment. If the condition
worsens, this assessment will be of help in guiding the wean-
ing of prostaglandins and nitric oxide and inotropes initia-
tion, or going ahead with the surgical surgery.

Some newborns may require extracorporeal membrane
oxygenation (ECMO) support for stabilization prior to surgi-
cal surgery, and despite the minimal incidence of endocardi-
tis in this abnormality, prophylaxis for endocarditis is
indicated [19-22].

Indication for Surgical Repair

Because surgery for Ebstein’s abnormality has an elevated
risk of mortality, particularly in infants, it is rarely indicated
unless the patient has severe symptoms. Surgery can be
delayed until symptoms arise in asymptomatic or mildly
symptomatic children, allowing them to enjoy a relatively
normal life. If there is a good likelihood of a good repair in
children between the ages of 2 and 5, operational interven-
tion is indicated. This is critical in order to avoid additional
cardiomegaly, particularly due to the dilatation of the atrial-
ized right atrium. EA patients who have an anatomic pulmo-
nary atresia, presence of circular shunt, a need for mechanical
ventilation or prostaglandins, symptoms like fatigue and
exercise intolerance, new onset of atrial and ventricular
arrhythmias paradoxical embolism,, worsening cyanosis

(systemic oxygen saturation below 75%), or presence of
heart failure associated with feeds intoleration as a result of
mesenteric congestion, and severe forms in general like C/D
type Carpentier, (G.O.S.E) score Great Ormond Street
Echocardiography is more than three or if the patient has
right heart failure, a surgical intervention will be required
throughout neonatal period.

Surgical Procedures

Many surgical techniques for the treatment of newborn EA
have been described so far. The goal of operative interven-
tion is to repair the tricuspid valve. This typically involves
reduction of RA, RV plication, and total or subtotal closure
of the atrial septum. As the valve repair is considered as the
preferred outcome, the outcomes of tricuspid replacement in
the adult patients show that it is safe as well as successful.
The two competing strategies for surgical treatment for neo-
natal EA are whether to perform a biventricular repair or a
single ventricle palliative procedure (Starnes Procedure).
Which repair method is appropriate for neonates with EA is
considered as a controversial subject. Mizuno et al. experi-
ence with neonatal EA repair was shared at their center. The
result shows that the biventricular repair group had a higher
survival when compared to single ventricle palliation
(Starnes Procedure) 0.60% vs. 25%, respectively. Kumar
et al. analyzed median seven years Starnes operation follow-
up in neonatal repairs for 27 cases in a recent study. Their
total survival rate was 81% after follow-up for 5 years. The
outcomes of neonatal biventricular repair for EA were
described by Boston et al. In their study, early survival was
78.1%, but 15-year survival was 40 and 79% for EA whether
anatomical pulmonary atresia is present or not respectively.
As a result, in EA newborns who have anatomical pulmo-
nary atresia the biventricular repairs is the method of choice
which should be done with caution [22].

A tertiary care center should provide comprehensive care
with a multidisciplinary team that includes a pediatric cardi-
ologist, high-risk obstetrician, pediatric cardiothoracic sur-
geon, and intensivist for newborn. Medical care during the
newborn period lowers mortality rates. The goal is to restore
both atria and ventricles. If there is severe RV dilatation or
dysfunction, a 1.5 repair for the ventricle (valvuloplasty +
bidirectional Glenn -BDG-) might be required.

Biventricular Repair Procedures
Danielson at Mayo Clinic’s was the first to define some of

the fundamental concepts of biventricular repair for any age
group having EA. This comprises: the atrialized section of



Ebstein’s Anomaly

177

RV free wall is plicationed, posterior tricuspid annuloplasty
is performed, ASD is closed, and right reduction atrioplasty
is performed. Addition of papillary muscles anteriorly near
to the septum of the ventricle using the “Sebening stitch” to
enable coaptation of the leaflet with ventricular septum is
one of the subsequent Danielson adjustments.

The following are the main processes in a biventricular
repair:

1. Tricuspid valve leaflets are being mobilized. The degree
of leaflet mobilization is determined by the valvuloplasty
procedure utilized.

2. The right ventricle being atrialized is plicated also
obliterated.

3. Real annulus is reduced.

4. Right atrioplasty reduction. This gives the lungs greater
room to breathe.

5. The atrial septum is fenestrated or partially closed.

6. Where atresia of the pulmonary valve is encountered,
establishment of the RV-PA continuity is a must.

7. VSD closure if present.

The upcoming are the 2 most popular biventricular repair
procedures for neonates tricuspid valvuloplasty techniques:

Technique of Knott-Craig Monocusp

This procedure has changed EA neonatal therapy via provid-
ing the option of a biventricular repair in the EA group with
a difficult-to-treat group category. The main focus of repair
is appropriate anterior leaflet mobilization with a movable
leading edge supported well in order to aid in achieving val-
vular competency by coapting with the ventricular septum.
The leaflet of the ventricular septum is preserved because it
is considered one of its structures. The important steps are as
follows:

By placating the posterior leaflet from the coronary sinus
to the anteroposterior commissure, the posterior leaflet is
destroyed. The primary tricuspid orifice and a caudal orifice
are formed as a result. The ARV is also eliminated by oblit-
erating the caudal orifice with a vertical plication suture.
During the plication, take care that right coronary artery is
not to be included.

In circumstances when the ventricular wall is adherent to
the anterior leaflet however, it is not big enough in extent to
the ventricular septum, as a result a determination might be
needed as its body could be augmented. It is considered vital
to have free edge that’s both mobile and well supported. By
providing a more stable point to hinge a “Sebening stitch”
that is modified as formed from the ventricular septum to the
anterior leaflet even more strength will be present.

e Fenestrated patch closes the ASD.

e Atrioplasty is used to produce reduction in the right
atrium size.

e Relying upon how well annuloplasty works, a monocusp-
associated transannular patch or an RV-PA conduit is uti-
lized to treat pulmonary atresia.

da Silva Cone Repair Procedure

Cone reconstruction is a new procedure that was first reported
by da Silva in 2007 and has since been the treatment of
choice for EA tricuspid valve repair. The technique of
Carpentier has formed the basis for this technique in which
the inferior and septal leaflet tissues are to be organized to
utilize all three leaflets of the TV, and then its sides were
rotated clockwise and reattached in a method to produce
leaflet tissue that is 360 degrees in width and shares a central
blood flow. After that, the genuine annulus was reattached
again to the newly built “cone” resulting in nearly anatomic
repair. There has been an increase in reports numbers of the
Cone technique being used for EA in neonates.

The following are the important steps in this procedure:

* Mobilizing leaflets from functional annulus: from func-
tional annulus all 3 leaflets are detached except for certain
portions in the anterior leaflet (in between 10-12 clock—
the points of anterior leaflet divergence from true annu-
lus), a rim of valvular tissue 1-2 mm in size is left on the
annulus in order for reattachment facilitation. The name
given to this edge is “Cut edge.”

e Delamination of the leaflets: By dividing fibromuscular
adhesions, the leaflets’ bodies are moved away from the
ventricular wall and septum. From the annulus, this is per-
formed for about two-thirds of the body of the valve. This
stage provides great subvalvular apparatus exposure.
Small fenestrations might occur throughout this process
due to the leaflets thinning downwards, which if they
found to be not a part of coapting surface should be fixed
carefully.

e After mobilization of the leaflets body, the following step
is ensuring that the leaflets “Leading edge,” known also as
the coapting edge, is subtended by existing from the pri-
mary chords or has an autologous neochord that had been
derived from ventricular wall fibro-muscular tissue, typi-
cally being arisen from papillary muscle as a consequence
of the process of delamination. Fibro-muscular tissue
being extended from free edge (especially the posterior
and septal leaflets) can be quite collinear at times, requir-
ing longitudinal fenestrations to produce neo-chords that
are separate to allow input into the ventricle without any
restriction. For a successful repair, it’s crucial to have an
unattached and well-supported leading edge.
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e The leaflet cut edge lying posteriorly is carried to the leaf-
let’s septal cut edge by a rotation clockwise once all three
leaflets have been mobilized, creating 360 degree “Cone”
of tricuspid tissue. To avoid the presence of any distor-
tion, it’s best to utilize interrupted stitches. This symbol-
izes a “Cone,” with the mobilized leaflet cut edges forming
the base and the leading edge associated with subtending
structures of the chords forming the apex. If it is consid-
ered very small, then the posterior leaflet’s cut edge is car-
ried to the septal edge anterior leaflet in order to for the
cone generation.

* ARV reduction and plication of anatomic annulus: The
ARV is plicated longitudinally from the tip to the bottom,
as it keeps the geometry better than placating horizon-
tally. The portion of the RV that is non-trabeculated is
referred to as ARV. This reduces the genuine annular size
to some amount as well. During this stage, be careful not
toinclude or deform the right coronary artery. Furthermore,
the annulus may be so dilated that simply plicating the
ARV may not be enough to reduce it. By intermittently
plicating it along the annulus’s other half, particularly the
anterior side, a more symmetric decrease of the real annu-
lus can be achieved.

e Sutures are used to attach the “Cut edge” to plicated true
annulus, which might be continuous or interrupted. An
additional security is provided by the presence of second
suture line.

* When there are concerns about right heart dysfunction,
closing of the ASD is being done in valved or fenestrated
form, functioning like a “pop-off” with right into left
shunt.

e Before atrial closure, a superfluous piece of the enlarged
right atrium is excised in a reduction atrioplasty.

Pulmonary hypertension, older ages (> 60 years), pres-
ence of biventricular dysfunction (30% ejection fraction for
left ventricule), deficiency of leaflet septal tissue and anterior
leaflet minimal delaminated tissue (50%), and severe
enlargement of RV with corresponding right atrioventricular
junction severe dilation are all potential contraindications to
cone reconstruction.

The subsequents are the main steps in a univentricular
repair technique:

 If the valve is inadequate, the major pulmonary artery and
the PDA are ligated.

e Patch with fenestrated holes (modified Starnes proce-
dure). To allow for RV decompression, the TV must be
closed. Gortex patch with 4 mm fenestration, or a Sano
RV exclusion treatment, is more expected to maintain the
underlying structures of the valve for valvuloplasty in the
future. The idea is to generate a functional tricuspid atre-
sia that is more tolerated.

An unobstructed atrial septum is created.

A shunt known as Blalock-Taussig shunt is created.

To allow lung development the atrioplasty on the right
side was reduced.

A bidirectional Glenn surgery and a Fontan technique are
used to further channel the patients down the single ven-
tricle palliation. Again, at each step, an assessment should
be performed to consider the possibility of enlisting the
RV as a subpulmonary ventricle that has a valvuloplasty/
valve replacement, if this is feasible. As a result, either
ventricle of 1.5 or a biventricular reparation is possible.

The following are the two most popular univentricular

repair procedures:

Starnes procedure

It’s a successful single ventricle palliation approach for
neonates that helped increase survival in a group that was
previously difficult to treat and had a high death rate. An
autologous non-fenestrated pericardial patch that is
treated by glutaraldehyde was employed in the original
study. In order to avoid any harm to the system of conduc-
tion, this patch at the “anatomic” level of tricuspid valve
is sutured and coronary sinus has been kept on the RV
excluded side. Since then, the method has been changed
to include 4 mm patch fenestration (patch of GORE-TEX,
it is expected to provide protection for the leaflets more
likely) and the coronary sinus which drains in the right
atrium. With pulmonary atresia, fenestration is consid-
ered especially critical in preventing the excluded RV per-
sistent expansion and compression of the LV subsequently.
Coronary sinus is also inserted on the RA side in order to
provide prevention of presence of any extra place of flow-
ing blood. A septectomy of the atrial septum allows for
optimal mixing. To create a regulated source of the pul-
monary blood flowing, a modified shunt of Blalock-
Taussig-Thomas is used. With bidirectional Glenn and
Fontan surgeries, most newborns having RV Starnes
exclusion technique then are directed toward a single ven-
tricular conduit.

Sano RV exclusion procedure

Another single ventricle palliation approach is this one.
Regardless of TV orifice closing by a Gortex patch fenes-
trated type, the right ventricular free wall is removed as it
is redundant and thinned out; the resulting damage is cor-
rected primarily. Thus, the volume of dilated RV is
reduced and compression of the LV is also reduced by
limitation of the late diastolic migration of ventricular
septum to the left. It helps with the lungs’ bulk effect also.
Coronary sinus is kept in the right side of the atria (lower
pressure chamber) and patch is lined in distance from the
membranous septum to avoid heart block occurrence, as
opposed to standard Starnes method. The Sano method,
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on the other hand, has the disadvantage of being unable to
transfer into a biventricular repair when the excluded
right ventricle grows.
Heart transplantation is more effective in neonates who
have coupled dysfunction of the LV or unusual associa-
tions like a hypoplastic syndrome of the left heart.

» Tricuspid valve replacement
A replacement of tricuspid valve is required when there is
no possibility for a repair is or failure had occurred. Each
effort for valve repair should be taken, particularly in
patients who are younger, such as newborns and young
children, who have limited valve replacement alterna-
tives. On the other hand, for patients with older ages
(more than sixty years old) who have a substantially
enlarged RV or TV annular dilatation, replacement is con-
sidered more beneficial than a difficult and perilous repa-
ration requiring more periods in the operating room. In
the tricuspid position, mechanical valves have higher
thrombogenicity, as a result bioprosthetic valves are pre-
ferred and usually in case of RV severe dysfunction they
are avoided owing to the possibility of motion anomalies
in the disc. The main fact is the avoidance of the septal
surface conduction system of the implant’s, as well as
right coronary artery on the implant’s inferior and anterior
sides. It’s possible that the suture line will be placed more
atrially rather than via the annulus. It’s possible that the
coronary sinus will be kept on the RV side. Bioprosthetic
valve Struts also should be directed so no occlusion of AV
nodal site is present nor an obstruction to the RVOT. In
valve replacement a percutaneous TV valve, usually with
melody valve, is a future possibility that can be accom-
plished with low risk.
When LV function is severely low, heart transplantation
should be considered. A diastolic and systolic dysfunc-
tion, non-compaction cardiomyopathy might be present
on the left side. However, with the inclusion of a BDG,
patients who have older ages associated LVEF that is as
low as 30% could be saved with a TV replacement or
repair. As the time passes, part of those individuals sees
an enhancement in the function of their LV. In the RV
there is an increased index of the end-diastole >200 mL/
m? as well as 40%EF, and age is more than 50 years.
There might be an advantage in quick intervention in EA
therefore the need for a heart transplant might be avoided,
according to the risk factors for RV failure
postoperatively.

e Ablation using a catheter
In individuals with Ebstein’s abnormality who develop
tachyarrhythmias, electrophysiological assessment and
ablation by radiofrequency to the accessory symptomatic
pathway(s) when possible should be undertaken. Patients
who have the abnormality had a poorer success rate with
catheter ablation than patients with normal hearts struc-

turally, and higher recurrence risk is present. At the time
of surgical correction, ablation of the supraventricular
tachyarrhythmia present at the same time with an Ebstein’s
abnormality is possible to be done also.

Prognosis

EA of the tricuspid valve is a rare cardiac condition with
poor prognosis. TR (tricuspid regurgitation) severity, extent
of tricuspid valve displacement (TVD), cardiothoracic (CT)
ratio, hepatomegaly, associated cardiac defects like VSD,
requiring mechanical ventilation and medication, pulmo-
nary valve defects, patent arterial duct, oxygen saturation
(Sa0,) which is presented as cyanosis, and the time of pre-
sentation (young age a) can all affect the outcome in neo-
nates. But yet no identifiable reliability regarding risk
factors can predict the mortality in this population who have
complex congenital heart disease. Prenatal illness diagnosis
and fetal death are frequently associated with individuals on
the severe end of the range. The echocardiographic appear-
ance and existence of accompanying lesions can suggest
fetal presentation, which is related to more severe outcomes.
The history nature of more severe Ebstein anomaly variants
is terrible without therapy. According to certain research,
just half of the patients live to be 13 years old. Those with
milder variants, on the other hand, have a life expectancy
that is more usual, while drugs treated children have few
problems and great outcomes, and the majority of the
patients who survive till childhood have few symptoms or
no symptoms at all and reasonably a heart with normal func-
tion. The existence of concomitant cardiac abnormalities
and severe displacement of the tricuspid valve are potential
predictors for surgical palliation needed in the period of
newborn, and children who have surgery perform well.
Ebstein’s anomaly early mortality in the newborn has
decreased considerably as a result of improved diagnostic
procedures, contemporary neonatal care, and significant
advancements in innovative surgical approaches during
infancy and youth, all of which have helped to increase the
survival rate of this age group. Incidental findings and
arrhythmia are prevalent in older children and adults, and
the long-term result is better.

Multiple Choice Questions

1. Which heart valve is affected in Ebstein’s anomaly.
A. Bicuspid valve.
B. Pulmonary valve.
C. Aortic valve.
D. Tricuspid valve.

2. Which leaflet is the most affected in the valve?
A. Septal leaflet.
B. Anterior leaflet.
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C. Posterior leaflet.

D. All of the above.

What is the diagnostic feature of Ebstein anomaly in PA
X-ray.

A. Box-like shape.

B. Wall-to-wall shape.

C. Clock face.

D. All of the above.

Which of the following is considered to be the gold stan-
dard procedure to diagnose Ebstein’s anomaly?

A. Echocardiogram.

B. Prenatal sonography.

C. X-ray.

D. ECG.

All of the following could be seen in the ECG of the
patient with Ebstein’s anomaly except.

A. PR interval prolongation.

B. Atrial arrhythmia.

C. features of Wolff-Parkinson-White syndrome.

D. Short P wave.

Ebstein’s anomaly may be associated with which of the
following.

A. Kidney problems.

B. Hematological disease.

C. Aortic valve atresia.

D. ASD.

Clinical examination of the patient with Ebstein’s anom-
aly may reveal.

A. Elevated JVP.

B. Skin dehydration.

C. Altered sensation.

D. All of the above.

. All of the following are considered to be contraindica-

tion to cone reconstruction except.
A. Old age group.

B. Large septal leaflet.

C. Pulmonary hypertension.

D. Severe enlargement of RV.
Which one of the following medications is effective in
the case of Ebstein’s anomaly?

A. Propranolol.

B. Milrinone.

C. Amoxicillin.

D. Salbutamol.

10. Which of the following is the distinguishing feature of
EA?
A. Right-sided heart failure.
B. ASD.
C. VSD.
D. Apical displacement of septal leaflet.

Answers
1. D.

Explanation: Ebstein’s anomaly is a congenital heart
disease characterized by deformity of the tricuspid valve
and right side of the heart.

2. A

Explanation: Apical displacement of septal leaflet

presents in all Ebstein’ anomaly patients.
3. D.

Explanation: Right atrial enlargement and cardio-

megaly, giving the appearance of a globe-shape.
4. A.

Explanation: This particular test provided the pediat-
ric cardiologist the ability to determine valve insufficiency
severity (leakage) or the valve stenosis (narrowing),
degree of valve displacement, heart chambers size, and
whether an open (patent) foramen ovale was present or
not. This test also helps to diagnose patients whose clini-
cal features were not pathognomonic.

5. D.

Explanation: Because of the presence of right atrial
hypertrophy, that means a tall P wave greater than
3 mm.

6. D.

Explanation: Ebstein’ anomaly may be associated

with structural abnormalities like ASD, VSD, and PFO.
7. A.

Explanation: Elevated jugular venous pressure can
be caused by tricuspid regurgitation and increased right
atrial pressure.

8. B.

Explanation: Because the da silva-cone reconstruc-
tion procedure depends on mobilization of leaflets, a
small leaflet states failure of procedure.

9. B.

Explanation: Milrinone is a highly effective medica-

tion since it affects the right ventricle in both lusitropic
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10.

and inotropic ways. It also allows for increased ante-
grade pulmonary blood flowing by lowering pulmonary
vascular resistance.

D.

Explanation: The degree of apical displacement of
the septal leaflet (>8 mm/m? body surface area) is the
critical distinguishing feature of EA from other congeni-
tal regurgitant lesions.
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Hypoplastic Left Heart Syndrome

Mahnoor Sukaina and Irfan Ullah

Abstract

An embryonic heart and a fetal heart are different from
the neonatal heart. The heart of the human embryo when
10 mm from crown to rump, it is symmetrical in the sense
that the septa formation is in the middle of atria and ven-
tricles. The plane of septa extends from the anterior part
of the anterior interventricular sulcus to the posterior part
of the atrial septum. In congenital heart defects (CHDs),
the position of the heart has a different appearance when
seen through ultrasonographic guidance. Such as when
the right ventricle is underdeveloped, the cardiac apex has
an anterior position, while in the hypoplasia of the left
ventricle, the cardiac axis is found to be posterior.
Moreover, anatomically and functionally, a left heart is
different from the right. The tissues forming the left
atrium are smoother, refined, and comprised of narrow
and tubular appendages. Similarly, trabeculae carneae of
the left ventricle is comprised of a thin and smoother
layer, while the fibrous continuum exists in the bicuspid
and aortic valves. In the fetal heart, the left atrium is in
situ posterior chamber, while the pulmonary vein exists
inferiorly and shifts cranially by the start of the 12th week
of gestation. It affects 1-8% of all the CVMs. The disease
is fatal without surgical intervention, and even in the case
of survival, the data and research lack a definite answer on
the life span and other associated comorbidities of these
patients. Nonetheless, HLHS even after the surgical inter-
ventions the survival chances are only 65% until the age
of 5 and 55% at the age of 10. This chapter provides a
comprehensive overview regarding the anatomy, etiology,
epidemiology, genealogy, morphology, pathogenesis,
management, and surgical intervention of HLHS.

Keywords

Epidemiology - Hypoplastic left heart syndrome
Congenital heart defects - Anatomy - Fetal heart
Genealogy - Diagnosis - Norwood procedure - Palliative
treatment - Pathogenesis - Morphology

Background

The chapter provides a comprehensive overview of hypo-
plastic left heart syndrome (HLHS), which is a rare congeni-
tal heart defect. The topics discussed in this chapter are:

* Postnatal anatomy of a human heart: a refresher is pro-
vided in terms of human heart anatomy, and functionality
of the four chambers of the heart in the systemic and pul-
monary circulation.

e Anatomy of a fetal heart: the formation of the embryonic
heart and fetal heart is discussed. This anatomy provides
an understanding of the discussion in the later sections
when the influence of genes is discussed in the causality
of the HLHS.

* Heart of the newborn: this section discusses the differ-
ences in the heart of a newborn, and the difference
between the fetal and adult heart. Readers will find out
that the pressure on the newborn heart is proportionately
much higher than the adult heart. And in this scenario, the
complications arising from the HLHS can be fatal. The
subsections discuss the structure of the right heart and its
abnormalities, and the structure of the left heart and its
abnormalities.

e What is HLHS: the definition is given for the HLHS and
its epidemiology.

e Genecology and genealogy of the HLHS: This section is
divided into two subsections; the role of specific genes
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that play roles in the causality of the HLHS, and the
hereditary influences and probands health conditions that
pose risk to the children.
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e Morphology and pathogenesis of the HLHS: this section
discussed morphology and pathogenesis of the HLHS in
light of the main hypothesis and other subvariants.

* Management of the disease: various management tech-
niques and important research are discussed in this sec-
tion, and how does HLHS can cause long-term
comorbidities and health complications in the postnatal
survivors.

e Diagnosis of the HLHS: diagnosis of the HLHS is dis-
cussed in light of three subsections: prenatal, at birth, and
postnatal.

» Surgical intervention: different surgical interventions are
discussed in this section, including prenatal surgical inter-
vention, stage-1,2,3 palliative treatment, heart transplan-
tation, and hybrid approach.

Postnatal Anatomy of a Human Heart

The inner cavity of the human heart has four chambers: left
atrium, right atrium, left ventricle, and right ventricle. In
between the left atrium and left ventricle lies the left atrio-
ventricular valve, and similarly in between the right atrium
and right ventricle lies the right atrioventricular valve. The
left and right atria are separated by the interatrial septum,
while the left and right ventricles are separated by the inter-
ventricular septum. The interatrial septum and interventricu-
lar septum are separated by the atrioventricular septum,
which is a fibrous membranous septum. The left atrioven-
tricular junction (AVJ) has a bicuspid or mitral valve, while
the right AVJ has a tricuspid valve. The valves (mitral or
tricuspid) are elongated by chordae tendineae that joins the
papillary muscle. These muscles are attached to the inner-
most layer of the heart called the endocardium, followed by
arelatively thicker middle layer called myocardium, then the
two parts of the outermost layer epicardium: visceral pericar-
dium and parietal pericardium separated in-between by peri-
cardial space. The left and right ventricles also have ridge
muscles called trabeculae carneae that is thin in the left ven-
tricle and coarse in the right ventricle, and assist chordae ten-
dineae in preventing the regurgitation of blood into the
atrium.

Functionalities of the Four Heart Chambers

As for the functionalities of these chambers; the superior
vena cava (SVC) carries deoxygenated blood from the upper
body of a human: neck, brain, arms, and shoulder. It extends
out from the brachiocephalic veins to enter the right atrium.
Inferior vena cava (IVC) carries deoxygenated blood from
the lower body of the human, which extends out from the

iliac veins to enter the right atrium. The venous blood directs
the flow from the right atrium to the right ventricle via the
tricuspid valve. The right ventricle is involved in pulmonary
circulation by pumping venous blood into the lungs through
the pulmonic valve into pulmonary arteries. The oxygenated
blood is pumped back into the left atrium through pulmonary
veins from the lung. The left atrium fills the left ventricle
with oxygenated blood through the bicuspid valve. The left
ventricle supplies the oxygenated blood through the aortic
valve to the aorta that pumps it to the rest of the body.

Anatomy of the Fetal Heart

The heart of the human embryo when 10 mm from crown to
rump, it is symmetrical in the sense that the septa formation
is in the middle of atria and ventricles. The plane of septa
extends from the anterior part of the anterior interventricular
sulcus to the posterior part of the atrial septum [1]. Soon
after that, the rotation occurs when the apical part of the
anterior interventricular sulcus moves to the left, and the
posterior part of the atrial septum moves to the right. In the
second trimester, when the fetus is about 100 mm [1], the
plane of the atrial and ventricular septa is at 45° to the sagit-
tal and coronal plane of the body [2]. This angulation of the
septa plays an imperative role in revealing the fetal heart
with the postnatal heart. The details of the development are
omitted from this section, as it is out of the scope of the chap-
ter, but the readers are encouraged to refer to the article by
Walmsley and Monkhouse [1] that discusses the develop-
ment in detail.

The length of the fetal heart at the 12 weeks of gestation
is 8 mm, which becomes 16 mm between the 12th and 17th
week, and 24 mm at the end of the 21st week of gestation [2].
Readers are also encouraged to refer to an article by Moorman
et al. [3] that discusses in detail the formation of heart tubes,
through the process called gastrulation, which happens in the
third week of embryonic development. The formation of
three germ layers: ectoderm, mesoderm, and endoderm
occurs at this stage. Heart tissues are formed by the mesoder-
mal layer, which forms the crescent; later extending to the
neural plate, which is formed by the ectodermal layer. At this
point of development, the plate of promyocardial cells is
intertwined with the plexus of endothelial cells. The endo-
cardial cells form the tube, which is partially wrapped around
by the myocardial cells, and maintain modularity with the
splanchnic mesoderm and developing mediastinum at the
dorsal mesocardium [3].

In congenital heart defects, the position of the heart has a
different appearance from the ultrasonographic scan. When
the right ventricle is underdeveloped, the cardiac apex has an
anterior position; while in the hypoplasia of the left ventricle,
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the cardiac axis is found to be posterior. This discussion is
delayed for the further sections when hypoplastic left heart
syndrome is elaborated.

Heart of a Newborn

A child born in a normal term that is eight and a half to
9 months, weighs around seven pounds, while a premature
child that is 7 months weighs around three pounds. The car-
diac output in a newborn is 550 ml per minute as compared
to an adult that is 3 L per minute. However, the difference is
the heart of a newborn is proportionately exerting more pres-
sure in context to the size of the body as compared to an
adult. This is why, the pulse rate of an embryo in a fetus is 65
per minute at the end of the third week, which near the term
of the birth reaches up to 150 per minute, and 180 per minute
at the time of birth, 170 per minute after 10 min of the birth,
120-140 per minute 15 min to an hour after birth, and 113—
127 per minute 6 months to a year after birth [4 p. 40]. This
transition in the pulse rates indicates that at the time of birth,
a newborn’s baby is pumping and circulating rapidly; one
prime reason is that the circulation system of a fetus is
dependent on the placenta and umbilical cord. However, at
birth, when the umbilical cord is cut off, a newborn’s heart
starts the circulation on its own.

The weight of a heart of a newborn is about 20 gm at the
time of birth, 100 gm at about 6 years of age, 200 gm at about
14-15 years of age, and slightly less than 300gm at adult-
hood. In a normal newborn, the weight of the ventricle in
comparison to the atrium is 4-5:1 at the time of birth, and
later in adulthood is slightly more than 6:1. It is the left
ventricle versus the right ventricle that weighs a quarter pro-
portion more (1.25:1); however, the growth of the left ven-
tricle is about twice that of the right ventricle at the end of
2 years after the birth [4 p. 41]. The size of the left and right
ventricles is not the only difference; the thickness of the lat-
eral walls also differs between the left and the right ventricle.
At birth, the thickness of both the left and right ventricles is
approximately equal, which is about 5 mm. However, the lat-
eral wall of the left ventricle is twice thicker than the right
ventricle nearly at the end of 24 months after the birth, and
three times thicker when the child reaches puberty [4 p. 42].

Right Heart

It is out of the scope of this chapter to discuss the structure
and abnormalities of the right heart, and any reader inter-
ested in it is referred to the article by Cook et al. [2], which
elaborates this section with minute details. Briefly, the mor-
phological appearance of the right atrium possesses its prop-

erties by the tenth week of gestation, where the appendage is
more triangular as compared to the left atrium, which is
tubular and bendy. The pectinate muscles of the right atrium
elongate from the tip of the atrial appendage around AVJ to
the crux of the heart. However, in the left appendage, the
pectinate muscles are confined to the tubular situs, hence
exhibiting a smooth posterior AVJ. During the development
of the normal fetal heart, superior and inferior caval veins in
the right atrium extend to the cranial and caudal ends. By the
mid-trimester of the pregnancy, the inferior caval vein is
parted from the right atrium by the Eustachian valve. The
coronary sinus also enters the right atrium as the systemic
venous tributaries. The right ventricle has coarse trabecula-
tion in its apex, as compared to the left ventricle whose tra-
beculae carneae is thin and smoother as compared to the
right ventricle. Tricuspid inlet valve in the right ventricle
closes in trifoliate modularity. The inlet and outlet of the
right ventricle are segregated by the part of subpulmonary
infundibulum known as conus; crista supraventricularis [2].

In the fetal heart, before the 12th week of gestation, the
tricuspid valve is not fully developed. The developing leaflet
of the tricuspid valve from the inferior AV cushion is in the
process of bending and delaminating from the right ventricle
septum, whose failure can result in Ebstein’s malformation,
resulting in tricuspid valvar incompetence and cardiomegaly.
Another anomaly is the absence of the connection of the
right atrium and the right ventricle resulting in tricuspid
atresia.

Left Heart

The tissues forming the left atrium are smoother, refined, and
comprised of narrow and tubular appendages. Similarly, tra-
beculae carneae of the left ventricle is comprised of a thin
and smoother layer, while the fibrous continuum exists in the
bicuspid and aortic valves. In the fetal heart, the left atrium is
in situ posterior chamber, while the pulmonary vein exists
inferiorly and shifts cranially by the start of the 12th week of
gestation. Therefore, a solitary pulmonary venous channel
branches out to four solely pulmonary veins and enters the
top left of the left atrium. As stated above in the opening sec-
tion of the chapter the left side of the heart has a mitral or
bicuspid valve. It consists of two uneven and nonsymmetric
leaflets, the anterior side referred to as the aortic or arterial
leaflet is evident at the crux of the heart. It consists of one-
third of the mitral annulus ring and approximately two-thirds
of the valvular orifice [5]. The parasternal short-axis view,
also known as ring or doughnut view, reveals the orientation
of the valvar orifice to be oblique to the ventricular septum.
The arterial leaflet of the bicuspid valve pivots from the apex
of the transverse sinus. The second leaflet of the mitral valve
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is the posterior leaflet, also referred to as a mural or ventricu-
lar leaflet, and comprises two-thirds of the mitral annulus.
The prime functionality of the mitral valve leaflets is during
diastolic filling blood from the left atrium to the left ventri-
cle, and during systolic preventing blood to reverse from the
left ventricle to the left atrium [5].

Likewise tricuspid valve abnormality, the mitral valve may
have a similar problem, when the leaflets do not close prop-
erly, it may result in mitral valve regurgitation. Similarly,
there can be a complete absence of the connection between
the left atrium and left ventricle, called mitral atresia, or there
can be partial mitral stenosis. One of the major abnormalities
of the left heart is hypoplastic left heart syndrome (HLHS),
and until now the chapter wanted its readers to understand the
importance of the anatomical structure of the heart, whether
fetal or newborn. The obstructions in the left ventricular out-
flow tract (LVOT) are the leading and most severe form of
congenital heart defects, which includes coarctation of the
aorta (CoA), bicuspid aortic valve (BAV), aortic valve steno-
sis (AVS), and hypoplastic left heart syndrome (HLHS) [6].
The subsequent section will highlight the discussion around
the various aspect of the HLHS, its epidemiology and etiol-
ogy, and its management, diagnosis, and treatment.

What Is HLHS?

The underdevelopment of left heart chambers together with
malformations of ascending aorta and aortic arch was dis-
cussed by Lev in 1952. However, it was in 1958 when
Noonan and Nadas highlighted the mitral and aortic atresia,
hence opening the field of discussion on hypoplastic left
heart syndrome.

Definition

Hinton et al. define HLHS as “atresia or stenosis of the
aortic and mitral valves and hypoplasia of the left ventricle
and ascending aorta” [7]. Ohman et al. [8] exclude the steno-
sis of the aortic valves from the definition. The signs and
symptoms according to the ICD 10 code 2021 edition
(Q23.4) include tachypnea, cyanosis, dyspnea, and lethargy.
It is to be noted that the ventricular septum remains intact,
and so do the great arteries in the HLSH [9].

The disease is fatal without surgical intervention, and
even in the case of survival, the data and research lack a defi-
nite answer on the life span and other associated comorbidi-
ties of these patients. Nonetheless, HLHS even after the
surgical interventions the survival chances are only 65%
until the age of 5 and 55% at the age of 10 [9, 10]. However,
Barron et al. [10] emphasized that the gravity of HLHS is so
austere that if not treated then 25-40% of neonatal death
within a few weeks will be due to this defect, which affects
95% of the cases.

Epidemiology of the HLHS

Hypoplastic left heart syndrome is a rare and severe con-
genital heart defect (CHD) that results in cardiovascular
malformation (CVM) [7]. It affects 1-8% of all the CVMs
[8—10]. It is the leading cause of infant mortality and mor-
bidity in children [7], by affecting 1 in 5-10,000 neonates
each year and causing 1 in 4 deaths in an infant due to
CHD [11]. In the absence of selection in the pregnancy,
HLHS may affect from 8 to 25 per 10,000 live births in
neonates [8]. Barron estimates that 200-260 neonates are
born annually with the HLHS in the UK. In the USA, there
is about 2000 annual incidence of the HLHS [9].
Complications in terms of delayed motor development and
severe impairment in cognitive functioning are found
across all the phenotypes in HLHS. The prevalence of
HLHS is higher in the male population, and increased
maternal age is another factor [6].

Genecology and Genealogy of HLHS

Genecology

The MIM# for HLHS is 241,550, this number will be useful
for further and future readers, who would be interested in
dwelling further into the gene-causality of this defect. In a
periodically and rapidly evolving field of genetics, various
reasons are hypothesized to be associated with the malfor-
mation in cardiac. At the embryogenesis stage the Drosophila
tinman NK-homeobox genes Nkx2-5, Nkx2-3, and Nkx2-6
result in the malformation of the heart [12, 13]. Nkx2-5-Cre
and Mef2c-AHF-Cre lineage cells have a major contribution
to aortic and mitral valves [13]. Serum response factors
(SRF) and myocardin transcription factors (MTF) play a
vital role in the formation of mesoderm, which forms the
heart tissues [12]. Other external gene factors involve bone
morphogenetic protein (BMP), fibroblast growth factor
(FGF), and the WNT family of protein that influences car-
diac development and its abnormalities. Wnt1-Cre plays a
major contribution only to the aortic valve [13]. The genetic
depletion of T-box transcription factor Tbx5 results in the
atria and left ventricle [12]. It is found that ablation of the
histone deacetylase-dependent transcriptional Bop protein
results in the hypoplastic right ventricle, its association with
the HLHS is not exploited. Similarly, the Irx4 homeodo-
main transcription impacts the fate of the ventricle chamber.
The presence of Fgf10 mRNA is observed in the develop-
ment of secondary heart field in the mesoderm, and at this
point of development Tbx1, transcription factor Tbx1 may
play a role in the 22ql1 deletion syndrome [12]. Mef2c-
AHF-Cre has also a significant dedicated role in secondary
heart field cells [13].
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Chromosomal anomalies such as trisomy 18 (Edwards
syndrome), 22ql11.21-2 deletion (DiGeorge syndrome),
monosomy X (Turner syndrome) in 5-13% of HLHS cases,
11q deletion (Jacobsen syndrome) in 10% of the HLHS
cases,10 1g21.1 microduplication (tetralogy of Fallot), have
also been found to be associated with the HLHS [9]. Other
limited studies have found an association of other genes as
the cause of HLHS; however, further studies including a
wide array of subjects and cohort studies are required for
confirmation. This group of genes defects includes con-
nexin43 gene mutation, in which arginine codons at posi-
tions 362 and 376 are replaced by glutamines codons [14,
15], or reduction in connexin43 and N-cadherin [15]. Other
studies of gene mutations are NOTCH1 16 that affects the left
ventricular outflow tract, and HAND1 and GATA4 are not
the cause of HLHS [16, 17].

Genealogy

It is found in the studying of the probands of the HLHS that
the malformation of the left- and right-sided valve dyspla-
sia, or the presence of bicuspid aortic valve (BAV) in the
lineage or family members; 18.3% first-degree relative [9].
Hinton et al. [7] found a strong hereditary association in
probands and the neonate born with HLHS. In his study,
55% of the families had greater than one affected individual
with heart defects. All the subjects in his HLHS probands
had either hypoplasia or dysplasia. 94% of his subjects had
mitral dysplasia, 56% had tricuspid dysplasia, and 11%
had pulmonary dysplasia [7]. Limited research has been
conducted that found the causality of the HLHS by the
non-chromosomal genetic conditions, including Smith-
Lemli-Opitz syndrome, Rubinstein-Taybi syndrome, Holt-
Oram syndrome, vertebral defects, anal atresia, cardiac
defects, tracheoesophageal fistula, renal anomalies, and
limb abnormalities (VACTERL) association, and Noonan
syndrome. The detailed association is omitted from the dis-
cussion as it is out of the scope of this chapter; therefore,
only a reference is made for the readers interested in explor-
ing further reasons.

By using whole-genome sequencing, Theis [18] found
the HLHS to be heritable by discovering the presence of
pathogenic MYBPC3 nonsense variant in the first proband
who had the transplantation due to diastolic heart failure.
Another proband was identified with the presence of a
pathogenic RYR2 variant. The hereditary risk factors that
may contribute toward the outcome of HLHS in the off-
spring include dilated or hypertrophic cardiomyopathy, left
ventricular noncompaction (LVNC), bicuspid aortic valve
(BAV), and the rare presence of MHY6 variants [18]. Helle
et al. [19], in a cohort study in Finland, could not find any
association of MHY6 in probands as the pathogenic factor
to cause HLHS.

Morphology and Pathogenesis of HLHS

The generally adopted hypothesis in terms of the pathogen-
esis of HLHS is the variations in the blood circulation at the
embryonic development, including premature narrowing of
the foramen ovale, or obstruction in the aortic valve [9]. The
BMP and transforming growth factor-beta (TGF-f) mole-
cules send signals from the myocardium of the atrioventricu-
lar canal. TGF-p molecules induce epithelial to the
mesenchymal transformation that forms the valves via endo-
cardial cushions. Improper secretion of the TGF-f2 from the
myocardium to endocardial cushion may result in the dele-
tion of BMP receptor gene ALK3, thus, resulting in the
absence of valve formation [12].

Barron et al. [9] discuss that neonate with HLHS has pat-
ent ductus arteriosus at birth, which affects the systemic cir-
culation. The deoxygenated (venous) blood from SVC and
IVC empties into the right atrium, which is filtered to oxy-
genated blood via patent foramen ovale to enter the tricuspid
valve. At this stage of the circulation, the pulmonary venous
can enter the systemic circulation through the foramen ovale
to reach the atrial septum. In HLHS due to mitral atresia or
stenosis, the oxygenated and deoxygenated blood is mixed to
create cyanosis. If no external intervention is done in the
neonates with HLHS, the duct naturally closes failing the
systemic circulation.

The left heart components including the aortic arch, the
ascending aorta, the aortic valve, the mitral valve, the out-
flow tract, and the LV cavity are simultaneously involved in
the circulation process rather than in isolation. In the aortic
atresia or mitral stenosis, there is an inflow but not the out-
flow into the LV cavity. Further complications in about 7.5%
of the HLHS cases may arise from the transposition of the
great vessels, atrial isomerism, and total anomalous pulmo-
nary venous drainage (TAPVR); in which the four pulmo-
nary veins fail to connect to the left atrium [9].

Crucean et al. [13] identified three subtypes of the HLHS
in their study based on the valve patency; a slit-like left ven-
tricle was found in 24% of their subjects, in which aortic
atresia and mitral atresia were evident in all. Miniaturized
left ventricle found in 6% exhibited the presence of small
aortic and mitral valves. While 70% had thickened left ven-
tricle with endocardial fibroelastosis that showed various
aortic valve malformation with different thicknesses of the
left ventricle.

Management of the Disease

The advancement in biotechnology and the advent of differ-
ent branches of medicines and educational programs have
provided several inputs on the management of various con-
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genital heart defects. These start with the prenatal diagnosis
[20],; which includes fetal ultrasonography, echocardiogra-
phy, or in selected cases a magnetic resonance imaging can
be also used, and so does a positron emission tomography by
using lower dosages of specific markers [21, 22]. A magnetic
perfusion imaging scan can also be performed in pediatric
cardiology to diagnose several cardiac defects in children
[22, 23]. Four decades back the m-mode 2D-Doppler was the
best option in terms of safety and accuracy was available for
cardiac sonography [22, 24]. Although, in many countries, it
is still a widely used method for cardiac imaging, especially
in the many developing countries with densely rural popula-
tions. A comparative study from 1990-2010 in Sweden esti-
mated that due to prenatal diagnosis the incidence of live
birth decreased from 15.4 to 8.4 per 10,000 [8]. This includes
prenatal diagnosis increasing from 27% to 63%, and termi-
nation of pregnancies increasing from 19% to 56% [8].

Other management methods include counseling, dissemi-
nating knowledge, and promoting awareness by obstetricians
and gynecologists. The advancement in fetal medicine and
the opening of fetal medicine centers also contribute toward
the management protocols. A maternal-fetal medicine doctor
specializes in the treatment and surveillance of fetal compli-
cations in pregnancy. Similarly, pediatric cardiologists and
heart centers have neonatal intensive care units that manage
to eliminate or mitigate the risks pose to neonates. Finally,
life-long surveillance is observed in patients with cardiac
abnormalities, and efforts are made to intervene in a timely
fashion including surgical interventions at the later stages. A
study found central nervous malformations and acquired
brain anomalies in 29% of the child with HLHS [25]; simi-
larly, brain abnormalities are associated with other congeni-
tal heart defects [26].

Diagnosis of the HLHS
Prenatal Diagnosis

A prenatal diagnosis can be made by the OB/GYN or the
sonographer by observing the abnormality of the four-
chamber view of the fetal echocardiography between the
18-24-week duration of gestation. Barron et al. [9] discuss
the two ultrasounds practice; the first in the first trimester, in
that nuchal translucency measurement of more than 95th
percentile for crown-rump length can predict the presence of
congenital heart defect at birth. Statistically, 46% of the pre-
diction of the CVM at this stage of screening is related to
either inflow or outflow obstruction, which is a precursor of
the HLHS. It is beneficial to conduct the first screening at the
14th week of gestation, and repeat the screening in the sec-
ond trimester if any chance of CVM is suspected. The
second-trimester screening can be conducted between the

18-24 weeks of gestation, ideally the 20th week. Statistically,
the screening at this stage can identify up to 70% of the CVM
by visualizing the evident defects.

There are several advantages of prenatal screening and
diagnosis. First, it can provide an option for the parents to
terminate the pregnancy. Second, it can provide sufficient
time for the parents to decide on the surgical intervention.
Parents need to be both mentally and financially prepared for
the outcomes. Third, timely education and awareness can be
disseminated to the parents. Fourth, parents can plan for the
postnatal care and management of their neonates. In a cohort
study in the UK [9], the termination of the pregnancy fell
from 71% to 44% (1994-2000) to 25% (2000-04). On the
contrary, the cohort study in Sweden found an increase in the
termination due to prenatal diagnosis resulting in a decrease
in a child born with HLHS per 10,000 [8].

At Birth Diagnosis

At the time of delivery, the child is seen normal as it is
attached to the umbilical cord. However, the condition of the
child starts deteriorating at a rapid pace due to cyanosis.
Symptoms that may suggest the presence of a large patent
duct include continuous heart murmur and wide pulse pres-
sure. Additional symptoms may manifest that of cardiomeg-
aly, pulmonary plethora, and hepatomegaly with increasing
tachypnoea. Without surgical intervention, the situation may
quickly lead to respiratory distress, increasing acidosis, and
circulatory collapse [9].

In some cases, femoral pulses can be weak or absent,
which may suggest the presence of a moderate obstruction in
the patent ductus arteriosus. These children may exhibit the
symptoms of mild to moderate congestive heart failure, due
to the presence of high pulmonary blood flow and high sys-
temic overload. A neonate will become symptomatic a few
days after the birth as the duct starts constricting. Some of
the symptoms might overlap with other LVOT-caused abnor-
malities, including CoA, AVS, and interrupted aortic arch.
Chest X-ray and BNP test may expose the cardiomegaly,
such as edema or pulmonary plethora, or increase in the
B-type natriuretic peptide (BNP).

The acute case of HLHS in neonates at birth is seen in the
form of restrictive patent foramen ovale, or intact atrial sep-
tum. In this scenario, a child may have pulmonary venous
edema and atrial hypoxemia, therefore this child will have
tachypnoea and cyanosis since birth.

Postnatal Diagnosis

The prime objective of a child born with any of the above-
stated symptoms at birth is to save the child. The foremost
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strategy adopted in this situation is to secure the patency of
the duct, for that, an intravenous infusion is done with pros-
taglandin E1 (PGE1). Different imaging and blood tests are
conducted to rule out the diagnosis. Once the diagnosis is
narrowed or identified, then respective treatment is followed.
Diuretics are the first-in-line option for congestive heart fail-
ure to drain the pulmonary edema. However, if the symptoms
get worsened with acute exacerbation, tachypnoea, and aci-
dosis with peripheral constriction then inotropic support
commonly with dobutamine 5-10 pg/kg/min is provided to
reduce the volume load on the right ventricle. The child is
kept in the cardiac care intensive unit and is kept on intuba-
tion and ventilation to achieve respiratory and hemodynamic
stabilization. In rare acute cases, hypercapnia and the addi-
tion of nitrogen to the ventilator circuit have been opted [9].

Surgical Intervention
Prenatal Surgeries

Fetal interventional surgeries are also an option including
balloon septostomy in the restrictive atrial septum or balloon
valve surgery in acute aortic stenosis [27]. One has to be very
cautious in carrying out this precarious procedure, as there is
the probability of one in five loss of the fetus [27].

Postnatal Surgeries

Once the CHD is identified based on the symptoms of the
neonate, the decision is made for the operative response. The
surgical intervention has subdued the risk posed by
HLHS. The prognosis of the disease has improved due to
several operative interventions in the past few decades. This
section discusses these techniques. Among these techniques,
Barron et al. [9] segregate these techniques into three broader
categories. Conventional procedures where the right heart
overlooks the functionalities of the left heart, neonatal heart
transplantation, and the hybrid techniques. Before the 1980s,
there was no known treatment for the HLHS, it was then in
the UK when a thesis was proposed and suggestions were
carried out in the early 1990s. This treatment included the
utilization of the right ventricle to support the circulation
system in the body of those affected. Among the most
adapted surgical technique is the 3-staged palliative treat-
ment. The stage-1 is the Norwood operation, which is done
typically to 2-7 days after birth. The stage-2 is the Hemi-
Fontan or the Glenn procedure, which is done between
4-6 months after the birth. Finally, stage-3 is the Fontan pro-
cedure, which is done between 18—24 months after the birth.

Stage-1: Palliative Treatment: Norwood

Operation

We discussed above that in the case of HLHS, there is a right
ventricular overload, but the right heart is not blocked in the
systemic circulation process. The purpose of this surgery is
to protect the right ventricle concerning the systemic circula-
tion, however, providing the stable input flow from the right
ventricle through the pulmonary artery to maintain the pul-
monary circulation. The first step in this procedure is atrial
septectomy, which is removing the atrial septum. Then
reconstruction of the aortic arch is done to eliminate any
hypoplasia or coarctation. Then the pulmonary artery is con-
nected to the newly reconstructed arch. This reconstructed
loop restores the systemic circulation. The second part of the
procedure to provide stability in the pulmonary circulation is
achieved by inserting a small Gore-tex shunt connecting the
systemic and pulmonary circulatory network. There are two
methods to place this; either conventionally through the
Blalock-Taussig (BT) shunt, or the Sano shunt that involves
placing a conduit between the right ventricle and the pulmo-
nary artery (RV-PA).

There are few indications to perform the Norwood proce-
dure. Size of reconstruction to preserve the blood flow
toward the lungs and restriction of residual pressure gradient
after completion of surgical correction of aortic arch recon-
struction [28]. Norwood procedure carries a risk of increase
in mortality if conducted after 14 days of birth [28, 29].
Premature infants are more vulnerable to mortality associ-
ated with the Norwood procedure. Furthermore, it extends its
risk to postoperative morbidity and ICU stay [29].

Blalock Taussig Fistula

This procedure was first demonstrated in 1945 by Alfred
Blalock and Halen Taussig. The main notion of this proce-
dure is to create a fistula that acts as a shunt to divert the
systemic circulation from the subclavian artery into the pul-
monary artery. A 4 mm shunt is created that links the subcla-
vian artery or right innominate artery to right pulmonary
artery through a polytetrafluoroethylene tube [30]. A com-
plication of coronary steal arises with the BT Fistula proce-
dure. Due to the differences in the pressure gradient of
pulmonary arterial pressure and pulmonary vascular resis-
tance than systemic vascular resistance, this leads to low
diastolic pressure due and reduced coronary perfusion if the
increased amount of blood is directed to the pulmonary cir-
culation. This can result in malignant arrhythmias, myocar-
dial dysfunction, or in extreme lethal cases can lead to
sudden cardiac death. Furthermore, a hypoxic condition
may arise with acute obstruction of pulmonary blood flow
(PBF) due to stenosis or thrombosis of shunt created by BT
Fistula [30, 31].
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Right Ventricle to Pulmonary Artery Conduit

The RV-PV conduit started to be considered for HPLS as
stage 1 palliation to improve the pulmonary blood circula-
tion. However, an optimal result in comparison to BT fistula
is still not established [32]. There is still a debate over RV-PV
conduit over BT-fistula due to complications of systemic
hypoxia and the risk of early-age mortality associated with
both procedures [32]. The conventional RV-PA conduit
maintains the diastolic pressure of the aorta and restricts the
systolic pulmonary blood flow. Some studies suggest that
RV-PV conduit reduces the hospital mortality rate [31].
However, a concerning drawback is the regurgitation of
blood flow that perhaps leads to ventricular dysfunction and
arrhythmias due to right ventricle infundibulotomy in addi-
tion to that, direct right ventriculotomy could result in injury
to the myocardium [27, 31, 32]. A decrease in volume load
of the ventricle could result in the early onset of post-surgical
cyanosis [33].

Reconstruction of the Aortic Arch

One of the postoperative complications due to the Norwood
procedure is the compression of the pulmonary artery caused
by the tightening of the aortopulmonary space [34]. This
may occur due to bronchial and pulmonary artery stenosis or
neoaorta coarctation [35]. One of the ways to treat or avoid
having this condition is by creating arch-angle augmentation
with glutaraldehyde-treated autologous pericardium [35].
Multidetector computed tomography angiography can be
used to create the arch images, and their geometric parame-
ters to minimize the complications during or after the
Norwood operation. Aortopexy is another option that can be
used to open the aortopulmonary space; however, it is not a
feasible option in those with total cavopulmonary connection
repair that requires two sternotomies [36]. In such a complex
situation, neoaortic extension is a useful option as proposed
by Baker et al. However, the novel approach by Asada et al.
[34] is seen as a useful alternative in the complex situation as
it does not compress the left pulmonary artery. Also, this
may be a useful technique to avoid the complication of
developing tricuspid regurgitation in these patients. The
material to construct a patch for the aortic arch could be
autologous, homologous, or xenologous [29]. Reconstruction
starts from the descending part to the arch, to the ascending
aorta, using a continuous polypropylene suture. The success-
ful strategy is to make a patch as tailored as possible.

Tricuspid Regurgitation and Right Ventricular
Dysfunction

Tricuspid regurgitation to some degree is a common problem
among patients with HLHS, while one in four patients is
noted to have moderate to severe tricuspid valve dysfunction
[29]. This prevents the completion of the single ventricle
pathway, therefore requires repair of the right ventricle, oth-

erwise increasing the risk of mortality and morbidity. The
primary hypothesis for the tricuspid regurgitation is the
annular dilation caused by the stroke volume overload. Other
reasons may include the structural abnormalities of the leaf-
lets and the subvalvular apparatus. Post-stage-1 palliation
myocardial ischemia can be another reason to cause this
anomaly. Echocardiogram (transthoracic, m-mode, Doppler,
2D or 3D) is often used to evaluate the occurrence of regur-
gitation or dysfunction. MRI can also be done in the sus-
pected patients or to rule out the suspicion. Surgeons can
identify the structural abnormalities, whereas prolapse can
be identified by the sonographers.

Stage-2 Palliative Treatment: Glenn Procedure/
Hemi-Fontan

There are two options available at the stage-2 palliative treat-
ment: either the Hemi-Fontan procedure or the bidirectional
Glenn anastomosis. The objective of stage 2 palliative treat-
ment is the conversion of the high-pressure right ventricle or
aorta arterial source of PBF to the venous source [31]. This
is achieved through the anastomosis of the superior vena
cava to the pulmonary arteries [31]. The ideal age to perform
this procedure is when a child is between 4—6 months of age;
however, if desired then it can be performed on a child aged
3 months or less.

In the bidirectional Glenn procedure or cavopulmonary
shunt, the shunt placed during stage-1 is removed, discon-
necting the superior vena cava from the heart and connect-
ing it to the cranial part of the right pulmonary artery [10,
31]. The azygous vein is tied off to prevent the venous flow
to the lower body region, and although seems a compli-
cated procedure, the survival rate is between 96-99% in
this procedure [10].

In the Hemi-Fontan operation, a slight modification is
done to the functional work of the Glenn procedure in
which the need for disconnecting superior vena cava from
the heart is felt unnecessary. This is achieved by creating a
patch at the central pulmonary arteries, then joining the
right atrial-to-superior vena cava junction and pulmonary
arteries, after this closing the right atrial-to-superior vena
cava junction patch [30].

Stage-3: Modified Fontan Procedure

The final stage of palliation for the surgical treatment of
HLHS is named after Dr. Francois Fontan, who was the first
to create the pulmonary and the systemic circulations in
series, by utilizing only one ventricle [31]. As the name sug-
gests, there is a modification to the original procedure done
by Fontan. In this procedure, the right ventricle is bypassed
by creating a circuit, in which the inferior vena cava return is
redirected through the pulmonary vasculature [28]. By doing
so, all the systemic venous blood runs passively into the
lungs. It can be done by creating either the intra-atrial lateral
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tunnel or the extracardiac conduit that connects the inferior
vena cava to the pulmonary artery [28, 30, 31]. The extracar-
diac conduit reduces the outcome complications associated
with the lateral tunnel; including atrial clot formation, atrial
arrhythmias, and left atrial dilation [28]. The communication
between the Fontan circuit and atrium is called Fontan fenes-
tration, which could be improved by providing adequate
oxygen saturation. Thus, improving the systemic ventricular
filling and ensuring the baby is not cyanosed [28].

Heart Transplant

A heart transplant is another viable option as compared to
going through three-stage palliative care. However, there
are a few considerable risks associated with this procedure,
but the benefits outweigh the risk. The limitations are lack
of desired organ donors, ABO-incompatibility, immuno-
suppression, and the greater risk of organ unacceptance by
the body [27]. Since the first human heart transplantation
(HHT) in 1967 by Dr. Christiaan Barnard in South Africa,
the field of HHT is making considerable progress. Thanks
to the advancement in immunosuppressive regimens, gene
expression profiling, and microarray technology; acute cel-
lular rejection and antibody-mediated rejection have
declined [37].

Endomyocardial biopsies (EMB) is the first and optimum
protocol to evaluate the criteria of rejection. The use of gene
profiling test (AlloMap®), serum biomarkers donor-derived
cell-free DNA (ddcfDNA), and the Molecular Microscope
MMDX® system are three important advanced techniques
that can assist in curbing the rejection rates by the organ
donor [37-40]. Besides the formerly stated techniques, other
techniques, such as organ engineering, stem cell therapy,
mechanical circulatory assist device, and xenotransplanta-
tion are available, and readers are referred to the article by
Kobashigawa [40], who discussed these techniques in detail.
A study found an increase in the life span of the infants
(n = 322) who received the HT due to CHD in their infancy
[41]. 59% of the infants were able to live 25 years after the
HT, while 35% died due to allograft vasculopathy nearly
25 years after HT, 20% had post-transplant lymphoma,
chronic kidney disease stage-3 was noted in 31% of the sur-
vivors [41]. The quality of life between the ones who get HT
is better versus those neonates who get staged palliative sur-
gery [27].

Hybrid Procedure

The hybrid approach imitates the functional purpose of the
Norwood procedure with an added advantage of minimizing

the cardiopulmonary bypass, hence waning the risk of circu-
latory collapse. The aim is to go the least invasive by com-
bining the surgical technique by cardiac surgeon, with the
interventional cardiology technique, by the interventional
cardiologist, under the imaging guidance in an operation the-
ater [42]. The surgeon places the branch pulmonary artery
banding bilaterally [30], with a small median sternotomy,
while the cardiopulmonary bypass is avoided [31]. This
increases the pressure in the main pulmonary artery, and pre-
vents pulmonary hypertension, therefore decreasing vascular
resistance while securing appropriate systemic circulation.
The interventional cardiologist places a metal transcatheter
stent to adjust the patency of ductal arteriosus in the main
pulmonary artery above the pulmonary valve [29]. Afterward,
either atrial septectomy or balloon atrial septostomy is done
to ensure sufficient systemic and pulmonary venous mixing
return at the atrial level.

The risk of circulatory arrest can be mitigated by using
the hybrid approach over the Norwood procedure. Also, the
major open-heart surgery in the infants can be deferred to an
older age of their lives in this approach. The probability of
survival as found during a cohort study between 2002—-2007
found an 82.5% success ratio [42]. However, the higher suc-
cess ratio in the hybrid stage-1 procedure is associated with
its limitation, which Galantowicz et al. [42] did was in their
inclusion/exclusion criteria. Any higher-risk candidate was
not included as their subject to carry out the procedure.
Based upon their criteria, it is noted that classic cases of
HLHS were included; aortic atresia/stenosis with mitral atre-
sia/stenosis. Hybrid is also a viable and preferable procedure
over the Norwood in high-risk frail neonates, such as prema-
turely born, or are susceptible to life-threatening diseases
such as necrotizing enterocolitis and neonatal sepsis [30]. It
is a time-sensitive procedure, and one of the critical success
factors is this should be done within 2-5 days after being
born, and is deemed to diminish in success if it is done after
14 days [29].

The physiological conditions of the neonates who have
undergone hybrid procedure versus Norwood operation
are similar [30]. However, the cerebral and coronary perfu-
sions are remarkably different between them. There is an
anterograde blood flow through the aorta into coronary and
cerebral vascular beds after the Norwood operation.
However, there is a retrograde blood flow into coronary
and cerebral vascular beds through the native aortic arch,
due to blood being ejected into the pulmonary artery that
transverse the ductus arteriosus. There is a chance of hav-
ing stenosis at the junction that connects ductus arteriosus
with the native aorta. This complication is termed retro-
grade aortic arch obstruction and may affect 10-24% of
the neonates, with higher mortality in the subjects with
this complication [30].
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Hybrid Interstage 1 Monitoring

and Pharmacology

The hybrid procedure improves the survival chances and
increases the life expectancy in patients with HLHS. As
discussed above that the major open-heart surgery is
delayed until a later age. During this period known as inter-
stage, the surveillance and routine check-up is deemed as
important. Parents need to observe home monitoring as this
increases the chance of survival in these neonates.
Moreover, the pediatric cardiologists may start the neo-
nates onto medications. The interstage medication regimen
includes the use of any or in a combination of diuretics with
and without digoxin, HR-oriented bl-receptor blockers
combined with spironolactone (cardiac fibrosis influencing
dosage), and angiotensin-converting enzyme (ACE) inhibi-
tors if there is persistently increased systemic vascular
resistance [29].

Further Reading for Surgical Intervention

In light of the scope of the chapter and exhaustiveness of
the readers, advanced and detailed discussion about the
surgical intervention is omitted from this comprehensive
overview of the HLHS. Readers interested in attaining the
knowledge about these three-staged palliative treatments
and other techniques are highly recommended to read arti-
cles (especially by) Alphonso et al. [29] and Feinstein
et al. [31].

Multiple Choice Questions

1. Hypoplastic left heart syndrome is characterized by
underdevelopment of left heart chamber along with:
A. Mitral stenosis.

B. Mitral regurgitation.
C. Malformation of ascending aorta.
D. Malformation of Pulmonary arteries.

2. Nkx2-5-Cre and Mef2c-AHF-Cre lineage cells are
involved with congenital defect of.
A. Aortic and mitral valve.

B. Tricuspid valve.
C. Myocardium of left ventricle.
D. Foramen ovale.

3. Ablation of histone deacetylase-dependent transcrip-
tional Bop protein results in.

A. Hypoplastic left heart syndrome.
B. Hypoplastic right heart syndrome.
C. Overriding of aorta.

D. Outflow tract alignment.

4. Improper secretions of the TGF-B2 from the myocar-
dium to endocardial cushion may result in the deletion
of BMP receptor gene ALK3 may contribute towards.
A. Boot-shaped heart.

B. Valve stenosis.

1

0.

C. Valve atresia.
D. Absence of valve formation.

. A prenatal diagnosis can be made by the OB/GYN or the

sonographer by observing the abnormality of the four-
chamber view of the fetal echocardiography between the
gestation of.

A. 5-6-week

B. 18-24-week

C. After viability.

D. None of the above.

. Cardiomegaly such as edema or pulmonary plethora in

neonates can be diagnosed initially by.
A. Chest X-ray.

B. ECG.

C. Electrocardiography.

D. Cardiac catheterization.

. A complication of coronary steal arises with the BT

Fistula procedure because.

A. Differences of pressure gradient pulmonary artery
and systemic vascular resistance.

B. Thrombus formation leading
insufficiency.

C. Blood directed from pulmonary circulation to sys-

temic circulation.

None of above.

to  diastolic

D.

. Most common problem among patients with HLHS.

A. Tricuspid stenosis.

B. Mitral atresia.

C. Patent ductus arteriosus at birth.
D. Tricuspid regurgitation.

. Risks of circulatory arrest can be mitigated in HLHS by

using.

A. Hybrid procedure.
B. Norwood procedure.
C. Heart Transplant.

D. Blalock Fistula.
HLHS can be improved with chances of survival greatly
by.

A. Stage 1 palliative.
B. Blalock fistula.

C. Hybrid procedure.
D. Norwood procedure.

Answers

—
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Abstract

“Hypoplastic right heart syndrome is a rare collection of
congenital heart defects characterized by the hypoplasia
of right heart structures and subsequent cyanosis in neo-
nates.” Its etiology is still unknown but certain genetic
factors, related to heart development are thought to be
implicated. The failure of pulmonary circulation is
responsible for circulatory collapse and mortality with
timely surgical management aiming to restore pulmonary
circulation. A three-stage reconstructive palliation sur-
gery involving Blalock-Taussig Shunt, Glenn’s Shunt,
and Fontan Procedure with modern variations remains the
definitive method of treatment and all these aspects are
discussed in this chapter.
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Introduction

“Hypoplastic right heart syndrome (HRHS) is a collection of
congenital heart defects characterized by the underdevelop-
ment of right-sided heart structures, with cyanotic presenta-
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tion at birth” [1]. The involved underdeveloped structures
are: hypoplastic ventricles, tricuspid and pulmonary valves,
pulmonary vein, and artery. HRHS may present with a con-
comitant atrial-septal defect of the ostium secundum type
[1]. HRHS is a very rare congenital anomaly accounting for
fewer than 1 in 60,000 births in the United States [1].

Etiology

The etiology of HRHS is yet not well understood. Research
on several potential environmental and genetic causes has
identified some relevant etiological factors which might con-
tribute to the development of HRHS. The occurrence of
HRHS in siblings in some studies conducted in the 1960s
and 1970s suggests a familial component to the genetics of
HRHS [2]. A population study conducted in 2017, which
examined live births between 1998-225, found copy number
variations (CNVs) in genes responsible for right ventricular
and valve development [2]. The study discovered a case
where the LBH gene, responsible for limb and heart develop-
ment, had a 27Mb duplication at 2p23.2-2p16.2. This muta-
tion was part of a partial trisomy 2p chromosomal mutation
[2]. A further study of CNVs discovered existing mutations
in the ERBB4 gene [3]. ERBB4 is responsible for cardio-
myocyte regulation and differentiation and although the
study sample was restricted, other cases involved showed
duplications in 16q11-12. Mutations in this region have been
previously implicated in other congenital heart anomalies
[3]. Further suspected genes behind the HRHS are the
RPGRIPIL,RBL2,SALL1,and MYLK3 genes. Nonetheless,
all these studies did not identify any demographic risk fac-
tors related to the age of the mother, race, ethnicity, or sex of
the fetus as significant for the HRHS etiology; yet further
studies are still warranted to investigate any potential etio-
pathological correlation of drug or alcohol consumption dur-
ing pregnancy and maternal diabetes with the occurrence of
HRHS.
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Pathogenesis

Hypoplastic right heart syndrome results in the lack of bi-
ventricular circulation, and in the loss of adequate hemody-
namic balance between pulmonary and systemic circulation.
In HRHS, the right-sided blood flow, responsible for pulmo-
nary circulation is compromised and this leads to hypoxia.
The severity of the subsequent hypoxia and cyanosis depends
on the phenotype of the HRHS. Hemodynamic correction is
achieved by bypassing the ventricle in reconstructive proce-
dures, as discussed later in this chapter. So far, five pheno-
types have been identified and they may exist either
independently or in combination with each other. These phe-
notypes of HRHS are:

1. Tricuspid Stenosis: Which is defined as an abnormal nar-
rowing of the tricuspid foramen resulting in a diastolic
pressure difference between the right atrium and fora-
men. This diastolic pressure difference causes venous
congestion and reduced cardiac output [4].

2. Tricuspid Atresia: Which is defined as the absence of the
tricuspid valve, often comorbid with hypoplastic right
ventricle, tricuspid stenosis, and ventricular septal defect
(VSD). The combination of these pathological variations
leads to a decrease in pulmonary blood flow and a subse-
quent increase in right ventricular pressure. Sometimes,
tricuspid atresia is also combined with hypoplastic pul-
monary arteries which may worsen the occurring hypoxia
and cyanosis [5].

3. Pulmonary stenosis: Which is defined as the narrowing
of the pulmonary valve or the pulmonary arteries. It is
classified into valvular, subvalvular, and supravalvular
type, based on the location of the obstruction. The most
common type of pulmonary stenosis is the valvular steno-
sis. The valves can be bicuspid, tricuspid (normal), or
quadricuspid. The pathophysiology is the same
irrespective of the location of the obstruction; blood pres-
sure increases before the obstruction and an overload of
an often hypoplastic right ventricle leads to progressive
right heart failure [6].

4. Pulmonary Atresia: Which is defined as the underdevel-
opment of the pulmonary valve, leading to pulmonary
hypertension. This occurs in combination with a hypo-
plastic right ventricle and, therefore, there is not enough
force generated to pump blood into pulmonary circula-
tion [7].

5. Right Ventricle Hypoplasia: Which is defined as the
underdevelopment of the right ventricle characterized by
a small-sized right ventricle and a decrease in pumping
function [8].

The exact HRHS phenotype as well as its combination
with one or more of the above abnormalities determine the
severity of the HRHS clinical presentation. The spectrum of
HRHS ranges from one abnormality listed above to a combi-
nation of two or more abnormalities occurring together. The
occurrence of multiple comorbid abnormalities explains the
high mortality rates encountered in neonatal patients with
HRHS.

Clinical Manifestation

Hypoplastic right heart syndrome manifests in neonates as a
cyanotic congenital heart defect with one or more of the fol-
lowing features:

Cyanosis.

Dyspnea.

Tachycardia.

Difficulty in feeding.
Lethargy.

Poor weight gain and growth.
Fatigue.

Cold and grey skin.
Circulatory collapse.

WXk WD =

Physical Examination

Upon physical examination, neonates are in clear distress,
with cyanotic lips, and heart murmurs can be heard. General
appearance should be noted for lethargic babies with poor
responses, rapid, strained breathing, and difficulties with
feeding. Low cardiac output is most frequently apparent, and
pulse oximetry disorders may present just 2448 h after
birth. This pattern of clinical presentation resembles the
hypoplastic left heart syndrome [9].

Diagnosis

The diagnosis of HRHS is primarily made prenatally using
fetal echocardiograms and ultrasounds. Ultrasound will
demonstrate absent or decreased flow through the tricuspid
and pulmonary valves. The ultrasound may also demonstrate
an absent or small pulmonary artery. Furthermore, the right
ventricle may be small and hypertrophic (Fig. 1) [10].
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Fig. 1 Prenatal echocardiographic images of a case with hypoplastic right heart syndrome

Management

The management of HRHS is based on the timely identifica-
tion of the hypoplastic structures and on the surgical inter-
ventions that aim to restore pulmonary blood flow and
hemodynamics in the patient. The management of HRHS is
tailor-made for each patient due to its rarity and variation in

underlying etiology. The first line of management in neona-
tal patients is to alleviate the respiratory distress and to
achieve adequate oxygenation and hemodynamic stabiliza-
tion. The gold standard approach for the severe spectrum of
HRHS requires extensive cardiac surgery, which is discussed
in the next section.
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Surgical Management

Surgical management remains the best, and in most cases, the
only option for comprehensively managing HRHS. The surgi-
cal management consists of a three-stage reconstruction proce-
dure where the aim is to balance systemic and pulmonary
circulation. The main principle of surgical management is based
on the creation of a shunt, on maintaining its patency and viabil-
ity and thereby completely bypassing the absent or hypoplastic
ventricle. The first line approach in the surgical management of
all cyanotic congenital heart defects is the Blalock-Taussig
Shunt. It is a form of palliation surgery, where the first aim is to
relieve distress in the neonate and improve circulation to the
pulmonary system. This procedure is performed within the first
week of birth in the interest of time and for the best results.

However, there are also two other surgical procedures,
performed after the Blalock-Taussig Shunt, which are known
as the Glenn procedure and the Fontan procedure. The Glenn
procedure is performed between 4—6 months of age and aims
to connect the pulmonary artery with the superior vena cava.
The Fontan Procedure, which is the final procedure, is usu-
ally performed between 2 and 4 years of age and is used to
bypass the ventricle by creating a direct connection between
the pulmonary artery and the inferior vena cava. Each proce-
dure is discussed below.

Blalock-Taussig Shunt

The Blalock-Taussig Shunt is the first stage of palliation in
the three-step palliation strategy for HRHS. The classic
Blalock-Taussig Shunt is a shunt performed between the
subclavian and pulmonary artery using part of the opposing
subclavian artery graft as a shunt. A thoracotomy is per-
formed for access. However, the classic Blalock-Taussig
Shunt has been replaced by the Modified Blalock-Taussig
Shunt, where a polytetrafluoroethylene (PTFE) shunt is used
instead of a graft. The length of the shunt is important as it
determines the hemodynamics of flow into the pulmonary
circulation. The ductus arteriosus is also closed and the oxy-
gen saturation is monitored. If the saturation is above 85%,
the shunt is oversized, and if the oxygen saturation is below
75%, the shunt is too small. In both cases, the shunt needs to
be revised. The main advantage of the Modified Blalock-
Taussig Shunt over the Classical approach is that the shunt
can be revised as needed, while the risk of nerve injury and
Horner’s syndrome is significantly lower [11].

Nevertheless, there have been also reported some compli-
cation associated with the Blalock-Taussig Shunt [11]:

1. Thrombosis.
2. Leaking of serous fluid from shunt into mediastinum.
3. Pseudoaneurysm, with consequential fatal hemoptysis.

Glenn Procedure

The Glenn Procedure, also known as the Glenn’s shunt, is the
second stage in the palliation of HRHS. It is performed in
patients under 2 years of age and is a form of cavopulmonary
shunting [12]. There are two forms of the Glenn Shunt: the
Classic Shunt (also known as the Unidirectional Glenn
Shunt), and the more modern, bidirectional Glenn Shunt
(also referred to as a hemi-Fontan). In the Classic Glenn
Shunt, the superior vena cava is directly attached to the right
pulmonary artery. The left pulmonary artery is sutured shut
after being dissected. The right atrium is then connected to
the right pulmonary artery.

The bidirectional Glenn Shunt is an emerging modern
variation, where the superior vena cava is connected to the
right branch of the pulmonary artery and only the right
atrium is bypassed. The right atrium is sutured shut and the
continuity of the pulmonary trunk is completely maintained.
This procedure is physiologically equivalent to half a Fontan
procedure and is therefore referred to as a hemi-Fontan pro-
cedure by some authors [12].

Two main complications of the Glenn’s procedure are [12]:

1. Progressive cyanosis due to venous collaterals.
2. Formation of diffuse arteriovenous shunts.

Fontan Procedure

The Fontan Procedure refers to any procedure in which
systemic blood reaches the pulmonary circulation without
entering a ventricle [13]. In the context of HRHS, the
Fontan procedure is the third stage of the palliation proce-
dure which aims to bypass the right ventricle. Currently,
modern approaches of the Fontan procedure aim toward
bypassing both the right atrium and the right ventricle by
creating two direct anastomoses, one between the inferior
vena cava and the right pulmonary artery, and another
between the superior vena cava and the right pulmonary
artery [13].

The modern approach of the Fontan procedure involves
the formation of an intra-atrial tunnel. This intra-atrial tunnel
is grafted from a homograft constructed from parts of the
right atrium. It connects the inferior vena cava to the right
pulmonary artery and is placed inside the right atrium. In
some cases, an extracardiac circuit is created where the anas-
tomosis is placed completely outside the heart. The extracar-
diac circuit method utilizes PTFE graft material to create a
tube that can be attached to the inferior vena cava. The limi-
tation of the extracardiac method is that it can be only used
in patients older than 3 years old and in selected patients
where the hemodynamics of an adult inferior vena cava can
be tolerated [13].



Hypoplastic Right Heart Syndrome

199

The main complications reported after the Fontan proce-
dure are [13]:

1. Dilatation with poor turbulent flow.
2. Thrombosis.
3. Pulmonary arteriovenous malformation.

Conclusion

Hypoplastic right heart syndrome is a very rare collection of
congenital heart defects caused by the underdevelopment of
right heart structures. These abnormalities usually present
with hypoplastic right ventricle, pulmonary atresia, and pul-
monary stenosis, and may occur either alone or in combina-
tion. The usual clinical manifestation of HRHS is cyanosis
and hypoxia, with a significant risk for circulatory collapse
and mortality in neonates. The primary step in HRHS man-
agement is to stabilize the critically ill patient and to prepare
them for cardiac surgery, which follows a three-stage pallia-
tion plan. The ultimate aim of the surgeries is to achieve a
total bypass of the right ventricle, a sustainable pulmonary
flow, and stable hemodynamics, which is achieved by creat-
ing multiple shunts at various stages to ensure their patency.

Multiple Choice Questions

1. What is the incidence of hypoplastic right heart
syndrome?
A. In every second newborn.
B. Commonly in adults.
C. 1in 60,000.
D. 5in 100,000.

2. What is the most commonly accepted theory of the etiol-
ogy of HRHS?
A. Genetic factors.
B. Entirely environmental factors.
C. Combination of genes and environment.
D. Not clearly understood.

3. Why is prenatal diagnosis of HRHS important?
A. Because mother should take special medication.
B. Because prompt surgical management after birth is

the only way to increase survival.

C. Because child should have prenatal surgery.
D. Because the pregnancy must be terminated.

4. HRHS characterized by
A. Tricuspid stenosis/atresia.
B. Pulmonary stenosis/atresia.
C. Right ventricle hypoplasia.
D. All of the above.

5. Why does HRHS present with cyanosis?
A. Decreased pulmonary blood flow.

B. Overload of the left ventricle.

C. Right-to-left bleeding,

D. All above.

6. What is the principle of management of HRHS?

A. Restoring cardiac function.

B. Restoring pre-cyanotic status.

C. Restoring pulmonary blood flow.

D. All of the above.

7. What is the distinguishing factor of the Modern Blalock-

Taussig Shunt?

A. Itis a aortopulmonary bypass.

B. It is a grafting shunt that utilizes the superior vena
cava.

C. It utilizes the subclavian artery as a shunt.

D. It utilizes a PTFE shunt.

8. Which of the following statements refers to the Hemi-

Fontan procedure?

A. Ttis abidirectional flow procedure where the shunt is
created between the superior vena cava and the right
branch of the pulmonary artery.

B. Itis abidirectional flow procedure where the shunt is
created between the superior vena cava and the right
atrium.

C. Itis abidirectional flow procedure where the shunt is
created between the right branch of the pulmonary
artery and the superior vena cava.

D. None of the options are correct.

9. What is the aim of the Fontan Procedure?

A. Ventricular repair.

B. Bypassing the atria only.

C. Creating atrioventricular connections.

D. Bypassing a ventricle.

10. Which of the following statements best describes the
management of a patient with hypoplastic right heart
syndrome?

A. Restoring pulmonary circulation and hemodynamics
with palliation surgery.

B. Restoring systemic circulation through extensive
repair of the atrial septal defects only.

C. Restoring both pulmonary and systemic blood flow.

D. None of the above.

Answers
1. C
2. A
Explanation: Genetic factors are theorized to be the
most probable cause behind the development of
HRHS. Although the exact mechanisms have not been
identified, limited studies suggest that duplications in
genes responsible for cardiomyocyte development may
be responsible.
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. B.

Explanation: Prompt surgical management to
improve hemodynamics is the only way to improve the
odds of survival. Increasing pulmonary blood flow and
increasing oxygen saturation is the aim of the Blalock-
Taussig Shunt, which is the first step in the surgical man-
agement of HRHS.

. D.

Explanation: HRHS is characterized by hypoplastic
congenital changes in right heart structures such as tri-
cuspid stenosis/atresia, pulmonary stenosis/atresia, and
right ventricle hypoplasia.

. Al
. C.

Explanation: Hypoplastic right heart structures com-
promise pulmonary blood flow. This compromised pul-
monary blood flow results in cyanosis and respiratory
distress in neonates.

. D.

Explanation: PTFE stands for polytetrafluoroethyl-
ene, a material commonly used in surgery. The modern
Blalock-Taussig Shunt utilizes a PTFE shunt to create a
connection between the subclavian artery and the pul-
monary artery. This is different from the classic Blalock-
Taussig Shunt, where the opposing subclavian artery is
grafted and used as a shunt.

. Al

Explanation: The Hemi-Fontan procedure is another
name for the bidirectional Glenn procedure.
. D.

Explanation: Any procedure which aims to bypass a
ventricle (right or left) is called a Fontan procedure.

10. A.
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Mitral Stenosis
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Abstract

Mitral valve stenosis, or mitral stenosis, “is a part of val-
vulopathies and represents the narrowing of the mitral
orifice, blocking the blood flow from the left atrium to the
left ventricle.” Rheumatic fever is the most prevalent
cause of mitral stenosis, although it can also be caused by
immunological illnesses such as RA (rheumatoid arthri-
tis) or SLE (systemic lupus erythematosus). Thus, mitral
stenosis has been classified into 4 grades based on the
Wilkins score, which takes into consideration the aspects
of the valve, like its mobility, thickening, and calcifica-
tion, and these classifications make the approach less
complicated. To confirm the diagnosis, there are too many
steps that should be done, from the physical examination
to the EKG, echocardiography, chest X-ray, and many
other ways to confirm the diagnosis. The mitral stenosis
treatment plan includes 3 stages, starting with the phar-
macological treatment and medical treatment until we get
to the surgical interventions.
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Introduction

The human heart has four chambers, two atria, and two ven-
tricles, and it contains four valves [1, 2]:

e The tricuspid valve.

e The mitral valve.

e The pulmonary valve.
e The aortic valve.

The mitral valve connects the left atrium with the left
ventricle [3].

And before talking about mitral stenosis, we should talk a
little bit about its structures and anatomy. It has six structures [4]:

. The left wall of the atria.

. Annulus.

. Leaflets.

. Chordae tendineae.

. Papillary muscles.

. The left wall of the ventricle.

AN AW N~

Mitral stenosis is the inability of the mitral valve to open
completely in the diastole phase due to the narrowing of the
mitral orifice [5].

The normal mitral orifice diameter is 4—6 cm?.

The most common cause is represented by the shuffle of
the mitral valve and the subvalvular mitral structure caused
by the AAR.

Epidemiology

Already, we have said that the mitral stenosis commonest
cause is represented by the AAR (rheumatic fever). That is
caused by a specific bacterium. We have also observed that
the frequency related to this cause has decreased in recent
years, especially in advanced countries, due to many things
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and many changes that have appeared in their lifestyle or
their mentality that concern their health. For example, people
become more interested in visiting their doctors from time to
time. Their access to medical centers and facilities has
become easier, and their medical culture has become richer,
especially in the way they use antibiotics. Another etiology
could be a congenital defect, especially for kids. Rheumatic
mitral stenosis could be associated with an atrial septal defect
(Lautenbacher syndrome).
Also, we can list other causes:

1. Some autoimmune diseases include systemic lupus ery-
thematosus and rheumatoid arthritis [6].
2. Left atrial myxoma may mimic mitral stenosis.

Pathological Anatomy

As we said before, the normal mitral valve orifice is 4-6 cm?.
The apparition of the valve-related syndrome is related to the
level of stenosis and the aria of the valve, such that the
patients will experience it when the valve area reaches 1 cm?.

When the aria decreases, the pressure of the left atria
increases. As a result, we get passive pulmonary hyperten-
sion followed by pulmonary arterial vasoconstriction. It
leads to the migration of the fluid into the pulmonary intersti-
tium, causing dyspnea. Rheumatic mitral stenosis affects the
endocardium, leading to inflammation and the formation of
fibrous scars with thickening and calcification of the valves.

Pathophysiology

The narrowing of the mitral valve leads to various conse-
quences which can or by making other sites suffer and caus-
ing radical changes in their roles. The normal mitral orifice
area = 4-6 cm?, and under normal physiologic conditions,
during diastole, blood flows freely out of the left atria into
left ventricle, and between the two chambers, the pressure is
equal. The flowing of blood from left atrium is difficult in
individuals with mitral stenosis, and the gradient of pressure
throughout mitral valve appears as early as an area of 2 cm?.
The diastolic pressure of the left ventricle is normally
5 mmHg. The atrioventricular gradient is 20 mmHg when
the mitral valve area is reduced by approximately 1 cm?, so
the left atrial pressure is approximately 25 mmHg. The
increasing pressure in left atria will be transmitted to the pul-
monary veins and the pulmonary capillaries. Also, as a result
of the increased pressure in the left atria and the fact that this
pressure level remained high, atria size on the left will grow,
increasing the risk of atrial fibrillation appearing during this

period. Thus, that a big role in pulmonary hypertension: in
the first place, the transmission of the left atria’s pressure to
the pulmonary veins (reversible), and then the pulmonary
arteriolar vasoconstriction (reversible) leads to obstructive
changes in the pulmonary vascular circulation (most likely
irreversible) that can lead to pulmonary edema in advanced
stages.

Also, in advanced stages, shunts may occur between the
pulmonary and bronchial veins. Pulmonary hypertension
causes the left ventricle to expand owing to prolonged sta-
sis induced by lung injury, which can result in left ven-
tricular hypertrophy and secondary tricuspid insufficiency
[7-10].

Clinical Features

Patients with mitral stenosis progress over many years from
being asymptomatic to having symptoms of heart failure.
Many patients remain asymptomatic for a long time despite
increased left atrial pressure, but reduce their physical effort
depending on tolerance. The symptoms are diverse and differ
in severity and risk of threatening the patient’s life:

* Dyspnea, fatigue, and low tolerance are the most common
symptoms observed in mitral stenosis patients.

Dyspnea is often associated with hemoptysis, and noc-
turnal cough or effort.

e Hemoptysis is caused by the rupture of brachial veins
after a sudden increase in left atrial pressure.

e Dysphagia.

e Palpitation represents a frequently encountered syn-
drome, and supraventricular arrhythmias are common in
mitral stenosis patients due to the modifications in the left
atrial structure [11].

Atrial fibrillation appears in 50% of these patients.

e Thromboembolism occurs when the left atrium increases
in volume.

As aresult, nearly 15% of patients experience embolic
episodes associated with atrial fibrillation. Also, when
the left atria or the pulmonary artery develops compres-
sion over the recurrent laryngeal nerve, it may lead to
dysphonia.

And in later stages, the patient may suffer from right heart
failure symptoms (such as jugular venous distention, hepato-
megaly, parasternal heave, or ascites) associated with pulmo-
nary hypertension, orthopnea, hemoptysis, and paroxysmal
nocturnal dyspnea. The presence of mitral facies (pinkish-
purple patches on the cheeks) indicates chronic severe mitral
stenosis. [12—14].
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Mitral Valve Classification of the Stenosis
Severity [15]

1. Mild stenosis.
e The mean gradient (mmHg) below 5.
e Systolic pressure (mmHg) of the pulmonary artery is
below 30.
e Valve area (cm?) of less than 1.5.
2. Moderate stenosis.
* Mean gradient (mmHg): 5-10.
e Systolic pressure (mmHg) of the pulmonary artery is
30-50.
e The area of the valve (cm?) 1.0-1.5.
3. Severe stenosis.
e The mean gradient (mmHg) greater than 10.
e Systolic pressure (mmHg) of the pulmonary artery
greater than 50.
e The area of the valve (cm?) is below 1.0.

Using the Wilkins score accordingly [15, 16]:

Grade 1 [15]

e The mobility: The valve mobility is high, with restriction
of the leaflet tips only.

e The thickness of leaflet: Leaflet thickness is close to nor-
mal (4-5 mm).

e Calcification: A single area of increased echo brightness.

e Thickening: Just below the mitral leaflets, there is a mini-
mal thickening.

Grade 2

e The mobility: Normal mobility of the leaflets’ mid to base
parts.

e Normal mid leaflets: Margins are considerably thickened
(5-8 mm).

e At the leaflet margins, there are confirmed scattered areas
of brightness,

e Subvalvular thickening: Chordal structures are thickened
reaching to one of the lengths of the chord ai.

Grade 3 [17]

e The mobility: In diastole, the valve continues to move for-
wardly, from the base mainly.

e Thickening: Thickening reaching throughout the whole
leaflet (5—-8 mm).

e Calcification: The brightness extending to the middle part
of the leaflets.

* Subvalvular thickening: Thickening reaching to the distal
third of the chords.

Grade 4 [18]

e The mobility: In diastole, forward movement of the leaf-
lets is no or minimal.

e All leaflet tissue has a considerable thickening (greater
than 8 —10 mm).

e Calcification: Much of the leaflet tissue has a brightness
found extensively [15].

e Subvalvular thickening: Thickening is extensive and
shortening of all chordal structures reaching along to pap-
illary muscles. [15].

Physical Examination
General Inspection

Presence of mitral facies with patches of pink and purple on
the cheeks.

There may be a malar flush (plum-red discoloration on
the high cheeks) due to the CO, retention and its vasodilatory
effects.

Also, jugular venous distention is present.

In advanced stages, when right heart failure occurs, ankle
and sacral edema are present.

Auscultation

SI: The initial sound is emphasized because of the increased
force of the mitral valve shutting. If pulmonary hypertension is
severe, the pulmonic element of the second auscultation will be
loud. And when pulmonary hypertension develops, the Graham-
Steell murmur (murmur of pulmonary regurgitation), tricuspid
regurgitation, and a right-sided S3 will be heard [19, 20].

S3: It would be heard in certain pathological conditions
where there is coexisting aortic or mitral regurgitation. A
fourth heart sound may be produced if we have right ventri-
cle hypertrophy with sinus rhythm. A mid-diastolic murmur
is detected following the opening snap is present, and this
type of murmur is best heard in the apical region. To make
the murmur more accentuated, it is recommended to roll the
patient toward the left.

To see the severity of the mitral stenosis, we should look
at the duration of the murmur and not at its intensity.

In the presence of pulmonary hypertension, a pulmonary
eject sound is detected, which reduces with inspiration. [21, 22].

A high-pitched decrescendo diastolic murmur (Graham-
Steell murmur) induced by pulmonary regurgitation might
be audible at the sternal border upper side.
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Diagnosis

ECG: The electrocardiogram detects suggestive left atrial
enlargement, pulmonary hypertension, right ventricular
hypertrophy, and atrial fibrillation. [23].

Left atrial enlargement: It produces a bifid P wave (P
mitral) in lead II, with a total P wave duration of >110 ms,
and the negative portion of the p wave will be wide in V1
[24]. Right ventricular hypertrophy: the presence of its signs
depends on the pulmonary hypertrophy grade [24]. That
could include:

Right axis deviation of +80° or more.

*R/S ratio > 1 in V1 [25].

*S/R ratio > 1 in V6 [25].

RV1 + SV5or SV6 > 10 mm.

*P pulmonated or right atrial enlargement or P congenital.
*Inverted 7 wave in the anterior precordial leads [26].
*The R wave is bigger than the S wave in V1 [26].

Atrial fibrillation: irregular thythm with absent P waves.
Also, we can obtain ECG signs suggestive of left ventricular
hypertrophy that could appear in some associated valvular
lesions (aortic or mitral regurgitation).

In mitral stenosis patients, the physical exam, ECG, and
radiography of the chest, in the majority of cases to the cor-
rect diagnosis. Thus, we need some other investigations to
reveal the severity of the mitral stenosis so we can avoid the
consequences and find the best treatment options.
Echocardiography plays a major role in detecting the sever-
ity of mitral stenosis and choosing the best medical interven-
tion. It also helps to control the consequences that could
appear after a medical or surgical intervention. [27].

Transthoracic 2D Echocardiography

It confirms the diagnosis by visualizing the thickened, calci-
fied mitral valve with limited opening force. Stenosis of the
mitral valve can be seen using different views including sub-
costal, apical, and parasternal views with the latest being the
preferred view among the rest. In rheumatic mitral stenosis,
in the parasternal long axis, we can visualize that the anterior
mitral leaflet is in a “hockey-stick shape” during diastole.
Restriction in motion or total immobility of the posterior
leaflet of the mitral valve. Thus, in the parasternal short-axis
view, we can detect the fusion of commissures and the leaflet
thickening. [28].

Scales of the severity of valve stenosis: We also have vari-
ous ways of measuring that are essential for all patients, and
these measurements include:

Mitral valve area can be calculated using a “continuous
wave Doppler by pressure half-time (P1/2 ¢).” “Bernoulli

equation” is one of the methods that can be used to esti-
mate the systolic pressure of the pulmonary artery and the
Rt ventricle (RVSP) from the velocity of tricuspid regurgi-
tation. [29].

By using the modal Doppler, the mean pressure gradient
across the mitral valve can be classified as: “mild (5), moder-
ate (5-10), and severe (>10)” [30].

Chest X-Ray

The radiologic aspect differs depending on the evolutive
stage, and it helps to visualize the enlargement of the heart
chamber volume and the modifications in the pulmonary
circulation.

It includes:

e Enlarged heart volume, especially of the left atria, could
appear from the first stages.

e The chest X-ray reveals Kerley lines. These lines repre-
sent a sign seen on chest radiographs with interstitial
pulmonary edema, and they are linear pulmonary
opacities.

e Pulmonary edema is the most common pulmonary mani-
festation of mitral stenosis [31].

Septal lines may represent interstitial fibrosis and deposi-
tion of hemosiderin “brown induration” [31].

Trans-Esophageal Echocardiogram (TEE)

While transthoracic echocardiography (TTE) is the best
diagnostic tool for exploring mitral valve abnormalities,
transesophageal echocardiography (TEE) is an important
adjunct in selected patients when valvular morphology and
left atrium (e.g., to identify atrial thrombus) need to be visu-
alized with further details.

Laboratory Test

e CBC: Leukocytosis may indicate an ongoing infection.

e Liver chemistries may show elevations due to congestive
hepatopathy.

e CRP shows the presence of inflammation in rheumatic
heart disease.

Cardiac Catheterization

This procedure is the most invasive and risky, but also the
most accurate.
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Cardiac catheterization is used to measure the mitral
valve’s aria using the “Gorlin equation” and to measure the
pressure in the pulmonary artery.

Thus, this method will lead us to a severity classification
of mitral stenosis.

Mitral valve “Aria” (cm?):

e Large: >1.5.
¢ Medium: 1-1.5.
e Severe 1.

Pulmonary artery pressure (mmHg):
e Large: 30.

e Medium: 30-50.
e Severe: > 50.

Prognosis

The development of mitral stenosis is a process that is pro-
gressive in nature and takes about 20—40 years after the onset
of “Rheumatic fever.” It takes nearly a decade for the symp-
toms to become disabling once they appear. Those who
develop symptoms had a poor prognosis before surgery, with
“S-year survival rates” of sixty two percent among those in
“NYHA Class III” and only fifteen percent among those in
“Class IV.” The clinical outcomes have improved, especially
in those undergoing release of valvular-obstruction whether
surgically or percutaneously on the basis of currently present
guidelines. At the same time, the complications have become
less frequent. The mortality level of the patient who is not
following a treatment plan is related to the complications’
development, such as cardiac failure, pulmonary congestion,
systemic and pulmonary embolism, and severe infections.

Complication

e Atrial fibrillation (A-fib).

e Pulmonary hypertension.

e Pulmonary edema.

¢ Infective endocarditis, with an estimated risk of 0.17 per
1000 patients.

e Thrombi formation in the Lt atrium (due to A-fib) that
may later cause systemic embolization.

Treatment

The treatment schema for mitral stenosis includes 3 impor-
tant parts, which are:

1. Non-pharmacological treatment.

2. Medical treatment.
3. Surgical treatment:
e Percutaneous balloon valvuloplasty/percutaneous
mitral commissurotomy (PMC).
* Surgical valvotomy/valve replacement.
* Balloon-expandable valve implantation.

Non-pharmacological Treatment

Severe and moderate mitral stenosis patients should avoid
intense physical effort.

At the same time, it recommended a hyposodic diet for all
patients if pulmonary congestion is observed.

Medical Treatment

For asymptomatic patients, medical treatment is not
recommended.

The medical treatment could be useful for arrhythmia pre-
vention, especially atrial fibrillation, embolism prevention,
reducing the occurrence of rtheumatic fever again, providing
infective endocarditis prophylactic treatment, and cardiac
failure treatment. Symptoms that occur at the onset of pul-
monary congestion are managed with diuretic drugs. Thus,
hypo-sodium diets can provide additional benefits.

Beta-blockers and calcium channel blockers are useful for
decreasing the heart rate, leading to improved exercise toler-
ance by prolonging the diastole. [32].

Patients with A-fib should be given a long-term oral anti-
coagulant (warfarin is currently the best option). When giving
this drug, it is crucial to monitor the patient with international
normalized ratio (INR) to achieve a target of 2.5. IV “beta-
blocker or calcium channel blocker therapy” (such as diltia-
zem or verapamil) is used to manage the fast-ventricular rate
caused by A-fib in an acute clinical scenario. Long-term con-
trol could be achieved with use of oral “beta-blockers, cal-
cium channel blockers, amiodarone, or digoxin™ [33].

The Prevention of Rheumatic Fever

e Primary prophylaxis:
— Moldamin (benzathine penicillin G) IM, doses: chil-
dren 27 kg 600,000 Ul/patients >27 kg 12,000 UL
— Penicillin.
— Erythromycin.
e The treatment of the symptoms:
— Rheumatic fever with carditis — Prednisone.
— Rheumatic fever without carditis — Aspirin.
e Secondary prophylaxis:
— Secondary prevention of rheumatic fever can be done
by using the following medications:
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— Benzathine penicillin G: injected intramuscular with
the following doses [34]:
For children, 27 kg: 600000 U.
For patients >27 kg: 12000000 U every 4 weeks.
e Penicillin V: 250 mg, oral administration.
e Sulfadiazine: oral administration.
— For children under 27 kg: 0.5 qd.
— Patients heavier than 27 kg: 1 g qd.

Surgical Treatment

Percutaneous mitral balloon valvuloplasty (PMBV) or per-
cutaneous mitral commissurotomy (PMC) [35]:

PMBYV is an invasive procedure that can relieve symp-
toms by increasing the mitral valve area and decreasing the
mitral valve gradient. [36].

It is indicated for

e Symptomatic patients (NYHA Class > II).
* Asymptomatic with pulmonary hypertension with moder-
ate or severe stenosis. [36].

PMN is the first method to be used for patients with
uncomplicated mitral stenosis. With PMC, after a transseptal
puncture, a catheter is inserted in the Lt atrium, then a bal-
loon is put through the valve and inflated within the stenosed
opening. As a result, the mitral leaflets separate. An incre-
ment of 2-2.5 cm? in the size then ensues. [37].

PMC has some good advantages over a surgical valvot-
omy, such as the avoidance of thoracotomy and general
anesthesia.

The contraindications of the PMC are as follows:

e Lt atrium harboring a thrombus.
* Mitral regurgitation that is moderate to severe.
* Morphology of the valve being considered unfavorable.

The complications of a PMC are represented by

* Embolization.

e Ventricular rupture.
e Mitral regurgitation.
e Atrial septal defect.
e Stroke.

Surgical Valvotomy and Valve Replacement

In cases where “Ballon Valvuloplasty” is inappropriate (i.e.,
when the valvular morphology is deemed unfavorable) or
contraindicated, valvular replacement surgery is recom-
mended when affected individuals have moderate-to-severe
mitral stenosis and are symptomatic [37]. Nowadays, using

new techniques, we are getting good long-term results, even
in severely affected valves (stenotic or regurgitant). Metallic
prosthetic or bioprosthetic valves are used to replace valves
that cannot be repaired.

Balloon-Expandable Valve Implantation

High levels of morbidity and mortality appear to occur
after this procedure despite the fact that it is a feasible
approach. The results of “direct transarterial implantation
of a balloon-expandable valve in the mitral position” in a
study that included six patients who were symptomatic
with severe mitral annular calcification has supported this
statement and encouraged further refinement of the
approach. Although no outflow obstruction was encoun-
tered, some patients (three) developed severe “peripros-
thetic regurgitation,” and three other patients died in
hospital (noncardiac causes, 1 patient; cardiogenic shock,
2 patients).

Multiple-Choice Questions
1. Which of the following murmurs
standing?
Pulmonary stenosis.
Hypertrophic cardiomyopathy.
Tricuspid regurgitation.
Aortic insufficiency.
Mitral regurgitation.
2. X-ray of patients with mitral stenosis may demonstrate
all of the following features except
A. Lt bronchus elevation.
B. Shadow appearance.
C. On lateral X-ray, there will be retrosternal shadow
Obliteration.
D. Esophageal kink in barium swallow studies.
3. Regarding MS, the following are correct concerning
EXCEPT:
A. Most commonly caused by rheumatic heart disease .
B. Most commonly present as syncope.
C. Pregnancy, atrial fibrillation, and anemia may cause
deterioration in patients’ condition .
D. The second most prevalent symptom is hemoptysis.
E. Atrial fibrillation almost always occurs when the
defect is not corrected.

increases with

moNnw>

Answers
1. B.

Explanation: Hypertrophic cardiomyopathy (HCM).
Ventricular filling and venous return decrease with stand-
ing. Thus, murmurs intensity is decreased with all cases
except for HCM. Giving the patient amy] nitrite will also
decrease the murmur by the same mechanism of venous
return reduction.
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2. C.

Explanation: On lateral X-ray, there will be retroster-
nal shadow obliteration.

When the left atrium is enlarged, it may compress on the
esophagus and cause dysphagia—known as a cardio-
esophageal syndrome. Obliteration of the retrosternal air-
space is seen in any cause of an anterior mediastinal mass.
3. B.

Explanation: Most commonly present as syncope.
Syncope is mainly attributed to tachy- or brady-
arrhythmias or arrhythmias related to medication and
electrolyte abnormalities when it occurs in patients with
structural heart disease. Outflow obstruction of the Lt
ventricle (including HOCM or aortic stenosis) or the Rt
ventricle (including pulmonary hypertension or pulmo-
nary embolism) can end in developing syncope.
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Abstract

Rhabdomyomas are benign tumors of striated muscles,
divided into cardiac and extracardiac types. The cardiac
type is associated with tuberous sclerosis. Extracardiac is
divided into further subtypes. Cardiac rhabdomyoma is a
very common tumor in infants. Sporadic mutations are
the main cause of cardiac rhabdomyomas. These muta-
tions occur in tumor-suppressor genes, TSC-1 and TSC-2.
Along with tuberous sclerosis, various conditions are
associated with rhabdomyomas, including TOF, Epstein
abnormality, and hypoplastic left heart syndrome.
Macroscopically, they appear to be solid, unencapsulated
lesions. Microscopically, pathognomonic spider cells can
be seen. The clinical presentations rely on the location,
number of tumors in the heart and their estimated sizes,
the tumors obstruct the valves, thus decreasing cardiac
output. Arrhythmias, whether ventricular or atrial in ori-
gin, and “Wolff-Parkinson-White syndrome” also occur
commonly. Cyanosis and decreased peripheral pulses are
also common findings. Prognosis depends on where the
tumor is located, how large it is, and the associations that
are seen with it. The presentation includes shortness of
breath, heart murmurs, cerebral palsy-type sings, and
altered renal functions. Cardiac rhabdomyomas can be
detected on ultrasonography and MRI. The management
includes the use of everolimus, which increases the
regression of the tumor. Open heart surgery may be
required in some cases. Complications include valvular
compromise and cardiac arrhythmias.

M. N. Al-Obaidi - A. D. Al-Obaidi - A. M. Ali - S. S. Ahmad
College Of Medicine, University of Baghdad, Baghdad, Iraq

S. Ahmad (<)
Ghazi Khan Medical College, DG, Dera Ghazi Khan, Pakistan

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

Keywords

Rhabdomyoma - Tuberous sclerosis - Sporadic mutations
Spider cell - Valvular obstruction - Cyanosis - Everolimus
Cardiac arrhythmias - TSC - Decreased pulses

Introduction

Rhabdomyomas of the heart, benign in nature, are the tumors
of striated muscles. They can be divided into two major

types:

e Cardiac.
¢ Extracardiac.

Cardiac rhabdomyomas are hamartoma’s lesions associ-
ated with tuberous sclerosis [1]. “Tuberous sclerosis” (TS) is
a disorder of genetic etiology that involves multiple systems
and causes the appearance on non-malignant tumors in the
heart, the brain as well as other essential organs [2].
Extracardiac rhabdomyomas are further subdivided into gen-
ital, adult, and fetal subtypes. Cardiac rhabdomyomas can
disturb the blood flow to the vital organs, causing arrhyth-
mias. Cardiac thabdomyomas grow until 30-32 weeks of
gestation and then shrink naturally with time [3].

Epidemiology

Cardiac rhabdomyomas are usually detected in the prenatal
period and in infants. Cardiac rhabdomyomas account for
more than half of primary tumors of the heart that are occur-
ring in children and infancy. Furthermore, in pediatrics they
represent the most prevalent type of these primary tumors [2,
4]. The incidence of cardiac rhabdomyoma is 0.12% during
pregnancy, 0.02-0.08% in live birth infants, and 0.002—
0.25% at autopsy [5].
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Etiology

Cardiac rhabdomyoma might be caused by a genetic muta-
tion during the development of striated muscle. It is possible
for cardiac rhabdomyoma to develop spontaneously or in
conjunction with other congenital disorders, most notably
tuberous sclerosis [6-8]. Since, cardiac rhabdomyoma
affects around half of TS patients, thus patients with cardiac
rhabdomyoma usually exhibit some features that indicate the
presence of TS, both radiologically and clinically, as well as
a family history. Extracardiac rhabdomyoma does not occur
in association with the tuberous sclerosis complex. Rarely,
basal cell nevus syndrome and Trisomy 21 also show some
association [5, 9—-11].

Molecular/Genetics

As previously stated, tuberous sclerosis is mostly associated
with cardiac rhabdomyomas. Tumor-suppressor genes that
regulate the development and differentiation of developing
cardiomyocytes, TSC1 and TSC2, are responsible for the
condition. These genes are found on “chromosomes 9q34
and 16p13,” respectively, and are responsible for the encod-
ing of “ hamartin and tuberin” proteins [12].

Pathologic Features
Gross Features

They may be found in both the atria and the ventricles,
although they are more often seen in the ventricles. They are
uniformly shaped, solid, tan-white, homogenous, and
brighter than the surrounding healthy myocardium. Cardiac
rhabdomyoma can be single or multiple in number, with
diameters ranging from 1 mm to 10 cm.

Microscopic Features

Cardiac rhabdomyomas are characterized by nodules that are
circumscribed, not capsulated, but can be easily distin-
guished from the non-affected tissues. The cells have a
polygonal or a spherical shape, with a centrally located
nucleus and myofibrils radiating out to the cell wall. There
are eosinophilic septa in certain cells that extend from the
cell membrane to the nucleus giving the cells a spidery
appearance. The spider cells are the pathognomonic feature
of the tumor [2, 13].

Clinical Features

Cardiac rhabdomyoma clinical features vary according to the
size, location, and number of lesions. The lesions may be
asymptomatic or they may induce cardiac arrhythmia, tachy-
cardia, ventricular outflow blockage, or even mortality,
according to lesions severity. When a tumor affects the myo-
cardium or the ventricular papillary muscles in an extensive
manner, congestive heart failure and poor cardiac output may
result. A substantial correlation exists between cardiac rhab-
domyomas and tuberous sclerosis. As a result, a medical his-
tory, full assessment, and testing for genetic abnormalities
should be performed to rule out tuberous sclerosis [14, 15].

Prognosis and Predictive Factors

A full or partial regression of the tumor is expected to occur
over time, and ultimately the symptoms will be resolved [5].
Because cardiac rhabdomyomas tend to spontaneously
regress over time, treatment is reserved for individuals who
are experiencing life-threatening obstructive symptoms or
who are experiencing arrhythmias that are resistant to medi-
cal treatment [10].

Cardiac thabdomyoma prognosis varies according to the
size, location, and number of lesions, as well as whether there
is an evidence of tuberous sclerosis. Tumors with more than
20 mm in diameter are recognized to produce disturbances on
hemodynamic levels or cause arrhythmias, increasing the
likelihood of mortality. Cardiac rhabdomyomas that block the
flow of blood into or out of the heart cause regurgitation, and
the prognosis is bad in these cases [16, 17].

Presentation

History: There is a shortness of breath history, that is associated
sometimes with cerebral palsy symptoms and signs. Physical
examination: Patients may present with heart murmurs, cere-
bral palsy-type signs, or altered renal functions [13].

Radiological Features

A solid hyperechoic mass may be seen in relation to the
myocardium, which may be single or several in number.
Small lesions may be mistaken for diffuse myocardial thick-
ening in certain cases. They are commonly seen in close
proximity to ventricles. The lesion size discovered during
pregnancy might vary between 10 and 50 mm [15].
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Management

Medical care: Cardiologists should follow patients diag-
nosed with cardiac rhabdomyoma throughout their treat-
ment. Everolimus, an inhibitor of mTOR, had been found to
significantly provide reduction of the tumor development in
a number of anecdotal instances [16, 18-23].

Surgical care: It is possible that open heart surgery will be
necessary. When there are serious hemodynamic distur-
bances or when arrhythmias need to be treated, surgery is
almost always necessary to correct the problem. When
lesions affect the heart valves, which might impede blood
flow or induce valvular insufficiency, surgical intervention is
recommended [24].

Complications

The patient may develop cardiac arrhythmias. Valvular com-
promise and ventricular obstruction can also occur [14, 15].

Multiple Choice Questions
1. What is the primary cardiac tumor that is considered as a
most common type?
A. Cardiac thabdomyoma.
B. Myxoma.
C. Fibroma.
D. Papillary Fibroelastoma.
2. Cardiac rhabdomyoma originates from which of the fol-
lowing types of tissues:
A. A nervous tissue.
B. The smooth muscle tissue.
C. The striated muscle tissue.
D. A vascular endothelium.
3. Which of the following conditions has an association
with cardiac rhabdomyoma?
A. Tuberous sclerosis.
B. Down syndrome.
C. Basal cell nevus syndrome.
D. Marfan syndrome.
4. Until how many weeks of gestation does cardiac rhabdo-
myoma grow?
A. 26-28 weeks
B. 29 weeks
C. 30-32 weeks
D. 34-36 weeks.
5. Symptoms of cardiac rhabdomyoma arise due to:
A. Obstruction of valves.
B. Arrythmias.
C. Extensive myocardial involvement.
D. All of the above.

6. For medical care of cardiac rhabdomyoma, which drug
can be prescribed?
A. Everolimus.
B. Hormone insulin.
C. Bevacizumab.
D. Carmustine.
7. When is surgery indicated for cardiac rhabdomyoma?
A. Obstruction of blood flow.
B. Valvular insufficiency.
C. Decreased pulses.
D. Both A and B.
8. What complications can occur if not treated?
A. Cardiac arrhythmias.
B. Valvular compromise.
C. Ventricular obstruction.
D. All of the above.

Answers
1. A.
Explanations: 60% of primary cardiac tumors are car-
diac rhabdomyoma.
2. C.
Explanations: Cardiac rhabdomyomas originate from
striated muscles.
3. A
Explanations: Cardiac rhabdomyoma affects around
half of tuberous sclerosis patients.
4. C.
Explanations: After 30-32 weeks, it starts to shrink
naturally.
5. D.
Explanations: All of the given options play a role in
bringing changes to hemodynamic conditions.
6. A.
Explanations: Everolimus is an mTOR inhibitor. It
increases the regression of tumors.
7. D.
Explanations: Both of these conditions indicate sur-
gery because of significant hemodynamic disturbance.
8. D.
Explanations: All the mentioned complications can
occur because of the obstructive nature of the cardiac
rhabdomyoma.
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Transposition of the Great Artery

Ameer Almamoury

Abstract

The most common neonatal congenital cyanotic heart
disease is ToGV. It is Characterized by atrioventricular
alignments and ventriculoarterial alignments are both
discordances. The clinical findings include cyanosis
with the first 24 h in the life of neonate, chest X-ray
reveal egg on a string appearance, narrow of mediasti-
num, single S2 sound. If there is mixing, there no mur-
mur on examination. The cyanosis and the pulmonary
congestion are rapidly developed if the mixing blood is
inadequate. The prostaglandins should be initiated
immediately if there is suspension of the TGA. The main
diagnostic tool in terms of TGA is echocardiogram. The
definitive treatment should start at the first week of the
life by several procedure, there is no significant benefit
actually from the drug. If the Rastelli operation failed,
the last hope of the survival is the heart transplant which
will discuss later in this chapter.
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Transposition - Great artery - Cyanosis - Atrioventricular
- Stenosis - Pulmonary trunk - Malformations - Splitting -
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Introduction

The right ventricle gives the aorta and the left ventricle gives
the pulmonary artery, so result the parallel circular.
Atrioventricular alignments and ventriculoarterial align-
ments are both discordances. The blood is pumped from the
left ventricle into the pulmonary artery into the lung and the
right ventricle into the aorta and systemic circulation, and the
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Aorta

Transposition of great artery

Fig. 1 Transposition of the great artery (2-h neonate heart)

position of the pulmonary will be posteriorly and the aortic
anteriorly [1]. One of the most important morphological
aspects of the congenitally transposition is the coronary
artery arrangement. Transposition of great vessels is highly
associated with congenital cardiac malformation like ventri-
cle septal defect, patent ductus arteriosus, and pulmonary
valve disease (Fig. 1).

Pathophysiology

The physiology of the circulation is analogous. It is a cross of
the heart chambers and the major vessels [2]. The conse-
quences of the pathophysiology depend upon the functional
adequacy of the subaortic morphology and the coexisting con-
genital malformation. One of the anomalies of the tricuspid
valve is Ebstein anomalies, and the malformed valve functions
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normally in the early life, but the regurgitation is increase with
the age [3]. It is associated with number of the valve problems
and pathology caused by Ebstein like malformation.

Diagnosis
History

It is highly presented among the males compared to females
population. The appearance of the clinical manifestation and
presentation depends mainly on the presence of other cardiac
malformation [4]. The mortality rate in infant is related
directly to the congestive heart failure, heart block present
shortly after birth, and also this patient announces as sudden
death. The ventricle septal defect that come congenitally
with the TGA is typically nonrestrictive [5]. Isolated pulmo-
nary stenosis varies from mild to severe.

Physical Appearance

The main symptom appear is the retarded growth and devel-
opment, and this symptom reserved for infant with large ven-
tricle septal defect, cyanosis, and clopping due to pulmonary
stenosis and pulmonary vascular disease reverse shunt [6].

Arterial Pulse

Bradycardia is the half of heart block or complete heart
block.

Jugular Venous Pulse

Normal jugular venous pulse is presented here as in Fallot’s
tetralogy because of the pulmonary stenosis with a nonre-
strictive ventricular septal defect. PR interval prolongation,
increase the interval between the jugular wave and carotid
wave [7].

Palpation

The aorta located anterior and leftward due to the presence of
pulmonary hypertension and pulmonary stenosis the inverted
left ventricle that occupies posterior and to the right position
just behind the sternum cannot be palpated. The plan of the
ventricle septum faces forward, and ventricle interventricu-
lar sulcus is closely aligned with the left sternal border [8].

Auscultation

First heart sound is soft [9]. The sign of the complete heart
block has variation in intensity ejection sound in the left
base. A short soft basal mid systolic murmur originates in
the anterior aorta. The second heart sound is loud. The loud
second heart sound at the left base is aortic not pulmonary.
The aortic dominates the second sound because it is ante-
rior. The pulmonary component is attenuated posteriorly
and it is mistaken with pulmonary hypertension because of
the loudness and location of the sound. The splitting is hard
to detect because of the posterior position of the pulmonary
trunk [10]. Systolic murmur analogous to mitral regurgita-
tion (without inversion), the malformed tricuspid leaflet
shifted medially toward the left sternal so the radiation
within the left atrium toward the left edge away the
axilla [11].

ECG

The major feature of the electrocardiogram is (1) distur-
bances of the conduction and the rhythm, (2) QRS and T
wave pattern that reflect ventricular inversion, (3) modifica-
tion of the P wave, QRS, and ST segment [12]. Tall peak
right atrial P waves occur with pulmonary hypertension. The
degree of the heart block differs from time to time in the
same patient, the regular AV node does not contact infrano-
dal right and left bundle branches so the atrial septum is mis-
aligned with the inlet ventricular septum. The heart of the
young children has long penetration of the atrioventricular
bundle, this will replace with fibrous tissue which is respon-
sible for the atrioventricular block, there are many defects
detected including AV node and bundle branches. In the left
side Ebstein anomaly, the supraventricular tachycardia and
the atrial fibrillation not necessarily coincide with the pres-
ence of the Wolff—Parkinson—White accessory pathways
[13]. One of the important diagnosis is left axial deviation.
Severe pulmonary stenosis with intact septum may produce
a QR complex in lead V1 and RS complex in the lead V6.

Imaging

X-Ray

The aorta is prominence in the upper left border. The classic
radiological appearance is egg on string. The superior vena
cava can displace to the right by dilated pulmonary trunk
forming the right basal shadow, and the right ventricle has
two morphological features: (1) Hump-shaped appearance
and (2) Septal notch. The left atrium is giant and presented as
a big ball suspended below narrow vascular pedicle [14].
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Echo

The major diagnostic technique causes the echocardiography
used to identify atrioventricular and atrioventricular discor-
dance also the morphological right ventricle equipped with a
mitral valve, and the relation between the great artery and
their ventricle in origin determines the ventricle chamber
morphology and atrioventricular valve. A morphological left
ventricle is recognized by its ovoid or ellipsoid shape and its
fine trabecular architecture. A fish mouth appearance in dias-
tole is bicommissural valve [15]. The ventricle septal defect
is typically nonrestrictive and perimembranous.

Management
Initial Management

Every patient and neonate suspected and confirmed diagno-
sis of D-TGA should be urgent transported as quickly as pos-
sible to the center and institution that have expertise in treat
and manage D-TGA [16]. One of the goals of the initial man-
agement is stablize the patient and provides the patient
with adequate ventilation function and good oxygenation.
When the diagnosis of D-TGA is established, the prostaglan-
din infusion (0.05 mcq/kg per minute) is started to maintain
the patency of the ductus arteriosus [17]. Patient with severe
hypoxemia should performed balloon atrial septostomy to
stabilize the patient. The balloon is induced across the atrial
septal through cannulation of umbilical vein or femoral vein.
The procedure can be repeated for one more time only, until
establish the mixing. If the procedure is success, the oxygen
saturation will start increase immediately, often the infusion
of prostaglandin will stop at this time [18].

Surgery

Arterial Switch Procedure

Standard corrective procedure in patient with D-TGA used
since 1980s. The procedure is done by the transection of
the great artery and translocated to another side, mobiliza-
tion of the coronary artery [19]. LeCompte maneuver used
when performed the ASO procedure which place the pulmo-
nary artery anterior to ascending aorta and used to decrease
the risk of the pulmonary stenosis after operation. One of
things that makes the operation difficult is the presence of
Ventricle septal defect. Preoperative assessmentis essential
to be done including the anatomic assessment [20].

Rastelli Procedure
In 1969, it was described for the first time in patient with
D-TGA. prefer in patient with large Ventricle septal defect

and LVOT obstruction, baffling and placing a conduct of the
left ventricle and right ventricle [21-25]. Depend on the size
of VSD if large size will oxygenate the aorta and if the
restrictive VSD will enlarged to Decrease the risk of obstruc-
tion but also increase the risk of the heart block [25].

Atrial Switch Procedure

It is called also as Mustard and Senning procedure, and it is
done by converting the parallel circle, so correct the condi-
tion of the hypoxemia and cyanosis, baffle into atrial direct
oxygenated blood pulmonary venous into the tricuspid valve,
the procedure came with long term sequelae like heart failure
and arrhythmias [26-30].

Complication

Complications after arterial switch operation occurs in
5-25% of patient: pulmonary artery stenosis, which is the
main indication of reintervention, area of obstruction usu-
ally common in supravalvar, also assess by transthoracic
echocardiography [30, 31].

Coronary artery stenosis occurs mostly in the first three
month after arterial septal operation, related to kinking lead
to decrease the perfusion, end result of hemodynamically un
stability, many patient may be asymptomatic, and the gold
standard for detecting the stenosis is coronary angiography
[32]. Intimal thickening and coronary artery disease, cardio-
vascular monitor, and lipid assessment are is essential in
patient after ASO procedure. Neo-aortic pathology includ-
ing dilation and regurgitation. Some risk factors for develop-
ing are: older age more than 1 year, presence of ventricle
septal defect and previous pulmonary artery banding.
Complication after Rastelli procedure is that the conduit will
be replaced over time because of the stenosis issue, so one of
the reasons of reintervention is the conduit replacement,
arrhythmias and the heart failure, also one of complications
that is established. Right side heart failure and arrhythmia
are major complication after atrial switch. Obstruction of
right atrial and superior vena cava junction and pulmonary
venous obstruction is complication that associated with
baffle [33-37].

Follow-up

Follow-up in form of; History, physical examination and
testing should be take by cardiologist in every patient with
D-TGA undergo procedure, follow up focused mainly on the
detection and timing of complication following previous
procedure, include focus and proper history asking about the
episode of syncope and palpitation, chest pain and exercise
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tolerance [38]. On physical examination, it should include;
vital signs, Cardiac auscultation, sign of heart failure also the
edema in upper and lower limp, if the edema in the upper
limp suggestive superior vena cava obstruction [39-43].
Routine testing and imaging done in form of ECG and rou-
tine echocardiography, assessment for atherosclerosis, and
lipid profile monitoring. Antibiotic prophylaxis is not
required for endocarditis [44—47].

Multiple Choice Questions
1. 2-h old boy developed cyanosis for past few minutes.
The cyanosis never relieves by the oxygen hood, on the
examination shows the tachypnea, single and loud sec-
ond heart sound, there are no murmur. so, what is your
diagnosis?

Tetralogy of Fallot.

Dextrocardia.

Truncus arteriosus.

Transposition of the great vessels.

Tricuspid atresia.

2. 4-h child delivered with changed in the skin color for sev-
eral minute past, afterward the patient has severe attack of
cyanosis and tachypnea lead to dead of the neonate, the
autopsy report reveals that the heart shape was abnormal
and enlarged also, the left ventricle give the pulmonary
artery and right ventricle give of aorta artery, so what the
contribute the case and lead of the death in this patient:

Pulmonary congestion.

Arrhythmia.

Cardiac arrest.

Loss of the mixing blood.

. ARDS.

3. The 2-week neonate diagnosis with transposition of
D-TGA that treated with the balloon atrial septostomy to
rescue the patient, what is the definitive treatment in this
patient?

A. Beta blocker.

B. Prostaglandin.

C. Arterial switch operation.
D. Catheter intervention.

4. 2-h neonate in the neonate wards after the deliver by SC
in the operation room, the child remains the blue color of
his skin until the moment on his examination that reveals
no murmur with diffuse thrill and the single loud second
heart sound, what the immediate investigation that you
should obtain to confirm:

A. X-ray.
B. CT scan.
C. RSB.

D. ECHO.

5. A 1-day neonate has developed perioral discoloration,
that never relieved by oxygen nasal cannula, sent for the
investigation the chest X-ray show no great artery bor-
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der, and the right ventricle show the hump shaped also
the septal notch regarding what report in this X-ray.
What is the most likely diagnosis?

Coarctation of the aorta.

Atrial septal defect.

Aortic stenosis.

Patent ductus arteriosus.

Transposition of great artery.

Truncus arteriosus.

. Ventricle septal defect.

QmmINwp»

. The pediatric surgeon shows the case of the TGS patient

2-week age male neonate that treated with procedure as
early management that save the life and adequate oxy-
gen perfusion to the tissue, at this age the patient should
undergo for the definitive repair, what the cause that sur-
geon prefer this age to the repair?

A. Reduce the infection and endocarditis.

B. Treat the hypertension progress later.

C. Left ventricle thinning with an age.

D. Reduce the cyanosis.

. The 2-day neonate diagnosis with TGA .what the first

line in the management this patient?
Balloon arterial septostomy.
Arterial baffle repair.

Arterial switch operation.
Rastelli operation.

. Prostaglandin.

mO0w>

. One of the following finding on the ECG of the 2-h neo-

nate diagnosis with TGS?

A. Prolong QT interval.

B. The modification on the QRS.

C. P wave flat.

D. ST segment prolong.

The mechanism behind death in the sever cyanosis in the
patient with TGA?

Ventricle hypertrophy.

Myocarditis.

Pericarditis.

Septic shock.

Hypoxia.

. Heart failure.

The 12 years old boy came to the center of the congeni-
tal heart disease by his parent because he was diagnosed
with TGA from the first day of his life and undergo for
the serial management that successfully treated him, on
examination, the patient was normal and the vital sign
was normal. What is the main investigator you should
sent routinely on each visit to this patient?

Echo.

ECG.

Radionuclide ventriculography.

Brain CT.

MRI.

mmY 0wy
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Answers

1.

10.

D.

Explanation: The most common cyanotic heart
anomaly that causes tachypnea and loud single heart
sound and no murmur.

D.

Explanation: Cause of death is loss of shunt area of
mixing, which lead to shift the deoxygenated blood from
the heart to the body circulation causing severe brain
hypoxia and infraction brain tissue.

. C.

Explanation: The definitive treatment in the TGA
patient is the arterial switch operation
D.

Explanation: The echocardiogram is the most accu-
rate investigation regarding any congenital heart disease.
G.

Explanation: The main feature of TGA is the hump
appearance of the right ventricle.

C.

Explanation: After the 2 week of time, the left ven-
tricle become thinning and lead to potential heart failure
and increase the surgical risk.

B.

Explanation: The first procedure to do in the TGA
patient is the balloon septostomy to maintain the mixing
blood between the two-parallel circulation.

B.

Explanation: The modification of the QRS, P wave
and ST segment is one of the major findings in this patient
F.

Explanation: The most common cause of the death
in patient with TGA is the heart failure.

A.

Explanation: This patient should take detailed his-
tory and proper examination also and Echo at each
visiting.
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Wolff-Parkinson-White Syndrome

Aikaterini Kelepouri, Odysseas Kamzolas,
Andreas S. Papazoglou, Dimitrios V. Moysidis,

and Christos Tsagkaris

Abstract

Wolff-Parkinson—White (WPW) is a rare syndrome in
which an accessory conduction pathway causes a form of
ventricular pre-excitation. To date, the genetics and the
origin of the syndrome have not been completely eluci-
dated, despite the emergence of specific relevant muta-
tions and the identification of its autosomal dominant
pattern of inheritance in the familial type of WPW cases.
The abnormal accessory electrical circuit is called the
“Bundle of Kent” and causes two types of pre-excitation
(A and B). The presence of two atrioventricular commu-
nications allows the development of re-entry circuits that
circumvent the atrioventricular node, resulting in symp-
tomatic supraventricular tachycardia episodes and even
sudden cardiac death. The clinical appearance of the syn-
drome is similar to that of several tachyarrhythmias; how-
ever, specific ECG patterns are encountered in the WPW
syndrome, including the characteristic delta wave, a wid-
ened QRS complex (duration > 120 ms), a shortened PR
segment (duration < 120 ms), and a T wave opposite to
the delta wave. The early diagnosis of the syndrome
seems to be crucial since the syndrome can lead to sudden
lethal arrhythmias even in asymptomatic patients.
However, the reduced number of adults suffering from the
WPW syndrome makes its recognition and clinical man-
agement even more challenging. Fortunately, the
radiofrequency-based transcatheter ablation is considered
nowadays as the gold standard treatment for carefully
selected patients with recurrent arrhythmias. It treats the
syndrome by ablating the accessory conduction pathway
and thereby blocking the arrhythmogenic substrate in
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great success and low complication rates, while specific
antiarrhythmic drug treatment is currently reserved for
urgent manifestations of the syndrome.
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Introduction

Wolff-Parkinson—White (WPW) syndrome is an innate car-
diac disease caused by the premature activation of the myo-
cardium due to the abnormal presence of an accessory
conduction pathway (AP), the “bundle of Kent” [1]. Plenty
of physicians of multiple specialties had already referred to
the WPW syndrome, from the early1900s, when Frank
Wilson and Alfred Wedd are believed to describe for the first
time the electrocardiographic (ECG) characteristics of WPW
[2]. However, it was just in 1930 when Wolff, Parkinson, and
White thoroughly explained the syndrome characteristics,
and, thereafter, the syndrome has been entitled by their
names [3, 4]. In general, WPW syndrome is the most com-
mon form of pre-excitation, and it can be lethal because of
the severe arrhythmias that could be generated [5].

The necessary circulation of our blood and oxygen to our
organs depends on the appropriate cardiac function (i.e., car-
diac rhythm and rate), which aims to promote the blood into
the vessels. To that end, heart must be electrically stimulated
through an electrical stimulus generated into the sinus node
(SN). SN is normally located into the right atrium and is con-
sidered to be the primary pacemaker of the heart. The electri-
cal stimulus travels from there to the atrioventricular node
(AN), which is located in the Koch triangle. After arriving at
the AN, the electrical impulse is delayed to ensure the blood
ejection from the atria to the ventricles, and is later transmit-
ted to the ventricles via the His-Purkinje system. In that way,
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the ventricles are able to contract and thereby secure the
blood circulation. However, this path is only accessible from
the SN to the Purkinje fibers, while in the heart of a WPW
patient there is another possible passage beside the AN for
the stimulus, an AP, which could also enable the atria and
ventricles to communicate. This AP is mainly known as
Kent’s bundle [6]. Due to the presence of Kent’s bundle, the
electrical signal can overpass the AN. In that way, the electri-
cal impulse will not be delayed leading to malignant tachyar-
rhythmias and possibly ventricular fibrillation [1].

Epidemiology

It is difficult to estimate the exact prevalence of WPW
patients since most of them seem to be asymptomatic. There
is also a notable difference in the incidence of patients suf-
fering from the WPW syndrome and those who only have the
WPW pattern on the ECG. The WPW pattern is more usual
than the syndrome, but both conditions are uncommon,
occurring in less than 1% of the worldwide population.
Specifically, the WPW’s frequency is estimated approxi-
mately 0.1-0.3% or 1-3 per 1000 individuals, while in the
USA almost 4 new diagnoses of the WPW syndrome are
made per 100,000 individuals every year [7].

Moreover, it seems that APs could be located anywhere in
the heart [8]. Their location is estimated to be the following
(in descending order of frequency): (1) at the left free wall
(53%), (2) posteroseptal (36%), (3) at the right free wall
(8%), and (4) anteroseptal (3%). Yet, the presence of con-
cealed APs accounts for approximately 30% of patients with
apparent supraventricular tachycardias (SVT) referred for
electrophysiologic studies (EPS). These patients do not have
a “classic” WPW syndrome because no delta wave is pres-
ent, but they do have the potential for orthodromic tachycar-
dia. With regard to tachycardia, we should note that
approximately 80% of patients with the WPW syndrome
have a reciprocating tachycardia, while 10-32% of them will
develop atrial fibrillation (AF), and 5% atrial flutter, whereas
ventricular tachycardia seems to be uncommon [5, 9, 10].

Additionally, the age of WPW development plays also a
significant role in the clinical course of the syndrome. Most

cases of the WPW syndrome are identified in early child-
hood and adolescence. However, 1 out of 4 WPW patients
loses the pre-excitation over a 10-year period. The WPW
pattern seems finally to appear equally in both sexes, while a
gender-based imbalance concerns the WPW syndrome,
which is more common among men according to the existing
literature [1, 11].

Etiology

WPW syndrome has not been yet associated with specific
genetic mutations in most patients, and, therefore, the
underlying genetic etiopathology remains unknown in
them. Contrary to those (random) cases, there is also a per-
centage of cases in which the syndrome is caused due to an
autosomal dominant inherited mutation. Scientists have
detected a responsible gene in some patients, named
PRKAG2, which is located in the long arm of chromosome
7 and codes the gamma-2 regulatory subunit of AMP-
activated protein kinase [12]. This mutation changes the
kinase activity and results in the abnormal accumulation of
glycogen within the myocardial cells, according to the indi-
cation of studies so far. This is known as the familial WPW
syndrome, which is inherited in an autosomal dominant
pattern with complete penetrance and variable degrees of
expression. In addition to those two categories (random and
familial), there is a percentage of 7-20% of patients devel-
oping the WPW syndrome while they suffer from congeni-
tal heart defects, with the most common of them being the
Ebstein anomaly with affected tricuspid valve, or other
genetic diseases [13, 14]. In Table 1, we briefly describe the
potential etiology of the WPW syndrome, as retrieved from
the existing literature.

Table 1 Etiology of the WPW syndrome

Random cases
Family cases

Comorbid congenital
heart disease

— Unknown origin
— PRKAG2 mutation

— Mostly Ebstein anomaly and Pompe
disease
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Pathophysiology

The WPW syndrome is caused by the existence of an abnor-
mal accessory electrical circuit, an AP between the upper
and lower chambers of the heart (the so-called bundle of
Kent). This bundle is an embryonic remnant which either
remains or vanishes during adult life [15]. When the bundle
enables the communication between the right atrium and
ventricle, it is called “pre-excitation type B,” while the pres-
ence of the bundle in the left side of the heart is called
“pre-excitation type A.” The presence of this AP allows the
electrical activity to circumvent the AV node. As a result, the
signal is not delayed there and arrives earlier at the ventri-
cles, resulting in their premature depolarization [1].

Hence, the presence of two atrioventricular communica-
tions allows the creation of re-entry circuits and tachyar-
rhythmias. Tachyarrhythmias can be caused in two possible
ways [1]:

A. The most common way of development is the ortho-
dromic atrioventricular reentrant tachyarrhythmia
(AVRT), in which the electrical signal is transmitted

Sn An

Fig. 1 (a) Normal conductive system and (b) WPW conductive system

from the atria to the ventricles through the natural con-
duction system, but it returns to the atria through the
bundle of Kent due to the ability of the APs to transmit
both orthodromic and antidromic signals. Some rare
cases have been also described in which the cathode is
happening through the bundle and the anode through the
AP conduction system.

B. The second way is more straightforward: a supraventric-
ular tachyarrhythmia is transmitted through the bundles,
which cannot delay the sign in comparison with the AV
node.

The aforementioned differences encountered in the elec-
trical conduction in the WPW syndrome are also electro-
cardiographically apparent. In the ECG pattern of a WPW
patient, there is a delta wave (formed due to the earlier
depolarization of the ventricular muscle tissues), a widened
QRS complex (due to the delta wave in addition to the
depolarization from the natural conductive system of the
heart), a shortened PR interval, and a T wave opposite to
the delta one (showing the modified depolarization) [1, 6,
16] (Fig. 1).

Bundle of kent
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Clinical Appearance

A WPW patient may be asymptomatic if he has not yet
developed any arrhythmia (mainly atrial fibrillation and
atrial flutter) and his examination may not have anything
remarkable. However, the symptom onset may be abrupt,
and the appearance of the symptoms is unpredictable in most
cases. The symptoms are usually attributed to arrhythmias
and could be one or more of the following ones [1, 17]:

e Chest pain.

e Dyspnea.

e Dizziness.

e Syncope.
 Palpitation.

e Collapse.

e Sudden cardiac death.

The syndrome may also appear as intolerance in physi-
cal activity. Moreover, a patient may suffer from polyuria
after an episode of supraventricular tachycardia because of
the dilated atria and the released atrial natriuretic factor.
Another clinical sign usually occurring is the blood pres-
sure disorder, which can vary from hypertension to hypo-
tension [18].

During the physical examination, the patient may be cool,
hypotensive, with crackles (on auscultation) and elevated
jugular venous pressure besides the almost always increased
heart rate. It is of interest to note that the physical examina-
tion becomes normal again right after the termination of the
tachyarrhythmia [17].

Diagnosis

The diagnosis of the WPW syndrome is mostly made with a
12-lead ECG, with the relative clinical appearance and the
family history being also of great help. The diagnosis can
also be set with a Holter monitor and an electrophysiological
testing [19].

The ECG patterns of WPW patients consist of the follow-
ing features [6, 16, 18]:

Slurring of the initial portion of the QRS complex (delta
wave).

Widened QRS complex (duration >120 ms in adults and
>90 ms in children).

Shortened PR segment (duration <120 ms in adults and
<90 ms in children).

T wave opposite to the delta wave (Fig. 2).

The Holter monitor shows what is exactly demonstrated by a
12-lead ECG, but the monitor is placed for a couple of days, and
shows the heart function throughout the whole day [19] (Fig. 3).

Electrophysiological testing constitutes a catheterization
procedure in which catheters with electrodes run through
blood vessels to the heart where they can detect the abnormal
electrical APs. This method also provides an additional ther-
apeutic option, the transcatheter-based ablation, which will
be later described extensively [20].

In a patient with the WPW syndrome, we can also per-
form laboratory blood testing to exclude other life-threatening
conditions, along with echocardiography to evaluate the ven-
tricular function [17].

Fig.2 Electrocardiogram of a patient with the WPW syndrome, as contributed From User Ksheka Wikimedia commons (CC By S.A.-3.0 https:/
creativecommons.org/licenses/by-sa/3.0/deed.en)
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Fig. 3 Holter monitoring is

used to assess the cardiac
rhythm of a WPW patient
throughout the day

Differential Diagnosis

The differential diagnosis of WPW syndrome must include
other conditions sharing similar ECG characteristics with
those encountered in WPW. It is also necessary to determine
if the WPW is combined with other heart anomalies and if it
is a part of genetic syndromes.

Thus, the conditions that must be differentially diagnosed
from the WPW syndrome are [13, 21, 22]:

e Atrial fibrillation.

e Atrial flutter.

e Atrial tachycardia.

e Atrioventricular nodal re-entry tachycardia.
e Paroxysmal supraventricular tachycardia.

e Ventricular tachycardia.

e Syncope.

e Danon disease.

e Ebstein anomaly.

* Glycogen storage diseases.

Management of a Patient with the WPW
Syndrome

The treatment of the WPW syndrome has been subject to
substantial changes during the last decades, with the
radiofrequency-based transcatheter ablation (TCA) emerg-
ing nowadays as the gold standard treatment for patients
with recurrent arrhythmias [23]. Initially, the antiarrhythmic
drug treatment was the apparent management step for the
clinicians. Yet it demonstrated a significant inability to
induce a selective and complete conduction block over the
arrhythmogenic substrate and thereby treat the WPW syn-
drome. Besides its inadequate efficacy, the antiarrhythmic
drug treatment has also led to a proarrhythmic response in
young and usually healthy populations by inducing a notable
conduction delay in the reentrant circuit and thus rendering
the arrhythmia incessant [23]. Hence, antiarrhythmic medi-
cation is currently reserved for urgent manifestations of the
WPW syndrome. Nevertheless, the skills to correctly manage

widened QRS

adult patients seem to vanish along with the constantly
reducing numbers of adults suffering from the syndrome.
This seems to be of utmost importance for the new genera-
tions of cardiologists dealing with adult patients, and, there-
fore, we will provide a brief overview of the existing options
to deal with the syndrome, aiming to decrease the possibility
of clinical mismanagement and bolster the effective stratifi-
cation and therapy of those patients.

Acute Management of a Symptomatic Patient
with the WPW Syndrome

Treatment strategy in patients with the WPW syndrome gen-
erally aims to treat a symptomatic arrhythmia and reduce the
risk of a life-threatening arrhythmia. Patients presenting with
any symptomatic tachyarrhythmia (AF/atrial flutter, ortho-
dromic, or antidromic AVRT), which might involve an AP,
should undergo a prompt initial evaluation of their hemody-
namic status. Hemodynamically stable patients can be
assessed and treated in accordance with the type of the sus-
pected arrhythmia, as presented in Table 2, while hemody-
namically unstable patients should undergo urgent electrical
cardioversion. We should not discount that cardioversion is
further indicated in cases where the utilized pharmacother-
apy is ineffective.

For hemodynamically stable patients with acute ortho-
dromic AVRT, the approach is very similar to that applied to
patients with other types of paroxysmal supraventricular
tachycardia, where specific therapies can lengthen the AV
nodal refractoriness while depressing its conduction and
thereby blocking the impulse within the AV node and termi-
nating the tachycardia. A step-wise approach is usually rec-
ommended with initial treatment with one or more vagal
maneuvers (such as the Valsalva maneuver and carotid sinus
massage) being preferred rather than pharmacologic therapy
(Class IB) [17, 24]. If those maneuvers are ineffective, treat-
ment with an AV nodal blocking agent (beta blockers,
adenosine, and verapamil) should be instituted. Adenosine iv
is preferred as the initial choice rather than verapamil IV
based on its efficacy and short half-life (Class 1IB), which
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Table 2 Medical therapy associated with the Wolff—Parkinson—White syndrome

Arrhythmia
Orthodromic AVRT

Acute management
(termination)

Chronic management
(prevention)

Antidromic AVRT

Acute management
(termination)

Chronic management
(prevention)

Treatment options

Stable patients:

First line: Vagal maneuvers

Second line: IV adenosine

Third line: IV verapamil OR IV diltiazem

Other therapies: IV procainamide OR beta blocker
Synchronized cardioversion: Unstable patients and if other therapies
are ineffective or not feasible

First line: Catheter ablation of the accessory pathway
Second line: Oral flecainide or propafenone in the absence of
structural or ischemic heart disease

Third line: Oral IA antiarrhythmic agent OR oral amiodarone

Stable patients (if sure of the diagnosis): Same progression of
therapies as acute termination of orthodromic AVRT

Stable patients (if NOT sure of the diagnosis): IV procainamide
Synchronized cardioversion: Unstable patients and if procainamide
ineffective or not feasible

First line: Catheter ablation of the accessory pathway

Second line: Oral flecainide or propafenone in the absence of
structural or ischemic heart disease

Other therapies: Oral IA antiarrhythmic agent OR oral amiodarone

Contraindicated therapies

Adenosine, verapamil, diltiazem, beta
blockers, digoxin should all be avoided if
NOT certain of diagnosis

Digoxin, beta blockers, verapamil,
diltiazem

Pre-excited atrial fibrillation or atrial flutter
Acute management Stable patients:
(termination) First line: IV ibutilide or IV procainamide

Amiodarone, digoxin, beta blockers,
adenosine, verapamil, diltiazem

Other therapies: IV Flecainide, encainide, and propafenone or
dofetilide; synchronized cardioversion if other therapies are ineffective

or not available

Synchronized cardioversion: Unstable patients and if other therapies

are ineffective or not feasible
Chronic management
(prevention)

structural or ischemic heart disease

First line: Catheter ablation of the accessory pathway
Second line: Oral flecainide or propafenone in the absence of

Oral digoxin

Third line: Oral IA antiarrhythmic agent OR oral amiodarone

render it effective for the acute termination of the tachycar-
dia in 80-90% of patients [25, 26]. If the tachycardia per-
sists, IV administration of procainamide or beta blockers
(e.g., metoprolol, propranolol, and esmolol) is an additional
therapeutic strategy that could be utilized [27, 28].

When a WPW patient presents with acute symptomatic
antidromic AVRT, while being hemodynamically stable, the
treatment with IV procainamide is recommended to termi-
nate the tachycardia or to slow the ventricular response and
improve the patient’s hemodynamic state [24]. IV adminis-
tered adenosine, verapamil, and beta blockers (AV node-
specific blocking drugs) should be avoided if we are not
certain of the diagnosis. This is practically not feasible out-
side the electrophysiology laboratory, and thus a patient
should be considered to have a possibly undiagnosed ven-
tricular tachycardia, which can even degenerate into ventric-
ular fibrillation after the administration of the aforementioned
contraindicated drugs.

For patients presenting with acute pre-excited AF or
atrial flutter pattern, we should always keep in mind that in
those patients, the conduction to the ventricle often occurs

either via the AV node or through the AP. Therefore, AV
nodal blocking medications [non-dihydropyridine calcium
channel blockers (verapamil and diltiazem), beta blockers,
adenosine, digoxin, and amiodarone] are contraindicated in
those patients since blocking the AV node would promote the
conduction via the AP and make the ventricular rate even
more rapid (Class IA). Thus, the optimal approach in those
patients is to initially proceed with rhythm control medica-
tion (i.e., procainamide and ibutilide) rather than rate control
(Class IIC), since sinus rhythm would make it easier to con-
trol the ventricular rate [17, 24].

Chronic Treatment to Prevent Recurrent
Arrhythmias

After the stabilization of a WPW patient presenting with an
acute episode of tachyarrhythmia, clinicians should consider
additional therapeutic options to proceed with in an effort to
prevent recurrent symptomatic arrhythmias. For almost every
patient with an AP and symptomatic arrhythmic episodes
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(orthodromic or antidromic AVRT, and pre-excited AF or
atrial flutter), the recommended long-term treatment approach
is the radiofrequency-based TCA (Class IA). For those patients
who are not candidates for or not willing to undergo ablation
of the AP or for select patients with well-tolerated, rare
arrhythmic episodes, antiarrhythmic medication is still recom-
mended (Class IIC). The appropriate antiarrhythmic agent
should be carefully selected based on the etiology of the
arrhythmia and its electrophysiological properties (Table 2) to
prevent future episodes and slow the ventricular response [17].

It is definitely worth mentioning that chronic preventive
medication with verapamil or digoxin is contraindicated and
should be avoided in every patient with the WPW syndrome.
Flecainide and propafenone constitute the agents of choice
for the prevention of recurrent orthodromic AVRT due to
their favorable benefit/risk ratio [29-32], with the exception
of patients with coronary artery disease history, where these
drugs could decrease survival rates due to proarrhythmic
effect [33]. Moreover, beta blockers could also be utilized as
a second-line treatment to prevent orthodromic AVRT in
low-risk patients with the WPW syndrome, but they should
be avoided in patients with pre-excited AF. Additionally,
amiodarone could be effective in multiple ways to suppress
orthodromic AVRT, yet the frequent side effects encountered
(i.e., pulmonary, thyroid, and hepatic toxicity) constitute sig-
nificant concerns especially for younger patients requiring
many years of preventive therapy [34-36].

With regard to the prevention of recurrent antidromic
AVRT and pre-excited AF, flecainide and propafenone con-
stitute the drugs of choice in the absence of underlying struc-
tural heart disease. In patients though with concomitant
structural heart disease, amiodarone should be considered as
a drug of choice by the clinicians because AV nodal blocking
drugs (beta blockers, calcium channel blockers, and digoxin)
should not be recommended in those patients.

Transcatheter Ablation (TCA)

Nevertheless, radiofrequency-based TCA of the AP is con-
sidered to be the treatment of choice for symptomatic patients
with arrhythmias (orthodromic or antidromic AVRT) or AF
and pre-excitation because of its favorable risk/benefit ratio
[17]. The idea to treat the WPW syndrome through the abla-
tion of APs is not novel, with the first successful surgical
ablation being reported back in 1968 [37]. This technique
remains to date as a last-resort approach (as described
below), despite the applied modifications on this technique
(i.e., open-heart endocardial incision or closed heart dissec-
tion and cryo-ablation) [38, 39]. However, recent research in

1 Diagnostic catheters
2 Ablation catheter
3 Accessory pathway

Fig.4 Graphical presentation of the ablation of the accessory pathway
in a patient with the WPW syndrome

conjunction with the experience gained in the electrophysiol-
ogy laboratories, gave birth to the concept that percutaneous
shock ablation of APs was feasible [40] (Fig. 4).

In the last decades, the standard energy source used to
ablate APs is radiofrequency current. However, cryo-
ablation can be used as an alternative to the radiofrequency-
based one for APs with proximity to the AV node or the
bundle of His [40]. TCA has been linked with especially
high success rates (up to 97% in expert centers) and sub-
stantially lower complication rates (less than 1%) in a large
number of studies [41-48], with those levels of safety and
success being replicated in further studies considering the
pediatric population, which has now evolved into the pri-
mary target of TCA [23, 49]. Nowadays, it is widely
accepted that symptom control is the most frequent indica-
tion for TCA. In particular, TCA is considered as the gold-
standard approach for the management of supraventricular
arrhythmias in all patients with symptomatic AVRT or pre-
excited AF according to the recent guidelines published by
the American College of Cardiology, the American Heart
Association, and the Heart Rhythm Society in 2015 [17].
Moreover, symptomatic patients who have failed TCA are
usually referred for a repeat TCA attempt or consider pro-
ceeding with surgical ablation.
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Management of Asymptomatic Patients
with the WPW Syndrome

Although the management of asymptomatic WPW patients
still remains a conundrum, for most of them, particularly
those over 35-40 years of age, observation is suggested
rather than TCA or pharmacological treatment (Class IIC).

Fig. 5 Management of
asymptomatic patients with
the WPW syndrome
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However, in some asymptomatic patients, TCA of the APs
is also recommended after following specific risk stratifica-
tion algorithms (as presented in Fig. 5), because of the risk
of sudden cardiac death (SCD) correlated with the syn-
drome. In particular, it is currently established that SCD
might be the first manifestation of the WPW syndrome,
with recent evidence supporting the link between SCD and
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AF in the WPW syndrome [50, 51]. Nevertheless, the inci-
dence of SCD seems to be very low regardless of age (rang-
ing from 0.1 to 0.4% WPW patients per year in several
large case series) [51], while its incidence in the asymp-
tomatic pediatric population ranges from 0.0012 to 0.6%
per year [17, 49, 52].

The main mechanism underlying SCD in WPW patients
is ventricular fibrillation, occurring during an episode of
AF. Therefore, identifying asymptomatic patients at signifi-
cant risk for ventricular fibrillation could automatically ren-
der those patients’ suitable candidates for TCA. Moreover,
current literature supports the existence of some predictive
indicators for the development of symptoms or SCD (high-
risk asymptomatic patients with WPW) [53-55]:

* Younger age.

e Male gender.

e Short refractory period of the AP.

e Multiple APs.

e Short pre-excited RR interval (SPERRI < 250 ms) during
AF or during rapid atrial pacing.

e Inducible AVRT or AF during electrophysiological
studies.

* Ebstein malformation.

e Some occupations (such as airline pilots or truck drivers)
in which a potential symptomatic episode would put
themselves or others at risk.

However, asymptomatic WPW patients (who are often
young and otherwise healthy) mostly remain asymptomatic
[55], and it is noteworthy that patients who remain asymp-
tomatic over 35 years are unlikely to develop any symptoms
at all [56]. Although children are at the highest risk of devel-
oping symptoms, reported rates of symptom development
rise up to 20% over 3 years [S7]. Therefore, the decision to
refer an asymptomatic young patient with pre-excitation for
TCA remains a dilemma to date since TCA could also carry
potentially life-threatening complications (cardiac tampon-
ade, complete AV block, acute inter-atrial shunting, and
inappropriate sinus tachycardia) [58].To that end, a 2012
consensus statement on the management of asymptomatic
young WPW patients has been published to support a risk
stratification algorithm (presented in Fig. 5) utilizing both
non-invasive tests and electrophysiological studies to detect
asymptomatic young patients at higher risk [54].

This algorithm suggests that old enough children should
undergo an exercise stress test to evaluate the persistence of
pre-excitation. According to a systematic literature review
published in 2019 by Raposo et al., the most relevant studies
considered indeed the cut-off age > 8 years old for the
assessment of pre-excitation persistence, exactly as recom-
mended in the 2012 consensus [49]. The identification of a
SPERRI < 250 ms seems to be the best promising indicator

for risk stratification. Thus, prophylactic non-
pharmacological therapy (i.e., TCA) is nowadays recom-
mended in asymptomatic children with 1 or multiple APs
and a low SPERRI and/or a low effective anterograde period
of the AP (Class II) [23]. Nevertheless, both the ambiguity
regarding the usefulness/efficacy of the TCA and the vari-
ous presentations of the syndrome render its treatment more
of a challenge today than it was a few decades ago.

Surgical Ablation and Perioperative
Management

Finally, surgical ablation of the APs could be considered as a
last-resort approach once both TCA and pharmacological
treatment have failed. This procedure was the standard tech-
nique used in patients with drug-refractory WPW syndrome
before TCA was discovered. Despite the excellent reported
outcomes of surgical ablation (long-term success rate almost
100% with an operative mortality rate <1% [59, 60], nowa-
days radiofrequency-based TCA is considered as the pre-
ferred therapy for the ablation of the APs. Surgical ablation
remains an effective option in highly symptomatic and
hemodynamically unstable, drug-refractory arrhythmias
patients who had already undergone a TCA failing to treat
the APs successfully [61]. It has been also reported as a safe
alternative to treat the syndrome in children undergoing con-
comitant operation for comorbid congenital cardiac lesions
[62]. Nevertheless, clinicians should always keep in mind
that anesthesia (both general and regional) can unmask the
WPW syndrome, and they should be very cautious with the
perioperative management of a WPW patient. Perioperative
circumstances (nausea, cholinergic medications, hypother-
mia, sympathetic blockade, laryngoscopy, and hyperventila-
tion) can all accentuate AP travel or affect normal conduction
pathways, thereby creating a proarrhythmic environment
[63-66].

Sports Eligibility

Pre-participation physical evaluation usually includes an
ECG examination for all athletes—irrespective of age—
and thus, a WPW diagnosis is frequently made in this con-
text. While many sudden cardiac deaths of WPW patients
have been associated with exercise [67], training does not
seem to alter the electrophysiological properties of WPW
[68]. However, WPW syndrome accounted for almost 1%
of sudden deaths in a long-term registry of athletes [68].
Hence, the European Society of Cardiology claims that all
WPW athletes should undergo a comprehensive risk pre-
participation assessment through an electrophysiological
study [69]. In contrast, according to the 36th Bethesda
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Conference, the electrophysiological assessment is recom-
mended only in asymptomatic athletes participating in
moderate- to high-level competitive sports [70]. Despite
the existing disparities in the recommendations in dealing
with asymptomatic WPW athletes among European and
American Cardiology Societies, any adolescent with ven-
tricular pre-excitation should prompt referral to a specialist
with expertise in pediatric electrophysiology to initiate the
process of risk stratification, as described in this literature
review.

Conclusion

The WPW syndrome constitutes a rare and potentially lethal
congenital abnormality in the cardiac conduction system,
encountered quite rarely in contemporary adult populations.
However, the timely recognition of the WPW pattern in an
ECG of an asymptomatic individual, as well as the effective
risk stratification and clinical management of both symptom-
atic and asymptomatic WPW patients have evolved into
challenging and significant steps, with the potential to maxi-
mize patients’ quality of life and minimize the risk of life-
threatening arrhythmias.

Multiple Choice Questions

1. Wolff-Parkinson—White (WPW) is caused due to the

presence of:

A. Myocardial ischemia.

B. A normal accessory pathway.
C. Bundle of Koch.

D. Bundle of Kent.

2. The accessory conduction pathway is more often located
at the:

A. Right free wall.
B. Left free wall.
C. Posteroseptal.
D. Anteroseptal.

3. WPW is most commonly encountered as a syndrome

with:

A. Unknown origin.

B. Familial origin.

C. Unknown and familial origin.
D. None of the above.

4. Individuals with the WPW syndrome are born with an
extra electrical pathway between the upper chambers of
the heart (atria) and the lower chambers (ventricles).
This extra pathway makes which of the following more
likely to occur?

A. Heart attacks.

B. Abnormally fast heart rhythms.
C. High cholesterol.

D. High blood pressure.

10.

. Which of the following methods is not used to diagnose

the WPW syndrome:

A. 12-lead ECG.

B. Holter monitor.

C. Electrophysiological testing.

D. MRL

The ECG pattern of a WPW patient consists of one of
the following features:

Delta wave.

Shortened QRS complex.

Widened PR segment.

T wave generally in the same direction as the delta
wave.

Onw>

. In WPW patients, antiarrhythmic drugs may be given

indefinitely to prevent episodes of a fast heart rate.
Which of the following treatments can eliminate the
need to take antiarrhythmic drugs for a lifetime?

A. Heart bypass surgery.

B. Pacemaker implantation.

C. Stent placement.

D. Radiofrequency ablation.

. Which of the following drugs is the drug of choice for

the termination of an acute paroxysmal tachycardia

when recognizing a delta wave in the ECG pattern of a

hemodynamically stable patient?

A. TV amiodarone.

B. IV adenosine if vagal maneuvers do not succeed.

C. Oral flecainide or propafenone.

D. Digoxin if atrial fibrillation co-exists.

Which strategy is preferred for the chronic management

of a WPW patient to prevent the recurrence of arrhyth-

mic episodes?

A. Propranolol, bisoprolol, or carvedilol.

B. Digoxin or verapamil.

C. Radiofrequency-based transcatheter ablation of the
accessory pathway.

D. Propafenone in a patient having previously under-
gone a coronary revascularization procedure.

Which of the following asymptomatic patients should be

prioritized to be scheduled for a transcatheter ablation in

your electrophysiology laboratory?

A. A 43-year-old man with intermittent pre-excitation
recognized in his ECGs.

B. A 51-year-old woman with persistent pre-excitation
and atrial fibrillation, who was referred -despite her
reluctance—for an electrophysiological study, which
demonstrated a SPERRI > 250 ms.

C. A 63-year-old man who has been diagnosed with
WPW 40 years ago and undergoes preoperative car-
diac evaluation prior to a scheduled laparoscopic
cholecystectomy.

D. A 17 year young man willing to become an Air Force
pilot.



Wolff-Parkinson-White Syndrome 229

Answers
1. D.

be instituted. Adenosine IV is preferred as the initial
choice rather than verapamil IV based on its efficacy and

Explanation: WPW syndrome is an innate cardiac
disease caused by the premature activation of the myo-

in children), III. Shortened PR segment (duration
<120 ms in adults and < 90 ms in children), and IV. T
wave opposite to the delta wave.

. D.

Explanation: This procedure destroys the extra elec-
trical pathway between the atria and ventricles by deliv-
ering energy through an electrode catheter inserted in
the heart. It is successful in more than 95% of people.

. B.

Explanation: For hemodynamically stable patients
with acute orthodromic AVRT, a step-wise approach is
usually recommended with initial treatment with one or
more vagal maneuvers (such as the Valsalva maneuver
and carotid sinus massage) being preferred rather than
pharmacologic therapy (Class IB). If those maneuvers
are ineffective, treatment with an AV nodal blocking
agent (beta blockers, adenosine, and verapamil) should

short half-life (Class I1IB), which render it effective for
the acute termination of the tachycardia in 80-90% of

cardium due to the abnormal presence of an accessory patients.
conduction pathway, the “bundle of Kent.” 9. C.
. B. Explanation: For almost every patient with an AP
Explanation: Accessory pathways could be located and symptomatic arrhythmic episodes (orthodromic or
anywhere in the heart: (1) at the left free wall (53%), (2) antidromic AVRT, and pre-excited AF or atrial flutter),
posteroseptal (36%), (3) at the right free wall (8%), and the recommended long-term treatment approach is the
(4) anteroseptal (3%). radiofrequency-based TCA (Class IA). For those patients
. Al who are not candidates for or not willing to undergo
Explanation: WPW syndrome has not been yet asso- ablation of the AP or for select patients with well-
ciated with specific genetic mutations in most patients, tolerated, rare arrhythmic episodes, antiarrhythmic med-
and, therefore, the underlying genetic etiopathology ication is still recommended (Class IIC). However, beta
remains unknown in them. blockers, verapamil, and digoxin are contraindicated in
. B. WPW patients, while flecainide and propafenone should
Explanation: Typically, when people first experience be avoided in coronary artery disease patients.
an arrhythmia due to this syndrome, it is an episode of 10. D.
palpitations that begins suddenly, often during exercise. Explanation: Current literature supports the existence
For most people, the very fast heart rate is uncomfort- of some predictive indicators for the development of
able and distressing. A few people faint. Wolff— symptoms or SCD (high-risk asymptomatic patients with
Parkinson—White syndrome is a common cause of WPW): younger age, male gender, short refractory period
paroxysmal supraventricular tachycardia. of the AP, multiple APs, short pre-excited RR interval
. D. (SPERRI<250 ms) during AF or during rapid atrial pac-
Explanation: The diagnosis of the WPW syndrome ing, inducible AVRT or AF during electrophysiological
is mostly made with a 12-lead ECG, with the relative studies, Ebstein malformation, and some occupations
clinical appearance and the family history being also of (such as airline pilots) in which a potential symptomatic
great help. The diagnosis can also be set with a Holter episode would put themselves or others at risk. Besides,
monitor and an electrophysiological testing. patients who remain asymptomatic over 35 years are
. A unlikely to develop any symptoms at all and patients who
Explanation: The ECG patterns of WPW patients have intermittent pre-excitation should proceed with car-
consist of the following features: 1. Slurring of the initial diology counseling and symptom awareness.
portion of the QRS complex (delta wave), II. Widened
QRS complex (duration >120 ms in adults and > 90 ms
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Laparoscopic Surgery of Congenital

Heart

Morad Al Mostafa

Abstract

There have been many developments in the field of con-
genital heart surgery and with the accumulation of exper-
tise and the development of medical tools and treatment
methods it is possible for a child with congenital heart
disease to live a valuable life. This chapter discusses the
medical approaches for the surgical correction of congen-
ital heart disease, surgical methods of congenital heart
disease repair, benefits, and the complication of heart sur-
geries. We have been familiar with the latest scientific
research, articles and studies related to congenital heart
disease surgeries, the risks of these surgeries, and the effi-
ciency of these surgeries in improving the lives of chil-
dren with these diseases. The chapter is also talked about
robotically assisted heart surgery which is a new approach
to minimally invasive heart surgery. The benefits, risk,
and complications of this new method were discussed.
Laparoscopic surgery, which requires smaller incisions
instead of the larger incisions required in open surgery,
has becoming more prevalent. Many studies about mor-
tality, morbidity, and outcomes after laparoscopic surgery
in children with and without congenital heart disease
were discussed in this chapter and showed that children
with congenital heart disease are more susceptible to
hemodynamic effects of gas insufflation in laparoscopic
surgery, and these consequences may counteract any ben-
efits given by the less invasive method.
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Introduction

The flow of blood through the heart is disrupted by congeni-
tal heart abnormalities. Congenital cardiac abnormalities
come in various severity. They might range from minor
defect that may be readily corrected or do not require treat-
ment at all to major defect with life-threatening symptoms
that require prompt medical care.

Congenital anomaly of the heart is the most common
birth disorder. Over the last few decades, the identification
and treatment of these complicated abnormalities have dra-
matically improved. As a result, virtually all children with
complex heart abnormalities have valuable life.

How Are Congenital Heart Defects Treated?

A congenital heart defect is treated through congenital heart
defect correction surgery.

Open-heart surgery includes surgical procedure where the
chest is opened surgically to perform surgery on heart valves,
muscles, or arteries. In typical open-heart surgery, the heart
is stopped and the surgeon performs the procedure while a
heart-lung machine performs the job. Compared to open-
heart surgery, catheter operations simpler than surgical treat-
ments since they just involve a needle incision in the skin to
introduce the catheter into a vein or artery.

Improvements in surgical methods, as well as collected
expertise in the treatment of CHD patients, have resulted in a
significant reduction in overall mortality, as well as improved
CHD patient long-term survival. But on the other hand, the
vast spectrum of cardiac defects, the presence of recurrent
lesions, and the individuality of each case all provide distinct
challenges in the monitoring and management of this grow-
ing community of people with CHD. A significant number of
people reach adulthood without having their CHD corrected
surgically due to multiples factors despite the early identifica-
tion and surgical treatment of congenital heart disease (CHD).
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Patent Ductus Arteriosus Repair

The patent ductus arteriosus can be corrected without the
need for surgery. The procedure can be done as open sur-
gery, video-assisted thoracoscopic surgery, and catheter
closure. Typically, the operation is performed in an X-ray-
equipped laboratory to close the connection that remains
patent after birth. During this procedure, the surgeon
makes a small cut in the groin and a catheter is passed
through the femoral vein. A coil-like metal device is
advanced through the infant’s ductus arteriosus artery by
the catheter to correct the problems and block the blood
flow [1].

Pulmonary Valve Stenosis Repair

Severe symptoms necessitate treatment. In congenital pul-
monary valve stenosis, the surgeon will do valvectomy,
where an incision in the pulmonary valve is made to open it
and the old pulmonary valve is removed and a new valve is
attached.

In transcatheter pulmonary valve replacement, a catheter
with a new, balloon-expandable replacement pulmonary
valve at its end is placed into a large blood vessel in the groin
or chest and directed to the heart.

Coarctation of Aorta Repair

Coarctation is a non-shunt, obstructive lesion. There is
obstruction in the distal part of aortic arch (just distal to sub-
clavian artery), blood flow to the lower extremities is
restricted due to the constriction, which will cause the heart
to pump at a higher pressure in order to perfuse the lower
extremities. Coarctation of the aorta is generally treated by a
thoracotomy. Coarctation of the aorta can be repaired by bal-
loon angioplasty or surgery. The surgical treatment includes
removing the constricted region and suturing the remaining
two ends together.

A third method for correcting this problem is to allow
blood to bypass the constricted segment by connecting a tube
to the normal portions of the aorta on each side of the con-
stricted segment.

A fourth method for correcting this problem is a subcla-
vian flap. An incision is made in the thin portion of the aorta.
Then a patch from the left subclavian is used to widen the
aorta’s constricted section.

Atrial Septal Defect (ASD) Repair

The atrial septum is a muscular wall that separates the
heart’s two upper chambers (left and right atria). A tiny
hole in the wall is present in every child at birth, the open-
ing is no longer required after delivery, and it generally
closes within weeks or months. Atrial septal defect happens
when the hole between left and right atria dose not close.
Oxygen-rich blood and oxygen-poor blood will be mixed
up in this defect.

ASD can be closed without open-heart surgery in some
cases. Atrial septal defects can be closed with a transcatheter
procedure where catheters are driven into the heart cham-
bers. To assess the size atrial septal defect, a balloon-tipped
catheter is positioned in the middle of it and inflated. Atrial
septal defect then closed using a device. The blood pressure
between the right and left atria will maintain the device in
place. In around 3 months, heart tissue will develop over the
device.

ASD might be treated with open-heart surgery where the
septum can be stitched or patched.

Ventricular Septal Defect (VSD) Repair

A VSD is a hole in the ventricular septum. By the age of one,
the majority of small VSDs will close on their own and do
not require treatment. However, VSDs that are still open after
the child reaches the age of ten need to be closed.

Surgery is still the gold standard, surgical intervention is
needed when VSD is associated with heart failure unrespon-
sive to medical therapy, pulmonic stenosis, and pulmonary
hypertension. A patch is stitched over the hole then heart tis-
sue will develop over the patch, and the hole will be entirely
filled with normal heart lining tissue by 6 months after sur-
gery. The surgeon may choose to close the hole with stitches
rather than a patch, or to utilize child’s own pericardium.
Some children may benefit from a minimally invasive tech-
nique using cardiac catheterization to correct their ventricu-
lar septal defect [2].

There are five approaches for ventricular septal defect
repair:

* Right atrial which is the most often utilized.
e Transpulmonary.

* Transaortic.

* Right ventricular.

e Left ventricular.

A method has been developed to repair ventricular septal
defect done as a keyhole procedure that include inserting a
tiny blocking device (known as an occluder) into the heart
through a blood vessel. To close the hole, the occluder is
pushed into place with guide wires. The keyhole procedure
cannot be used in very young children and in specific kinds
of ventricular septal defects.

Tetralogy of Fallot Repair
It usually includes four defects in the heart:

1. Pulmonary stenosis or right ventricular outflow tract
(RVOT) obstruction.

2. VSD.

Overriding of aorta.

4. RV hypertrophy.

hed
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Fig. 1 Tetralogy of Fallot
repair

Open-heart surgery is needed to correct the four defects to
allow the heart to work normally, either shortly after birth or
later in infancy and it is usually performed between the ages
of 6 months and 2 years.

The surgery involves (Fig. 1):

Transposition of the Great Vessels Repair

Normally, the aorta arises from the left ventricle, and the
pulmonary artery arises from the right ventricle. In transpo-
sition of the great vessels, the aorta and pulmonary artery
are connected to the wrong ventricles. There must be some
mixing in order for patient to survive; because he will not
survive more than few minutes if there is no communica-
tion, the communication has to be at the atria level (patent
foramen ovale or atrial septal defect). Other cardiac defects
might temporarily decrease the problems caused by this
defect.

There is a variety of surgical techniques to correct trans-
position of the major arteries. The treatment of major ves-
sel transposition needs open-heart surgery. If feasible, this
procedure is conducted as soon as possible following birth.
An arterial switch is the most frequent and preferred
method of repairing transposition of the great arteries. The
aorta and the pulmonary artery are separated. The pulmo-
nary artery is connected to the right ventricle, as it should
be. The aorta and coronary arteries are attached to the left
ventricle [3].

Truncus Arteriosus Repair
Is a common trunk arising from right and left ventricles so it
means that there is VSD, there is no truncus without ven-
tricular septal defect? This common trunk is divided into the
pulmonary artery and the aorta. There will be complete mix-
ing of oxygen-rich blood and oxygen-poor blood, and the
blood will pass depending on the pulmonary and systemic
vascular resistance.

The surgical correction is usually done within the first few
days or weeks of the baby’s life. The pulmonary arteries are
isolated from the aortic trunk, and ventricular septal defect is

closed. The right ventricle and the pulmonary arteries are
then linked together. As patient become older, they will need
one or two further procedures.

Tricuspid Atresia Repair

The tricuspid valve is found between the right atrium and
right ventricles. Tricuspid atresia happens when the valve is
missing, narrow, or developed abnormally.

Atresia means the valve did not form so no communica-
tion between right atrium and right ventricles and this means
that the blood cannot go to the lungs. Because of that patients
with tricuspid atresia have to have communication at the
atrial level to allow blood to pass from right atrium to left
atrium, where there will be mixing of blood that return from
the body with blood returning from the lungs. The lungs
received blood via 2 options: either ventricular septal defect
because blood in the right atrium will mix with the blood in
the left atrium complete mixing or across patent ductus arte-
riosus to pulmonary artery. In order to keep the patent ductus
arteriosus open, prostaglandin E is given to the infant shortly
after the delivery, but this will only work for a limited period
of time and the child will eventually need surgery.

To correct this problem, the child will need more than one
surgical procedure. The purpose of surgery is to allow suffi-
cient blood flow through the heart and into the lungs.

There are some procedures that can be done in tricuspid
atresia:

e Atrial septostomy to enlarge the opening between left and
right atria.

* Shunting to make a bypass from the aorta to pulmonary arter-
ies. The shunt is created during the first 4-8 weeks of life.

e Pulmonary artery band placement.

* Glenn procedure, it’s done between the ages of 3 and
6 months. The initial shunt is removed, and the pulmo-
nary artery is connected to one of the major veins that
returns blood to the heart (the superior vena cava). This
permits blood that is deficient in oxygen to travel directly
to the lungs.
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e Fontan procedure, the standard treatment of tricuspid
atresia, it is not performed on children with tricuspid atre-
sia until they are at least 2 years old. In this surgery, the
surgeon constructs a pathway for oxygen-poor blood to
pass directly into the pulmonary arteries from a blood to
the inferior vena cava.

Total Anomalous Pulmonary Venous Return
(TAPVR) Correction

TAPVR is a cardiac abnormality in which pulmonary veins
aren’t connected right. The four pulmonary veins connect to
the heart by anomalous route instead of the left atrium as
they should, and this means that oxygen-rich blood goes to
the wrong chamber.

Corrective surgery is the definitive treatment. Obstructed
total anomalous pulmonary venous return is a surgical emer-
gency, while non-obstructed total anomalous pulmonary
venous return is corrected by an elective surgery a few days
after the diagnosis.

TAPVR repairing is done by open-heart surgery. In
supracardiac and infracardiac TAPVR, an anastomosis
between the pulmonary venous confluence and the left
atrium is created and the vertical vein is divided and ligated.
The goal of surgery is to create a communication between
pulmonary veins and left atrium and to close any aberrant
connections.

Hypoplastic Left Heart Repair

This is a severe and critical cardiac defect caused by an
underdeveloped left heart structure. The left side of the heart
is unable to effectively pump oxygen-rich blood to the body.
If not treated, it kills the majority of newborns who are born
with it. Babies with hypoplastic left hearts do not have other
cardiac defects. The oxygen-rich blood bypasses the left side
of the heart in the first few days of life via the patent ductus
arteriosus and the patent foramen ovale.

Multiple operations, performed in a specific schedule, are
required soon after birth to improve blood flow to the body
and bypass the heart’s poorly performing left side. These
procedures aid in the restoration of heart function.

Three heart surgeries are required.

e Norwood Procedure: The first procedure, performed dur-
ing the first 2 weeks of life. This is a challenging proce-
dure where a “new” aorta is made and connected to the
right ventricle. The surgeon inserts a tube from the aorta
or the right ventricle to pulmonary arteries. The right ven-
tricle becomes the body’s primary chamber that pump
blood to the lungs and the rest of the body.

e Bi-directional Glenn Shunt Procedure: When the baby is
4-6 months old, this procedure is generally undertaken.
This operation establishes a direct link between the pul-
monary artery and the superior vena cava.

e Fontan Procedure: This operation is performed between
the ages of 18 months and 3 years. The pulmonary artery
and the inferior vena cava are connected.

Open-heart surgery may be necessary if a child’s cardiac
defect cannot be repaired with a catheter. The problem can
be completely repaired with a single procedure or may need
many operations over months or years.

In Open-Heart Surgery the Surgeon May

* Close holes in the heart by stitches or patch.
* Repair or replace heart valves and Widen arteries.

Topics Related to Surgery

e Blood transfusions are commonly required in heart sur-
gery. The amount of blood required depends on the
operation.

e Care of child at ICU.

e Care of child after discharge at home.

* School-aged children don’t go to school for several weeks
following surgery.

e The incision in the chest should be maintained clean and
dry.

e Swimming is usually banned following surgery for at
least a few weeks. Children can generally participate in
regular household activities, but they should avoid hard
play or sports.

e If child has a fever, chest pain, general weakness, diffi-
culty in breathing, or redness, swelling at the incision site,
the doctor must be notified.

Types of monitoring and support in the ICU include the
following:

e Central venous line: to give medications, fluids and to
monitor the pressure in veins.

e Arterial line: A catheter to measure blood pressure
continuously.

¢ Arterial Blood Gas (ABG).

e Oxygen saturation.

* Mechanical ventilator.

e Continuous Positive Airway Pressure (CPAP): to main-
tain the lungs expanded without the use of a mechanical
ventilator.

e Nasal cannula.

e Chest tube: to drain fluid and air formed by the surgery.

» Foley catheter.

e Pacing wires: Small wires that are inserted after open-
heart surgery to diagnose and treat arrhythmias.
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Robotically Assisted Heart Surgery: New
Approaches to Minimally Invasive Heart
Surgery

Robotically assisted atrial septal defect surgery is a type of
minimally invasive cardiac surgery that uses an endoscopic,
closed chest approach to do heart surgery. a series of keyhole-
sized cuts is made on the side of chest and surgeon will insert
guided robotic arms that hold small instruments into these
incisions. Another incision will be used to insert a small
video camera that will offer a magnified image of the operat-
ing site.

Robotically assisted atrial septal defect (ASD) and patent
foramen ovale (PFO) repair procedures employ small inci-
sions in the right side of the chest. The patient is placed on
heart-lung bypass utilizing a peripheral catheter in order to
do the procedure using a completely endoscopic robotic
approach.

The surgeon’s hands move the endoscopic instruments
used to extract patch of pericardial tissue to repair the defect
between the right and left atrium in cases of atrial septal
defect or patent foramen ovale.

A study, robotically assisted totally endoscopic atrial sep-
tal defect repair, was conducted to explore whether extended
cardiopulmonary bypass and aortic occlusion durations
affect intraoperative and postoperative results based on a
single-center experience and to address learning curve con-
cerns of completely endoscopic atrial septal defect repair.
The results of this study demonstrate that endoscopic atrial
septal defect repair may be done safely, and longer cardio-
pulmonary bypass periods had no effect on the intraoperative
or postoperative outcomes [4].

Another study, early results of robotically assisted con-
genital cardiac surgery, found that robotic technology may
be used to safely and successfully conduct congenital cardiac
operations and can be an alternative to traditional, minimally
invasive and endoscopic approaches [5].

What Are the Benefits of Robotically Assisted
Surgery?

Some of the advantages of robotically assisted surgery over
traditional surgery are as follows:

e Less invasive.
e Incisions are smaller resulting in less scarring.

Traditional cardiac surgery involves making an incision
through the breastbone in the middle of chest. The incision

measures 6-8 in.

e Less bleeding and less discomfort.

* Having to stay in the hospital for a shorter period of time
(usually 3—4 days).

e Painkillers are being used less often.

 Infection rate is decreased.

e Recovery time is shorter, after robotically assisted sur-
gery, the patient can return to regular activities and work
earlier.

Problems are infrequent, and effective training and close
observation of the patient reduce the chance of complication.
Risks and complications include:

e Pulmonary edema.

e Allergic reactions to the administered substances and
reactions to anesthetics.

e Arteriovenous fistulas in the vascular puncture.

e Bleeding.

e Fever, headache, migraine.

e Infection.

e Gas embolism.

e Arrhythmia.

e Stroke and heart attack.

Robotically assisted heart surgeries:

e Repair of mitral valve.

* Repair of tricuspid valve.

e Correction of atrial fibrillation when other robotic surgery
is required.

e Atrial septal defect repair.

e Patent foramen ovale repair.

e Cardiac tumors removal.

A study that looked into the possibility and safety of
totally endoscopic repair of an atrial septal defect through
small incisions on the chest without the use of a roboti-
cally assisted surgical system found that it is possible to
do totally endoscopically repair of atrial septal defect
safely without the use of a robotically assisted surgical
system [6].

In a study of totally thoracoscopic closure of ventricular
septal defect without a robotically assisted surgical system
where total thoracoscopic VSD closure was performed on
119 patients, it was found to be safe and successful [7].

Laparoscopic surgery, which requires 3—12 mm incisions
instead of the larger incisions required in open surgery, has
becoming more prevalent. In order to visualize the operating
site during laparoscopy, the surgical area must be insufflated
with carbon dioxide.

Pathophysiology of pneumoperitoneum:

e Carbon dioxide insufflation results in compression of the
inferior vena cava, which will decrease the venous return
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and will decrease the cardiac output, resulting in tachy-
cardia, and an increase in the peripheral vascular
resistance.

e Decreased tidal volume (TV) and functional residual
capacity (FRC), decreased compliance, and respiratory
acidosis.

» Shifting blood from the outer renal cortex to the juxta-
medullary zone, the glomerular filtration rate will decrease
resulting in activation of renin—angiotensin—aldosterone
system and decreased urine output.

Because infants with congenital heart disease are more
susceptible to hemodynamic effects of gas insufflation, these
physiologic consequences of insufflation may counteract any
benefits given by the less invasive method.

A study of mortality and morbidity after laparoscopic sur-
gery in children with and without congenital heart disease
showed that children who had a major or severe CHD had
considerably greater mortality and morbidity than children
who did not have a CHD. 30-day postoperative complications
were considerably greater in children with mild CHD than in
children without CHD. These results might be attributable to
one of three factors: surgery’s stress, the impacts of laparo-
scopic surgery, or the pathophysiology of their CHD [8].

In a study aims to determine the outcomes of children
with congenital heart disease who underwent laparoscopic
procedures. The results show that there are no major contra-
indications to conducting laparoscopic procedures in chil-
dren with congenital heart disease [9].

Multiple Choice Questions: At Least Ten MCQs
1. Regarding coarctation of aorta repair, which of the fol-
lowing methods is used:

A. Surgical removal of the constricted region and sutur-
ing the remaining two ends together.

B. Bypassing the constricted segment by connecting a
tube to the normal portions of the aorta on each side
of the constricted segment.

C. Subclavian flap.

D. All the above.

2. Regarding atrial septal defect (ASD) repair, one of the
following is false:

A. ASD cannot be closed without open-heart surgery.

B. Atrial septal defects can be closed with a transcath-
eter procedure.

C. A balloon-tipped catheter is positioned in the middle
of the defect and inflated to assess the size of it.

D. None of the above.

3. Tetralogy of Fallot surgery is usually performed at age:

A. 4 years

B. At birth.

10.

C. Between the ages of 6 months and 2 years.
D. First month.

. The preferred method of repairing transposition of great

arteries is:

A. Atrial switch.

B. Redirecting the pulmonary and systemic venous
return to result in a physiologically normal state.

C. Arterial switch.

D. Opening up the atrial septum by a balloon (balloon
atrial septostomy).

. Regarding tricuspid atresia repair, Glenn procedure is

done at age:

A. Between the ages of 3 and 6 months.
B. 2 years

C. Atbirth.

D. None of the above.

. The first procedure to be done in hypoplastic left heart

repair is:

A. Bi-directional Glenn shunt procedure.
B. Norwood procedure.

C. Fontan procedure.

D. None of the above.

. One of the following is advantages of robotically assisted

surgery over traditional surgery:

A. More bleeding.

B. Having to stay in the hospital for a shorter period of
time (usually 3 to 4 days).

C. Painkillers are being used more.

D. Infection rate is increased.

. One of the following is not a consequence of pneumo-

peritoneum:

A. Compression of the inferior vena cava.
B. Decrease cardiac output.

C. Increased tidal volume.

D. Respiratory acidosis.

. Regarding hypoplastic left heart repair, Fontan proce-

dure is performed at age:

A. 4 to 6 months old

B. Between the ages of 18 months and 3 years.

C. During the first 2 weeks of life.

D. None of the above.

One of the following is false:

A. Infants with congenital heart disease are more sus-
ceptible to hemodynamic effects of gas insufflation.

B. In pneumoperitoneum, the glomerular filtration rate
will decrease resulting in activation of renin—angio-
tensin—aldosterone system and decreased urine
output.

C. Children cannot generally participate in regular
household activities after cardiac surgery.

D. All the above.
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Answers
1. D.

tube from the aorta or the right ventricle to pulmonary

Explanation: Coarctation of the aorta is generally
treated by a thoracotomy. Coarctation of the aorta can be
repaired by balloon angioplasty or surgery. The surgical
treatment includes removing the constricted region and
suturing the remaining two ends together. A third method
for correcting this problem is to allow blood to bypass
the constricted segment by connecting a tube to the nor-
mal portions of the aorta on each side of the constricted
segment.

A fourth method for correcting this problem is a sub-
clavian flap. An incision is made in the thin portion of
the aorta. Then a patch from the left subclavian is used to
widen the aorta’s constricted section.

. Al

Explanation: ASD can be closed without open-heart
surgery in some cases. Atrial septal defects can be closed
with a transcatheter procedure where catheters are driven
into the heart chambers. To assess the size atrial septal
defect, a balloon-tipped catheter is positioned in the
middle of it and inflated. Atrial septal defect then closed
using a device. The blood pressure between the right and
left atria will maintain the device in place. In around
three months, heart tissue will develop over the device.

ASD might be treated with open-heart surgery where
the septum can be stitched or patched.

. C.

Explanation: 3. Open-heart surgery is needed to cor-
rect the four defects to allow the heart to work normally,
either shortly after birth or later in infancy and it is usu-
ally performed between the ages of 6 months and
2 years.

. C

Explanation: There is a variety of surgical tech-
niques to correct transposition of the major arteries. The
treatment of major vessel transposition needs open-heart
surgery. If feasible, this procedure is conducted as soon
as possible following birth. An arterial switch is the most
frequent and preferred method of repairing transposition
of the great arteries.

. Al

Explanation: Glenn procedure, it’s done between the
ages of 3 and 6 months. The initial shunt is removed, and
the pulmonary artery is connected to one of the major
veins that returns blood to the heart (the superior vena
cava). This permits blood that is deficient in oxygen to
travel directly to the lungs.

. B.

Explanation: Norwood procedure: The first proce-
dure, performed during the first 2 weeks of life. This is a
challenging procedure where a “new” aorta is made and
connected to the right ventricle. The surgeon inserts a

10.

arteries. The right ventricle becomes the body’s primary
chamber that pump blood to the lungs and the rest of the
body.

. B.

Explanation: The advantages of robotically assisted
surgery over traditional surgery are less invasive, inci-
sions are smaller resulting in less scarring, less bleeding
and less discomfort, having to stay in the hospital for a
shorter period of time (usually 3 to 4 days), painkillers
are being used less often, infection rate is decreased,
recovery time is shorter.

. C.

Explanation: Pathophysiology of pneumoperito-
neum:

e Carbon dioxide insufflation result in compression of
the inferior vena cava, which will decrease the venous
return and will decrease the cardiac output, resulting
in tachycardia, and an increase in the peripheral vas-
cular resistance.

¢ Decreased tidal volume (TV) and functional residual
capacity (FRC), decreased compliance, and respira-
tory acidosis.

e Shifting blood from the outer renal cortex to the jux-
tamedullary zone, the glomerular filtration rate will
decrease resulting in activation of renin—angiotensin—
aldosterone system and decreased urine output.

B.

Explanation: Fontan procedure is performed
between the ages of 18 months and 3 years. The pulmo-
nary artery and the inferior vena cava are connected.

C.

Explanation: Swimming is usually banned follow-
ing surgery for at least a few weeks. Children can gener-
ally participate in regular household activities, but they
should avoid hard play or sports.
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Perfusion in Congenital Heart Surgery
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Abstract

Cardiopulmonary bypass (CPB) technology enables the
performance of cardiac surgical procedures in a stable,
bloodless operative field. It is equipped with a circuit named
as the extracorporeal circuit which provides physiological
support. Classically, blood is drained out from heart and
lungs and carried into a reservoir by the venous cannulation
and tubing then it will be given back again to the cannulated
arterial system by a pump and artificial lung (oxygenator or
gas-exchanger) as fully oxygenated. Therefore, an ideal
CPB circuit is composed from pumps, tubing, cannulae, res-
ervoir, oxygenator, heat exchanger, and an arterial line filter.
Up to date, there are complete machines for CPB that will
include monitoring system for oxygen saturation, tempera-
ture, pressure, hemoglobin, electrolytes, and blood gases. In
addition to specific measures, we should place also for
safety a sensor for oxygen, detectors for bubbles, and a res-
ervoir alert for detection of presence of low levels.

Keywords

Cardiopulmonary bypass - Perfusion in surgery
Congenital surgery - Heart-lung machine - Congenital
heart surgery - Hemodialysis - Extracorporeal circulation
Oxygenator - Advance perfusion techniques

Congenital disease

Introduction

Dr John Gibbon is widely regarded as the pioneer of contem-
porary cardiopulmonary perfusion surgery. Extracorporeal
circulation (ECC) is a term that refers to the process of con-
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A.D. Al-Obaidi - A. M. Ali - S. S. Ahmad
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tinuously withdrawing and returning a patient’s blood
through plastic tubing in an artificial organ function that is
not part of the body’s blood circulation. In an ECC, a variety
of artificial organs are employed to complement a patient’s
failing organs. Artificial lungs (oxygenators), artificial hearts
(blood pumps), artificial livers, and artificial kidneys (hemo-
dialysis) are already available to therapeutic use. An ECC
was designed to treat patients with specific curable illnesses
by combining sterile tubes and artificial organs so that the
patient’s condition becomes operable. One of the forms of
the extracorporeal circulation is (CPB) also termed as the
cardiopulmonary bypass which defined as surgical operation
that can allow blood to flow and oxygenation to be preserved
throughout the body by temporarily performing the function
of both the lungs and the heart, thereby providing respiratory
and cardiac support in addition to management of tempera-
ture which makes performing a surgery on the great vessels
and the heart is possible [1, 2]

The Parts of the Cardiopulmonary Bypass
Circuit

(a) Oxygenating membrane: The oxygenator is used to sup-
plement infused blood with oxygen and to eliminate car-
bon dioxide from venous blood. CPB using bubble
oxygenators enabled cardiac surgery, however mem-
brane oxygenators have typically substituted bubble
oxygenators for nowadays. Membrane oxygenators are
made of microporous polypropylene fibers hollow from
inside as the internal diameter ranges from 100 to
200 pm. While the blood phase passing outside the fiber,
on the other hand, the gas phase flows within, hence
unraveling the gas and blood phases. They considered to
have a lower risk of air embolism and provide more
accurate blood gas management. Recent designs incor-
porate an embolic filter, obviating the need for an extra
arterial filter. There is another oxygenator form that has
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(b)

gained popularity lately known as the heparin coated
blood oxygenator. It is considered to cause lower sys-
temic inflammation and reduce likelihood clotting to the
blood in the circuit of CPB. An exchange of heat known
also as heat exchanger is incorporated inside and adja-
cent to the oxygenator to minimize the emission of gas-
eous emboli caused by changes in the temperature
degrees of the saturated blood [3]. To choose an oxygen-
ator, the maximum predicted pump flows for neonates
and infants are employed. The oxygenators are normally
approved for a maximum of 6 h of operation, and exceed-
ing this limit results in a significant drop in performance
[3-T7].

Venous reservoir: They gather the blood that has been
drained from the heart. The most typical type of reser-
voir is an open reservoir. They enable for passive venous
air evacuation in addition to the suggestion of suction
applying to aid the drainage. They incorporate a sepa-
rate defoaming and cardiotomy circuit for the suctioned
blood processing. Whenever they are utilized, a secure
amount of the blood is maintained in reservoir which
help to prevent air from entering the arterial circuit. The
closed reservoirs tend to have a restricted capacity for
blood volume yet provide reduced the contact area
between blood and the artificial surfaces. This feature
results in lower inflammatory activity, decreases post-
operative transfusions, and improves sterility. However,
closed reservoirs require a separate circuit for suctioned
blood processing [8]. The venous reservoir is made up
of two components: a venous filter that collects venous
blood, and the cardiotomy. Additionally, it requires
extra systems for venous bag air elimination, the cardi-
otomy blood is filtered independently by distinct flow-
ing pathways in cardiotomy venous reservoir (CVR),
which should be prepared to accommodate the blood
volume of the patient in events of a scheduled or unan-
ticipated low-flow or cardiac arrest. The device to
remove air is critical. The preponderance of air in the
venous blood flow channels and cardiotomy is collected
at the intakes of their respective filtration systems,
which are alternately located immediately above also
known as the top feeders or just below which called as
the bottom feeders. Both of them have a low-profile
extension tube that assists in maintaining a constant
flow of liquid which works as a gravity siphon drain.
Cardiotomy and venous filters are frequently covered
with a chemical to aid in the reduction of foam genera-
tion and the removal of foam formed on the filter. When
blood is more critical than usual and a high reservoir
level is discovered throughout bypass, a greater reser-
voir level should maintain by the perfusionist to provide

(©)

(e)

help in the process of defoaming. This will provide a
longer transit time through the reservoir, which help in
elimination of gaseous microemboli [7, 9, 10].
Cardiotomy filter: Cardiotomy filter is elevated and situ-
ated in the back of venous reservoir. This will allow the
blood of the cardiotomy to flow in a passive way into the
venous reservoir. In the presence of any chance that the
integrated CVR may flood due to circulatory arrest or
low pump flow, a backup cardiotomy reservoir is sup-
plied. This can be utilized temporarily for blood volume
storage. Another cardiotomy filter provides extra filtra-
tion, or prefiltering, of expelled blood, so increasing the
efficacy of the first cardiotomy filter. Defoaming chemi-
cals are frequently used to maintain the integrity of car-
diotomy and venous filters [4, 6, 11, 12].

(d) Heat exchangers: In the lack of an exterior source pro-

viding heat to control the temperature of the body,
patients under ECC will develop hypothermia. As a
result, majority of CPB systems include a type of heat
exchanger in order to warm the blood of the patient.
Each oxygenator incorporates a heat exchanger through
which blood travels prior to the gas exchange. The heat
exchangers could be placed in number of positions
throughout the circuit, the most typical being located on
proximal part of the oxygenator. Venous-side or proxi-
mal heat exchanger is thought to reduce the risk of out-
gassing of the solution induced due to fast rewarming of
the blood following CPB hypothermia, that might pro-
duce massive bubbles of gas [6]. The difference in the
temperature of the input (venous) and output (arterial)
blood is determined. Typically, the temperature of
venous blood and water inlets is less than 10° C. Reduced
gradients during rewarming may result in more uniform
warming, assisting in the prevention of after-drop.
Lowering the temperature can extend the length of a
bypass scenario due to the longer rewarming times.
Thus, temperature gradients should have close monitor-
ing [12].

Arterial Line Filters (ALF): The arterial line filters mini-
mize particle and gaseous emboli considerably and sup-
posed to be utilized in circuits of CPB. According to
certain research, 20-m filtration screen is better than
40-m filtration screen in terms of reducing cerebral
emboli. Several investigations had revealed that arterial
line filtration has a protective impact on neurologic out-
comes [6]. Microporous membrane wrapping technol-
ogy has the potential to act as both an oxygenator and an
arterial filter. However, it is not well verified yet. The
arterial line filters are known to have a large surface area
and are certified for flows well along certain shear force
and turbulence limitations [4, 10, 12—-16].
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Pumping

There are 2 rollers mounted on spinning arm compressing a
span of tubing in order to create a forward flow. This activity
could result in tube debris and hemolysis which both become
more prevalent with passing time. As a result, operation that
might take long duration is discouraged to use roller pumps.
The impellers/stacked cones of a centrifugal pump are con-
tained within the housing. When the inlet valves are rapidly
rotated, a negative pressure is being generated at one of them
and positive pressure at the other one, driving the blood to
flow forwardly. They are dependent on the afterload, which
means that when the systemic vascular resistance (SVR) of
the patient grows, the generated cardiac output decreases
until the pump flow being raised. In prolonged situations, the
centrifugal pumps might enhance, renal function, platelet
preservation, and neurological outcomes [8]. Appropriate
flow is heavily dependent on the right placement of the roller
head occlusion (which also impacts the degree of blood dam-
age and hemolysis) and a precise knowledge of the pump
head revolution rate and tubing size is required as any inac-
curate accounting for any of these variables might result in
excessive or insufficient pump flow [2].

Heater-Cooler System

As the ability to effectively control a patient’s temperature
while on bypass and patients may be greatly harmed by inad-
equate water flow. An independent heater-cooler system is
employed. They are mobile, reliable, economical, and easy
to maintain. Recently they have reduced significantly in size
as a result they became quieter. And others are easy to oper-
ate as connected to remote-controlled systems [11, 17].

Cannulae

These tubes are conduits by which patients are linked to their
CPB machines. To avoid kinking, they are made of poly-
vinylchloride (PVC) and strengthened with wire [8]. In con-
genital heart disease patients, the superior and inferior vena
cava are by far the most common locations for venous can-
nulation. Another site is ascending aorta atriocaval cannula-
tion which is generally the most widely used method now
[18-20].

Venous cannulae: They are used to drain systemic blood
which is deoxygenated into the CPB machine. Cannulation
can be via a central or a peripheral approach. Central can-
nulation is usually done by means of cavoatrial (dual-stage)
or bicaval cannulation (single stage). The first approach is
used for most closed-heart procedures, it includes cannula-
tion of the right atrium. The used cannula has two ends.

Proximal area is broader, whereas distal area is narrower.
Blood from the superior vena cava and the coronary sinus
flows into the proximal section, which contains side perfora-
tions. Since the right atrium is far bigger than the cannulae,
blocking its side holes is extremely unlikely. Its distal end is
inserted into the inferior vena cava, where it receives its
oxygen-rich blood supply. When it comes to bicaval cannu-
lation (cannulation of both the superior and inferior vena
cava), a Y-piece is used to connect the two cannulations.
Patients undergoing congenital cardiac surgery are more
likely to require bicaval cannulation due to the more frequent
occurrence of intracardiac work. Another factor to consider
when selecting a cannula is its diameter and the form of its
tip [21]. A venous cannula with a larger internal diameter is
likely to have lower pressure and a greater flow capacity.
Despite their inflexibility, metal tips have the advantage of
having the highest I/O ratios. Tip flexibility and conical
shape may help in insertion into the cavae despite the reduced
(I/0) ratios of silicone compared to metal. Estimated flow on
the bypass, surgical needs, and surgeon judgment all influ-
ence venous cannula size [6, 8, 22].

Arterial Cannulae: These return oxygenated blood from
the CPB to the systemic circulation. It is usually done by
distal ascending-aorta cannulation. This site provides ease of
insertion and improved venous drainage with equally ade-
quate arterial perfusion. The size of used cannulae is selected
by consulting with the perfusionist team to choose the size
that is sufficient for enough flow in the circuit. Large cannu-
laec will require aortotomy which is difficult to close and
those that are too small will impede flow. Furthermore, high
pressure gradients or jets of flow caused by tiny cannulae
may enhance the risk of dissection. Metal or plastic can be
used to make the cannula’s tip, which can also be angled,
tapered, or straight. Some of the arterial cannulae have diffu-
sion tips which secure a multidirectional flow thus reducing
the created jets. As a result, surgical outcomes will be
affected by the cannula’s length and if it is compressible
(being restricted or prone to kinking by the purse strings).
The tip of various arterial cannulae can be used to monitor
central aortic pressure before and after bypass [4, 20,
23-25].

Primers for Congenital Surgery

Priming is the process by which the perfusion can accom-
plish two things: the first is the CPB circuit which becomes
de-aired and the second is that priming causes hemodilution
that enhances flows while the patient is hypothermic. It is
done by means of priming solutions (the prime) which con-
sist of a mixture of crystalloids and colloids [8]. Using solu-
tions with a “high colloid osmotic pressure” such as albumin
decreases fluid overload. Albumin-based primers were
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found to be more suitable for neonates than crystalloid-
based primers. Furthermore, mixing FFP with the CPB
priming solutions has been proved to reduce postoperative
blood loss in neonates undergoing complex repairs or have
cyanotic diseases. FFP is useful in the sense that it prevents
coagulation abnormalities that might be encountered.
Hence, ideal priming in neonates would be done by a mix-
ture of albumin or FFP and RBCs in adequate proportions to
maintain a hematocrit range between 28 and 30% in normo-
thermia [26, 27]. Volume of the prime is determined depend-
ing on the diagnosis, body surface area, scheduled operation,
and anticipated maximal bypass pump flow. However, one
critical point to address is to avoid excessive priming, since
a high level of hemodilution caused by a priming volume
greater than the projected blood volume of the infant leads
in a considerable decrease in platelet count and coagulation
factors. Further, prime volume was found to be indepen-
dently linked to perioperative transfusion requirements in
pediatric patients with congenital heart disease. This is fur-
ther amplified in neonates [28, 29]. The minimal prime vol-
ume that is considered to be safe is defined as the minimum
amount that completely fills both the venous and arterial
limbs of the CPB circuit and maintains sufficient volume in
the venous reservoir to prevent air from entering into the
arterial side of the circuit during CPB initiation [30]. Prior
to the patient’s arrival, the perfusionist can test the heart-
lung machine and operating room equipment by priming the
circuit. Once the perfusionist identifies what the hematocrit
will be right before the treatment, blood priming can start.
The oxygenator is the ideal route to circulate the venous res-
ervoir. During priming, the arterial and venous lines should
be maintained shut until the main components have indeed
been de-aired properly and thus priming has been success-
fully taken place [17, 23].

The Role of Heparin

One of the most important complications encountered dur-
ing CPB is coagulopathy [31]. Heparin is used during CPB
to avoid blood from clotting within the CPB circuit. It
accomplishes that by facilitating antithrombin III action.
The use of unfractionated heparin is favored as it has a rapid
onset, low cost, safety and it can be rapidly neutralized by
protamine. Heparin dosing for initiation and maintenance of
CPB is 300400 U kg~! in addition to further doses required
to maintain an activated clotting time (ACT) more than
480 s [32]. A whole blood anticoagulation test should be
performed prior to and at regular intervals throughout
CPB. This is accomplished by the use of ACT, which is
widely regarded as the gold standard for monitoring antico-
agulation for CPB. Bolus administration of unfractionated

heparin based upon weight in kgs is reasonable for achiev-
ing adequate anticoagulation, Nevertheless, the response to
heparin varies from among individuals and requires contin-
ued monitoring during CPB, independent of the bolus dose
used [33].

Blood and Gas Management

Neonates have a faster metabolic rate and a greater oxygen
need, necessitating a higher pump flow rate during CPB. When
measuring blood gases during CPB, increased PaO, reflects a
high rate of dissolved oxygen transport, however, does not
mean improved oxygen delivery. Conversely, it has been
observed that elevated PaO, levels are detrimental in preterm
and near-term newborns. Although there is no guideline for
the optimal PaO, during bypass surgery, avoiding excessive
PaO, during newborn surgery is reasonable [27].

Carbon Dioxide Management

CO, is created during CPB as a result of two physiologic
process, one is as a byproduct of normal aerobic metabolism
and the other is during buffering of lactate produced by cells
with anaerobic metabolism. As a result, monitoring carbon
dioxide removal is critical for determining the sufficiency of
oxygen delivery and perfusion of tissues. The American
Society of Extracorporeal Technology considers this practice
(i.e., monitoring of CO, removal) to be a recommended prac-
tice guideline, while the “Australian New Zealand College of
Perfusion” considers it to be a standard of practice. This
monitoring is often accomplished via capnometry examina-
tion of gases exiting the oxygenator’s exhaust port. Carbon
dioxide partial pressure (pCO,) can be determined by taking
sequential samples from the CPB circuit’s lines both arterial
and venous. Modern monitoring system has succeeded in
creating devices that provide sustained, on-line monitoring
of both. Nevertheless, due to the non-linear relationship
between CO, amount and tension, these parameters cannot
be utilized to calculate VCO, in a consistent manner. Infrared
(IR) spectrography is now known to be a better technique for
CO, monitoring. CO, monitoring has clinical utility which
extends beyond ensuring that the patient maintains an ade-
quate PaCO, throughout the CPB process. Increased values
of ePCO, and hence VCO, can be observed after the cross-
clamp is released, during the phases of rewarming after deep
hypothermia and as a result of the heart being reperfused.
Other causes might be due to increasing VO2 (aerobic CO,)
and reduced solubility of CO,. In many institutions, the fre-
quent use of temperature-lowering approach has been
replaced by using moderate hypothermia or even normother-
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mia. Yet, temperatures of 28 °C in the CPB circuit may be
still employed in congenital cardiac surgery and other highly
demanding surgeries. Changes in CO, solubility in the pres-
ence of deep hypothermia result in comparable changes in
pH, which have an effect on cerebral blood flow. The pH-stat
technique involves the injection of exogenous CO, to com-
pensate for its low values during hypothermia. The presence
of increased ePCO, readings is seldom due to an oxygenator
failure, which is manifested more frequently as inadequate
blood oxygenation [34].

pH and Blood Gas Management

While conducting hypothermic CPB, blood gas management
can be assessed using either a “pH-stat” or an “alpha-stat”
technique. The principle behind the pH stat is to keep the pH
consistent at all given temperatures. CO, must be supplied
into the oxygenator all through hypothermic CPB to main-
tain constant levels of pH and pCO,. On the other hand,
when using alpha-stat technique, the pH is kept at 37° C
regardless of the patient’s temperature. Alpha-stat works to
sustain normal levels of pH levels intracellulary by monitor-
ing the natural shift of the oxyhemoglobin dissociation
curve. Because in-line blood gas analysis offers instanta-
neous detection of changes in air/oxygen/carbon dioxide
parameters, it is a useful technique for determining optimal
blood gas management. Numerous investigations have con-
cluded that the pH-stat method is superior during neonatal
cardiac bypass. While cooling, this technique promotes cere-
bral blood flow and tissue oxygenation. Additionally, data
suggest that pH-stat control improves outcomes following
pediatric heart surgery by reducing ventilation periods and
intensive care unit stays [35].

Multiple Choice Questions

1. Extracorporeal circulation (ECC) is a term that refers to
the process of continuously withdrawing and returning a
patient’s blood through plastic tubing in order to perform
an artificial organ function outside of the body’s blood
circulation. In an ECC, a variety of “artificial organs” are
employed to complement a patient’s failing organs.
Artificial hearts (blood pump), artificial lungs (oxygen-
ator), artificial kidneys (hemodialysis), and artificial liv-
ers are only a few examples of therapies that are now
available. The following is a list of the oxygenator com-
ponents that should be included in the perfusion during
cardiopulmonary bypass surgery:
A. Cannula ALF and tube.
B. Cardiotomy filter and venous reservoir and filter,

ALF, tubing pack, heat exchanger.

C. Venous filter, ALF, and pump.
D. Cannula and venous reservoir.

2. Using the preceding topic, how much pressure must be
reduced in each cannula during perfusion surgery in order
for the high flow capacity be maintained?

A. Arterial pressure: 100 mmHg and venous pressure:
3540 mmHg.

B. Arterial pressure:
40-45 mmHg.

C. Arterial pressure:
45-50 mmHg.

D. Arterial pressure:
55-60 mmHg.

3. During cardiopulmonary bypass, arterialized blood is
coupled with an arresting agent and other additives
obtained from a source downwards the oxygenator. Any
additive concentration can be changed to maximize
advantage. The delivery area may be cool or warm, and
the temperature fluctuates throughout the arrest time.
They are used seldom in congenital cardiac surgery.
Which form of cardioplegia is this?

A. Continuous cardioplegia.

B. Cardioplegia system without the recirculation.
C. Cardioplegia system with the recirculation.

D. None.

110 mmHg and venous pressure:
105 mmHg and venous pressure:

120 mmHg and venous pressure:

Answers
1. B.
2. A.
3. A.
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