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INTRODUCTION

ABBREVIATIONS , , , , , ,
Congenital heart disease comprises a broad field with many differ-

ent diagnoses and wide-ranging anatomical variations of all kinds.
This enormous variation is probably responsible for the relative
lack of guidelines and consensus documents on the subject, espe-

aCGH  Array comparative genomic hybridization
AEPC  Association for European Paediatric and Congenital

Cardiology ) . .

CAT Common arterial trunk cially when compared with structural ‘adult’ heart disease.

CMRI Cardiovascular magnetic resonance imaging NevertheI.(asg guidelings and cqnsgnsus chument§ are important
T Computed tomography bggause th.elr |ntent|on_ is to optlimlze QeC|5|on—mak|ng based on a
EACTS  European Association for Cardio-Thoracic Surgery critical review of the literature, including the most recently pub-
ECG Electrocardiogram lished papers, and on the personal experience of professionals in
IAA Interrupted aortic arch the field. This consensus document on the common arterial trunk
ICU Intensive care unit (CAT) has been compiled by task force members of the European
LPA Left pulmonary artery Associat?on for Cardio—Thorac.ic ' Surgery (EACTS) and' the
PA Pulmonary artery Association for European Paediatric and Congenltal Cgrdlolqu
PR Pulmonary regurgitation (AEPC). Task force members were chosen according to their specific
RPA Right pulmonary artery expertise with the goal of being able to encompass the full spectrum
RV Right ventricle of CAT. The members of the task force have given a full disclosure

of any conflicts of interests and relations with industry. There are no
known conflicting interests or relations with industry that might
have influenced the recommendations in this document.

RVOT  Right ventricular outflow tract
TOE Transoesophageal echocardiography
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TTE Transthoracic echocardiography ) .

TrR Truncal regurgitation The authors of this document hayg stnctIY ac_ihered to the
TV Truncal valve Methodolqu Manual for EACTS Clinical Guidelines that was
TSM Septomarginal trabeculation published in 2015 [1]. The task force has performed a complete

VIF Ventriculoinfundibular fold review of the existing literature, and all available data were care-
fully weighed to determine their usefulness to construct

VSD Ventricular septal defect
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Table 1: Levels of evidence

Level of evidence B Data derived from a single randomized clinical
trial or large non-randomized studies
Consensus of expert opinion and/or small

studies, retrospective studies and registries

Level of evidence C

Table 2: Classes of recommendations

Definition

Classes of
recommendations

Suggested wording

Class Il Conflicting evidence and/or
a divergence of opinion
about the usefulness/efficacy
of the given treatment or

procedure

Class lla Weight of evidence/opinion  Should be
is in favour of usefulness/ considered
efficacy

Class Ilb Usefulness/efficacy is less May be
well established by evidence/  considered

opinion

recommendations and statements. There are no randomized or
prospective studies on CAT, and most of the available literature
consists of retrospective patient series (with a few multicentre
studies being the exception). High-level evidence is therefore not
readily available and most evidence is level C (Table 1).

Because this is a consensus paper, recommendations are often
not backed by strong evidence. Therefore, the task force has
chosen to limit the number of recommendations (Table 2) and
instead to make statements intended to assist and facilitate clinic-
al decision-making.

The task force has aimed for completeness by including all
relevant topics related to the management of CAT. In rare cases
of CAT, ventricular hypoplasia is present, which precludes the
construction of a biventricular circulation. Forms of CAT with
hypoplasia of 1 of the ventricles are sometimes named here
when relevant, but, because the management is typically com-
pletely different, they are not topics of this consensus document.

BACKGROUND

CAT, also known as persistent truncus arteriosus or truncus arte-
riosus communis, is a rare form of congenital heart disease char-
acterized by a common ventriculo-arterial junction, connecting
to a single artery that gives rise to the aorta and the pulmonary
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and coronary arteries. There is a single arterial valve [truncal valve
(TrV)] between the cardiac ventricles and the common truncal ar-
tery. The TrV typically overrides an outlet type of ventricular sep-
tal defect (VSD). Atrial septal defects type 2 (ostium secundum
type) are frequently found.

Development of CAT is thought to be related to abnormal devel-
opment of neural crest cells or to their aberrant interaction with se-
cond heart field cells, but its exact aetiology is still not known. CAT
is closely associated with the 22q11.2 deletion syndrome, and
mutations in genes encoding NKX and GATA transcription factors
may also be related to the development of CAT [2].

Associated cardiovascular anomalies are common in CAT. The
TrV is frequently malformed and regurgitant. Obstruction is rare
but not completely absent. The valve is most often bi-, tri- or
quadricuspid, and the valve leaflets may be dysplastic and fibrotic
in some instances. The coronary arteries do not rise from an aorta
but from a CAT and are therefore considered anomalous. The pos-
ition and course of the coronary arteries are frequently abnormal.
The origin of the pulmonary arteries (PAs) can vary, and, in some
instances, 1 PA does not arise from the common artery.

A right aortic arch is commonly found with CAT, and an inter-
rupted aortic arch (IAA) is present in 15-20% of all patients with
CAT. IAA is mostly type B, and ductal patency is needed for per-
fusion of the lower half of the body. Apart from CAT with IAA or
severe narrowing of the transverse arch, a ductus arteriosus is ex-
tremely rare in all other forms of CAT [3-5].

Without surgical treatment, CAT is usually fatal. Delay of sur-
gery may lead to an early onset of pulmonary vascular obstruct-
ive disease. In the last few decades, treatment of CAT has
improved considerably, and current surgical mortality should be
no more than 5-10% for solitary CAT. The majority of patients
will need reinterventions, usually of the right ventricular outflow
tract (RVOT) (conduit replacement/revision) and TrV.

METHODOLOGY

The task force has chosen to categorize this manuscript into the
following chapters: Genetics and morphology, prenatal diagnosis
and management, preoperative management and surgery (includ-
ing reoperations and percutaneous reinterventions), postoperative
management in the intensive care unit (ICU), assessment during
long-term follow-up and current outcomes of CAT treatment.

We performed a systematic review of non-randomized data in
the literature. Publications older than 25 years—except for litera-
ture on cardiac morphology and nomenclature—and case reports
were excluded from analysis. Exceptions to this rule are men-
tioned separately. Existing documents on the management of
CAT have been consulted when necessary [6]. Expert opinions
were sought on controversial or uncertain issues for which we
were unable to find sufficient evidence in the current literature. A
critical appraisal of the available evidence was carried out and
summarized in tables wherever possible; potential limitations of
the reviewed publications were carefully provided. Consensus
was sought to derive from the analysed data recommendations
or statements to aid in practical and clinical decision-making.

Peer review was performed by reviewers selected by the
EACTS Guidelines Committee, in collaboration with the Editor-
in-Chief of the European Journal of Cardio-Thoracic Surgery. After
the document was revised and finally approved by both the
EACTS and AEPC, the manuscript was subsequently submitted for
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Table 3: Chromosome abnormalities identified in patients
with common arterial trunk

Table 4: Single gene mutations identified in patients with
isolated common arterial trunk

Chromosome location Candidate gene for CAT Gene Inheritance
22q11.2 TBX1 NKX2-5 AD

8p23.1 GATA4 GATA4 AD
18q11.2 GATA6 GATA6 AD

5q35.1 NKX2-5 PRKD1 AR

8p21.2 NKX2-6 TBX1 AD

6q PRDM1 TBX20 AD
Trisomy 13

CAT: common arterial trunk.

publication to the European journal of Cardio-Thoracic Surgery
and to Cardiology in the Young.

GENETICS OF COMMON ARTERIAL TRUNK

CAT is one of the rarest forms of congenital heart disease, with
an overall incidence of 0.03-0.056/1000 live births, accounting
for 0.21-0.34% of all cases of congenital heart disease [6, 7]. In
Europe, the average recorded prevalence is 1 per 10 000 preg-
nancies (including live births, stillbirths and terminations of preg-
nancy) [6, 7]. Many foetuses that spontaneously abort in the first
trimester of pregnancy have a major congenital heart disease.
Half of first trimester spontaneous abortions (50%) are associated
with a major chromosomal abnormality; the nature of the con-
genital heart disease will not have been recognized in this group.
The incidence of CAT is higher antenatally, both because of
documented in utero deaths and also because of termination of
pregnancy in a significant minority of cases [8, 9].

Even in the absence of a prenatal diagnosis, it is to be expected
that a neonate will have clinical signs within the first 6 weeks of
life; therefore, few cases are missed diagnostically, although a few
may die before they reach a paediatric cardiology unit. Hence the
postnatal incidence of CAT is likely to be broadly correct.

Studies of both the recurrence risk of CAT and of other congenital
heart disease suggest a higher risk for CAT than for the majority of
other causes of major congenital heart disease [10-14].

Simple CAT (with no associated cardiac malformations except
for a VSD) has a low recurrence risk of 1.6%. In contrast, complex
CAT, which includes other cardiac defects, most commonly a
right aortic arch, IAA, abnormal coronary artery origin and per-
sistent left superior caval vein, has a higher recurrence risk of up
to 13.6%. The overall risk of recurrence is 6.6% [10, 11].

22q11.2 deletion syndrome

The 22q11.2 deletion syndrome (also known as DiGeorge syn-
drome, velocardiofacial syndrome or CATCH22) accounts for the
majority of genetic causes of CAT. The 22q11.2 deletion syn-
drome has an overall incidence of 1:4000. It is the most common
microdeletion syndrome and the major genetic cause of CAT.
Confirmation of the diagnosis of the 22q11.2 deletion would
have been difficult before the mid-1990s when fluorescence in
situ hybridization was introduced, allowing rapid, accurate diag-
nosis both pre- and postnatally. The immune deficiency associ-
ated with the 22q11.2 deletion syndrome could not be

AD: autosomal dominant; AR: autosomal recessive.

confirmed prior to 1965, when it became possible to examine
lymphocyte subsets [15].

Of children with the 22q11.2 deletion, 80% have congenital
heart disease, of which 10% is CAT; 35% of patients with CAT
have a 22q11.2 deletion [16-21]. Although the majority of cases
of 22q11.2 deletion arise de novo, because there is decreased re-
productive fitness in patients with the syndrome, a significant
number of parents are affected, albeit much more mildly than
their offspring, with CAT. The overall carrier frequency for a par-
ent is between 6% and 28%; therefore, it is recommended that
parents of an affected child be offered testing for the 22q11.2 de-
letion [22]. The recurrence risk in de novo cases of the 22q11.2
deletion in future pregnancies is negligible.

Other chromosome abnormalities associated with
common arterial trunk

Array comparative genomic hybridization (aCGH) is now routine-
ly used in some developed countries for chromosome analysis
pre- and postnatally in babies identified with congenital abnor-
malities, but it is not universal.

Microdeletions of 8p23.1 and 18q11.2 are also associated with
CAT. A deletion of 8p23.1 harbours the gene GATA4 and
18q11.2, the gene GATAG6. These are important transcription fac-
tors in cardiac development. Other c3hromosomal disorders
with documented CAT include trisomy 13 and rarely trisomy 21.
Mosaic trisomy 8 [23] has been identified and may be missed on
blood chromosome analysis. Other microdeletions have also
been rarely associated with CAT (Table 3).

Single gene disorders associated with common
arterial trunk

A number of syndromes have been associated rarely with CAT:
These include CHARGE syndrome 2° mutations in CDH7 and
possibly very rarely in SEMA3E syndrome and Matthew Woods
syndrome 2° mutations in STRAG.

Autozygosity mapping using next generation sequencing in a
consanguineous population in Saudi Arabia has identified
mutations in NRPT and PRKD1, both autosomal recessive disor-
ders [24].

Other single gene disorders include GATA4, GATAG [25], TBX1,
TBX20 [26], NKX2-5 and PLXN-DT1 [2] (Tables 4 and 5).

Ultrarare single gene disorders are likely to be recognized now
that whole exome and, in the future, whole genome sequencing
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Table 5: Single-gene disorders associated with other congenital abnormalities

Syndrome Gene Inheritance Other features

CHARGE CDH7 AD (de novo) Choanal atresia, growth and intellectual retardation, coloboma, genital and renal anomalies
NRP1 AR Polyhydramnios, short neck, cryptorchidism, early lethality

Matthew Wood STRA6 AR An/micro-ophthalmia, diaphragmatic hernia, pulmonary hypoplasia
GATA6 AD Pancreatic genes

AD: autosomal dominant; AR: autosomal recessive.

Table 6: Recommendations for genetic testing in patients
with common arterial trunk

Associated Level® Class®
abnormalities

Genetic test

aCGH Yes or no AT |
Single gene/exome  Yes B Il
sequencing

Level of evidence.
PClass of recommendation.
aCGH: array comparative genomic hybridization.

are offered much more routinely. It is likely that those babies
that die soon after diagnosis may be identified with new gene
mutations in previously unrecognized disorders.

There is also an increased prevalence of CAT in foetuses of
mothers with diabetes.

Recommendations

All (newborn) children with CAT should be referred to a clinical
geneticist for genetic screening of the patient and family members.

All babies/foetuses should be tested by aCGH.

All parents of babies with an abnormality on aCGH should be
offered either aCGH to see if they are a carrier of the same dele-
tion/duplication or a karyotype if a chromosome translocation is
suspected as the underlying cause (evidence level A).

If the result of the aCGH test is normal and there are no other
concerns about the baby’s clinical condition, then at present no
further testing can be recommended. If there has been a previous
baby with a congenital heart disease (any type) or if there are
any other congenital abnormalities, testing for single gene disor-
ders by either a single gene test, such as CDH7 for CHARGE, or a
clinical exome using either next generation sequencing or whole
genome sequencing (evidence level B) should be recommended
(Table 6). The identification of an underlying aetiology for CAT
may be important in guiding patients regarding their present
and, possibly, future reproductive options.

MORPHOLOGY OF COMMON ARTERIAL TRUNK
Historical note and definition
CAT was first described in 1798 by Wilson [27]; the first patho-

morphological autopsy diagnosis was established by Buchanan in
1862 [28].

CAT is defined as ‘A single arterial trunk that leaves the heart
by way of a single arterial valve and that gives rise directly to the
coronary, systemic and 1 or both pulmonary arteries’ [29].
According to the segmental sequential analysis, there is a single
outlet ventriculo-arterial connection (Fig. 1).

Initially, several controversies existed on the morphological
diagnosis, mainly relating to whether or not cases with pulmon-
ary atresia and an aortopulmonary window should be included.
Because the latter malformations relate to a different anatomical
spectrum and developmental background, both pulmonary atre-
sia and aortopulmonary window (defect limited to the level of
the intrapericardial trunks distal to the arterial valves [30]), are
not included in the diagnosis. Likewise, using the terms pseudo-
truncus, which refers to pulmonary or aortic atresia, and hemi-
truncus (anomalous origin of 1 PA from the ascending aorta), is
discouraged [31, 32].

Embryology

Morphogenetically, the main features of CAT can be attributed
to a deficiency of the aortopulmonary septal complex, leading
to the lack of aortopulmonary septation at 3 levels: the level
of the great arteries, the valvular level and the level of the
outflow tract. The latter results in the presence of a subarterial
VSD [33]. The deficiency of septation can vary, and the intraper-
icardial part of the arterial trunk can still be separated to
some extent, particularly in the case of pulmonary arterial dom-
inance [34].

The aortopulmonary septal complex is formed by a contigu-
ous contribution of neural crest cells, which migrate to the
heart from the crest of the neural tube during early develop-
ment, and of second heart field cells, another population of car-
diac progenitors that contribute to formation of the outflow
tract [35-37]. During normal development, the initially unsepar-
ated vascular part of the outflow tract is referred to as the aortic
sac. For adequate separation of the different levels of the em-
bryonic outflow tract, development of the aortopulmonary sep-
tal complex and proper fusion of the outflow cushions are
necessary [38]. Neural crest cells migrating to the heart become
positioned not only at the level of the aortic sac, but also in the
condensed mesenchyme of the septal outflow tract cushion at
the orifice level as well as below this level [39]. Separation of
the aortic sac thus extends to the arterial orifice level (i.e. pu-
tative arterial valve) and into the myocardial outflow tract,
giving rise to the above-mentioned defects at 3 levels in
case of impaired septation. The function of the neural crest
cells depends on proper signalling with their environment.
Deficiency of neural crest-related genes such as PAX3, retin-
oic acid, SEMA3C and LRP2, among others, causes CAT
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Figure 1: Morphology of the common arterial trunk. Schematic drawing (A) and morphological specimen (B) of the CAT. There is a single-outlet ventriculo-arterial
connection with deficient septation at the level of the outflow tract (location of the ventricular septal defect), the level of the arterial valve (truncal valve) and the level
of the great arteries. The CAT gives access to the systemic, pulmonary and coronary circulation. Ao: aorta; CA: coronary artery; CAT: common arterial trunk; LPA: left
pulmonary artery; LV: left ventricle; RPA: right pulmonary artery; RV: right ventricle: TrV: truncal valve; VSD: ventricular septal defect.

combined with aortic arch anomalies in animal models [40-
43]. Although deficiency of neural crest cells has been shown
to cause CAT in many studies (reviewed in [39]), as
described above, these cells are not the only cell types that
are crucial for proper formation of the aortopulmonary sep-
tal complex. Outflow tract septation is likely the result of a
complex interaction between neural crest cells and cells
derived from the second heart field. The transcription factor
TBX1, which is related to the 22q11.2 deletion syndrome
(DiGeorge syndrome) in humans, is a critical regulator of se-
cond heart field development and is associated with multiple
forms of outflow tract anomalies in animal models, including
CAT [44].

Classification of the common arterial trunk

Over the past decades, several CAT classification systems have
been developed (Fig. 2). The first was proposed by Collet and
Edwards in 1949 (Fig. 2A) [3], who initially defined 4 types of
CAT. Types 1 to 3 referred to the mode by which the left and
right PAs (RPAs) arise from the CAT. Type 4 of the Collet and
Edwards classification is no longer considered a CAT subtype
because it refers to cases with no pulmonary trunk and both
PAs, with aortopulmonary collateral circulation. In addition,
the classification does not consider aortic or pulmonary dom-
inance caused by, for example, obstructive lesions in the aorta
and non-confluent PAs. Van Praagh et al. [4] therefore revised

*Level of evidence.

the classification system in 1965 (Fig. 2B) to include cases
with a single PA supplying 1 lung, with arteries arising from
the arterial duct/collateral arteries usually supplying the other
lung (type A3), as well as cases with hypoplasia, coarctation,
atresia or absence of the aortic isthmus, leaving the descend-
ing systemic circulation dependent on its blood supply from a
large patent arterial duct (type A4). Cases with VSD were
referred to as type A and those without, as type B. In 1976,
Calder et al. [5] provided an overview of clinical, haemo-
dynamic and angiocardiographic findings, together with
pathological data using this classification system. In this large
study, all cases had a VSD. A minor simplification of
the classification system was made by members of the Society
of Thoracic Surgeons-Congenital Heart Surgery Database
Committee and the EACTS in 2000: they combined type Al
and A2 (Fig. 2C) [45].

In 2011, a simplified classification system with only 2 major
subtypes was proposed, based on observations in a selection of
autopsy hearts that (i) all hearts could be assigned to 1 of 2
groups based on the dominance of either the aortic or pulmon-
ary circulation of the CAT; (ii) pulmonary dominance was found
only when the aortic component of the trunk was hypoplastic
and the descending aorta was supplied by the arterial duct; (iii)
PAs arising from the lateral sides of the major pathway were
observed only in the setting of pulmonary dominance; and (iv)
only in cases with pulmonary dominance was the aortic com-
ponent of the common trunk separate from the pulmonary
component (Fig. 2D) [32, 46]. These observations resulted in a
classification system that divides CAT into 2 subtypes: cases

REPORT
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Collet and Edwards classification (1949)

Type 1 | ! Type 2 | i Type 3

Van Praagh and Van Praagh classification (1965)

B
Type Al Type A2 Type A3

Maodified Van Praagh classification (2000)

Cc

Russell et al. classification (2011)

E 3/

aortic pulmonary
dominance dominance

Figure 2: Historical overview of classification systems for common arterial trunk. (A) Collet and Edwards [3]. The left pulmonary artery (LPA) and right pulmonary ar-
tery (RPA) arise from the common arterial trunk (CAT) by interposition of a short pulmonary trunk (type 1), or the LPA and the RPA arise from the CAT with separate
orifices, either with their orifices positioned close together (type 2) or widely spaced (type 3). Type 4, in which both pulmonary arteries (PAs) and the pulmonary trunk
are absent and the pulmonary circulation is supplied by the aortopulmonary collateral circulation, is no longer considered the CAT. (B) Van Praagh and Van Praagh
[4]. The ‘A’ in these subtypes refers to cases with ventricular septal defect (VSD) [5]. Cases without VSD (type B) are not included in the drawing. Type A1, in which the
LPA and RPA arise from the CAT by interposition of a short pulmonary trunk, conforms to Collet and Edwards type 1. In type A2, the LPA and RPA arise from the CAT
with separate orifices, either close together or widely spaced (combination of types 2 and 3 of Collet and Edwards). Type A3, in which 1 PA is lacking, refers to cases
with a single PA supplying 1 lung and arteries arising from the ductus or collateral arteries usually supplying the other lung. Type A4 includes hearts with aortic, coarc-
tation, atresia or absence of the aortic isthmus. The descending systemic circulation is supplied by a large persistently patent arterial duct. (C) In the modified van
Praagh classification [45], a simplification was proposed by combining types A1 and A2 of Van Praagh and Van Praagh (i.e. combining types 1, 2 and 3 of Collet and
Edwards), thus giving rise to a type A1-2 where the LPA and RPA arise from the CAT by interposition of a short pulmonary trunk or with separate orifices, either arising
close together or widely spaced, without making this distinction. Types A3 and A4 conform to the original Van Praagh and Van Praagh classification. (D) Classification
based on 2 subtypes: aortic versus pulmonary dominance [32, 46]. The aortic dominant type is characterized by adjacent or nearly adjacent PAs from the posterolat-
eral aspect of the CAT, whereas in the pulmonary dominant type the distal systemic circulation is dependent on the patency of the arterial duct, as is encountered in
cases of interruption of the aortic arch or coarctation. We endorse the latter classification as proposed by Russell et al. [46].
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with either aortic or pulmonary dominance. The authors argued
that an advantage of this system, in addition to its simplifica-
tion, is that it is congruent with embryology as well as with the
clinical relevance of emphasizing the key morphological
determinants (i.e. aortic or pulmonary dominance) of surgical
outcome. A collateral advantage of this system is that the use
of alphanumeric indications can be avoided by simply
referring to aortic or pulmonary dominance, which is recom-
mended for clinical discussions. The latter classification is
endorsed by this task force. We acknowledge that this classifica-
tion requires an additional description of anatomy, such as
details on PAs.

Sequential segmental analysis

The majority of hearts with CAT have situs solitus (normal atrial
arrangement) and concordant atrioventricular connections. Cases
with right isomerism have been reported as have cases with a
discordant atrioventricular connection [47-49]. The ventriculo-
arterial connection is a single outlet, with a variable amount of
overriding of the TrV over the ventricular septum, including ori-
gin of the CAT exclusively from the right ventricle (RV) [50].
Associated anomalies are common and should be described in
detail (Table 7).

Associated anomalies

Ventricular septal defect. A VSD is present in a majority of
cases. CAT with an intact ventricular septum is extremely rare
and is not included in this document. The VSD is an outlet VSD,
classically subarterial, whereby the truncal orifice can override
the ventricular septum to various degrees (0-100%) and may ori-
ginate exclusively from either ventricle [50, 51]. The commonly
used designation of the VSD as a malalignment VSD is incorrect
in our view, because it implies a deviation of the outlet septum,
which is deficient in CAT.

The VSD is generally large and non-restrictive; however, cases
with extreme overriding (CAT arising from 1 ventricle) are associ-
ated with restrictive VSDs, which may affect the choice of surgical
strategy [51].

The VSD is situated between the limbs of the septomarginal
trabeculation (TSM), and bordered superiorly by the TrV. The
posteroinferior rim can either be muscular, comprising the con-
tinuation of the ventriculoinfundibular fold (VIF) and the TSM, or
perimembranous. Its makeup is determined by the extent of de-
velopment of the VIF [29], which also determines whether con-
tinuity or discontinuity exists between the TrV and the mitral and
tricuspid valves [29]. In most cases, fibrous continuity occurs be-
tween the mitral valve and the TrV. In the case of a well-
developed VIF and TSM, the TrV is separated from the tricuspid
valve. In the case of a hypoplastic VIF and TSM, there is fibrous
continuity between the tricuspid valve and the TrV, in which case
part of the posteroinferior rim of the VSD is fibrous; and thus,
the outlet is a perimembranous VSD. This fibrous area contains
the His bundle, which in these cases is not covered by muscle tis-
sue and thus is considered more prone to damage during surgi-
cal repair.

Truncal semilunar valve. The number of valve leaflets in
CAT can vary from 1 to 5; however, tricuspid, quadricuspid and

Table 7:

13

Anatomical variations and associated cardiac and

extracardiac anomalies in patients with common arterial trunk

Cardiac-associated
anomalies

Specification

Aortic arch and tributaries

Arterial duct

Atrial septum

AV valves and junction

Coronary arteries

Pulmonary arteries

Situs anomalies

Truncal valve

Venous connections

Atresia/interruption aortic arch, usually
type B

Aortic hypoplasia/coarctation

Right aortic arch, + mirror image
branching

Double aortic arch (rare)

Aberrant subclavian artery (arteria lusoria)
Aortic dilatation®

Absent

Bilateral

Patent (usually associated with aortic sten-
osis/interruption)

Patent with normal aortic arch (rare)

ASD type 2 (ostium secundum defect)
ASD type 1 (ostium primum defect, partial
AVSD) (rare)

Common atrium

AVSD

Mitral valve atresia/stenosis
Tricuspid valve atresia/stenosis (rare)
Polyvalvular disease

Double inlet left ventricle
Discordant AV connections

High ‘take-off from aorta/acute angulation
Single coronary arteries

Coronary ostium positioned near valve
commissure

Absent left main stem/double coronary
orifices

Ectopic position of coronary ostium
Proximity of coronary arteries to pulmon-
ary arteries

Anomalous coronary arterial course
Congenital ostium stenosis

Large infundibular branching of RCA

RCx origin from RPA

Intramural coronary arterial course

PA hypoplasia/agenesis/atresia, unilateral
absence of a PA, MAPCAs

Peripheral PA stenosis/PA branch
obstruction

Distal ductal origin of T PA
Crossed/malpositioned PAs (association
with aortic arch interruption)

Discordant AV connections
Heterotaxy syndrome
Situs inversus

Bicuspid (approximately 7-8%)
Tricuspid (approximately 60-70%)
Quadricuspid (approximately 20-30%)
Unicuspid, pentacuspid and hexacuspid
(extremely rare)

Dysplasia/fibrosis

Abnormal pulmonary venous connections,
in particular PAPVC

Abnormal systemic venous connections, in
particular PLSVC

Continued
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Table 7: Continued

Cardiac-associated
anomalies

Specification

Ventricles
Anomalous muscle bundles
Anteroseptal twist
Pronounced ALM
Pronounced PMM
Ventricular dominance, e.g. in unbalanced
AVSD, extreme overriding of arterial trunk,
mitral or tricuspid atresia (rare)
Ventricular septum
VSD
Outlet subarterial with muscular posterior
rim (most frequent)
Outlet perimembranous (less common)
Muscular ‘remote’ (uncommon)
Multiple VSDs (uncommon)
Non-cardiac anomalies®
Intracranial aneurysms
Palatum anomalies®
Pancreas anomalies
Parathyroid anomalies
Phenylketonuria
Thymus anomalies®
Tracheobronchial stenosis?

Data derived from multiple sources [4, 5, 31, 50-55].

2Possibly secondary characteristic.

POften caused by genetic/syndromic anomalies (see ‘Genetics of common
arterial trunk’).

Associated with 22q11.2 deletion syndrome.

dAssociated with CHARGE syndrome.

ALM: anterolateral muscle; ASD: atrial septal defect; AV: atrioventricular;
AVSD: atrioventricular septal defect; MAPCAs: major aortopulmonary col-
lateral arteries; PA: pulmonary artery; PAPVC: partial anomalous pulmonary
venous connection; PLSCV: persistent left superior caval vein; PMM: poster-
omedial muscle; RCA: right coronary artery; RCx: ramus circumflex; RPA:
right pulmonary artery; VSD: ventricular septal defect.

bicuspid valve morphologies are most common [5 50].
Unicuspid and pentacuspid valves are extremely rare. One or
more raphes can be present [56, 57]. The TrV is often dysplastic,
which affects function. The valve can have variable degrees over
overriding and is most often dextroposed.

Pulmonary arteries. The PAs can arise separately from the
CAT or via a short common trunk. The origin is most commonly
from the left posterolateral part of the trunk. In the case of separ-
ate ostia, the left PA (LPA) is generally in a higher position than the
RPA. Ostial stenosis has been described and can restrict pulmonary
blood flow [58]. Pulmonary arterial branch obstruction may occur
but is rare. Pulmonary arterial hypoplasia or atresia, as well as the
unilateral absence of 1 PA, distal ductal origin of 1 PA or origin of
a PA from an aortopulmonary collateral have all been described.

Coronary artery anatomy. A myriad of coronary arterial
variations can be observed [56]. Coronary anomalies were
observed in 64% in 1 series [50]. The left coronary orifice is usual-
ly positioned in the posterior part of the common trunk, and the
right orifice, in the right anterior and lateral parts [50, 56].
Variations in ostial position/distribution include single coronary
arteries (uncommon), double coronary orifices, position of ostia

near the TrV commissure, ostium stenosis/pinpoint orifices and
an intramural proximal course of coronary arteries [50, 56, 59].

High take-off leading to acute angulation may be related to
aortic dimensions, as was also described for other forms of con-
genital heart disease [60]. Large infundibular branches of the right
coronary artery may pose a risk for right ventriculotomy [61].
Right circumflex branching from the right coronary artery has
been described and poses a risk for obstruction during pulmon-
ary banding [62]. Coronary arteries may be positioned close to
PAs, which poses a risk of coronary arterial damage during exci-
sion of the PAs [50, 52, 59].

Left dominant coronary arterial distribution has been reported
in a higher incidence than in the general population.

Truncal root, aortic arch and arterial duct. Although
described by some authors to be present in CAT [4, 5], the arterial
duct is usually absent in cases with an unobstructed aortic arch.
In the case of a widely open duct, the transverse arch is in most
cases either interrupted or hypoplastic. IAA or aortic coarctation
is present in 15-20% of patients; in these cases, the blood supply
to the distal aorta is via an open arterial duct. The interruption in
most cases affects the aortic B segment (between the left carotid
and the subclavian artery). A right-sided aortic arch is present in
approximately one-third of patients; mirror image branching is
usual. An aberrant subclavian artery occurs in 4-10% of cases
[53]. A double aortic arch has been described but is rare [3, 63].

The size of the (neo)aortic root is increased, and further dila-
tion is often observed during longer follow-up but is rarely asso-
ciated with dissection [64, 65]. Whether the dilation is secondary
to disturbed haemodynamics, primarily caused by a develop-
mental anomaly of the vascular wall, or a combination of both, is
at present unclear. Aortic arch anomalies are more prevalent in
cases with the 22q11.2 deletion syndrome [66].

The left ventricle in common arterial trunk/ventricular
abnormalities. Prominent muscle bundles, such as a promin-
ent anterolateral muscle bundle, anteroseptal twist and postero-
medial muscle, are commonly observed in CAT and may
compromise the function of the mitral valve. Association with tri-
cuspid atresia/RV hypoplasia and (in rare cases) mitral atresia/left
ventricular hypoplasia, has been described [53].

Other associated anomalies. Several other cardiac and non-
cardiac malformations have been associated with CAT (summar-
ized in Table 7). Non-cardiac anomalies are usually related to
genetic syndromes, mainly the 22q11.2 deletion syndrome,
which may adversely affect prognosis.

PRENATAL DIAGNOSIS AND MANAGEMENT
First trimester ultrasonography

Multidisciplinary cooperation in the field of foetal cardiology is
developing. Using modern ultrasound equipment, it is now pos-
sible to diagnose congenital heart defects from the first trimester
of pregnancy [67]. Obstetricians and trained sonographers are on
the first diagnostic line. First trimester ultrasonography is recom-
mended in the majority of European countries between 11.0 and
13.6 weeks of gestation, when the crown-to-rump length is be-
tween 45 mm and 85 mm. The increased nuchal translucency [67,
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Table 8: Differentiation between common arterial trunk and pulmonary atresia with ventricular septal defect in foetal
echocardiography

Cardiac structure CAT Pulmonary atresia with VSD
Cardiac axis 70-85° 50-70°

Overriding vessel Very large Slightly enlarged

Arterial valve Usually dysplastic Normal

Arterial velocity Usually increased Normal

Pulmonary artery size
Pulmonary artery flow
Collateral arteries Absent

Normal or slightly bigger
From the common trunk, forward

Often hypoplastic
Reverse from the arterial duct
May be present

CAT: common arterial trunk; VSD: ventricular septal defect.

68], tricuspid insufficiency, reverse atrial contraction wave, but
more precisely—an increased ductus venosus pulsatility index
[69]—can be signs of foetal cardiac problems. High-frequency
ultrasound or the spatiotemporal image correlation method can
help in more precise cardiac diagnosis during the first trimester.

Second trimester foetal echocardiography

The first series of foetal CAT was described in 2001 [70]. Of 17
pregnancies, 4 were terminated, and 12 children were born alive.
Of the live births, 7 were operated on and 5 survived. A series
from 2003 described 23 foetuses with CAT [8]. Two foetuses died
in utero, 8 pregnancies were terminated and 13 children were
born alive. Of the live births, 3 died preoperatively, 5 died post-
operatively and 5 children survived after the operation. TrV dys-
function was reported as the most severe sign of an adverse
outcome, because the majority of those foetuses died in utero or
before surgery.

The majority of cases of CAT in foetuses are diagnosed in the
mid-trimester or later. This lesion is easy to miss during routine
foetal ultrasound screening because the 4-chamber view is close
to normal. The first sign of abnormality is the increased cardiac
axis, usually 70° or more and usually with an intact ventricular
septum in a typical 4-chamber view. The next step is to tilt the
transducer towards the 5-chamber view to visualize the ven-
tricular outflow tracts. The foetal parasternal long-axis view
(starting from the lateral 4-chamber view) is the best for visualiz-
ing the VSD with 1 large vessel that overrides the interventricular
septum. Such an image is characteristic for CAT or pulmonary
atresia with VSD. Careful evaluation of the arterial valve is
mandatory.

The TrV in CAT is always bigger than that of the aortic valve in
tetralogy of Fallot or pulmonary atresia with VSD. Leaflets are
described as dysplastic if they are thickened or nodular, and they
are easily visualized during the whole cardiac cycle. The number
of leaflets can be seen on good quality images. Coronary arteries
can rarely be evaluated during foetal echocardiography. Colour
Doppler is helpful in assessing TrV function. If the valve is dys-
plastic, turbulent forward flow and a regurgitant jet can be
detected. Maximal velocity through the dysplastic, stenotic TrV is
increased. Both stenosis and insufficiency of the TrV can deterior-
ate during pregnancy. If the heart is enlarged and there are signs
of foetal congestive heart failure evaluated by the cardiovascular
profile score [70], transplacental digoxin can be administered to
improve the foetal condition and prolong pregnancy [71].

The next step is to evaluate the anatomy of the PA branches.
The most common form is that in which the main PA arises from
the trunk just over the TrV and divides into 2 usually normal-
sized branches. The right and LPA may also arise from the
ascending part of the trunk, close to one another or more distant
from one another. Finally, there may be a common trunk from
which right and left pulmonary branches arise and the aortic
arch is interrupted.

In cases of CAT, the PAs and aortic arch anatomy should be
evaluated from several different, commonly non-standard views,
which is sometimes extremely difficult. It is important to establish
the distance between the PAs and aortic arch morphology. If the
arch is interrupted, the patient has a ductal-dependent lesion,
and intravenous prostaglandin must be administered after
delivery.

From a mediastinal view it is possible to distinguish between
the right and left aortic arch. In this view the thymus should be
evaluated. In a foetus, the thymus is a large organ, the diameter
of which in millimetres is about the same as the gestational age.
The other method of thymus evaluation was described by Karl
et al. [72], who measured the thymic-thoracic ratio (TT ratio),
which is measured in the 3-vessel and tracheal views (3VT). The
vessels should be situated in the middle of the mediastinum. If
they are seen close to the anterior mediastinal wall and the thy-
mus is not seen, 22q11.2 microdeletion is likely. Colour and
power Doppler should be used to look for any kind of vascular
rings, which may coexist with CAT, like an aberrant right or left
subclavian artery. PA branches and the presence (in cases of IAA)
or the absence of the arterial duct can also be evaluated in the
mediastinal view.

Extracardiac anomalies are found in about 40% of foetuses
with CAT. A detailed evaluation of the anatomy of all foetal
organs is necessary, because the presence of other defects wor-
sens the postnatal prognosis.

Differential diagnosis

The most challenging diagnosis is to distinguish between CAT and
tetralogy of Fallot with pulmonary atresia. Both lesions have similar
appearances in prenatal scanning (Table 8). The heart is levoro-
tated, and a large artery overrides the septum with a large outlet
VSD. RVOT and PA branches are difficult to visualize. The major
differences include the following: the morphology of the arterial
valve is dysplastic in the majority of cases with CAT and normal in
cases of pulmonary atresia with VSD; a more proximal branching
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of the PAs is seen in CAT,; the size of the pulmonary branches is
normal or even enlarged in CAT, but hypoplastic or within normal
limits in pulmonary atresia with VSD; and finally, main aortopul-
monary collaterals might be present in cases with pulmonary atre-
sia with VSD but are not visualized in CAT [73].

Counselling

Counselling is an extremely important part of complete foetal cardiac
evaluation. General rules for prenatal counselling should be followed.
Initially, only the most important information should be provided in
simple, clear terms. Parents must have the opportunity to ask ques-
tions, to express grief and to have time alone if desired [74].

Because 35% of foetuses with CAT have a 22q11.2 microdeletion
[75] and because it is possible that other genetic problems may
occur, if CAT is diagnosed or strongly suspected in the early period
of pregnancy, genetic testing should be discussed with parents.

The morphology of CAT in foetuses differs from that in infants
diagnosed postnatally. More commonly, a dysplastic TrV, leading
to foetal and neonatal congestive heart failure, is seen. TrV morph-
ology, apart from the genetic findings, is crucial for prenatal coun-
selling because TrV dysplasia and insufficiency carry a high-risk of
intrauterine death and a more complicated course postnatally.

The type of arterial trunk is important for planning a surgical
procedure. However, in a large surgical series, the morphology of
CAT, apart from that in cases with dysplastic TrV, was not
important in determining the surgical result [76]. Outcomes may
vary between institutions; a general overview is given in the final
chapter on outcomes. Although these data are important for over-
all knowledge about treatment results, during parental counselling,

Table 9: Typical neonatal chest X-ray and electrocardio-
graphic findings [5, 81, 82]

Chest X-ray ECG

e Cardiomegaly with oval car-
diac shape

e Increased vascular markings

e Rightaorticarch

e Non-specific

e Variable frontal QRS axis (but typ-
ically more than +60°)

e Biventricular hypertrophy is more
common than isolated right or
left ventricular hypertrophy

ECG: electrocardiogram.

it is important to discuss outcomes on the basis of the results of
the institution in which their child will be treated.

All aforementioned problems must be discussed with the
parents who, once in possession of all the facts and according to
the national laws of their country, can choose to either continue
with or terminate the pregnancy. Termination rates vary among
countries. The specialist in foetal cardiology must be prepared to
discuss with parents both short- and long-term prognoses. In
cases of late foetal diagnosis of CAT with a severely dysplastic
TrV, perinatal palliative care may be discussed, with comprehen-
sive medical and psychological support provided for parents.

PREOPERATIVE MANAGEMENT
Delivery

Delivery should be in a tertiary centre with paediatric cardiologists
and cardiac surgeons available. Neonatal long-distance transport
should be avoided when possible [77]. Following these precautions
guarantees direct post-partum echocardiographic evaluation and
stabilization in a neonatal or paediatric intensive care setting when-
ever necessary. CAT is an unstable cardiac anomaly, and heart failure
may present early when pulmonary vascular resistance drops in the
first weeks after birth. Especially when CAT is associated with coexist-
ing anomalies, such as interrupted arch or TrV regurgitation or ob-
struction, it is important to have all necessary tertiary care at hand.

Preterm delivery should be avoided because it has been
reported that birth during the early term period of 37-38 weeks'
gestation is associated with worse outcomes of neonatal cardiac
surgery [78]. Exceptions may be made when foetal distress exists,
e.g. due to severe TrV insufficiency. In these circumstances, ear-
lier delivery and, if needed, delivery by planned caesarean deliv-
ery may sometimes be indicated to avoid foetal demise.

Postnatal and preoperative diagnosis

Clinical findings. Prenatally undiagnosed patients typically
present in the neonatal period or early infancy with signs of
increasing cardiac failure and mild central cyanosis. These signs
include tachypnoea, hepatomegaly and feeding difficulties result-
ing in failure to thrive. Those patients who have predominant,
more obvious cyanosis have persistently increased pulmonary
vascular resistance, PA stenosis or PA hypoplasia [79].

Symptoms can be exacerbated by TrV abnormalities [80].
Moderate-to-severe TrV insufficiency and the rarer condition of

Table 10: Recommendations for postnatal and preoperative diagnosis

Recommendations for postnatal and preoperative diagnosis Level? Class® References
TTE is the imaging method of choice for the diagnosis and preoperative assessment of CAT C | [82, 83]
Three-dimensional echocardiography should be considered if additional information about C | [83, 84]
truncal valve morphology and function is needed

Additional imaging using cardiovascular CT and CMRI are indicated when further information C | [85-89]
is needed

Cardiac catheterization is indicated in patients with a late presentation to assess pulmonary C | [90,91]

vascular resistance and to test pulmonary vascular reactivity

#Level of evidence.
bClass of recommendation.

CAT: common arterial trunk; CMRI: cardiovascular magnetic resonance imaging; CT: computed tomography; TTE; transthoracic echocardiography.
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severe TrV stenosis can lead to early signs of congestive heart fail-
ure up to cardiogenic shock [79, 80]. Patients with IAA have a
duct-dependent systemic circulation, and closure of the ductus
arteriosus leads to progressive cardiovascular collapse.

Heart murmurs can be heard in more than half of the patients
in the first week of life [5]. Early diastolic murmurs can indicate
TrV insufficiency. The heart sounds can be split or single, and
explanations for this can be asynchronous closure of the valvar
leaflets or production of a duplicate sound by vibrations within
the arterial trunk [81]. Many patients also present with an ejection
click [5]. The clinical examination should include assessment of
non-cardiac anomalies.

Chest X-ray and electrocardiogram. The chest X-ray dem-
onstrates cardiomegaly and increased pulmonary vascularity in
the majority of patients [5, 81, 82]. Right aortic arch occurs in 25-
30% of patients [53, 81]. The heart is commonly oval in shape
due to the absence or hypoplasia of the RVOT [5, 82]. Decreased
pulmonary vascularity can indicate underdevelopment of the
pulmonary trunk and branch PAs (Table 9) [5, 82].

The electrocardiogram (ECG) features are non-specific. The
frontal QRS axis is variable but is reported in most cases to be
more than +60°. Biventricular hypertrophy is frequently seen
whereas isolated right or left ventricular hypertrophy is less com-
mon (Table 9) [5, 81].

Preoperative transthoracic echocardiography. Transthor-
acic echocardiography (TTE) is the imaging method of choice for
the diagnosis and preoperative assessment of CAT (Table 10). TTE
can usually provide all of the diagnostic information that is ne-
cessary for surgical and clinical decision-making. The crucial find-
ings are a single arterial trunk overriding the ventricular septum
and a large-outlet VSD [83]. These features are seen clearly in the
parasternal long-axis view (Fig. 3) [82, 83]. The goals of preopera-
tive TTE include, in particular, description of the VSD and any
additional VSDs, morphological and functional evaluation of the
TrV, assessment of the PAs (Fig. 4) and aortic arch (to exclude an
IAA) and assessment of ventricular size and function [83]. In add-
ition, coronary artery anatomy and any pulmonary and systemic
venous anomalies should be reported. The sequential segmental
approach should be followed. Suggested echocardiographic
reporting elements are illustrated in Table 11.

Three-dimensional echocardiography should be regarded as a
complementary technique that can provide additional informa-
tion about the morphology and function of the TrV (Table 10)
[83, 84].

Cardiovascular computed tomography. Echocardiography
is the first-line and standard imaging modality for preoperative
assessment [85]. In the majority of cases, echocardiography is suf-
ficient. Cardiovascular computed tomography (CT) and cardio-
vascular magnetic resonance imaging (CMRI) are complementary
techniques only when further information is needed (Table 10)
[86, 87]. Cardiovascular CT allows detailed assessment of coron-
ary arteries, PAs and aortopulmonary collaterals and is well
suited to visualize aortic arch anomalies, including aortic coarcta-
tion and 1AA [86, 88, 89].

Cardiac catheterization and angiography. Diagnostic car-
diac catheterization and angiography are rarely needed because

Truncal

Figure 3: Parasternal long-axis view of a common arterial trunk. The arterial
trunk overrides the ventricular septum and the large outlet ventricular septal
defect (*). LV: left ventricle; MPA: main pulmonary artery; RV: right ventricle.

echocardiographic and cross-sectional imaging techniques are
often sufficient to correctly describe the anatomical details
(Table 10) [85]. In cases with a complex anatomy or an abnormal
coronary artery pattern (e.g. only 1 branch PA arises from the
CAT, blood supply for the other lung is provided by a ductus
arteriosus or aortopulmonary collateral), cardiac catheterization
may clarify the anatomical situation. Cardiac catheterization,
however, is important in patients with a late presentation to as-
sess pulmonary vascular resistance and to test pulmonary vascu-
lar reactivity [90, 91].

Other investigations. The 22q11.2 deletion has been associ-
ated with non-cardiac features, which might be important for the
perioperative management of patients, such as palatal anomalies,
hypocalcaemia and immune deficiency [75, 92]. Thus, genetic
testing is recommended in the neonatal period prior to surgical
intervention.

Children with the 22q11.2 deletion had an increased number
of infections in the postoperative period after cardiac surgery
[93]. Although only rarely do patients with the 22q11.2 deletion
have severe immunodeficiency (complete absence of T cells) [92],
irradiated blood products can be recommended for children
with this condition [79]. Patients with the 22q11.2 deletion are
also at risk for postoperative hypocalcaemia, which can occur
unpredictably and has been associated with significant complica-
tions and mortality [94, 95]. Consequently, serum ionized calcium
should be measured pre- and postoperatively [94, 95].

Preoperative stabilization.  Newborns with known CAT
should not be discharged from the hospital before they are oper-
ated on. Discharge from the nursery or hospital with an undiag-
nosed CAT increases mortality [96]. Reparative surgery should be
scheduled during the neonatal period if the condition of the pa-
tient permits [76, 96-99]. TrV insufficiency or stenosis may lead
to rapid haemodynamic deterioration and can be a reason for an
early operation. Aortic arch interruption indicates the need for
prostaglandin to secure ductal patency and may be another rea-
son to perform the operation at an early stage.

Necrotizing enterocolitis is known to occur in term neonates
with CAT; careful monitoring of feeding intolerance and abdominal
distention is warranted [100]. Right aortic arch occurs in 25-30% of
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Truncal valve

% 149 bpm

Figure 4: Two-dimensional transthoracic echocardiographs with colour Doppler showing the truncal valve and the pulmonary arteries in a neonate with a common
arterial trunk. There is mild-to-moderate truncal valve regurgitation. LPA: left pulmonary artery; MPA: main pulmonary artery; RPA: right pulmonary artery.

patients with CAT (more frequently when the 22q11.2 deletion is
present) and may lead to tracheal compression [53, 81]. When re-
spiratory symptoms are present, a CT scan and/or bronchoscopy
should be performed to search for coexisting tracheobronchial and
vascular pathologies [101]. Coronary artery anomalies are associated
with CAT, so a preoperative CT scan should be pursued when echo-
cardiography fails to provide accurate coronary artery anatomical
details. The 22q11.2 deletion is present in 35% of all patients with
CAT and should preferably be diagnosed or excluded before the
operation [75]. Blood products can be irradiated in patients with
the 22q11.2 deletion [79, 102], and calcium levels must be carefully
monitored to prevent hypocalcaemia [79, 95, 103].

Bilateral PA banding may be used to stabilize a patient when a
reparative procedure is (relatively) contraindicated: very low
body weight (<1.5 kg), necrotizing enterocolitis or brain damage.
TrV insufficiency/stenosis requiring valve replacement may form
another indication for bilateral PA banding and delaying defini-
tive surgery [104-106]. Recovery from shock and weight gain are
also indications for a staged repair.

When heart failure is present, stabilization may be obtained by
diuretic therapy, mechanical ventilation and intravenous adminis-
tration of inotropic medication, such as phosphodiesterase inhibi-
tors and noradrenaline [107]. Nitric oxide should not be used in
neonates and young infants with CAT because it may lead to an
increase of pulmonary flow and haemodynamic instability due to
a left-to-right shunt [108]. When mechanical ventilation is neces-
sary to stabilize the patient, surgery should be planned urgently.

SURGERY FOR COMMON ARTERIAL TRUNK
Decision-making and timing

All' cases should be discussed by the multidisciplinary team
whenever possible, unless the situation is considered an emer-
gency. High-risk cases benefit particularly from a more inclusive
discussion, which should include input from intensive care and
anaesthesia specialists. Severe truncal regurgitation (TrR) is a risk
factor for outcome but is not a contraindication for surgery.
Families should be clearly counselled about the higher risks and

Table 11: Proposed standard preoperative transthoracic
echocardiographic views and reporting elements [82, 83]

Standard views
with TTE

Reporting elements

Subcostal long-
and short-axis

Atrial septum and shunts, drainage of the systemic
and pulmonary veins, coronary sinus dilatation, re-
lationship of the single arterial trunk to the ven-
tricles, branch PAs and origins from the single
arterial trunk

Relationship of single arterial trunk to the ven-
tricles, morphology and function of the truncal
valve including commissures and numbers of leaf-
lets, pulmonary anatomy, coronary anatomy

AV valve morphology and function, function of
the truncal valve, ventricular septum, ventricular
size and function, origin of the main and/or
branch PAs

Suprasternal long-  Arch anatomy including sidedness, presence of co-
and short-axis arctation or IAA, presence of left SVC, pulmonary
venous drainage, branch PAs and origins from the
single arterial trunk

Parasternal long-
and short-axis

Apical 4- and 5-
chamber

AV: atrioventricular; IAA: interrupted aortic arch; PAs: pulmonary arteries;
SVC: superior vena cava; TTE: transthoracic echocardiography.

poorer outcomes associated with greater than moderate TrR and
with IAA (Table 12).

There is good evidence that complete repair can be offered in
all cases, accepting the higher risk associated with the more com-
plex subtypes. Nevertheless, it is important that other risk factors
be considered (Table 13) as well as any social issues that may im-
pact the family's capability to care for the child. In severe situa-
tions, it may be reasonable to offer comfort care as an option in
cases in which the team feels that the operative risks are too
high.

Repair should be performed during the neonatal period [96].
Cases with associated IAA may require earlier surgery if they are
clinically unstable. There is no evidence that an operation in the
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Table 12:
subtypes

Recommendations for quoted operative risk (30-day mortality risk) associated with different common arterial trunk

Clinical feature Recommendation for quoted Level® Class® References
operative risk (30-day mortality risk)

No associated problems (none to moderate TrR) 5-10% B I [76,97,99,108-118]

>Moderate TrR 20-30% B lla [97,109,111,117,119-122]

Interrupted arch 30% B [97, 115, 123, 124]

Interrupted arch and >moderate TrR 60% C [97, 119, 125]

ECMO postoperatively 60-70% (@ [76,126]

#Level of evidence.

PClass of recommendation.

ECMO: extracorporeal membrane oxygenation; TrR: truncal regurgitation.

Table 13: Additional risk factors associated with surgical outcomes in common arterial trunk

Clinical feature Relative risk Level® Class® References

TrR > moderate ++ B (97,109, 111,117,119, 121,127, 128]

Interrupted arch ++ B [97,115,124,127,129]

Weight < 2.5 kg + B lla [76,116, 128,130, 131]

22q11.2 deletion syndrome +/- B lla [76,98,132,133]

Coronary anomaly ++ B [76,117,128]

Truncal valve replacement - B [11¢6]

*Level of evidence.
PClass of recommendation.
TrR: truncal regurgitation.

first few days of life carries any benefit over planned repair at 7-
14 days [76, 97, 99, 109-119, 134].

In cases of premature birth, evidence shows that delaying sur-
gery until gestational maturity has been achieved may reduce the
risk of neurological morbidity secondary to cardiopulmonary by-
pass. This outcome has been shown in wider studies of neonatal
surgery that included cases of CAT. The benefit is determined by
extrapolation rather than specifically proven in a subset of
patients with CAT [78].

In patients who present later, in whom repair is undertaken
when the child is older, there is a risk of reactive pulmonary vas-
culature or pulmonary vascular obstructive disease. Repair be-
yond the neonatal period has been achieved with good results,
but infants who survive to this age are generally self-selected as
the less complex variants. Older patients should undergo full
haemodynamic assessment and calculation of pulmonary vascu-
lar resistance. Successful repair can be achieved with a resistance
of up to 6-8 Wood units, or even as high as 9 Wood units as
long as there is evidence of clear reversibility with oxygen ther-
apy [135].

Use of bilateral pulmonary artery banding

Bilateral banding as a palliative procedure was attempted in the
1970s and 1980s as a means to delay definitive repair. Results
were universally disappointing with an early mortality of >50%;
the strategy was abandoned. There is no evidence to suggest that

bilateral PA banding has any place in the regular management of
CAT.

Nevertheless, in extreme cases where the risk of cardiopul-
monary bypass is prohibitive (such as in the presence of an
intracranial bleed or active necrotizing enterocolitis), the appli-
cation of bilateral bands could be considered as a salvage pro-
cedure to balance the circulation in cases with uncontrolled
congestive cardiac failure; this situation has been reported
[104-106]. There is insufficient evidence to determine whether
this approach leads to a better outcome in these extreme cases,
but application of bilateral banding techniques as proposed in
the hybrid management of hypoplastic left heart syndrome
would be the only reference [136]. The diastolic run-off in the
setting of CAT would be a greater concern than in hypoplastic
left heart syndrome with the increased risk of coronary steal.
Regular monitoring of the ECG for signs of ischaemia may be
helpful.

Surgical technique

Intraoperative parameters and bypass management.

After sternotomy and opening the pericardium, snaring the RPA
may help to achieve haemodynamic stabilization. Once cardio-
pulmonary bypass has started, both PAs must be snared to pre-
vent massive pulmonary flow. Different cardiopulmonary bypass
strategies have been described with limited evidence to support
1 strategy over another, and standard neonatal bypass
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Table 14:  Summary of surgical techniques commonly applied in truncal valve repair

Technique/feature Evidence for value Level® Class® References
Annuloplasty ++ C | [137,138]
Cusp exclusion ++ (@ | [139, 140]
Leaflet plasty @ | [138,141]
Bicuspidization + (@ lla [125, 140]
Tricuspidization (of quadricusp valve) ++ C lla [140]

Replacement Avoid C N 142]

#Level of evidence.
bClass of recommendation.

management is entirely suitable for CAT repair, utilizing full-flow
bypass with moderate hypothermia. There is no evidence to sup-
port the routine use of deep hypothermic circulatory arrest except
in the setting of IAA, where it is used in all reported series. The use
of regional cerebral perfusion during arch repair is well described
but with no evidence to suggest any specific neurological benefit
over deep hypothermic circulatory arrest in patients with CAT.
Different myocardial protection strategies have also been
described but antegrade administration is favoured by all pub-
lished series. No specific benefit of 1 cardioplegia solution over
another has been specifically shown in CAT nor of crystalloid ver-
sus cold blood-based preparations. The recommendation is that
surgeons should use the neonatal cardioplegia strategy that they
are familiar with. In cases of >moderate TrR, direct coronary ostial
administration of cardioplegia may be necessary to achieve opti-
mum delivery; however, care needs to be taken to identify the cor-
onary ostia, which may be close to the valve commissures or in
unusually high locations. Abnormal coronary patterns are frequent
in CAT (Table 7).

There is no evidence to favour the use of specific inotropes in
operative management, but it is recommended from extrapolation
from other neonatal cardiac procedures that the use of phospho-
diesterase inhibitors, such as milrinone, improve outcome [107].

Delayed sternal closure has been used variably in most studies
but there is no evidence that delayed closure reduces morbidity
or mortality. Evidence does show that delayed sternal closure is
safe and effective. The use of PA pressure monitoring lines post-
operatively has been described in several series, but there is no
evidence to prove any clinical benefit from their use. The use of
PA lines is safe, and proponents have cited their use in patients
felt to be at higher risk of pulmonary hypertensive crisis (such as
older age at repair).

Pulmonary artery separation. The PAs should be detached
from the main trunk as a single button. This procedure can be
performed by excision directly from the trunk or by first transect-
ing the trunk above the PA take-off and then excising them: both
techniques have been used with equal success. Care should be
taken to identify the position of the coronary ostia before under-
taking the excision and to beware of high origins of the coronary
arteries close to the PA origins.

The defect in the trunk can be either closed directly or with
patch repair. There is no evidence that 1 technique is superior to
the other. Most series report a mixture of techniques based on
surgeon preference.

Ventricular septal defect closure. The defect is most com-
monly a muscular outlet VSD but can also be perimembranous
VSD. Closure is performed through the ventriculotomy, but in
cases of perimembranous extension, some sutures can be placed
via the right atrium if preferred to gain access to the inferior bor-
der of the defect. There is no evidence to favour any particular
patch material. Surgeons use their material of choice for neonatal
VSD closure, most commonly xenograft pericardium, glutaralde-
hyde fixed autologous pericardium, thin-walled Gore-Tex® (W. L.
Gore & Associates, Flagstaff, AZ, USA) or Dacron. The incidence
of postoperative heart block is expected to be 1-2%.

Truncal valve repair. The degree of TrV regurgitation is clas-
sified subjectively as none, mild, moderate and severe in most
series. There is no evidence to support what degree of regurgita-
tion merits intervention, but most series favour TrV repair in all
cases of severe regurgitation. No recommendation can be given
on the value of intervention in cases of moderate regurgitation.

A variety of repair techniques have been described that de-
pend on the degree of dilatation of the annulus, the number of
leaflets and the degree of dysplasia of the leaflets themselves
[125]. Complete and partial annuloplasties have been used for a
dilated annulus; leaflet thinning and release of fused commis-
sures, for thickened valves; free edge plication and resuspension
of commissures, for prolapsing leaflets; and cusp exclusion or
union of neighbouring cusps, for localized dysplasia of 1 or 2
cusps. Most reports are a mixture of techniques and indications
with variable results. A summary is shown in Table 14.

There is good evidence that repair should be undertaken in all
cases of severe regurgitation. Best results are achieved with annu-
loplasty or cusp exclusion types of procedures, whereas leaflet
procedures or cusp repairs have poor outcomes [137-141]
Tricuspidization of quadricusp valves is associated with better
outcomes, although the quadricusp valve has overall worse out-
comes than trileaflet valves [140]. Repair is likely to successfully
reduce the degree of regurgitation; however, complete abolition
of the regurgitation is usually not possible. Freedom from the
need for subsequent reintervention is poor, with >50% of cases
requiring rerepair or replacement within 5years. Only 25% of
patients are likely to survive without reoperation on the TrV at
20years of age [76]. The need for concomitant TrV repair at the
time of the initial CAT repair increases the operative risk by up to
3 times [111] reflecting the risk of >moderate TrR in this
condition.

TrV replacement should be avoided in neonatal CAT repair
whenever possible [142]. Outcomes are extremely poor for re-
placement during the primary repair, with mortality approaching
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Table 15: Techniques for reconstruction of the right ventricular outflow tract

Technique Applicable in Benefit References
Direct anastomosis with simple patch as a hood All variants Prolonged freedom from reintervention [128,143-148]
Interposition of LAA with overriding patch All variants Less tension on branch PAs [97,149]
Direct anastomosis with monocusp patch All variants May reduce degrees of PR, but little evidence
Septation of the CAT with intra-arterial baffle Only suitable when PAs come Avoids need to disconnect branch PAs from trunk [150-152]
from common stem or ostia are
close together
CAT: common arterial trunk; LAA: left atrial appendage; PAs: pulmonary arteries; PR: pulmonary regurgitation.
Table 16: Conduits for reconstruction of the right ventricular outflow tract
Technique Benefits Popularity ~ References
Valveless conduits Gore-Tex®: smaller calibre; easy to implant; readily available; few reports [97,153]
Pulmonary homografts Best performance; limited availability ot [113,119, 154, 155]
Aortic homografts Second best performance; limited availability; longer length ++ [121, 156, 157]
Bovine jugular vein conduits ~ Widely used; smallest size, 12 mm; performance generally good but inferior to homografts ~ ++ [113,119, 158-160]
Dacron valved conduits Few reports; minimal size 12 mm + [156, 161, 162]

100%. It is also noted that a combination of IAA with severe TrV
regurgitation carries an extremely poor prognosis [111].

Reconstruction of the right ventricular outflow tract.
Repair of CAT can be achieved either by placing a valved conduit
between the RV and PA (RV-PA) or by creating a direct anasto-
mosis of the PAs to the ventriculotomy, without a conduit
(Tables 15 and 16). Both alternatives have been widely used, with
the majority of cases utilizing a valved conduit; a variety of modi-
fications of each strategy have been described. Extensive mobil-
ization of both PAs down to the hilus is recommended to
prevent stretching of the RPA and to facilitate a direct anasto-
mosis. There is no evidence to support 1 strategy over another in
terms of survival or operative outcome; similar early outcomes
have been described with both techniques. However, there are
no randomized trials, and patient characteristics are not always
comparable within individual series. There is insufficient evidence
to suggest that certain morphological subtypes may be better
suited to a particular strategy, but there is evidence that cases
with >moderate TrR achieve better outcomes with a valved con-
duit because it avoids the volume loading of regurgitant flow in
both ventricles.

There is good evidence that the direct anastomosis technique
provides longer freedom from reoperation on the RVOT [97, 128].
Although some studies have found that catheter reintervention is
no different from those with an RV-PA conduit, there is strong
evidence that these techniques delay the need for surgical reinter-
vention at the cost of an increased degree of pulmonary regurgi-
tation (PR) compared with the use of conduits [143-145, 147-149,
152]. There is no evidence to relate the PA arrangement to the
suitability of each technique, but the direct anastomosis technique
is likely to be easiest in anatomical types where the LPA and RPA
arise from the aorta with a common stem and to become more
difficult in patients with separate pulmonary ostia with widely
spaced orifices due to the tension placed on the RPA.

Valved conduits have been the most prevalent technique used
in the literature to reconstruct the RVOT. Homografts have the
best performance in terms of freedom from reintervention, with
pulmonary outperforming aortic homografts in most series [113,
154, 155]. In common with all conduits, the small sizes required
in neonatal repair mean that reintervention is inevitable and usu-
ally relatively early compared with the use of conduits in older
children. Freedom from surgical conduit replacement is described
as 40-60% at 5years in most larger studies [113, 128, 154, 155,
160]. Homografts are the most widely used conduit, followed by
the bovine jugular vein (Contegra®, Medtronic, Minneapolis, MN,
USA), which is reported to have good handling characteristics but
inferior freedom from degeneration and outgrowth compared to
that of homografts [113, 119, 154, 158, 159]. Dacron valved con-
duits have been used in small numbers and valveless Gore-Tex®”
tubes (W. L. Gore & Associates) in a handful of cases, but with in-
sufficient numbers to be able to draw conclusions on the relative
merits, only that they can all be safely used [97, 128, 148, 153, 155,
162]. An expanded polytetrafluoroethylene conduit (with bulging
sinuses and a fan-shaped valve of the same material) shows prom-
ising results and may be useful in the future [163].

Interrupted arch repair. 1AA occurs in 10-15% of all cases of
CAT and carries a higher operative risk as described previously.
Evidence indicates that the best outcomes are achieved using by-
pass management with 2 arterial cannulae to ensure equal perfu-
sion and cooling of the entire circulation. Placement of a small
Gore-Tex® shunt (W. L. Gore & Associates) on the innominate ar-
tery has been recommended because this allows better access
for the cross-clamp and also can be used to deliver selective
antegrade perfusion to the brain during arch repair. The interrup-
tion is most commonly type B. The techniques for arch repair are
similar to those in other conditions with IAA and have most
commonly been performed using a combination of a direct anas-
tomosis with patch augmentation of the concavity of the
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Table 17: Proposed standard intraoperative transoesophageal echocardiography and reporting elements [82]

Standard views, TOE Reporting elements

Midoesophageal 4-chamber view (0°)

Midoesophageal bicaval view (90°)
ary vein
Aortic/pulmonary valve long-axis views (120°)

Atrial septum and (residual) shunt(s), ventricular septum and (residual) defect(s), AV valves, pulmonary veins,
biventricular size and function
Atrial septum and (residual) shunt(s), assessment of the inferior and superior vena cavas, right upper pulmon-

Truncal valve and (residual) lesions such as regurgitation or stenosis, ascending aorta, branch PAs and their

origins from the CAT; after repair the RV-to-PA conduit and residual VSD(s) can be assessed

Aortic valve short-axis view (25-50°)
valve

Truncal valve morphology including commissures and numbers of leaflets, regurgitation jets of the truncal

Right ventricular inflow and outflow view (~60°) Tricuspid valve, right ventricular function and proximal RV-to-PA conduit

Transgastric views

Truncal valve and RV-to-PA conduit

AV: atrioventricular; CAT: common arterial trunk; PAs: pulmonary arteries; RV-to-PA conduit: right ventricle to pulmonary artery conduit; TOE: transoesophageal

echocardiography; VSD: ventricular septal defect.

reconstructed aortic arch. The use of a patch has the advantage
that it may also be used for repair of the defect created by excis-
ing the PAs. Other authors have reported using direct anasto-
mosis for IAA repair without a patch; the reported outcomes are
similar with all techniques. The need for reoperation on the arch
is rare (<10%).

Palliative repair leaving the ventricular septal defect
open. This alternative approach has very few reported cases
and no comparison with more standard approaches. The PAs are
separated from the trunk and then connected to the RV with a
valveless, small (typically 5-6 mm) Gore-Tex® tube (W. L. Gore &
Associates), thereby leaving the VSD open. The limited reports
regarding this approach show that it is safe; however, there is no
evidence to recommend its use over standard repair [153].

Reoperations

Almost all patients with CAT will need reinterventions. Parents or
caretakers should be informed about this situation from the be-
ginning. Reinterventions should always be discussed by a multi-
disciplinary team, and a careful preoperative/preintervention
work-up is mandatory.

Truncal valve reoperation. Reoperation is performed pre-
dominantly for TrV (now the neoaortic valve) regurgitation.
Stenosis is extremely rare. Typically, 20-25% of all patients with
CAT will need a reoperation on the TrV. The majority of these
patients will have undergone some sort of valve repair at the
time of the definitive repair; freedom from reoperation in this
group is approximately 50% at 5years [111, 122, 137-140, 142].
Repair techniques reflect the fact that these procedures are being
performed in an older age group than the neonatal repairs and
that the valves are typically retracted and distended from chronic
regurgitation. Techniques include subcoronary annuloplasty,
bicuspidization, leaflet extensions and commissural resuspension.
There is insufficient evidence to recommend or compare differ-
ent techniques for valve repair, but the limited series suggest that
repair can be achieved in a considerable number of patients,
with a trend towards the predominance of repair over replace-
ment in recent years [140, 141]. The valve is typically replaced
with a mechanical prosthesis when repair is no longer possible.

When the aortic root diameter exceeds 55 mm later in life, surgi-
cal repair is generally indicated [64, 65, 164].

Right ventricular outflow tract reoperation. The need for
reintervention on the RVOT is likely to be inevitable in CAT, but
the timing is influenced by the size and type of RVOT reconstruc-
tion used at the initial procedure. Lifelong follow-up of all
patients with CAT is strongly recommended because the majority
will need reintervention, usually on the RVOT. All conduits even-
tually become restrictive through a combination of degeneration
and out-growth, with some limited evidence that conduit dur-
ation is best in pulmonary homografts, followed by aortic homo-
grafts and bovine jugular vein conduits. There are multiple
studies of RV-PA conduits that include patients with CAT, but
with insufficient evidence to recommend 1 conduit type over an-
other at the time of reoperation. Larger conduits tend to perform
better than smaller ones, and it is recommended that, at the first
reoperation, the conduit should be at least 16 mm in diameter.
The timing for conduit replacement is no different in CAT than in
other situations and is based on a composite indication of raised
RV pressures (>67% systemic pressure in the RV), impaired RV
function and the development of exercise limitation associated
with conduit stenosis or impaired function [112, 113, 146-148,
152, 155, 157-160, 165]. It has been reported that RV-PA con-
duits do not last as long in patients with CAT as in patients with
other conditions [161].

Patients with no conduit are likely to have longer freedom
from reoperation than those with an RV-PA conduit (see
Reconstruction of the right ventricular outflow tract above), but
most will require reintervention due either to PR, to a degree of
stenosis in the RVOT or to a combination of both [128, 149]. The
indications for intervention in PR are not well defined in CAT,
and practice is determined by extrapolation of the indications in
repaired tetralogy of Fallot, based on indexed RV volumes and
the development of symptoms. In equivocal cases, cardiopul-
monary exercise testing may aid decision-making. Choice of
RVOT replacement in these cases can be either with a homograft
valved conduit or, in older children, with a valved xenograft in
the pulmonary position accommodated by an outflow tract
patch. Both techniques have been used with equal success [154,
161].

Overall, RVOT reoperation in CAT is safe and would be
expected to have a low operative mortality.
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Percutaneous reinterventions on right ventricular
outflow tract, right ventricle-to-pulmonary artery
conduits and pulmonary arteries

Interventional therapies such as balloon dilatation and stent im-
plantation can improve the lifespan of obstructed RV-to-PA con-
duits [166-168] and may therefore be reasonable in severely
obstructed conduits [168]. Stent implantation proved to be safe
[166, 167], even in smaller homograft conduits [168]. However,
stenting of the conduit results in free PR with possible side effects
such as RV dilatation, RV dysfunction and arrhythmias.
Percutaneous pulmonary valve replacement was first reported
nearly 20 years ago [169] and can now be considered as an alter-
native to surgical pulmonary valve replacement in selected
patients [170, 171]. For both stenting of the conduit and percu-
taneous pulmonary valve replacement, coronary artery compres-
sion testing is indicated [172-174]. In patients with additional
lesions requiring intervention (e.g. tricuspid valve regurgitation,
TrV  regurgitation), surgical intervention is  preferred.
Multidisciplinary team discussion with a risk-benefit analysis, be-
fore interventional stent implantation or percutaneous pulmon-
ary valve replacement, is recommended.

Patients with CAT are at risk of developing branch PA stenoses
leading to RV pressure load and to differences in right and LPA
blood flow [110, 129, 154]. Assessment of the significance of stenosis
should include symptoms, echocardiographic findings and cross-
sectional imaging data. Balloon dilatation and stenting of relevant
branch pulmonary stenoses might be useful [172, 175, 176].

Intraoperative assessment

Intraoperative transoesophageal echocardiography.
Intraoperative transoesophageal echocardiography (TOE) during
or after surgery plays a major role in detecting residual lesions
and is considered the standard in patients undergoing cardiac
surgery [177, 178]. The patient’s minimum weight for using intra-
operative TOE is typically 2.5kg and caution is recommended in
children who weight <3 kg [178]. The most important reporting
elements in patients with CAT are listed in Table 17 [82].

Epicardial echocardiography has a role for patients in whom
TOE cannot be used or in whom TOE does not provide sufficient
visualization of particular cardiac structures. It has been demon-
strated that epicardial echocardiography allows detection of the
majority of residual lesions [179, 180]. A disadvantage is that the
transducer is placed directly on the heart, which can promote
arrhythmias and haemodynamic compromise [177].

POSTOPERATIVE MANAGEMENT IN THE
INTENSIVE CARE UNIT

The postoperative course after surgery for CAT can be compli-
cated for many reasons. Pulmonary hypertension may occur, es-
pecially when surgery is performed later. Reactive pulmonary
vasculature and pulmonary vascular obstructive disease are
known to develop rapidly in CAT, and there is a relation between
later timing of the operation and pulmonary hypertensive com-
plications postoperatively [90, 91, 181]. After the patient is
weaned from cardiopulmonary bypass, the degree of pulmonary
hypertension should be measured by intraoperative TOE (or

epicardial echocardiography if the child is too small for TOE).
The tricuspid valve Doppler gradient is recorded. When the cen-
tral venous pressure is added, one has a reliable measurement of
systolic RV pressure, which equals systolic PA pressure in the ab-
sence of a gradient between the RV and PAs. If RV pressure can-
not be reliably recorded (e.g. when there is no tricuspid
insufficiency), direct puncture of the RV (or RV to PA connection)
may form an alternative.

If pulmonary hypertension prohibits weaning from cardiopul-
monary bypass or if it results in supra- or near-systemic RV pres-
sures, the recommendation is to administer respiratory nitric
oxide at 20 ppm [182]. Usually cardiopulmonary bypass can be
discontinued thereafter, and the patient can be transported to
the paediatric ICU. Reactive pulmonary vasculature and pulmon-
ary hypertensive crisis may be caused by pain, unrest and bron-
chial suction. Therefore, adequate analgesia and sedation are
mandatory in the immediate postoperative period. The rebound
effect of nitric oxide withdrawal on pulmonary hypertension can
be countered by intravenous administration of sildenafil, which
may be continued later in the oral form [182]. Phosphodiesterase
inhibitors, such as milrinone, have been described to improve
results after many types of neonatal operations [107] and are
therefore also advised following CAT surgery. Noradrenaline can
be combined with milrinone in the first postoperative phase. The
chest may be left open for the first few days if haemodynamic in-
stability is present or expected.

Both pulmonary hypertension and RVOT stenosis may lead to
(supra-)systemic RV pressures and insufficient left ventricular fill-
ing, which in combination may cause rapid haemodynamic de-
terioration. Other residual defects must also be excluded and
corrected before transportation to the ICU, including residual
VSD, and more than mild tricuspid or TrV insufficiency.

High RV pressures and difficulty to wean the patient from car-
diopulmonary bypass or an unstable course after arrival in the
ICU may also be the result of RVOT stenosis. This must be sought
after aggressively and treated when present: stretching of the
RPA and kinking of the LPA have been described and can be the
consequence of stretching by a too-short or kinking by a too-
long conduit. Excessive dead volume of a big conduit can impair
haemodynamics, and conduit pulsatility may cause dynamic ob-
struction of the LPA. If echocardiography fails to lead to a diag-
nosis of the exact cause of elevated RV pressure, a CT scan and/
or cardiac catheterization should be considered. Extracorporeal
membrane oxygenation must be considered when conventional
measures fail to have an adequate effect. It may also be helpful in
providing sufficient haemodynamic stabilization to perform fur-
ther diagnostic tests and (interventional) treatment when needed.

Adverse cardiac events are known to occur more frequently in
patients with the 22q11.2 deletion. The duration of mechanical
ventilation and the lengths of the ICU and hospital stays are
reported to be longer [133]. Attention should be paid to hypocal-
caemia and irradiation of blood products [95, 102, 103].

POSTOPERATIVE ASSESSMENT
Early postoperative transthoracic echocardiogram

Recent studies have shown that early mortality rates following
CAT repair have decreased significantly in the last decades since
the first report in 1968 by McGoon et al. [76, 154, 183, 184].
However, early residual lesions may occur and can complicate
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Table 18: Proposed postoperative and follow-up transthoracic echocardiographic views and reporting elements

Standard TTE views Important reporting elements

Subcostal long- and short-axis

Atrial septum and residual shunts, assessment for RV-to-PA conduit obstruction or leak, assessment for branch PA hypo-

plasia or stenosis, function of the truncal valve, residual VSDs

Parasternal long- and short-axis
sidual VSDs
Apical 4- and 5-chamber
PA conduit stenosis
Suprasternal long- and short-axis
with [AA)

Morphology and function of the truncal valve, aortic root size, assessment for RV-to-PA conduit obstruction or leak, re-
Morphology and function of the truncal valve, biventricular function and size, residual VSDs, TR velocity to assess RV-to-

Assessment for branch PA hypoplasia or stenosis, assessment of the aortic arch (especially after reconstruction in patients

IAA: interrupted aortic arch; PA: pulmonary artery; RV-to-PA conduit: right ventricle to pulmonary artery conduit; TR: tricuspid regurgitation; TTE: transthoracic

echocardiography; VSDs: ventricular septal defects.

the postoperative course and the early follow-up of patients with
CAT.

TTE plays a major role in the immediate postoperative assess-
ment of patients with CAT and should focus on evaluation of the
RV-to-PA conduit and the PA branches, the anatomy and func-
tion of the TrV, the evaluation of the aortic arch in patients with
IAA and the assessment of biventricular size and function [82].
Specifically, attention should be paid to conduit obstruction and
regurgitation, branch PA stenosis and hypoplasia, residual VSDs,
regurgitation and stenosis of the TrV to detect complications,
which might need early intervention and to obtaining postopera-
tive baseline results for serial follow-ups. Patients with IAA are at
risk for aortic arch obstruction; therefore, assessment of the aor-
tic arch should be part of the postoperative TTE [109, 123]. In the
postoperative course, pulmonary hypertension can have an im-
pact on management in the ICU [79]. TTE should distinguish
increased RV pressure caused by pulmonary hypertension from
that from conduit or branch PA obstruction. Standard TTE views
and reporting elements are listed in Table 18.

Cardiovascular computed tomography and
cardiovascular magnetic resonance imaging

Echocardiography is the first-line, standard imaging modality for
immediate postoperative assessment [85]. Early postoperative as-
sessment after surgical repair of CAT with CT or CMRI may be
necessary in the context of poor echocardiographic windows to
assess the reconstructed aortic arch in patients with IAA for ob-
struction or aneurysms, to evaluate the RV-to-PA conduit or to
visualize the branch PAs [86, 87].

Cardiac catheterization and angiography

Early catheter-based reinterventions on the branch PAs and the
RV-to-PA conduit after CAT repair in the neonatal period or early
infancy may be necessary [90, 129]. These reinterventions can in-
clude balloon dilatation or stenting of the conduit or the PAs.
Lund et al. [129] reported that freedom from any RVOT or PA
reintervention was 68 4% at 1year and 48 +5% at 2years and
that this result was mainly associated with a smaller conduit size.
Catheter reinterventions for aortic arch stenosis in patients who
had repair of an IAA may be necessary and typically occurred in
the first 18 months after surgery, according to a recently pub-
lished study [185].

ASSESSMENT DURING LONG-TERM
FOLLOW-UP

Follow-up recommendations

Lifelong individualized follow-up of patients with CAT is recom-
mended (see also Table 19) [191]. In the first year after the oper-
ation, we suggest at least 3- to 6-month follow-up intervals and
after that every 6-12 months [186, 187]. Adults with CAT should
be seen by cardiologists who specialize in adults with congenital
heart disease in specialist centres, in which recommendations for
follow-up and care can be made on an individual basis [165].
Patients with pulmonary arterial hypertension and patients with
Eisenmenger syndrome should be managed accordingly [165,
172,181, 192].

For children and adults with the 22q11.2 deletion syndrome,
multidisciplinary management is advisable because it is a multi-
system disorder that can also affect the endocrine, immune,
haematological and musculoskeletal systems, as well as intelli-
gence, mental health and other issues [193, 194].

Clinical investigations

Clinical examination. Clinical evaluation should include oxy-
gen saturation, blood pressure, arrhythmias, central venous pres-
sure, heart murmurs and signs of heart failure. Findings related to
the RV-to-PA conduit may include a precordial thrill, prominent
A-wave of the jugular veins and a systolic murmur [165]. In
patients with TrV regurgitation, a diastolic decrescendo murmur
can be heard, and bounding peripheral pulses may be present.
A chest X-ray may reveal RV-to-PA conduit calcification [165].

Electrocardiogram and 24-h  ambulatory  Holter
monitoring. In the long-term follow-up of patients with CAT,
a 12-lead ECG is part of the routine baseline diagnostic examin-
ation, especially in those patients who are on antiarrhythmic
treatment [187, 195]. It is assumed that the arrhythmia burden
and the risk for sudden cardiac death are similar to those in
patients with tetralogy of Fallot with increased risk if the TrV is
abnormal [195]. Many patients have a bundle branch block, with
a right bundle branch block being the most common finding
[132]. Attention should be paid to signs of right or left ventricular
hypertrophy and/or dilatation, change in intraventricular con-
duction and pressure overload.
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Table 19:  Follow-up recommendations

Follow-up recommendation Level® Class® References
Follow-up intervals in the first year 3-6 months C [186]
after surgical repair
Follow-up after the first year after 6 months-1 year @ [186,187]
surgery
Adult patients Follow-up guided by specialist centres and cardiologists B [172]
trained in ACHD
ECG and TTE Routine examination during every follow-up visit C [186,187]
Ambulatory Holter monitoring On individualized basis (@ [186, 187]
CMRI Every 3-5 years in patients 10 years of age and older. In (@ [87,186,187]
patients younger than 10 years, CMRI is recommended
when there is a concern for unfavourable disease pro-
gression and echocardiographic data are insufficient
CPET Every 3 years in patients >8 years of age C [186,187]
Cardiac catheterization When surgical or interventional treatment is considered C I} [123,165-167, 188-190]

?Level of evidence.
bClass of recommendation.

ACHD: adults with congenital heart disease; CMRI: cardiovascular magnetic resonance imaging; CPET: cardiopulmonary exercise testing; ECG: electrocardiogram;

TTE: transthoracic echocardiography.

Twenty-four hour ambulatory Holter monitoring should be
performed when indicated (Table 19) [191]. The frequency in
adults should be individualized depending on the suspicion of
arrhythmias and clinical findings (need for reoperation, progres-
sive haemodynamic problems) [165, 196].

Transthoracic echocardiography. The consensus is that TTE
is the primary non-invasive imaging modality and should be
included in every follow-up visit (Table 18) [85]. The echocardio-
graphic evaluation of repaired CAT includes assessment of the
RV-to-PA conduit (Fig. 5), PAs, the anatomy and function of the
TrV (substrate of TrV regurgitation), aortic root size, residual VSD,
biventricular function and right ventricular systolic pressure from
tricuspid valve regurgitation velocity to assess conduit stenosis.
Evaluation of the anatomy of the aortic arch is particularly im-
portant in patients who had repair of IAA.

Similar to the situation in patients with tetralogy of Fallot or
other congenital heart diseases, detailed visualization of the RV
and its outflow tract, as well as of the PAs, is often limited by
restricted acoustic windows, which can become even worse in
adolescence and adulthood [197]. Furthermore, quantitative as-
sessment of the RV with its complex geometry and valve regurgi-
tation can be challenging, typically requiring the complementary
use of CMRI [197, 198]. Three-dimensional echocardiography
allows highly repeatable quantification of right and left ventricu-
lar volumes and the ejection fraction but also depends on the
acoustic window and produces lower volume measurements
compared with CMRI [84, 199].

Cardiovascular magnetic resonance imaging. CMRI
plays an increasing role in the long-term follow-up of patients
with congenital heart disease. It is the reference standard mo-
dality for biventricular volume and mass assessment and is
well suited for life-long repeated follow-up studies [198, 200,
201]. CMRI cine imaging and angiographic techniques are
valuable in visualization of the RV-to-PA conduit or connec-
tion and of the PAs, which may become stenotic after CAT re-
pair [87, 202]. Furthermore, residual VSDs, the TrV anatomy

and the aortic arch can easily be visualized. Phase-contrast
CMRI allows quantification of the RV-to-PA conduit and TrV
regurgitation and enables measurement of peak velocities
across the TrV and conduit. For patients with residual VSDs,
the shunt (Qp/Qs) can be quantified with flow measurements
above the TrV and in the RV-to-PA conduit [203]. Viability
imaging using the late gadolinium enhancement technique is
able to detect myocardial fibrosis. In patients with tetralogy
of Fallot, the presence of myocardial fibrosis was related to
adverse clinical markers, such as ventricular dysfunction and
exercise intolerance [204, 205].

The timing of CMRI in patients after CAT repair depends on
the clinical course and findings. In patients younger than 10 years
of age, CMRI is recommended when there is a concern about
unfavourable disease progression and echocardiographic data
are insufficient to answer the clinical question (Table 19) [197]. In
adolescent and adult patients with stable clinical and echocardio-
graphic findings, follow-up with CMRI is recommended every 3-
Syears in stable patients and every 12 months in patients with
progressive findings (progressive RV/left ventricular dilatation or
dysfunction) or when reoperation is being considered [197]. Late
gadolinium enhancement imaging should be performed at the
time of the first CMRI examination and when there is clinical de-
terioration [206]. Table 20 illustrates the proposed measurements
and reporting elements.

Computed tomography. CT is an imaging modality that is
well suited for the anatomical evaluation of the RV-to-PA con-
duit, the branch PAs, the aortic arch and the aortic root, especial-
ly if echocardiography is not sufficient [86, 207]. In patients with
contraindications for CMRI, CT can provide comparable informa-
tion regarding ejection fraction and ventricular volumes [86, 208,
209]. CT is the modality of choice for coronary assessment before
reoperations or reinterventions and is able to provide detailed
information about coronary origins, course and relationship to
the great vessels [86, 197].

REPORT
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Cardiac catheterization and (coronary) angiography. In
adult patients with a history of ischaemic heart disease, 1 or
more cardiovascular risk factors, suspected ischaemia, male
patients >40 years of age and postmenopausal female patients, or
in case of another indication for preoperative cardiac catheter-
ization, coronary angiography is recommended before surgery
[188]. Cardiac catheterization with haemodynamic assessment
can be of use when surgical or interventional treatment is consid-
ered [165]. Endovascular stenting of obstructed RV-to-PA con-
duits has been shown to decrease RV pressure and prolong
conduit lifespan [166, 167]. Transcatheter pulmonary valve re-
placement is a less invasive method compared with repeat
open-heart surgery for dysfunctional RV-to-PA conduits in
older patients (>5years of age, >20kg), and recent data show
good short- and longer-term results. In a U.S. trial, 15 out of
150 patients who received a Melody valve (Medtronic) had CAT
[189, 190]. Catheterization with manometry is often the method
of choice if aortic arch obstruction is suspected and offers the

Table 20: Proposed CMRI measurements and reporting ele-
ments [196]

Important reporting elements

LV and RV volumes (absolute and BSA indexed end diastolic and systolic
volumes), ejection fraction, stroke volume, mass (absolute mass and BSA
indexed), regional wall motion abnormalities. Tricuspid valve
regurgitation

RV-to-PA conduit obstruction or regurgitation (regurgitant fraction and
volume)

PA anatomy and dimensions. Differential RPA and LPA blood flows, if
narrowing of the branch PAs is present

Truncal valve obstruction, regurgitation (regurgitant fraction and volume)
and morphology

Aortic root, ascending aorta and aortic arch dimensions. Aortic arch ob-
struction in patients with IAA

Pulmonary to systemic flow ratio (Qp/Qs)

First CMRI examination, clinical deterioration; LGE, presence and extent

BSA: body surface area; CMRI: cardiovascular magnetic resonance imaging;
IAA: interrupted aortic arch; LGE: late gadolinium enhancement; LPA: left
pulmonary artery; LV: left ventricle; PAs: pulmonary arteries; RPA: right pul-
monary artery; RV: right ventricle; RV-to-PA conduit: right ventricle to pul-
monary artery conduit.

RV-toPA B
conduit

RV-to-PA
conduit "= =

possibility of balloon aortic arch angioplasty or a stent implant
[123].

Cardiopulmonary exercise testing. In adults with congeni-
tal heart disease, exercise intolerance is common and associated
with increased risk of hospitalization and death [210]. For patients
after CAT repair, reduced exercise capacity has also been demon-
strated [132]. The consensus is that cardiopulmonary exercise
testing should be introduced into the diagnostic work-up when
the patient is able to do the test (from 8years of age upwards)
and should be performed on a regular basis during long-term
follow-up (Table 19).

Late management of residual or new lesions

Management of truncal valve regurgitation. TrV incom-
petence is a frequent finding in patients with CAT during follow-
up due to dysplasia and anatomical variations of the valve [139].
Similarly to other patient groups, patients with CAT with TrV re-
gurgitation should be monitored closely [211]. The indication for
vasodilator therapy in TrV regurgitation is unclear. In a small
paediatric study, which included a few patients with CAT, no sig-
nificant effect of angiotensin-converting enzyme inhibitors on
left ventricular dilatation or function was found [212]. Studies in
adult patients with chronic aortic regurgitation have reported
controversial results [213, 214], and 1 recent meta-analysis indi-
cated that vasodilators had a favourable effect on left ventricular
remodelling (Table 21) [215].

General consensus regarding timing of surgical TrV treatment
is lacking. However, for patients with moderate-to-severe TrV in-
competence, surgical treatment should be considered, especially
when symptoms or a positive exercise test co-exist [140, 188].

Truncal root dilatation. The truncal root is commonly
dilated in patients with CAT, which is probably related to intrinsic
structural vessel wall abnormalities [64, 216]. Carlo et al. [64, 65,
217] showed that patients with severe TrV regurgitation have a
higher truncal root z-score; however, the risk for complications
such as aortic dissection is rare. Assessment of the size of the aor-
tic root with echocardiography is recommended during follow-
up and should be complemented by CMRI or CT if surgical aortic

Figure 5: Two-dimensional transthoracic echocardiogram illustrating the RV-to-PA conduit. (A). Colour-guided and Doppler echocardiography shows good RV-to-
PA conduit function (B and C). PA: pulmonary artery; RV: right ventricle; RVOT: right ventricular outflow tract.
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intervention is considered or the echocardiographic windows are
poor [164, 218]. Surgical repair is generally indicated when the
aortic size exceeds 55 mm [64, 65, 164].

Right ventricular outflow tract obstruction. According to
current guidelines, RVOT obstruction at any level should be
repaired regardless of symptoms when the Doppler peak gradi-
ent is >64 mmHg (peak velocity >4 m/s), provided that RV func-
tion is normal and no valve substitute is required.

In asymptomatic patients in whom balloon valvotomy is inef-
fective and surgical valve replacement is the only option, surgery
should be performed in the presence of a systolic RV pressure
>80mmHg  (tricuspid  regurgitation  velocity = >4.3m/s).
Intervention in patients with a gradient <64 mmHg should be
considered in the presence of the following:

o Symptoms related to pulmonary stenosis, or

« Decreased RV function, or

« Double-chambered RV (which is usually progressive), or

o Important arrhythmias, or

« Right-to-left shunting via an atrial septal defect or VSD [165].

Endocarditis prophylaxis

Infective endocarditis is a serious complication. Patients with CAT
are at high-risk of developing infective endocarditis mainly due
to implanted prosthetic valves in the pulmonary position (RV-to-
PA conduit) or prosthetic material used for pulmonary valve re-
pair [165, 219]. According to current guidelines, antibiotic infect-
ive endocarditis prophylaxis is recommended in all types of
cyanotic congenital heart diseases, thus encompassing all patients
with unrepaired CAT. It is also recommended in patients repaired

Table 21: Recommendation for vasodilator therapy

Recommendation for Level® Class® References
vasodilator therapy
Vasodilator therapy can be B Il [212,215]

useful in patients with CAT
and truncal valve
regurgitation

?Level of evidence.
bClass of recommendation.
CAT: common arterial trunk.

with a prosthetic material, whether placed surgically or by percu-
taneous techniques, up to 6 months after the procedure or life-
long if a residual shunt or valvular regurgitation remains, which is
applicable to the majority of patients with CAT after repair [219].
Patients should also be encouraged to have regular dental exami-
nations and to maintain good oral hygiene [165, 219].

Exercise and sport

No specific recommendations for patients after CAT repair exist.
However, physical activity has a known benefit for fitness and so-
cial integration [165, 191].

In general, clinical assessment before sport recommendation
should be performed [220]. For children with congenital heart
disease, sport eligibility screening was suggested, latest at a pre-
school age [53]. In addition to a detailed history and cardiology
investigations including TTE, ECG and a Holter ECG, formal exer-
cise testing (preferably cardiopulmonary exercise testing) is often
indicated [191, 220, 221]. Detailed recommendations should
be made on an individualized basis and should consider
the patient's morbidities, which may include arrhythmias, ven-
tricular dysfunction, pulmonary hypertension or pulmonary vas-
cular obstructive disease, severity of residual lesions, oxygen
saturation, aortic dilatation, anticoagulation and implanted devi-
ces [191, 221].

Pregnancy

Preconception counselling is important, and the issues surround-
ing pregnancy, contraception and family planning should already
have been addressed in adolescence [222]. All women with
repaired CAT should be offered prepregnancy risk assessment
and counselling as well as genetic counselling [222, 223]. Patients
with Eisenmenger syndrome who have not undergone repair
have a high maternal mortality [224]. In accordance with the
European Society of Cardiology guidelines on the management
of cardiovascular diseases during pregnancy, we recommend
using the modified World Health Organization classification of
pregnancy risk to assess risk [223, 225].

Care during pregnancy and delivery and in the post-partum
period should involve a multidisciplinary team, including a cardi-
ologist trained in adult congenital heart disease, cardiac surgeons,
obstetricians, anaesthetists and neonatologists. Individualized
care plans documenting follow-up schedules during pregnancy
and the post-partum period, as well as the preferred mode of de-
livery, are useful (Table 22).

Table 22: Recommendations for prepregnancy counselling and care during pregnancy

Recommendation for prepregnancy counselling and care during pregnancy Level® Class® References
Women with CAT should receive prepregnancy counselling, including risk assessment, on an individual- C [223, 225-227]
ized basis

Care during pregnancy and delivery and in the post-partum period should involve a multidisciplinary C [223, 225, 227]

team, including a cardiologist trained in adult congenital heart disease, cardiac surgeons, obstetricians,

anaesthetists and neonatologists

Level of evidence.
PClass of recommendation.
CAT: common arterial trunk.
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OUTCOMES

Surgical repair of CAT is major surgery. It is to be expected that
all patients who survive the initial repair will need 1 or more
reoperations and/or catheter interventions in the future.
Additional lesions, such as IAA and dysfunction of the TrV, need
associated surgical repair and carry additional risks.

Looking at the outcomes in the congenital cardiac surgical
databases, we found a total of 1569 patients with CAT repair in
the European Congenital Heart Surgeons Association Database
and a hospital mortality of 15.8%. The number of patients with
CAT and associated IAA repair was 61, having a hospital mortality
of 9.8% [228]. A report from the Society of Thoracic Surgeons
Congenital Heart Surgery Database shows an operative mortality
of 9.5% in 602 CAT repairs in the period January 2014 through
December 2017 [184].

Importantly, mortality following CAT repair has decreased over
the years, as has been reported by the aforementioned databases
and also by Tlaskal et al. [154]. In a review of 83 patients operated
on between 1981 and 2009, mortality was 46% between 1981
and 1996 and only 4% between 1997 and 2009. A total of 14
patients with IAA repair and 8 patients with TrV repair were
included in this series.

Simultaneous repair of IAA and/or TrV dysfunction carries an
extra risk of death, as was shown in a 2012 update from the
Society of Thoracic Surgeons Congenital Heart Surgery Database
where, in the period between 2000 and 2009, a total of 572 CAT
repairs were reported with a hospital mortality of 10% when CAT
repair was isolated, 30% when associated with TrV repair and
24% when associated with IAA repair. When CAT repair was per-
formed with both IAA and TrV surgery, mortality was 60% [111].

Long-term survival is reported to be 73.6% after 30years by
the Melbourne group. Freedom from RVOT-related reoperation
at 20 years was 4.6% [76).
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