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CONGENITAL HEART DISEASE

Common arterial trunk in the fetus: characteristics,
associations, and outcome in a multicentre series of 23

cases
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Obijective: To assess the accuracy of prenatal diagnosis, the incidence of extracardiac and chromosomall
anomalies, and the perinatal outcome in a population of fetuses with common arterial trunk (CAT).
Design: Observational study of 23 fetuses from three referral centres with a confirmed diagnosis of CAT.
All underwent fetal echocardiography, detailed anatomical scanning, and karyotyping. In 19 cases, FISH
analysis was done to detect 22¢11 microdeletion. The following variables were evaluated: gestational age
at diagnosis, anatomical variants of the CAT, presence of extracardiac and chromosomal anomalies,
pregnancy, and fetal-neonatal outcome. Necropsy reports and postnatal files were available for
confirmation of the prenatal diagnosis in all cases.

Results: The prenatal diagnosis proved correct in 23 of 24 cases, the last being pulmonary atresia with
ventricular septal defect (PAVSD). A second cardiovascular anomaly was present in eight cases (34.8%);
extracardiac anomalies were found in 10 (43.4%). FISH analysis showed 22q11 microdeletion in six of 19
cases (31.6%). Outcomes were as follows: eight terminations of pregnancy (34.8%), two intrauterine
deaths (8.7%), five postnatal deaths (before or after surgery) (21.7%); the remaining eight neonates
(34.8%) are dlive and thriving dfter surgery (six) or awaiting surgery (two).

Conclusions: CAT can be reliably diagnosed and characterised in prenatal life, although differentiation
from PAVSD may be challenging. The association with chromosomal anomalies is consistent (8.7%), but
there is a higher risk of 22q11 microdeletion (31.6%), in agreement with postnatal studies. The relatively
poor survival rate (34.8%) reflects the high rate of terminations and the unfavourable cardiac anatomy in
some cases.

single great artery arising from the base of the heart,

which supplies the systemic, coronary, and pulmonary
blood flow, and by a ventricular septal defect (VSD). Both
features result from a septation failure during development
of the ventricular outlets and the proximal arterial segment
of the heart tube. According to Collett and Edwards’
classification,' CAT can be subdivided into different anato-
mical types with respect to the origin of the pulmonary
arteries: in type I, the main pulmonary trunk arises from
the truncal artery just distal to the truncal valve; in types
II and III, the pulmonary trunk is absent and the two
pulmonary branches arise posteriorly and are separated
from the truncus but close to each other (type II) or more
laterally and widely separated (type III). Type IV now
corresponds to pulmonary atresia with ventricular septal
defect (PAVSD).

CAT accounts for 1% of cardiac lesions detected in fetal
life.> The frequency is similar to that reported in infancy,
even though the type of lesion is not easily detected if
obstetric ultrasound screening is limited to the four chamber
view. The intrauterine incidence of this type of congenital
heart disease is probably higher than in postnatal life but
there is an increased rate of natural fetal wastage. This
anomaly, as seen in the fetus, has been reported as part of
larger series of cardiac malformations, as well as in case
reports, most cases being described along with other
conotruncal lesions.””

Our aim in this study was to assess the accuracy of the
prenatal diagnosis, to investigate the association with

Common arterial trunk (CAT) is characterised by a

extracardiac and chromosomal anomalies, and to evaluate
the fetal-neonatal outcome in a multicentre fetal series of 23
cases of CAT.

METHODS

We report an observational study undertaken at three referral
centres for prenatal diagnosis of congenital anomalies,
evaluating 23 cases of CAT observed in the period 1993 to
2002.

The following variables were retrieved from the database
and evaluated: indication for referral, gestational age at
diagnosis, anatomical variant of CAT, truncal valve features,
presence of extracardiac and chromosomal anomalies, pre-
sence of fetal growth restriction, and pregnancy and fetal-
neonatal outcome.

All cases underwent fetal echocardiography and detailed
anatomical scan. Karyotyping was available in 22 of the 23
cases. Fetal echocardiography was done with ultrasound
systems provided with pulsed, continuous, and colour
Doppler (Prosound 5000 Aloka, Tokyo, Japan; Hewlett
Packard Sonos 550, Andover, Massachusetts, USA; Toshiba
Powervision 6000, Tokyo, Japan).

In the last 15 of the 23 cases the thymus was evaluated on
the three vessel view, as described by Chaoui and colleagues.®
As reported postnatally, thymic hypoplasia was suspected

Abbreviations: CAT, common arterial trunk; FISH, fluorescent in situ
hybridisation; PAVSD, pulmonary atresia with ventricular septal defect
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when the great vessels were located close to the sternum and
not centrally in the upper mediastinum, and was confirmed
by evaluation of thymus size.” ®

In 19 of the 23 cases fluorescent in situ hybridisation
(FISH) for the Di George syndrome critical region (22qll)
was undertaken; in all these cases, slides were analysed by
FISH using the following probes: N25 (D22S75 within
22ql11.2)/WI-941 (within 22ql3) from ONCOR
(Gaithersburg, Maryland, USA), and TUPLE 1 (with-
in22q11.2)/ARSA (arysulfatase A within 22ql13.31—qter)
from Vysis (Downers Grove, Illinois, USA). If a chromosome
22 deletion was detected in the fetus, permission to carry out
FISH analysis on the parents was requested to determine the
inheritance pattern.

Necropsy reports and postnatal surgical/medical files were
available for confirmation of the prenatal diagnosis in all
cases.

RESULTS
Among the total of 1970 fetal heart defects detected in the
referral centres during the observation period, CAT was
diagnosed in 23 fetuses (1.16%). The data are summarised in
tables 1 and 2. Reasons for referral were: suspected heart
malformation in 12 cases (52.1%), extracardiac anomaly in
five cases (21.7%), and a positive family history in three cases
(13.1%). In the remaining three cases, the anomaly was
detected during routine obstetric ultrasound examinations
done by the authors themselves.

Mean gestational age at the time of diagnosis was 25 weeks
(range 17-36 weeks), 12 cases having been diagnosed before
24 weeks’ gestation. CAT was diagnosed prenatally in 24
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Table 2 Common arterial trunk (n=23): associated
clinical findings detectable at prenatal ultrasound
examination in relation to the presence and type of
chromosomal anomalies

Cases with 22q11  Cases with ~ Other

microdeleti aneuploidy  cases
Additional cortic arch ~ 4/6* 0/2 2/15t
anomalies
Fetal growth restriction  2/6 2/2 1/15
Thymus hypo- or aplasia 5/5 1/9%
Extracardiac anomalies  4/6 2/2 4/15

*In one case aberrant right subclavian artery was not diagnosed at
prenatal ultrasound examination.

tBoth cases not recognised at prenatal ultrasound examination.

tIn one case thymus could not be assessed (case 14); one case (20)
resulted false positive at necropsy.

cases, and confirmed in 23, the remaining neonate having
PAVSD, which was incorrectly diagnosed in utero as CAT.
The characterisation of CAT types made at fetal echocardio-
graphy was confirmed in all cases at necropsy or at postnatal
echocardiography or surgery. In one case it was not possible
to make a prenatal diagnosis of the type of CAT because the
pulmonary arteries had a different origin from that of types I,
I1, and III (case 13). In this case only one pulmonary artery
arose from the trunk, while the other was apparently absent
but was then identified at necropsy within the hilum of the
lung (discontinuous pulmonary artery).

Although the truncal valve is commonly connected to both
ventricles, it may sometimes straddle one ventricle preferen-

Table 1 Study subjects with common arterial trunk
Gestational Associated heart Cytogenetic/FISH

Case age (weeks) Referral diagnosis Type li Extracardiac anomalies aberrations TV regurgitation TV stenosis

1 22 Extracardiac | Holoprosencephaly, Trisomy 13 Absent Absent
anomalies dysplastic kidneys

2 17 Extracardiac I Holoprosencephaly, ND Absent Absent
anomalies dysplastic kidneys

8 23 Extracardiac 1l Cleft lip and palate, corpus  Trisomy 22 Present Present
anomalies callosum agenesis + NIHF

4 28 Abnormal heart | Ectrodactyly imperforate Absent Absent

anus

5 21 Positive family | IAA+ASD Absent Absent
history

6 26 Abnormal heart | TA, dextrocardia, Present Present

TAPVC

7 36 Routine | Absent Absent

8 23 Positive family | Absent Absent
history

9 29 Abnormal heart | Absent Present

10 20 Routine | RAA 22911 microdeletion ~ Absent Absent

11 28 Abnormal heart Il IAA, ARSA Mild hydronephrosis 22q11 microdeletion ~ Absent Absent

12 34 Abnormal heart | Unilateral renal agenesis 22911 microdeletion ~ Absent Absent

13 35 Abnormal heart  ND  RAA, discontinuous  Oesophageal atresia 22911 microdeletion ~ Absent Absent

PA
14 19 Abnormal heart | Mitral atresia Mild cerebral Absent Absent
ventriculomegaly

15 28 Abnormal heart | Present Present

16 28 Extracardiac 1 RAA Mild cerebral 22911 microdeletion ~ Absent Absent
anomalies ventriculomegaly

17 21 Positive family Il Absent Absent
history

18 21 Routine | ARSA Absent Absent

19 21 Abnormal heart I 22q11 microdeletion ~ Absent Absent

20 28 Extracardiac ] Duodenal atresia Present Present
anomalies

21 28 Abnormal heart ] Absent Absent

22 27 Abnormal heart | Absent Absent

23 26 Abnormal heart | Absent Absent

ARSA, aberrant right subclavian artery; ASD, atrial septal defect; FGR, fetal growth restriction; FISH, fluorescent in situ hybridisation; IAA, interrupted aortic arch;

ND, not detectable; NIHF, non-immune hydrops fetalis; PA, pulmonary artery; RAA, right cortic arch; TA, tricuspid atresia; TAPVC, total anomalous venous

pulmonary connection; TOP, termination of pregnancy; TV, truncal valve.
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tially, as in three of our cases, especially if there is
predominance of one of the ventricles. In all three cases the
truncal valve straddled the right ventricle. When there is
atrioventricular valve atresia, a common arterial trunk may
arise just from one ventricle, as in two of our cases (cases 6
and 14). In the case of tricuspid atresia, the single great vessel
arose from what appeared to be a single left ventricle and
partially overrode the hypoplastic right ventricle. In the case
of mitral atresia and hypoplastic left ventricle, the CAT arose
only from the right ventricle. In both cases the VSD was
restrictive.

Truncal valve regurgitation was present in four patients
(cases 3, 6, 15, and 20). In two cases the regurgitation was
confirmed at postnatal echocardiography (cases 6 and 15);
the third case, a fetus with cardiomegaly, died in utero (case
20), and in the remaining case the parents chose to have the
pregnancy terminated (case 3). In two other cases, a mild
truncal valve regurgitation was detected at postnatal echo-
cardiography.

Truncal valve stenosis, defined as a Doppler velocity of
> 1.9 m/s across the valve, was present in five cases (3, 6, 9,
15, and 20). In another case, this anomaly was suspected at
prenatal echocardiography but not confirmed at postnatal
examination (case 12).

In six of 23 fetuses with CAT, other cardiovascular
anomalies were identified at fetal echocardiography
(table 1): right aortic arch (cases 10, 13, and 16); interruption
of the aortic arch (case 11); tricuspid atresia, dextrocardia,
and total anomalous venous pulmonary connection (case 6);
and mitral atresia and VSD (case 14). In two of these fetuses
already diagnosed with second lesions, additional cardiac
anomalies were overlooked prenatally: aberrant right sub-
clavian artery in case 11 and a discontinuous pulmonary
artery in case 13. In two other fetuses, a case of interruption
of the aortic arch and atrial septal defect (case 5) and a case
of aberrant right subclavian artery (case 18) went unrecog-
nised.

Extracardiac anomalies were present in 10 cases (cases 1,
2,3,4,11, 12, 13, 14, 16, and 20) (table 1); in case 4, they
were missed at prenatal ultrasound. In two of these fetuses,
chromosomal anomalies were also present (cases 1 and 3).
FISH analysis was done in 19 fetuses; in six (31.6%), the
22ql11 microdeletion was detected (cases 10, 11, 12, 13, 16,
and 19), and in four, extracardiac anomalies had already
been diagnosed. At the time of the first four diagnoses, FISH
analysis was not available at two of the centres.

As Di George syndrome, which encompasses most cases
associated with microdeletion, is commonly associated with
thymic hypoplasia or aplasia, we tried to ascertain whether
the presence of thymic developmental defects might be
detected by prenatal ultrasound examination, using a high
frequency transducer. This analysis was done in 15 fetuses of
our series (five with microdeletion). It was found that the
thymus could be identified as a structure in front of the great
vessels in the three vessel/tracheal view. In one case only, the
thymus could not be assessed because of both maternal
obesity and the early gestational age (case 14). However,
prenatal examination identified all five cases of absent or
hypoplastic thymus, while a false positive result was obtained
in one case. This was a case of CAT with severe truncal valve
insufficiency and cardiomegaly, in whom visualisation of the
thymus could have been hampered by compression by
surrounding structures and consequent displacement of the
fetal thymus (case 20).

In eight of 12 cases (cases 1, 2, 3, 4, 10, 14, 18, and 19)
detected before 24 weeks’ gestational age, the parents chose
to terminate the pregnancy (table 1); of the remaining 15,
two died in utero, one being affected by severe growth
restriction and the other by lethal heart failure from massive
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truncal valve regurgitation and volume overload (cases 16
and 20). Of the 13 neonates, three died before surgery and
had other cardiac or extracardiac anomalies (cases 6, 11, and
13). Eight underwent cardiac surgery in the first 43 days
(median age 20 days): two had a palliative operation and six
had corrective procedures. Death occurred after surgery in
two cases (cases 5 and 15): both had unfavourable anatomy
(additional major cardiac anomalies in case 5 and severe
truncal valve regurgitation in case 15). Of the six infants who
survived after corrective or palliative surgery (cases 8, 9, 12,
17, 21, and 22) only one had extracardiac anomalies (case
12). None had associated cardiac anomalies, truncal valve
regurgitation, or fetal growth retardation. These six infants
are currently alive and thriving at a median follow up of 10
months. The remaining two neonates are being followed and
are awaiting surgery (cases 7 and 23) (fig 1).

In three neonates (cases 11, 12, and 13) with CAT and
22ql1 microdeletion, characteristic features of Di George
syndrome were present: hypocalcaemia, T cell abnormalities,
and overt thymic hypoplasia. Two of these infants died before
surgery (cases 11 and 13), one of whom also featured low
birth weight.

All the neonates born with CAT had been identified and
correctly diagnosed in utero.

DISCUSSION
In the last decade, the accuracy of prenatal diagnosis of
congenital heart disease and its counselling has greatly
improved, thanks to effective collaboration between geneti-
cists, paediatric cardiologists, and obstetricians—for conge-
nital heart disease is often associated with extracardiac
anomalies and genetic syndromes. A detailed ultrasound
evaluation of fetal anatomy and a precise description of
cardiac malformations at fetal echocardiography have
enhanced genetic correlations and have led to an improved
understanding of the prognosis for affected fetuses.”"
Prenatal diagnosis of CAT by fetal echocardiography has
already been reported.”” Our figures regarding mean and
median gestational age at diagnosis do not differ significantly
from those reported by Duke and colleagues (25 and 23
weeks v 24 and 22.5 weeks, respectively).” The relatively
advanced gestational age at diagnosis is probably related to
the fact that in CAT—as in all malformations of the outflow
tracts—the four chamber view of the fetal heart, which
constitutes the keystone of prenatal screening, may be
unremarkable.* >

Prenatal ultrasound may also be used to identify CAT types
and variants with a good degree of accuracy, as shown in our
study, which is the largest series of fetuses with CAT reported
to date. In most cases, the diagnosis of CAT was made at the
first scan. Only one case of PAVSD was incorrectly diagnosed
as CAT (the first such diagnosis at one of the centres), while
in two other cases it was possible to differentiate PAVSD
from CAT. We believe that this differential diagnosis
represents the most challenging task to be faced when
diagnosing CAT in the fetus: CAT types II and III and PAVSD
share the reduced dimensions of the pulmonary branches
and the prevalence of the aortic vessel. When doubts arise,
the following anatomical details should be sought to make
the final diagnosis: the aortic/truncal valve, the atretic
pulmonary valve, and the direction of flow within the arterial
duct. The semilunar valve is often abnormal (from two to five
cusps) and typically stenotic or insufficient in CAT, whereas
it is frequently unremarkable or only mildly abnormal in
PAVSD. The atretic pulmonary valve is difficult to detect in
PAVSD but if demonstrated (in those infrequent cases in
which the pulmonary trunk is not extremely hypoplastic),
CAT can be excluded. Finally, accurate colour Doppler
mapping of the great vessels may help to detect reversed
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Figure 1  Flow diagram of outcome of
common arterial trunk diagnosed
prenatally.

Death before surgery

23 cases
In utero death Termination of pregnancy
2 cases 8 cases
Live births
13 cases

3 cases

10 cases

Presurgical survivors

Palliative operation
2 cases (one death)

Common arterial trunk repair
6 cases

Early postoperative death
1 case

Waiting for surgery
2 cases

Operative survivors

5 cases

flow in the arterial duct and main pulmonary artery as well
as aorto-pulmonary collaterals in PAVSD, or the branching
point of the pulmonary arteries in the truncal vessel in CAT
types II-III.

When CAT is diagnosed in a fetus, care should be taken to
identify possible additional heart and great vessels anoma-
lies, which are far from infrequent (34.8% in this series). In
particular, the operator should be alerted to the possible
presence of arch anomalies, for these may increase the risk of
22q11 microdeletion (right aortic arch, interruption of the
aortic arch), which will worsen the long term prognosis in
the case of interrupted aortic arch. The diagnosis of these
conditions is, admittedly, not always straightforward, and
one such case (interruption of the aortic arch) went
unrecognised in the present case series. In these cases, the
transverse view of the upper mediastinum is very helpful,
allowing both thymus and arch anomalies to be detected; in
our opinion it is essential to obtain this view not only while
scanning fetuses with CAT but with all malformations of the
outflow tracts.

As previously demonstrated, CAT is frequently associated
with genetic anomalies.” '* Our study confirms that fetuses
with CAT often feature the 22q11 microdeletion (six of 19
cases). In these cases, other cardiac anomalies—especially
arch or vessel anomalies (that is, right aortic arch, aberrant
right subclavian artery)—are commonly present as well; in
fact, arch anomalies were present in four of our six cases with
microdeletion and in only two of 13 cases without micro-
deletion. Thus the diagnosis of prenatally detectable arch
anomalies (right aortic arch, interruption of the aortic arch)
in fetuses diagnosed with CAT should be regarded as a strong
marker of 22q11 microdeletion. Fetal growth retardation was
also a marker of 22q11 microdeletion, at least in our series,
although less specific than arch anomalies, for it was also
present in the two cases of autosomal trisomies (table 1).

www.heartjnl.com

As prenatal thymus ultrasound has been shown to be
feasible only in the last two years, there are few data on the
sonographic appearance and size of the thymus in the fetus
or on the clinical implications of detecting an aplasic/
hypoplasic thymus in fetuses with 22ql1 microdeletion.*®
Our data suggest that prenatal examination of the thymus
has high sensitivity for detecting 22qll1 microdeletions
associated with CAT, though some caution is required, given
the possible technical limitations of such an approach—
especially in cases of maternal obesity and early gestational
age, or abnormal intra-thoracic anatomy (for example,
cardiomegaly or diaphragmatic hernia). Ultrasound investi-
gation of the fetal thymus is especially difficult in cases of
altered intrathoracic anatomy, as shown by our false positive
case, because of possible compression and displacement of
the gland by the adjacent viscera. Moreover, it must be
emphasised that most, but definitely not all, cases of 22ql1
microdeletion are associated with thymic defects.” '* In fact,
only a subset of the patients with the most common genomic
disorder on 22q11, the VeloCardioFacial/DiGeorge syndrome,
show a hypoplasic or absent thymus and hypocalcaemia."”

The prenatal finding of 22q11 deletion enables clinicians to
provide the couple with full informative counselling: they
should receive information about the 22ql1 deletion pheno-
type findings, recurrence risk, and disease variability, as well
as prognosis. In two of our cases detected before the 24th
gestational week, the risk of mental retardation associated
with the respective risk of cardiac surgery for each type of
heart defect led to the parents choosing to terminate the
pregnancy.

Extracardiac structural anomalies were present in 10 of 23
cases of CAT, most often in the context of specific syndromes
(six of our 10 cases), and represented the indication for
referral in five cases (21.7%). Recent embryological reports
provide some explanations for these data; in fact, we now
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know that at the early stage of the straight tube, the
primordial heart consists only of the right ventricle (cranial)
and the left ventricle (caudal). Atrial and conotruncal
components appear and subsequently become incorporated
with the ventricles. For normal formation of the definitive
heart, many extracardiac structures are needed; therefore, it
is not surprising that in the presence of major extracardiac
anomalies and genetic syndromes there is a significant
incidence of cardiac anomalies.'® *

The truncal valve may show varying degrees of dysplasia
and may be stenotic or regurgitant or both.”> * In this series, it
was regurgitant in four and stenotic in five. In two other
cases, mild truncal valve regurgitation was detected at
postnatal echocardiography. In three of four cases of severe
truncal valve regurgitation there were four valve cusps. The
degree of valve stenosis was significantly correlated with the
degree of valve regurgitation. In the case of isolated valve
stenosis there were two valve cusps. In the presence of
truncal valve regurgitation, one fetus with cardiomegaly died
in utero (case 20), one neonate died before surgery (case 6),
and one died after surgery (case 15), while in the remaining
case the parents chose to terminate the pregnancy (case 3).
Thus truncal valve regurgitation seems to represent a bad
prognostic sign, as shown also in postnatal studies, although
the numbers are too small to be statistically useful.”’

Conclusions

We have confirmed that CAT can be diagnosed reliably
prenatally, as shown by other investigators,” although in
some instances its differential diagnosis from PAVSD may
cause some difficulty. In addition, we have shown that, when
diagnosed in the fetus, CAT is commonly associated with
extracardiac anomalies, often in the context of specific
syndromes—the most common association being with the
22q11 microdeletion (31.6%). Our data also seem to show a
significant association between CAT and fetal growth
retardation, especially in cases with genetic anomalies,
though the significance of this finding is limited by the
small number of cases. The relatively poor survival rate
mainly reflects the high rate of terminations and the
unfavourable cardiac anatomy in some cases (for example,
interruption of the aortic arch or truncal valve regurgitation).
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