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Abstract

Abnormal anatomical organization of thoraco-abdominal visceral organs and vascular structures is called
“Heterotaxy Syndrome.” Heterotaxy is generally classified under two main headings as polysplenia and
asplenia syndromes. Complex cardiac anomalies are closely associated with poor prognosis in the patient
group with asplenia syndrome. On the other hand, cardiac anomalies are less common in polysplenic
syndrome. It is particularly important to define the findings accurately in the planning of surgical and
interventional treatment. We present the findings of a patent ductus arteriosus (PDA) patient with co-
existent heterotaxy syndrome associated with abdominal anomalies, such as polysplenia, azygos
continuation of interrupted inferior vena cava, liver with midline localization, short pancreas, preduodenal
portal vein, replaced common hepatic artery (HA) originating from the superior mesenteric artery (SMA)
and left sided superior mesenteric vein to the SMA. To the best of our knowledge, there is no previous
report of HA originating from the SMA found together with PDA and heterotaxy syndrome.
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Introduction

Heterotaxy syndrome, also known as situs ambiguous, is a condition where the
thoracoabdominal organs demonstrate abnormal arrangement across the left-right axis of the
body [1]. Patients with heterotaxy syndrome have complex birth defects affecting the cardiac,
respiratory, gastrointestinal, genitourinary and other systems [2]. The severity of heterotaxy
syndrome varies depending on the specific abnormalities involved [1, 2]. High mortality rate is
seen in patients with severe cardiac abnormalities while some patients have only mild health
problems [1-3]. Radiological examinations are useful to accurately assess the abnormalities in
patients with heterotaxy syndrome [4-7]. Herein, the CT findings of a 5-year-old patient who
underwent radiological examination for suspicion of PDA and who was incidentally diagnosed
with heterotaxy syndrome are presented.
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Case presentation

A five-year-old female patient was referred to the
cardiology department of our hospital after recognizing a
continuous murmur during cardiac auscultation in routine
physical examination. In the echocardiographic examination,
PDA was suspected. Contrast enhanced CT was performed for
further evaluation. Late arterial images were obtained using a 64-
slice CT scanner (Aqullion 64; Toshiba Medical System) with
the following parameters: 80 kV tube voltage, 150-200 mA tube
current, 1280.625 mm collimation, 0.67 mm section thickness, 1
mm increment, 0.2 mm/s table feed, 0.4 seconds rotation time.
The patient was examined supine from suprasternal notch to the
level of kidneys during free breathing, and a PDA with a
diameter of 1.3 mm was detected (Figure 1 A-B). No anomaly
was observed in the cardiac chambers and lung bronchi or lobes.
The azygos vein was dilated in the posterior mediastinum and
appeared to be the continuation of suprarenal 1VC segment and
drained into the superior vena cava (Interrupted 1VC with azygos
continuation) (Figure 2 A-B). The spleen was small in size with
multiple adjacent accessory spleens (polysplenia) (Figure 3 A).
The liver was located in the midline of abdomen and
preduodenal portal vein (PDPV) was detected lying anterior to
head of pancreas and duodenum (Figure 3 B). The pancreas was
small in size. The common hepatic artery originated from the
superior mesenteric artery (SMA) and the superior mesenteric
vein (SMV) was observed on the left side of the SMA (Figure 4
A-B-C). In light of these findings, we diagnosed the patient with
polysplenia syndrome. Written informed consent was obtained
from the patient's father for the publication of this case report
and tomography images.

Figure 1: Axial (A) and sagittal oblique (B) CT maximum intensity projection images. Patent
ductus arteriosus, through which a slight passage of contrast material is observed (hollow
arrow).
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Figure 2: Sagittal reformat (A) and axial (B) CT images. Azygos continuation of interrupted
inferior vena cava and opening superior to the vena cava.

Figure 3: Axial CT images: A There are two nodular solid formations with similar density to
the spleen indicating polysplenia. B. The falciform ligament and the liver is located in the
midline (hollow arrow). Preduodenal portal vein is shown (solid arrow).
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Figure 4: Coronal (A), sagittal (B) and axial (C) CT images. Hepatic artery arises from the

superior mesenteric artery (solid arrow) and the superior mesenteric vein is located on the
left side of superior mesenteric artery (hollow arrow).
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Discussion

The exact cause of heterotaxy syndrome is unknown. It
is thought to occur due to disruption of left-right axis
determination in the early embryonic period. A single
pathognomonic anomaly was not described for this rare entity.
Recent studies have shown that more than 80 genes are required
for normal asymmetric left-right organ development [3]. In
general, there is a confusing classic method that classifies
heterotaxy into two major syndromes, polysplenia (left
isomerism) and asplenia (right isomerism) syndromes, where
there are too many combinations of possible malformations,
which is still a matter of debate today [1, 3, 8]. It is
recommended to use the definition of “heterotaxy syndrome”
instead and to describe associated findings afterwards [9].
However, this case will be discussed over the classical
classification of heterotaxy syndrome. Our case had polysplenia
without definite isomerism.

Polysplenia syndrome is a complex entity with a broad
spectrum of abnormalities of thoracic and abdominal organs. The
incidence of polysplenia syndrome is reported as 1 per 250,000
live births [3]. It is the condition in which there are multiple (2 to
16) spleens congenitally. There may be multiple spleens on the
right or left side or in the midline, according to severity of the
primary defect in lateralization. One of the other abdominal
features in the polysplenia syndrome is a midline liver. This is a
finding diagnosed in about half of patients with polysplenia [10].
In our case, the liver of the patient is located close to the midline.
PDPV, stomach malposition, dorsal pancreatic agenesis, annular
pancreas, short pancreas, duodenal atresia, biliary atresia,
malrotation, and mobile cecum are among other abdominal
findings diagnosed in cases with polysplenia [4, 9, 11-13]. In our
case, while the stomach was located in the normal position, a
short pancreas and PDPV were identified. Polysplenia syndrome
with a variation of HA and the SMA is often diagnosed
incidentally in patients by CT [14]. A limited number of articles
were published in the literature, in which the HA originates from
the SMA with heterotaxy syndrome, as in our case [3, 14-16]. In
addition, the SMV was located on the left side of SMA, which is
a suspicious finding in terms of intestinal malrotation. However,
our patient had no abdominal complaints. Thus, a whole
abdominal CT examination was not performed.

Polysplenia syndrome involves bilateral bilobed lungs,
bilateral hyparterial bronchi and bilateral left atria in the thorax
[1, 3]. Tracheobronchial structures, pulmonary vascularity and
lungs segmental anatomy were normal in our patient. One of the
common findings is azygos continuation of interrupted I1\VVC [8].
As in our case, because of the developmental interruption of the
suprarenal IVC segment, venous blood in the lower extremity
flows into the superior vena cava (SVC) through azygos.
Cardiovascular congenital anomalies such as atrial and
ventricular septal defects, PDA, absent coronary sinus, abnormal
location of the cardiac apex, common atrioventricular canal
pulmonic stenosis, pulmonary atresia, an anomalous pulmonary
venous connection, and an anomalous systemic venous return
were reported in association with this syndrome [2, 17]. While
no intracardiac pathology or main thoracic vascular anomalies
were diagnosed in our case, the presence of PDA was confirmed.
Peoples et al. [8] reported that 45 of the 127 autopsied cases of
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knowledge, this is the first case report concerning the association
between PDA, replaced common hepatic artery and heterotaxy
syndrome.

Enhanced multislice CT is excellent radiological
method for determining heterotaxy syndrome. Especially arterial
and venous phase dynamic CT imaging series facilitate the
identification of vascular and cardiac anomalies. Moreover,
multiplanar and three-dimensional reconstructions can define
congenital anomalies to an even greater advantage [4, 5, 7].
Technical factors can be adjusted to minimize the radiation dose
to children. Ultrasonography may demonstrate abdominal
anomalies such as midline localization liver, and multiple
spleens. However, abnormally localized hollow organs can be
mistakenly evaluated as masses [4]. MR imaging is an alternative
method for detection of these anomalies [6]. Nevertheless, we
did not perform additional MR imaging as our patient’s family
did not give their consent on the sedation process required for
MR imaging of their 5-year-old child.

Heterotaxy = syndromes  with  severe  cardiac
abnormalities are less frequent in adults because of the high
mortality during early stages of life. In adult patients, heterotaxy
syndrome is usually detected incidentally during radiologic
examination or vascular interventions. It is important for
surgeons or radiologists to detect and know these anomalies and
anatomical characteristics before conducting surgical and
interventional procedures [2, 14]. Thus, possible complications
such as hemorrhage, vascular ligation, and organ injury may be
prevented.

Conclusion

Heterotaxy syndromes encompass of a wide range of
abnormalities affecting the thoracoabdominal organs and
vascular structures. It has no characteristic radiological pattern,
or typical laboratory findings. Since cardiovascular pathologies
can have fatal complications, patients with a congenital heart
disease (ASD, VSD, PDA, etc.) or those with an atypical
position of the organs should be carefully examined in terms of
other anomalies that make up the heterotaxy spectrum. Accurate
diagnosis is also essential for proper planning of surgical and
interventional procedures without the risk of vital organ injury.
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