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Absence of the Intrahepatic
Inferior Vena Cava with
Polysplenia Syndrome
on Multidetector Computed
Tomography: A Case Report
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Various anomalies of the inferior vena cava (IVC) can arise from a failure in the normal embryo-
genic processes. Agenesis of the intrahepatic segment of the IVC with azygos continuation,
which is caused by failure of formation of the right subcardinal-hepatic anastomosis, is a rare
IVC anomaly. In this paper, we report a case of interrupted IVC with azygos vein continuation,
combined with polysplenia, intestinal malrotation, and truncated pancreas, which was inci-
dentally found on abdominal CT and thoracic aorta CT angiography.

Index terms Vena Cava, Inferior; Azygos Vein; Heterotaxy Syndrome;
Tomography, X-Ray Computed

INTRODUCTION

Aberrations in the complex embryogenesis of the inferior vena cava (IVC) can poten-
tially result in anatomic variants. Interruption of the intrahepatic segment of the IVC
with azygos continuation is a rare congenital anomaly. Conventionally, azygos vein dilata-
tion results from the obstruction of the hepatic vein causing increased collateral venous
flow, as observed in Budd-Chiari syndrome or portal hypertension (1); however, this
can also occur in congenital anomalies. We report this rare, incidentally-found case of
congenital anomaly of the intrahepatic segment of the IVC along with polysplenia, in-

testinal malrotation, and truncated pancreas.
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Intrahepatic IVC Absence with Polysplenia

CASE REPORT

A 24-year-old man was referred to our hospital with nonspecific abdominal pain. The pa-
tient’s physical examination was unremarkable, and electrocardiography (ECG) showed a
normal sinus rhythm. No abnormalities were detected from biochemical and serological
tests. He had no history of surgery or trauma or any previously known systemic anomalies
such as connective tissue disorders. The family history was nonspecific. The initial abdomi-
nal CT was performed on a 160-slice Aquilion PRIME CT scanner (Canon Medical Systems
Corporation, Otawara-shi, Japan), after the use of 120 cc of iomeprol-400 (Iomeron®, Bracco
U.K. Ltd., High Wycombe, United Kingdom) at a flow rate of 3 cc/s. The scanning protocol
was as follows: pre-contrast scan (100 kVp, 160 mA), late arterial phase scan 80 s after bolus
tracking (120 kVp, 106 mA), and delayed phase scan 180 s after bolus tracking (120 kvp, 121
mA). The axial and coronal images of abdominal CT in the delayed phase revealed several
small sections of spleen along the greater curvature of the stomach. The pancreas showed a
semiannular head with a tail defect in an axial image in the delayed phase (Fig. 1A).

The small bowel loop was located predominantly on the right side, while the large bowel
loop was predominantly on the left in the delayed phase (Fig. 1B), with the ascending colon sit-
uated on the left side and the descending colon on the right. The abdominal CT in the late arte-
rial phase demonstrated that the superior mesenteric vein was anterior to the superior mesen-
teric artery, contrary to their conventional positions (Fig. 1C). The location of the bowel loops
and the reversal of the positions of superior mesenteric vessels were suggestive of intestinal
malrotation. The liver, gallbladder, stomach, and duodenum were in their normal positions.

We performed further evaluation with thoracic aorta CT angiography because of the inci-
dental discovery of a non-existent intrahepatic IVC. Thoracic aorta CT angiography with ret-
rospective ECG gating was performed with a 320-slice Aquilion ONE GENESIS scanner (Can-
on Medical Systems Corporation). Patients’ heartbeats were controlled using 50 mg atenolol

®

(Tenormin®, AstraZeneca Pharmaceuticals, Wilmington, DE, USA) and 30 mg esmolol (Brevi-
bloc®, Baxter Healthcare Corporation, Deerfield, MA, USA). Total 120 cc of iomeprol-400 was
used at a flow rate of 5.5 cc/s. The scanning protocol was as follows: an arterial phase scan
after the automated bolus triggering from the ascending aorta with an 8-s delay after contrast
arrival is detected (100 kVp, 225 mA) and an additional delayed phase scan 200 s after bolus
tracking (100 kVp, 225 mA). The axial scan in the delayed phase revealed that IVC was invisi-
ble above the level of the renal vein, and instead, both renal veins merged into the azygos
vein (Fig. 1D) and acted as a functional IVC (Fig. 1E). The azygos vein then joined the superi-
or vena cava (SVC) following its conventional path in the right paratracheal space, arching
posteriorly over the right main bronchus at the root of the right lung (Fig. 1E). The hepatic
veins drained directly into the right atrium in the coronal image taken in the delayed phase
(Fig. 1F). The hemiazygos vein or vertebral venous plexus was not dilated, as found in Budd-
Chiari syndrome. The heart was normal in shape and located in the left side of the chest. The
course of the main bronchus on either side was normal, with the right main bronchus subdi-
viding into three secondary bronchi and the left main bronchus into two secondary bronchi.
The right main bronchus reached the root of the right lung at the level of the fifth thoracic

vertebra, lying inferolateral and posterior to the right pulmonary artery.
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Fig. 1. A 24-year-old man with incidentally-found polysplenia, intestinal malrotation, and truncated pancre-
as, shown on abdominal CT and thoracic aorta CT angiography.

A. The axial and coronal images of abdominal CT in the delayed phase show that several spleens (arrow-
heads) are located on the left side of the upper abdomen along the greater curvature of the stomach; the
pancreatic head is semiannular (arrow), and the tail shows a defect.

B. The coronal image of abdominal CT in the delayed phase demonstrates that the small bowel loop is pre-
dominantly located on the right side (arrow), while the large bowel loop is predominantly on the left (ar-
rowhead).

C. The axial image of abdominal CT in the late arterial phase demonstrates that the superior mesenteric vein
(arrow) is anterior to the superior mesenteric artery (arrowhead), contrary to their conventional positions.

D. An axial image of thoracic aorta CT angiography in the delayed phase showing that both renal veins (ar-
rows) drain into the enlarged azygos vein instead of the inferior vena cava.

E. The axial and coronal image of thoracic aorta CT angiography in the delayed phase demonstrates an en-
larged azygos vein (arrows) draining into the superior vena cava (arrowhead) at the level of the azygos vein arch.
F. A coronal image of thoracic aorta CT angiography in the delayed phase reveals that the hepatic veins (ar-
rows) drain directly into the right atrium.

DISCUSSION

A normal IVC is formed from the selective degeneration and anastomosis of three embryo-
logical veins: the supracardinal, postcardinal, and subcardinal veins. These veins develop
into the four segments of the IVC in the 6th to 8th gestational weeks (2). The intrahepatic seg-
ment of the IVC is formed from the connection of the right proximal subcardinal vein with

the capillaries of the primitive liver. The vitelline vein develops into the suprahepatic seg-
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ment of the IVC. The prerenal division of the IVC occurs through the subcardinal vein. The re-
nal segment is formed from suprasubcardinal anastomosis and postsubcardinal anastomosis.
The postrenal segment is formed from the inferior portion of the right supracardinal vein.

In the case of azygos continuation, blood flows from the suprasubcardinal anastomosis
through the dilated retrocrural azygos vein, which partially originates from the thoracic seg-
ment of the right supracardinal vein.

The renal portion of the TVC receives blood from both renal veins, passes posterior to the
diaphragmatic crura, and enters the thorax as the azygos vein, through the aortic hiatus at
the T12 vertebral level. The azygos vein then ascends in the posterior mediastinum and arches
posteriorly over the right main bronchus at the root of the right lung, finally joining the SVC (3).

Polysplenia syndrome is a rare type of heterotaxy occurring in approximately 4 out of 1
million live births (4). In this condition, several small spleens are present in the left side of
the upper abdomen, which accompanies various anomalies, including azygos or hemiazygos
continuation, cardiac anomalies, intestinal malrotation, and gastrointestinal abnormalities (5).

The combination of failure of development, organ asymmetry, and situs ambiguus, results
in bilateral left-sidedness, along with polysplenia. The genes involved in left-right laterality
and heterotaxy syndrome include ZIC3, NODAL, LEFTY2, ACVR2B, CRYPTIC, CRELD-1,
NKX2.5, and SHROOM3. The microdeletion of Xq26 and mutations in some of these genes
have been identified in patients with heterotaxy (6).

Since the development of the dorsal pancreatic bud and spleen occur in the dorsal meso-
gastrium, pancreatic anomalies are often discovered in polysplenic patients (7). In the nor-
mal developmental process, the uncinate process and head of the pancreas originate from
the ventral pancreatic bud, while the body and tail are derived from the dorsal one.

In this case, interruption of the infrahepatic IVC and azygos vein continuation occurred
while the infrarenal IVC and iliac veins remained normal. This embryonic event was caused
by the failure of formation of the right subcardinal-hepatic anastomosis, resulting in the at-
rophy of the right subcardinal vein.

Our case had no left-sidedness either in the chest or abdomen, including the liver, stom-
ach, and gallbladder. The patient had azygos continuation with truncated pancreas and in-
testinal malrotation. This might go unnoticed and only be detected incidentally in radiologi-
cal examination. Recent advances in CT technology have led to the incidental diagnoses of
vascular and intestinal anomalies. Approximately 64 cases of polysplenia syndrome have
been reported in the literature, based on previous CT and MRI findings (5, 7-10). However, to
the best of our knowledge, only one case with a similar combination of these anomalies has
been published (10). Abnormalities are not rare in polysplenia syndrome, but this combina-
tion of abdominal abnormalities is unusual. Knowledge of the diverse anomalies accompa-
nying polysplenia syndrome is important both for surgeons and radiologists to avoid compli-
cations during surgical and interventional procedures such as left side appendectomy or
femoral vein catheter advancement. Furthermore, some papers (3, 5) showed that this mal-
formation could cause venous insufficiency of the lower limbs with a potential thromboem-
bolic disease, making periodic follow-up necessary.

In conclusion, to avoid the misinterpretation and misdiagnosis of the diverse anomalies

accompanying polysplenia syndrome, it is crucial that radiologists recognize the anomalies
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appropriately and perform a comprehensive evaluation of the chest and abdomen.
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