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Introduction

Situs inversus is a congenital condition in which the major visce-
ral organs (within the thorax and abdomen) are either reversed or 
mirrored from their normal positions. When the heart remains on 
the normal left side of the thorax in the presence of abdominal si-
tus inversus, the condition is known as situs inversus with isolated 
levocardia.1)2) Severe forms of congenital heart defects are almost 
always associated with this condition. 

Splenic defects such as asplenia and polysplenia are examples of 
this anomaly. Polysplenia is characterized by a tendency for bilat-
eral left-sidedness, including bilateral two-lobed lungs, interruption 
of the inferior vena cava (IVC) with azygos continuation, and com-
plex cardiac anomalies.3)4) A combination of abdominal situs inver-
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sus with structurally normal levocardia, bilateral bi-lobed lungs, 
polysplenia, left-sided IVC draining to the right atrium is extremely 
rare. In this report, we present a case of situs inversus with levo-
cardia, left-sided IVC connecting to the right atrium, and polysple-
nia, in a 19-year-old male patient. There are few published reports 
regarding the polysplenia with uninterrupted left-sided IVC and 
isolated levocardia.5)

Case

A 19-year-old male was referred to the Pediatric Cardiology Cli-
nic of Chonbuk National University Hospital for the evaluation of 
abnormal chest X-ray films showing the position of the stomach gas 
as being discordant with the location of the heart. The patient had 
no cardiac symptoms and was a normal developed adolescent. Fa-
mily and past histories were negative. Physical examination reveal-
ed this young man to be acyanotic and was in no distress. Cardiac 
examinations revealed a grade 1/6 ejection systolic murmur at the 
upper left sternal border. The liver dullness was presented in the up-
per left quadrant of the abdomen. The remaining part of the physi-
cal examination was entirely normal.

Plain X-ray films of the chest and abdomen showed a normally 
located heart and a right-sided stomach (Fig. 1). The electrocardio-
gram was normal with sinus rhythm. Trans-thoracic echocardiogra-
phic study demonstrated no intra-cardiac lesions. The IVC was seen 
on the left side, crossed the midline at the level of the hepatic dome, 
and connected directly to the right atrium. Spiral computed tomog-
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raphy of the thorax and abdomen showed situs inversus with le-
vocardia and multiple spleens in the right upper quadrant of the 
abdomen (Fig. 2A), a midline liver, a midline positioned gall bladder, 
hepatic veins with unusual drainage into the IVC (Fig. 3), and a pro-
minent pancreatic head with associated absence of body and tail 
of the pancreas. The stomach was located on the right side. Most of 

small bowel loop was located in the right-lateral portion of the ab-
domen along the left side ascending colon, with some intestinal 
malrotation. The splenic artery originated from the celiac trunk of 
the left sided descending aorta with tortuosity coursing to the sp-
leens. There was a discrete aneurysmal dilatation (2.0×2.6 cm in di-
ameter) in the proximal portion of the artery (Fig. 2B). The IVC ran on 

A   B  
Fig. 1. Chest and abdomen plain X-rays reveal a normally located heart (A) and a right-sided stomach gas shadow, which is displaced by the bridging liver 
and is not directly beneath the diaphragm (B).

A   B  
Fig. 2. Spiral computed tomography of the abdomen show situs inversus and multiple spleens (white arrow) in the right upper quadrant (A), and aneurys-
mal dilatation (black arrow) of a splenic artery (B).

A   B   C  
Fig. 3. Hepatic veins (empty arrowheads) show unusual drainage into the inferior vena cava (solid arrowheads); the left hepatic vein (A) into the left-sided 
inferior vena cava, mid-hepatic veins (B) into inferior vena cava crossing the midline, and the right hepatic vein (C) into the inferior vena cava just before 
the right atrium.
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the left side (Fig. 4A), and connected directly to the right atrium (Fig. 
4B). Azygos and hemiazygos veins, and lumbar veins on both sides 
were slightly dilated. The ascending aorta, main pulmonary artery, 
pulmonary veins, and superior vena cava were all normally posi-
tioned. The structure of right lung was a mirror to the normal left 
lung, i.e., bilateral bi-lobed lungs (Fig. 5). 

Discussion

Situs inversus with isolated levocardia is an extremely rare an-
omaly.1) With the heart in a normal position, situs inversus of ab-
dominal organs implies that either situs inversus or situs ambiguus 
is present. Most cases of situs inversus with levocardia are associat-
ed with severe congenital heart defects, either asplenia or polysp-
lenia syndromes with situs inversus or situs ambiguus.2)6)7) Polysple-
nia is more prevalent in females and shows variable clinical mani-
festations and prognosis.8) Compared to those in asplenic patients, 
cardiac anomalies in polysplenic patients are less common and are 
less complicated.8) In an autopsy of 146 patients with polysplenia, 
56% of the subjects had abdominal heterotaxia, 55% had bilateral 
bi-lobed lungs, and at least half of the patients had cardiac anom-
alies.9) 

Patients with typical polysplenia syndrome tend to exhibit bilat-
eral left-sidedness, with two or more splenic masses and multiple 
organ anomalies, including severe cyanotic congenital heart de-
fects.3)4)10) Cardiovascular abnormalities frequently found in poly-
splenia syndromes include complete endocardial cushion defect, 

double outlet right ventricle, two left atria (with absent sinus node 
and thus with junctional rhythm), single or common atria, pulmo-
nary stenosis or atresia, pulmonary venous anomalies, and interru-
pted IVC with azygos continuation. The interrupted IVC is one of the 
most frequent abnormalities that help distinguish polysplenia from 
asplenia syndrome. Bilateral bi-lobed lungs (two left lungs) with hy-
parterial bronchi are usually present. The liver is often symmetric. 
The abdominal viscera may be only partially inverted or completely 
inverted. The intestines often show varying degrees of malrota-
tion,1) which is seen in approximately 70% of patients with asple-
nia and polysplenia syndromes.11) 

One of the most consistent abnormalities seen in polysplenia 
syndrome is the interrupted IVC. Even when the structure of the 
lungs and heart are normal, the IVC usually does not connect direct-
ly to the right atrium. Instead, it continues as the azygos or hemia-
zygos veins and connects to the superior vena cava (azygos or he-
miazygos connection). The hepatic vein does not connect to the 
IVC; instead, it drains directly to the right atrium. Direct connection 
of the left-sided IVC to the right atrium, as seen in our case, is ex-
tremely rare.5) 

The exact cause of situs inversus with levocardia is not fully un-
derstood.7) For asymmetric organs like the heart, lungs, and diges-
tive system, left-to-right (L-R) patterning is one of the most im-
portant events in embryonic development. Proper morphogenesis 
and positioning of internal organs require delivery and interpreta-
tion of precise signals along the left-right axis. The heart begins 
from primary heart tube that later forms either l-loop or d-loop, and 

A   B  
Fig. 4. The inferior vena cava (solid arrowheads) runs on the left side (A), and the suprahepatic segment of inferior vena cava returns to the right atrium 
directly (B).
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differentiates further through septation of the cardiac chambers 
and great vessels. An embryonic l-loop is expected to form a mirror 
image of the normal heart and pivots into the right chest. On the 
other hand, d-loop is expected to result in normal situs solitus heart 
in the left chest. The orientation of the abdominal organs may have 
a separate L-R signaling system which would coordinate normally 
with the L-R signaling system for the heart. It is not known how the 
L-R signaling system for the abdominal organs and that for the he-
art communicate each other and coordinate the information. Failing 
normal coordination from the two systems may have caused this set 
of abnormalities through an unknown mechanism. 

Prognosis of situs inversus with levocardia largely depends on the 
severity of associated cardiac anomalies,12) although later develop-
ments of bowel obstruction from midgut volvulus13) caused by as-
sociated intestinal malrotation may also be life-threatening.12)14) 
Most patients with the heterotaxy syndromes die in childhood from 

their complex congenital heart defects. Approximately 10% of pa-
tients with polysplenia may reach adulthood without any complic-
ations as seen with our case.15) In patients with polysplenia syn-
drome, abdominal discomfort or pain should be carefully investi-
gated for possible intestinal obstructions or other complications, 
such as those arising from associated aneurysmal dilatation of the 
splenic artery. 

It is important for practitioners to be aware of the fact that dis-
cordant cardiac shadows and stomach bubbles are usually found in 
association with severe abnormalities of the heart and blood vessels 
and that the practitioners should carry out a thorough investigation 
for potential abnormalities. 

Acknowledgments
We are grateful to Dr. Myung K. Park, Professor Emeritus (Pediat-

Fig. 5. Spiral computed tomography of the thorax and abdomen demonstrated normal positioning of the ascending aorta, the main pulmonary artery and 
the superior vena cava (A and B). Sagittal images in lung window setting, right lung (C) shows the mirror structure of the bi-lobed normal left lung (D).

A  

C  

B  

D  



709Dae Sun Jo, et al.

http://dx.doi.org/10.4070/kcj.2013.43.10.705www.e-kcj.org

rics), University of Texas Health Science Center, San Antonio, Texas, 
for his comments and assistance with this manuscript.

References
1.	Liberthson RR, Hastreiter AR, Sinha SN, Bharati S, Novak GM, Lev M. 

Levocardia with visceral heterotaxy--isolated levocardia: pathologic 
anatomy and its clinical implications. Am Heart J 1973;85:40-54.

2.	Gindes L, Hegesh J, Barkai G, Jacobson JM, Achiron R. Isolated levocar-
dia: prenatal diagnosis, clinical importance, and literature review. J 
Ultrasound Med 2007;26:361-5.

3.	Moller JH, Nakib A, Anderson RC, Edwards JE. Congenital cardiac dis-
ease associated with polysplenia. A developmental complex of bilateral 
“left-sidedness”. Circulation 1967;36:789-99.

4.	Rose V, Izukawa T, Moës CA. Syndromes of asplenia and polysplenia. A 
review of cardiac and non-cardiac malformations in 60 cases withspe-
cial reference to diagnosis and prognosis. Br Heart J 1975;37:840-52.

5.	Imamura T, Momoi N, Go H, Ogasawara K, Sato M, Hosoya M. Rare 
case of isolated levocardia with polysplenia including normally struc-
tured lung without cardiac anomaly. Congenit Anom (Kyoto) 2011;51: 
187-90.

6.	Van Praagh R, Weinberg PM, Smith SD, Foran RB, Van Praagh S. Mal-
position of the heart. In: Adams FH, Emmanouilides GC, Riemenschnei-
der TA, editors. Moss’ Heart Disease in Infants, Children and Adoles-
cents. 4th ed. Baltimore: Williams & Wilkins;1989. p.530-80.

7.	O’Leary PW, Hagler DJ. Cardiac malpositions and abnormalities of atrial 
and visceral situs. In: Allen HD, Driscoll DJ, Shaddy RE, Feltes TF, editors. 
Moss and Adams’ Heart Disease in Infants, Children, and Adolescents. 
8th ed. Philadelphia: Lippincott Williams & Wilkins;2013. p.1207.

8.	Applegate KE, Goske MJ, Pierce G, Murphy D. Situs revisited: imaging 
of the heterotaxy syndrome. Radiographics 1999;19:837-52; discus-
sion 853-4.

9.	Peoples WM, Moller JH, Edwards JE. Polysplenia: a review of 146 cas-
es. Pediatr Cardiol 1983;4:129-37.

10.	De La Villeon B, Le Goudeveze S, Goudard Y, Fondin M, Vauchaussade 
De Chaumont A, Duverger V. Polysplenia syndrome. J Visc Surg 2011; 
148:e395-6.

11.	Ditchfield MR, Hutson JM. Intestinal rotational abnormalities in poly-
splenia and asplenia syndromes. Pediatr Radiol 1998;28:303-6.

12.	Vijayakumar V, Brandt T. Prolonged survival with isolated levocardia 
and situs inversus. Cleve Clin J Med 1991;58:243-7.

13.	Pickhardt PJ, Bhalla S. Intestinal malrotation in adolescents and adults: 
spectrum of clinical and imaging features. AJR Am J Roentgenol 
2002;179:1429-35.

14.	Budhiraja S, Singh G, Miglani HP, Mitra SK. Neonatal intestinal ob-
struction with isolated levocardia. J Pediatr Surg 2000;35:1115-6.

15.	Gayer G, Apter S, Jonas T, et al. Polysplenia syndrome detected in 
adulthood: report of eight cases and review of the literature. Abdom 
Imaging 1999;24:178-84.


