Duplication of the inferior vena cava: Two case
reports
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Abstract;: We encountered two cases of duplication of the inferior vena cava (IVC) in the Japanese cadavers of
a 91-year-old man and a 7l-year-old woman. Both of the anomalies were classified as Type BC and as Type I
according to the systems of Chuang et al. (1974) and of Sarma (1966), respectively. In one case the right IVC was
twice the diameter of the left IVC, and in the other it was five times as large. We discuss the clinical importance

and the development of duplication of the IVC,
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INTRODUCTION

The development of the inferior vena cava (IVC) is
complex (McClure and Butler, 1925). Based on its em-
bryogenesis, the IVC is divided into four segments: the
postrenal, renal, prerenal, and hepatic segment. Ac-
cording to the classification by Chuang et al. (1974), the
anomalies of the postrenal segment are that with
retrocaval ureter (Type A), otherwise normal IVC (Type
B), left IVC (Type C), and double IVC (Type BC). The
anomaly of the renal segment is a circumaortic venous
ring, and that of the prerenal segment is azygous vein
continuation. Sarma (1966) classified anomalous IVC
into two types from the clinical and surgical point of
view: Type I anomaly is duplication of the IVC, acces-
sory IVC, and left-sided IVC with a right caval vein, and
Type 11 anomaly as transposition of the IVC. Although
these anomalies are detectable with computerized
tomography and ultrasound examination (Mayo et al.,
1983; Sener, 1993), they pose problems for surgeons if
they are not recognized (Brener et al., 1974), for which
reason it is important clinically to keep these anomalies
in mind. We observed duplication of the IVC (Type BC
as classified by Chuang et al., 1974; Type I as classified
by Sarma, 1966) in two Japanese cadavers during a gross
anatomical course for medical students conducted in
1997. We report the anomaly and discuss its clinical
significance and embryogenesis.

Correspondence to: Toshio Nakatani, M.D., Department of
Anatomy II, School of Medicine, Faculty of Medicine, Kanazawa
University, 13—1 Takaramachi, Kanazawa 920-8640, Japan.

OBSERVATIONS

Case 1 (Fig. 1a, b): In the cadaver of a 91-year-old
man, the right and left common iliac veins joined to
form the right IVC anterior to and slightly to the right of
the 5th lumbar vertebra. The right IVC ascended along
its normal course to enter the right atrium. The right
3rd and 4th lumbar veins opened into the right IVC,
while the 2nd and 5th lumbar veins opened into the
junction of the right IVC and the right renal vein and
into the right common iliac vein, respectively. The left
IVC originated from the superior site of the left external
iliac vein anterior to and slightly to the left of the 5th
lumbar vertebra, 33 mm removed from the origin of the
right IVC. The left vena cava ascended along the
paravertebral column on the left side of the abdominal
aorta for about 82 mm to join the left renal vein and
received the 3rd and 4th lumbar veins. The 2nd and 5th
lumbar veins opened into the junction of the left IVC
and the left renal vein and into the confluence between
the left [IVC and the left external iliac vein, respectively.
The left renal vein passed over the abdominal aorta be-
low the superior mesenteric artery and extended to the
right IVC. The right testicular vein drained into the
anterior aspect of the right IVC superior to the right
renal vein, while the left testicular vein drained into the
left inferior phrenic vein, which together drained into
the superior margin of the left renal vein. The right and
left ureters descended deeply to the right and left tes-
ticular arteries and veins and superficially to the right
and left inferior vena cava. The diameter of the right
IVC was about twice that of the left [VC.

Case 2 (Fig. 2a, b): In the cadaver of a 71-year-old
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woman, the right and left common iliac veins joined to
form the right IVC. The right IVC ascended along its
normal course to empty into the right atrium. The right
ovarian vein opened into the right IVC. The right 2nd
and 5th lumbar veins emptied into the junction of the
right IVC and the right renal vein and into the right
common iliac vein, respectively. The right 3rd and 4th
lumbar veins emptied into the right IVC. The left IVC
occurred at the superior site of the left common iliac
vein and united with the left ovarian vein 1 mm inferior
to the left renal vein to drain into the left renal vein,
Three left lumbar veins emptied into the left IVC. The
5th lumbar vein emptied into the left common iliac vein.
The diameter of the right IVC was about five times that
of the left IVC.

DISCUSSION

Although the frequency of the left-sided IVC (Type
C as classified by Chuang et al., 1974; Type 1l as clas-
sified by Sarma, 1966} is 0.11-0.57% on dissection, the
frequency of duplication of the IVC (Type BC and Type
1, respectively) is 0.2-2.8% on dissection (Gladstone,
1929; Seib, 1934; Adachi, 1940; Reis and Esenther,
1959). We encountered duplication of the IVC in 2 out
of 101 cadavers (2.0% frequency) examined between
1995 and 1997. Since the anomaly in question is not
extremely rare, it is important for surgeons who operate
on the abdominal aorta to keep it in mind. When an
abdominal aortic aneurysm is associated with a left-
sided IVC, which is infrequent, the IVC passes upward
from left to right across the aneurysm or the neck of the
aneurysm. Thus, careful treaiment of the IVC and the
aneurysm is necessary {Gargiulo et al., 1994). Accord-
ing to Bartle et al. (1987), since the left renal vein is
divided medially in duplication of the IVC, there or-
dinarily is no problem with exposure of the neck of the
abdominal aortic aneurysm. When the left renal vein is
large and crosses well above the neck, however, careful

management is necessary as in the left-sided IVC.
Morishita et al. (1993) reported that when a left
nephrectomy is performed in a patient with the dupli-
cation of the IVC, it is advisable to cut the left renal vein
peripheral to the confiuence of the left renal vein and the
left IVC, because cutting the left renal vein central to the
confluence can result in occlusive thrombus in the left
1VC. Although the left IVC is usually smaller than the
right IVC in duplication of the IVC (Takemoto et al.,
1978), venous hemorrhage from the thin left IVC during
left lumbar sympathectomy could have very grave con-
sequences (Sarma, 1966). This is yet another reason
that clinicians should keep in mind the possibility of
anomalies of the IVC in patients undergoing abdominal
surgery.

During the embryogenesis of the IVC a pair of
postcardinal veing, of subcardinal veins and of supra-
cardinal veins develop, regress, anastomose, and are
replaced. The right subcardinal vein is the precursor
of the prerenal segment of the IVC, the subcardinal
anastomosis between the right and left subcardinal veins
and the sub-supracardinal anastomosis between the
right subcardinal and the right supracardinal veins
become the renal segment of the IVC, and the right
supracardinal vein becomes the postrenal segment of the
IVC in the normal development of the IVC. Since the
ureter extends posterior to the postcardinal vein, an-
terior to the supracardinal vein, and posterior to the
subcardinal vein, it finally extends downward anterior to

- the supracardinal vein as the postrenal segment of the

IVC after the disappearance of the postcardinal and
subcardinal veins. Therefore, since in the present case
the hepatic, prerenal and renal segments of the IVC are
normal and the ureter is located ventral to the postrenal
segment of the IVC, both the right and left supracardi-
nal veins, as the postrenal segment of IVC, persist
resulting in the duplication of the IVC (McClure and
Butler, 1925; Chuang et al., 1974; Bannister et al.,
1995). Moreover, the right and left intersegmental veins

Fig. 1. Case 1. Photograph (a) and drawing (b) of the duplication of the IVC in the cadaver of a 91-year-old man.

Fig. 2. Case 2. Photograph (a) and drawing {b) of the duplication of the IVC in the cadaver of a 71-year-old woman.
In figures la and 2a, the left IVC is indicated by arrow heads. In both cases, the right and left common iliac arteries have been cut to
demonstrate the courses of the iliac veins. Asterisks indicate the confluence of the right and left common iliac veins. The left renal arteries and
veins have been cut, and the left kidney removed. Arrows indicate the origin of the left IVC from the left external iliac vein {case 1) and from
the left common iliac vein (case 2). Dotted circles indicate sites where lumbar veins join the posterior side of the veins, and numbers of the circles
correspond to the 2nd, 3rd, 4th and 5th lumber veins. Numbers indicate the diameters (denoted by small arrows) of veins.

Abbreviations: AA, abdominal aorta; CT, celiac trunk; IMA and SMA, inferior and superior mesenteric artery; LCIV and RCIV, left and right
common iliac vein; LEIV and REIV, left and right external iliac vein; LIV and RIIV, left and right internal iliac vein; LIPV, left inferior phrenic
vein; LIVC and RIVC, left and right inferior vena cava; LOA and LQV, left ovarian artery and vein; LRA and LRY, left renal artery and vein;
LSRYV, left suprarenal vein; LTA and LTV, left testicular artery and vein; LU and RU, left and right ureter; ROA and ROV, right ovarian artery
and vein; RRA and RRYV, right renal artery and vein; RTA and RTV, right testicular artery and vein.
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respectively drain into the right and left supracardinal
veins. Intersupracardinal anastomoses between the
right and left supracardinal veins are present. The
normal right lumbar veins consist of the right interseg-
mental veins and drain into the IVC. The normal left
lumbar veins consist of the junction of the left inter-
segmental veins and the intersupracardinal anastomoses
due to the disappearance of the left supracardinal vein,
and drain into the IVC. Thus, if the intersupracardinal
anastomoses are underdeveloped or disappear early due
to unknown events, the left IVC continues to drain
blood from the left side through the left intersegmental

veins which remain as the left lumbar veins. Although
this is merely hypothetical, the right and left lambar
veins do usvally empty into the right and left IVC,
respectively, in duplication of the IVC, and there are
reports of rare cases in which both the right and left
lumbar veins join only the right or the left IVC in this
anomaly (Maxwell and Erwin, 1928).
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