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Male, 36-year-old
Double inferior vena cava
Asymptomatic

Genetics » Radiology ¢ Surgery

Congenital defects/diseases

With a prevalence of about 2% to 3%, duplication is the most common anomaly associated with the inferior
vena cava (IVC). In general, systemic venous anomalies are being more frequently diagnosed in asymptomat-
ic patients. We report the case of a young man with an incidental finding of an asymptomatic duplicated IVC,

along with a literature review.

A 36-year-old man was brought to our Emergency Department (ED) following a high-speed motor vehicle col-
lision (MVC), reporting right flank and hip pain. Upon examination, the “seatbelt sign” was noticed, along with
abrasions over his right side. He sustained a small-bowel mesenteric injury, for which he was admitted and
was treated conservatively. A CT scan incidentally revealed a duplicate IVC (DIVC). He later underwent a lapa-
rotomy with limited right hemi-colectomy and was discharged home in good condition.

Undiscovered and asymptomatic DIVCs pose a potential risk to patients during clinical interventions. Advancements
in diagnostic imaging contribute greatly to the incidental discoveries of inferior vena cava duplication.

Congenital Abnormalities ¢ Incidental Findings ¢ Vena Cava, Inferior
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Background

Between the 4" and 8" weeks of gestation, the IVC develops
from primitive veins, including the post-cardinal, sub-cardi-
nal, and supra-cardinal veins. During this timeframe, any de-
velopmental abnormalities, regressions, or anastomosis typi-
cally lead to anomalies in the IVC.

The most common anomaly of the IVC is its duplication, with
a prevalence between 2% and 3%, [1] and the first report of
a duplicate inferior vena cava was made by Lucas in 1916.
Currently, systemic venous anomalies are more frequently
found in asymptomatic patients due to the extensive use of
cross-sectional imaging. Accurate recognition of systemic ve-
nous anomalies plays a significant role in the optimal func-
tioning of surgical and other interventional procedures [2].

Here, we report the case of a young man with an incidental
finding of asymptomatic DIVC.

Case Report

As the driver in a frontal impact motor vehicle collision, a
36-year-old man was brought to the ED by ambulance. The ATLS
protocol was followed on arrival and the patient was found to
be stable, with a GCS of 15. He reported right flank and hip pain,
and upon examination, the ‘seatbelt sign’ was noticed, along
with abrasions over his right side. Focused assessment with
sonography for trauma (FAST) was negative, and a subsequent
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CT revealed bilateral pre-nephritic fat stranding in the abdo-
men along with mesenteric fat stranding (Figure 1A, 1B) and
a small amount of free fluid in the right iliac fossa, increasing
the possibility of a mesenteric injury. At this time, a duplicate
inferior vena cava was also noted, which was not related to
the patient’s presentation (Figure 2).

The patient was admitted for observation with conservative
management and serial abdominal examinations. Despite re-
porting intermittent right lower-quadrant pain, he remained
hemodynamically stable and was started on a liquid diet. On
the 5™ day after admission, his abdominal pain increased in
severity and the CT was repeated (Figure 3), revealing inter-
val thickening of ileal loops wall. A distal segment of the ile-
um lacked wall enhancement, in keeping with sub-segmen-
tal ischemia, and a distal ileal branch corresponding with the
same segment was poorly opacified and irregular. There was
a slight interval increase in the amount of free fluid, without
a loculated collection and with no evidence of free air.

The patient underwent an urgent laparotomy that same day.
Intra-operatively, we discovered a large amount of blood with
an ischemic terminal ileum about 5 cm from the ileocecal valve.
Hence, a limited right hemi-colectomy with primary anastomo-
sis was performed (Figure 4A, 4B). Postoperatively, the course
was uneventful, aside from a prolonged ileus that was man-
aged conservatively. The patient was discharged home in good
condition on the 13t postoperative day, and was followed up
in the outpatient clinic.

Figure 1. (A, B) Selected images of the abdomen in axial and coronal planes show focal mesenteric fat stranding in the right iliac fossa
with no evidence of contrast blush or pseudo-aneurysm in the arterial or portal venous phases (arrows).
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Figure 2. An incidental note is made of a double IVC (see axial and coronal images).

Figure 3. The density of the trace pelvic free fluid ranges from
40 to 50 HU, consistent with blood. The findings of
hyper-dense trace pelvic free fluid in a male patient
in the context of trauma, consistent with mesenteric
injury until proven otherwise (in the absence of clear
evidence of mesenteric tear or solid organs injury).

Discussion

Complex processes occur in embryological development of the
IVC during the 6" and 8" weeks of gestational age. This process
has been described as a journey of development, regression,
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and anastomosis of 3 primitive pairs of veins: the posterior
cardinal, sub-cardinal, and supra-cardinal veins [3].

Venous drainage from the body wall caudal to the heart is re-
ceived by the posterior cardinal veins, while the vitelline vein
joins right sub-cardinal vein, forming the hepatic segment of
the IVC. This process accounts for the pre-renal IVC, during
which the left sub-cardinal vein regresses completely.

Ultimately, 4 segments constitute the normal IVC: the hepat-
ic segment arises from the right hepatic vein, the supra-renal
segment arises from the right sub-cardinal vein, the renal seg-
ment arises from the right supra-sub-cardinal and post-sub-
cardinal anastomoses, and the infra-renal segments arise from
the right supra-cardinal anastomosis [2,4,5]. Persisting right
and left supra-cardinal vein have been reported to result in
the double IVC anomaly [1].

Morita et al classified DIVC according to the patterns of the
interiliac communicating vein. Variations fall under 8 sub-
types: type 1 has a normal iliac connection, type 2a is DIVC
with no interiliac communication, type 2b is DIVC with an in-
teriliac communication from left common iliac vein, type 2c is
DIVC with an interiliac communication from right common ili-
ac vein, type 2d is DIVC with an interiliac communication from
left internal iliac vein, type 2e is DIVC with an interiliac com-
munication from right internal iliac vein, type 3 is left IVC with
symmetrical to normal iliac connection, and type 4 has no ili-
ac connection in the case of absence of an infra-renal IVC [6].
The various types of IVC are illustrated in Figure 5.
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Figures 4. (A) Intraoperative finding of large amount of blood and ischemic terminal ileum about 5 centimeters from the ileocecal
valve. (B) Limited right hemi-colectomy with primary anastomosis.
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Type 1 Type 2a Type 2b Type 2¢
Normal iliac DIVCwith no DIVC with an interiliac DIVCwith an interiliac
communication interiliac vein vein from the left CIV vein from the right CIV
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Type 2d Type 2e Type 3 Type 4
DIVC with an interiliac DIVCwith an interiliac Left IVC with symmetrical NO iliac connection
vein from the left [IV vein from the right IIV to normal iliac connection and absence of infrarenal IVC

Figure 5. Different types of IVC. Drawing by Norah Alromaih.
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Table 1. Reports of double IVC (2004-2020).

Number of
cases

Sex

Diameter

Termination of LIVC

Additional anomalies

Joining of LIVC with left renal
vein forming a common trunk
crossing the midline

NA

One at the renal level into the
right IVC
Two drained into the renal veins

Incomplete duplicated right
ovarian vein

Left renal vein retro aortic,

IVC azygous continuation, and
hepatic segment of IVC draining
into the right renal vein

Drained into left renal vein

Venous shunts

(shunt between left IVC and left
common iliac vein)

(2 shunts between right and the
left IVC)

Interiliac venous communication
alongside a superior mesenteric
artery giving rise to an aberrant
common hepatic artery

Intrahepatic interruption and
venous shunt, and continuation
of hemizygous vein

An interiliac communication was
described in the second case
between the left IVC and right
common iliac vein

Tore et al [9] 2 1M, 1F R>L
other case NA
Ng et al [10] 3 2M, 1F NA
Chen et al [4] 1 1F R20 mm
L9 mm
Sakai et al [11] 1 1F NA
Tamizifar et al [3] 1 1F NA
Wang et al [12] 1 1M NA
Coco et al [13] 1 1F NA
Chaijaroonkhanarak 1 1F L 0.68 cm
et al [8] R 1.4 cm
Chentanez et al [1] 1 1M R 16.73 mm,
L21.57 mm
Sahin et al [14] 1 1F NA
Matsuoka et al [16] 2 2F NA
Ito et al [15] 1 1F R 15.1 mm
L 10.8 mm

Drained into left renal vein
forming a pre-aortic common
trunk

Right and left IVCs connected
thru an interiliac vein positioned
at the level of aortic bifurcation

M — Male; F — Female; NA — not answered; R — right; L — left; IVC — inferior vena cava; mm — millimeters.

Ang et al [7] and Chaijaroonkhanarak et al [8] reviewed 41 and
13 published articles respectively, of double IVC between 2000
and 2015. Ang et al’s review revealed 53 cases with a male pre-
dominance of 31 males to 21 females and 1 case of unknown
sex according to the authors [7]. Chaijaroonkhanarak et al re-
ported a total of 18 cases, with a 10: 8 male-to-female ratio [8].

We discovered 13 published articles reporting 17 DIVC anoma-
lies between 2004 and 2020, with a total of 6 male cases and
11 female cases (Table 1).
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Tore et al [9], reported 2 cases (1 male and 1 female) that
were incidentally found to have DIVC during CT imaging
for chronic lumbar pain and abdominal pain, respectively.
Ng et al [10] reported 3 cases in which a DIVC was found in-
advertently through an MRI performed on 1 female and CTs
on 2 males. Chen et al [4] reported a DIVC in a female cadaver.
Sakai et al [11] documented a male case known to have poly-
cystic kidney disease of the autosomal dominant type, who
had a living donor kidney graft, which was discovered to have
a DIVC during CT imaging. Tamizifar et al [3] reported the case
of an 18-year-old female patient diagnosed with a deep vein
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thrombosis (DVT), who was discovered to have a DIVC through
CT of the abdomen and CT angiography with i.v. contrast in-
jection. Wang et al [12] recorded the case of 32-year-old male
patient, also diagnosed with DVT, with a DIVC found on ve-
nography. Coco et al [13] reported 1 female case in which the
DIVC was discovered through multi-detector CT.

In addition to the literature review, Chaijaroonkhanarak et al [8]
reported 1 case of a DIVC in a female cadaver. Chentanez et al [1]
reported a DIVC in a male cadaver. Sahin et al [14] reported a
female case of DIVC incidentally discovered by CT. Ito et al [15]
reported the DIVC in a female cadaver. Matsuoka et al [16] re-
ported 2 cases of females with DIVCs discovered while under-
going retroperitoneal lymphadenectomy for advanced ovarian
cancer. Most recently, Wasniewska et al [17] reported a female
case of DIVC and nutcracker syndrome.

IN numerous reports over the past 2 decades, double IVC
has consistently been recorded as an incidental finding.
Nevertheless, pelvic vein anomalies such as DIVC have signif-
icant clinical consequences in both surgical and intervention-
al procedures, and thus require correct interpretation of ra-
diological imaging [15].

This accuracy is important, as historically, radiological imag-
ing through axial CT has led to the misinterpretation of DIVC
as either lymphadenopathy or ureteric dilation. Currently, the
widespread use of multi-detector CT systems has rendered
this issue of less importance [14].
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As noted previously, early recognition of pelvic venous variations
has serious clinical importance in retroperitoneal surgeries [10].
According to Matsuoka et al [16], patients known to have DIVC
and interiliac veins should be managed with care during retro-
peritoneal lymphadenectomies in order to prevent major bleed-
ing. Similarly, harvesting a kidney from a living donor with DIVC
may create a challenge due to the renal vein length available for
reconstruction techniques [11]. Kumar et al [18] reported the ac-
cidental finding of DIVC during a pacemaker implantation and
described the difficulty created by the angles of the left and right
IVCs, along with the decreasing caliber of the IVC. Furthermore,
there have been suggestions that DIVCs require the implan-
tation of more than 1 IVC filter for thrombi interruption [19].
Interestingly, the association between DIVC and venous throm-
boembolism has been reported in several case reports, highlight-
ing a possible increased incidence of thrombosis formation [18].

Conclusions

With duplicate IVCs being almost always discovered inciden-
tally during pre- or intra-procedural investigation or a post-
mortem examination, patients are potentially at risk due to
this anomaly. Advancements in diagnostic imaging mitigate
this risk by assisting in early identification.
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