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ABSTRACT
Objective: The primary aim of this article was to establish the actual prevalence of transposition and duplication of the
inferior vena cava and to increase awareness about them.

Methods: A meta-analysis of prevalence was conducted of cases obtained from PubMed, Web of Science, and Scopus
databases.

Results: A total of 48 studies contained data that allowed us to estimate the prevalence of these variants (39 for dupli-
cation and 32 for transposition). The overall prevalence of duplication was 0.7%, with a 95% confidence interval between
0.5% and 0.9%; for transposition, the prevalence was 0.3%, with a 95% confidence interval between 0.2% and 0.5%. The
publication bias was minimal. Duplication prevalence was significantly higher in anatomy studies compared with imaging
and surgery studies; for transposition, there were no statistically significant differences by detection technique.
Conclusions: The overall prevalence of duplication of the inferior vena cava is 0.7%; for transposition, it is 0.3%. Even if
they are obviously rare conditions, their presence must be suspected by practitioners as they can have important
clinical consequences, may require changes in the surgery protocol, or can be associated with other congenital
abnormalities. (J Vasc Surg: Venous and Lym Dis 2019;7:742-55.)
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The development of the inferior caval system and its
large tributaries is a multilayered process involving three
main stages characterized by the progress and subse-
quent selective regression of venous structures'? some-
times, not everything goes “as planned,” and various
congenital anomalies develop, some of them potentially
having clinical consequences, even though they are usu-
ally asymptomatic and often diagnosed during routine
imaging studies (often for donor nephrectomies)?
Table | describes two classification systems of these ab-
normalities. Two more frequent congenital anomalies in
the inferior caval system are duplication and transposition
of the inferior vena cava (IVC). Their actual prevalences
have not been firmly established because of their rarity,
making prevalence studies extremely difficult. Moreover,
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the reported prevalence for both conditions varies widely
between different studies. For example, for duplication,
the reported prevalence is between <01%° and 3.5%”;
for transposition, the reported range is between <0.1%°
and 5.6%.° The primary aim of this article was to establish
the actual prevalence of these anatomic variants and to
increase awareness about them.

METHODS

We performed the study according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for reporting systematic reviews and
meta-analyses of observational studies in epidemiology.

Selection criteria. Inclusion criteria: studies that con-
tained data from which we were able to estimate the
prevalence of duplication and/or transposition in various
population groups. We used as exclusion criteria the
absence of relevant information to reconstruct the data
needed for analysis, studies with fewer than 20 patients,
and case series or case reports without a specification of
the study population from which the cases were drawn
and without a specific detection algorithm. For articles
not found in online databases but for which we have
numerical data in secondary sources, we used the second-
ary source-based information, and we specified both the
primary and the secondary source in Table |I.

Search method. We analyzed the results obtained from
three databases—Web of Science, Scopus, and
PubMed—Dby using the keywords “cava duplication” and
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Table I Classification systems of the inferior vena

cava (/VC)

|. Left cava with situs inversus

a. In the suprarenal segment

2. Reception of the portal vein

b. In the infrarenal segment

2. Left infrarenal (postureteric) cava

4. Medial preureteric cava

6. Reception of a portal tributary

I. Attenuated or abridged representations of
anomalous cavae

b. Infrarenal caval rudiments

2. Intercaval anastomoses and caval
diverticula

4. Medial preureteric and para-aortic veins

a. Preaortic iliac confluence

c. Contralateral course

a. Anomalies of kidney and renal veins

2. Persistent renal collar

4. Associated with horseshoe kidney

c. Variations of extrarenal connections

2. Ureteral and preureteric veins

4. Perirenal veins

IV. Parietal channels

b. Azygos system

d. Inferior phrenic veins

(Continued)
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Table I. Continued.

A. Duplicated SVC

1. Infrarenal IVC

B. Duplicated IVC

IIl. Renal segment of the IVC

B. Circumaortic left renal vein

A. Interrupted IVC with azygos or hemiazygos
continuation

“cava transposition” with a time frame that ranged from
the beginning of each database up to June 2018
(Table I11). We preferred not to use additional restrictive
criteria (eg, article type) as other assortments (letters,
case presentations, reviews) might have added relevant
data to the meta-analysis (discussions, finding other
appropriate articles). The reference list of each relevant
one was scrutinized for other potentially relevant studies
to be included in the meta-analysis. The references,
abstract, and full text (if available) were imported in
the Mendeley Desktop software (Mendeley Inc, New
York, NY).

Data collection and analysis. For each study, two
reviewers extracted the data separately and included it
in Excel datasheets (Microsoft, Redmond, Wash). We
summarized the following information: study, name of
the authors, year, total number of cases, country, general
inclusion and exclusion criteria, number of cases with
lower inferior cava vein variations, detection method,
risk of bias, and quality score. For articles from which
we obtained data from secondary sources, we used
only the data that were available, and the risk of bias
and quality score were not computed.

Risk of bias. The risk of bias was assessed separately,
for each case, by two reviewers. We analyzed selection
bias (inclusion and exclusion criteria, type of study),
multiple publication bias, measurement bias (method
used, with autopsy and high-resolution computed
tomography imaging being considered to have lower
bias compared with venography), and statistical
reporting bias (statistical analysis performed with the
data, complete description of the data). Based on these
elements, we separated the studies into three sub-
groups: high risk of bias, moderate risk of bias, and low
risk of bias.
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Table Il. Studies included in the analysis, detailing the author, year, country, inclusion and exclusion criteria, and number of
patients in each study

Gillaspie,'© 1916 United Various Autopsy 33
States

Seib,'? 1934 United Various Autopsy 230
States

Ellis.”* 1986 United Consecutive patients CT 241
States

Anson,” 1947 United Various Autopsy 425
States

Beckmann,'” 1980 United Consecutive Venography 132
States

Bartle,'® 1987 United Patient referred for aortic Surgery 289
States reconstruction

Hoeltl,*° 1990 Austria Patients undergoing major Surgery 215
retroperitoneal
operations for urologic
disorders

Hicks,”? 1995 United Prospective; patients Abnormal serum Venography or 108
States referred for IVC filter creatinine venacavography
placement or concentration,
venacavography emergent procedure,

internal jugular vein
access, occlusion of
IVC, allergy to
intravenously
administered contrast
material, procedure
performed outside the
interventional
radiology department

Baptista-Silva,”* 1997  Brazil Living donor Preoperative 342
nephrectomies angiography and
surgery

Shindo,”® 2000 Japan Surgery for aneurysmal Surgery 166
disease or arterial
occlusive disease
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Table Il. Continued.

Mandal.?® 2001 United Living kidney donors Surgery 210
States

Holden,*° 2005 New Renal donors CT 100
Zealand

Namasivayam.,” United Kidney donors cT 48
2006 States

Koc,** 2007 Turkey Consecutive adult patients Poor opacification, CT 1120
previous surgery, large
abdominal mass

Simforoosh,®> 2007 Iran Left-sided donor Surgery (laparoscopic 750
nephrectomy left-sided donor
nephrectomy)

Meister,*” 2008 United Children, before kidney MRI venography 29
Kingdom transplantation

Disick,*® 2009 United Patients referred for Surgery 39
States laparoscopic donor

nephrectomy, with
complex vascular
abnormalities

Apisarnthanarak,“® Thailand Living related kidney cT 65
2012 donors, consecutive

Dilli,*" 2013 Turkey Retrospective; various CT 1204
abdominal problems

(Continued on next page)
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Boyaci,*® 2014 Turkey

problems

Patients with abdominal

CT 746

Pandya,*® 2016 India

Potential kidney donors

CT 200

Hassan,*” 2017 Various

Egypt

Autopsy 63

Sosnik,*® 2017 Poland Various

Autopsy 550

Alexander,”' 1982 United

States

Retrospective

CcT 1200

Quality assessment. Quality assessment was per-
formed using the Quality in Prognostic Studies tool,
from which we removed study attrition (which was
considered not relevant for a prevalence study). For
each remaining subscale (study participation, prog-
nostic factor measurement, outcome measurement,
study confounding, statistical analysis, and reporting),
we dgraded each study as low quality (O points), in-
termediate quality (1 point), or high quality (2
points).

Statistical analysis. We determined the effect size
using a random-effects model computed in Compre-
hensive Meta-Analysis version 2 (Biostat, Englewood
Cliffs, NJ). For each group and subgroup, we per-
formed a forest plot. For the analysis of publication
bias, we used the funnel plot and Duval and Tweedie’'s
Trim and Fill. Prevalence was obtained by multiplying
the prevalence estimate from the meta-analysis
with 100.

RESULTS

Search synthesis. During the initial database research,
we obtained 3619 articles (Table Ill); after deletion of du-
plicates and irrelevant studies, we selected 55 to be further
scrutinized. By analyzing their references, we found
another 12 potentially relevant articles that were also
downloaded. From the 67 articles, 48 were included in the
final analysis of prevalence, from which 39 contained data
about duplication and 31 about transposition. Details of the
search synthesis are presented in Fig 1. We detail the papers
contained in the meta-analysis in Table |l.

Bias and quality. From the 48 included articles, 13 were
considered high quality (between 6 and 8 points); 21, me-
dium quality (between 3 and 5 points); and 13, low quality
(between O and 2 points). For one article, we could not
obtain a full electronic text of the manuscript, and there-
fore the quality score could not be computed. A low bias
was assessed in 9 articles, a moderate bias in 22, and a
high bias in 16.

Table Illl. Keyword search in PubMed, Scopus, and Web of Knowledge

Cava transposition 506 771

213 1490

Total 1203 1539

877 3619
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Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses'” diagram of the research

methodology.

Duplication of the IVC. A total of 39 studies contained
information that allowed us to estimate the prevalence
of duplication. Overall, it was identified in 135 cases of
the 31,890 included in the analysis. The prevalence esti-
mate was 0.007 (confidence interval [Cl], 0.005-0.009;
Fig 2). Autopsy studies revealed the highest prevalence
of duplication (0.017; Cl, 0.011-0.027); surgery studies, the
lowest (0.003; Cl, 0.001-0.009); and imaging studies, an
intermediary prevalence (0.005; CI, 0.003-0.007). Total
heterogeneity between subgroups had a Q value of
21.859, highly statistically significant (P < .001). The pub-
lication bias was minimal (no studies were trimmed us-
ing Duval and Tweedie's method). The corresponding
funnel plot is displayed in Fig 3.

Transposition of the IVC. A total of 32 studies contained
information that allowed us to estimate the prevalence
of transposition. Overall, it was identified in 65 cases of
the 29,801 included in the analysis. The overall preva-
lence estimate was 0.003 (Cl, 0.002-0.005; Fig 4).
Surgery studies revealed a higher prevalence of

transposition (0.007; Cl, 0.002-0.022), with imaging and
autopsy studies having similar prevalence values (0.003;
Cl, 0.002-0.005). Total heterogeneity between subgroups
had a Q value of 2502, not statistically significant
(P = .286). The publication bias was minimal (no studies
were trimmed using Duval and Tweedie’s method). The
corresponding funnel plot is displayed in Fig 5.

DISCUSSION

This meta-analysis aimed to clarify the prevalence of
duplication and transposition of the IVC based on objec-
tive criteria and statistical methods, computing values
obtained from all relevant original literature in the field.
Previously, published reports in the field were mostly
nonsystematic reviews, in which the prevalence values
were taken from original studies, without statistical anal-
ysis. We found in this study that the prevalence of dupli-
cation (Fig 6) and transposition, two IVC anatomic
variations with major impact in urologic and surgical
oncology, were 0.7% and 0.3%, respectively.
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DIVC

s __ Study name Technique Statistics for each study
ubgroup within study Event Lower Upper

rate limit limit Z-Value p-Value
Autopsy Adachi, 1937 Autopsy 0.015 0.009 0.025-16.567 0.000
Autopsy Anson, 1947 Autopsy 0.035 0.021 0.058-12.584 0.000
Autopsy Gillaspie, 1916 Autopsy 0.015 0.001 0.196 -2.951 0.003
Autopsy Gladstone, 1929 Autopsy 0.002 0.001 0.009 -8.589 0.000
Autopsy Hassan, 2017 Autopsy 0.016 0.002 0.104 -4.094 0.000
Autopsy Reis, 1959 Autopsy 0.022 0.012 0.039-12.446 0.000
Autopsy Seib, 1934 Autopsy 0.022 0.009 0.051 -8.419 0.000
Autopsy Sosnik, 2017 Autopsy 0.007 0.003 0.019 -9.797 0.000
Autopsy Zummstein, 1896 Autopsy 0.027 0.012 0.059 -8.635 0.000

Autopsy 0.017 0.011 0.027-17.136 0.000
Imaging 0.015 0.002 0.101 -4.127 0.000
Imaging 0.001 0.000 0.006 -7.086 0.000
Imaging 0.004 0.002 0.008-14.626 0.000
Imaging 0.006 0.002 0.023 -7.242 0.000
Imaging 0.011 0.005 0.021-12.728 0.000
Imaging 0.000 0.000 0.003 -6.062 0.000
Imaging 0.004 0.001 0.029 -5.469 0.000
Imaging 0.009 0.001 0.063 -4.651 0.000
Imaging 0.000 0.000 0.002-10.919 0.000
Imaging 0.010 0.001 0.068 -4.572 0.000
Imaging 0.002 0.001 0.009 -8.627 0.000
Imaging 0.007 0.001 0.046 -4.987 0.000
Imaging 0.002 0.001 0.007 -8.939 0.000
Imaging 0.004 0.002 0.011-12.104 0.000
Imaging 0.010 0.001 0.143 -3.218 0.001
Imaging 0.003 0.001 0.007-11.778 0.000
Imaging 0.010 0.003 0.039 -6.466 0.000
Imaging 0.008 0.001 0.054 -4.809 0.000
Imaging 0.003 0.000 0.019 -5.924 0.000
Imaging 0.003 0.001 0.009-10.066 0.000
Imaging 0.010 0.005 0.020-13.626 0.000
Imaging 0.008 0.004 0.014-16.108 0.000
Imaging 0.005 0.003 0.007-27.631 0.000

Imaging Apisarnthanarak, 2012
Imaging Alexander, 1981
Imaging Aljabri, 2001
Imaging Baptista, 1997
Imaging Boyaci, 2014
Imaging Dilli, 2012
Imaging Ellis, 1986
Imaging Hicks, 1995
Imaging Hoeltl, 1990 |
Imaging Holden, 2005
Imaging lezzi, 2018
Imaging Kaufman, 1995
Imaging Koc, 2007
Imaging Mayo, 1983
Imaging Namasivayam, 2006
Imaging Pal, 2017
Imaging Pandya, 2016
Imaging Raman, 2007
Imaging Tao, 2013
Imaging Trigaux, 1998
Imaging Ueda, 1983
Imaging Zhu, 2014

!'II'I" "l'l l] 'T-'I'T'T'l' *l E

Surgery Benedetti-Panici, 1994 Surgery 0.003 0.001 0.023 -5.721 0.000
Surgery Dilli, 2013 Surgery 0.003 0.001 0.008-10.366 0.000
Surgery Dimic, 2017 Surgery 0.000 0.000 0.002-11.062 0.000
Surgery Hoeltl, 1990 S Surgery 0.002 0.000 0.036 -4.284 0.000
Surgery Klemm, 2005 Surgery 0.012 0.002 0.078 -4.417 0.000
Surgery Mandal, 2001 Surgery 0.005 0.001 0.033 -5.330 0.000
Surgery Shindo, 2000 Surgery 0.012 0.003 0.047 -6.194 0.000
Surgery 0.003 0.001 0.009-11.455 0.000
Overall 0.007 0.005 0.009-34.154 0.000 [
-0.25 -0.13 0.00 0.13 0.25
Prevalence

Fig 2. Forrest plot for subgroup analysis (depending on the technique) of studies on duplication of the inferior

vena cava (DIVC). Cl, Confidence interval.

Venous drainage of the fetus, which begins to form in
the sixth intrauterine week, is initially represented by
two posterior cardinal veins that drain the lower part
of the body and are continued by the common cardi-
nal veins. Gradually, from the seventh intrauterine
week, the subcardinal veins, located medial to the pos-
terior cardinal veins, begin their development and take
over drainage of the lower part of the body, an event
soon followed by regression of the posterior cardinal
veins. During this time, numerous anastomoses are
being developed between the subcardinal veins and
between the subcardinal and postcardinal veins on
each side. Afterward, the supracardinal veins appear,
whose development is associated with regression of
the subcardinal veins and formation of anastomoses
between supracardinal and postcardinal veins on
each side, with the right subcardinal vein becoming
dominant."? The lower parts of the posterior cardinal
veins become the common iliac veins. The hepatic
segment of the IVC is formed through unification of
the hepatic sinusoids, fused with the cranial end of

the right subcardinal vein. The upper part of the left
subcardinal vein leads to the formation of the left adre-
nal vein, and the upper end of the right supracardinal
vein forms the azygos vein. The middle part of the right
subcardinal vein becomes the infrarenal segment of
the vena cava. Renal veins are formed from anastomo-
ses between supracardinal and subcardinal veins. Two
renal veins are initially formed on each side (dorsal
and ventral), with the dorsal vein usually degenerating,
leaving only the ventral renal vein. The lower parts of
the subcardinal veins form the gonadal vessels.
Depending on which final segment of the vena cava
is abnormal, there are a few major vena caval abnor-
malities, which are summarized in Table I.

Duplication is caused by persistence of both the left
and right supracardinal veins and morphologically con-
sists of two caval segments, usually below the level of
the renal veins. The overall prevalence of duplication, as
reported by our study, is around 0.7%; anatomic studies
reveal a significantly higher value than imaging and
surgery.
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Fig 3. Funnel plot of duplication of the inferior vena cava
(IVC).

When a duplication of the IVC occurs, the left IVC is
usually terminated in the left renal vein, which crosses
the aorta and ends in the right IVC.>* However, different
variants and variations have been reported. Ito and
Ikeda®® described a complex variation of the IVC
involving duplicated IVC, the presence of an interiliac
vein connecting the two branches at the level of the
aortic bifurcation, two right ovarian veins (one terminat-
ing in the right IVC and one in the right renal vein), and
two right internal iliac veins interconnected through
small branches and ending in the right external iliac
vein. Duplication can be classified as type | (major dupli-
cation), in which two symmetric trunks are identifiable,
with the preaortic trunk being of the same caliber;
type Il (minor duplication), again with two symmetric
trunks, but which are smaller compared with the pre-
aortic trunk; and type lll (asymmetric duplication), with
a smaller left IVC, a larger right IVC, and an even larger
preaortic trunk.>* Another variant is represented by the
right duplication, in which both trunks are located on
the right side and are named ventral right and dorsal
right IVC®>° in this variant, the ventral trunk is derived
from the right subcardinal vein and the dorsal trunk
from the right supracardinal vein.>’ Paik®® described a
case of triple IVC, with two right trunks and a left trunk.
Another classification separated duplication into com-
plete, in which the left IVC receives the left renal vein
and continues as a preaortic trunk that travels obliquely

Hostiuc et al 749

and empties in the right IVC, and incomplete, in which
the left common iliac vein ascends as a duplicated IVC
and drains in the left renal vein, which later joins the
right IVC.>°

Transposition is caused by persistence of the left supra-
cardinal vein, associated with regression of the right
supracardinal vein. The IVC is therefore located on the
left side below the renal veins and on the right (normal)
side, cranial from them, crosses the aorta anteriorly. In
this variant, the left gonadal and adrenal veins drain
directly into the IVC, and the right gonadal and adrenal
veins drain into the right renal vein. Our study showed
an overall prevalence of 0.3%, less than half compared
with duplication; unlike duplication, there are no statisti-
cally different results by the detection technique used.
The most likely reason for this is represented by the
fact that once an investigator fails to identify a lower
IVC in its place, it is searched for in other locations; how-
ever, if an IVC trunk is found in its place, sometimes the
other trunk, in the case of duplication, is overlooked by
both surgeons and radiologists.

Both duplication and transposition have been associ-
ated with various other congenital abnormalities and
were shown to have various clinical and treatment-
related consequences. Because of their rarity, however,
most of them have been detailed in case reports or
case series. See Table |V for details.

Limitations. Many included studies were not
designed specifically for the detection of caval abnor-
malities; many were retrospective and included
patients who were referred for abdominal or pelvic
symptoms and disorders. Some studies showed much
higher®®™ or much lower prevalence compared with
our results; this is normal in any meta-analysis of
prevalence, and the mean value obtained by us could
be seen as a middle ground between false positives
and false negatives. Taking into account that false
positives are less likely as the vessels are large, the
actual prevalence is most likely a little higher than our
results. This actual increase is, however, impossible to
detect through current meta-analytical methods
employable is studies of prevalence.

CONCLUSIONS

Duplication and transposition are rare congenital
abnormalities of the IVC (with an estimated prevalence
of 0.7% and 0.3%, respectively). Even if they are rare,
they may lead to significant clinical consequences or
may need alterations of surgery protocols. Knowledge
of them is therefore paramount, not only for surgeons
but also for clinicians and radiologists. Anatomic studies
are more sensitive for detecting duplication; for transpo-
sition, the detection rate is similar irrespective of the
employed method of identification.
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Subgroup within study

Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Overall

Study name

5 - Statistics &

Adachi, 1937 (Ellis, 1986; Mayo, A28&)sy

Gillaspie, 1916
Gladstone, 1929
Khamanarong, 2010
Reis, 1959

Seib, 1934

Sosnik, 2017
Zummstein, 1896

Alexander, 1981
Aljabri, 2001
Dilli, 2012

Dilli, 2013
Hoeltl, 1990
lezzi, 2018
Kaufman, 1995
Koc, 2007
Mayo, 1983
Meister, 2008
Namasivayam, 2006
Rhim, 2008
Tao, 2013
Ueda, 1983
Zhu, 2014
Trigaux, 1998

Bartle, 1987
Castillo. 2008
Dimic, 2017
Disick, 2009
Hingorani, 2003
Hoeltl, 1990

Holt, 2007
Simforoosh, 2007

Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Autopsy
Autopsy

Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging
Imaging

Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery
Surgery

Event Lower
rate  limit

0.003 0.001
0.015 0.001
0.001 0.000
0.001 0.000
0.002 0.000
0.004 0.001
0.004 0.001
0.005 0.001
0.003 0.002
0.001 0.000
0.002 0.001
0.000 0.000
0.002 0.000
0.000 0.000
0.001 0.000
0.003 0.000
0.002 0.001
0.004 0.001
0.035 0.005
0.010 0.001
0.056 0.008
0.003 0.000
0.007 0.003
0.003 0.001
0.001 0.000
0.003 0.002
0.004 0.001
0.012 0.003
0.001 0.001
0.026 0.004
0.011 0.003
0.002 0.000
0.036 0.020
0.004 0.001
0.007 0.002
0.003 0.002

Ui

0.009-10.135
0.196 -2.951
0.008 -6.770
0.008 -6.840
0.014 -6.206
0.030 -5.422
0.014 -7.924
0.032 -5.377
0.005-18.970
0.006 -7.086
0.005-11.056
0.003 -6.062
0.007 -9.042
0.002-10.919
0.008 -6.798
0.051 -4.029
0.007 -8.939
0.009-11.278
0.208 -3.274
0.143 -3.218
0.307 -2.753
0.019 -5.924
0.015-12.143
0.008-12.652
0.008 -5.384
0.005-19.048
0.024 -5.653
0.047 -6.177
0.003-17.370
0.161 -3.591
0.042 -6.345
0.036 -4.284
0.066-10.210
0.012 -9.537
0.022 -8.461
0.005-28.138

pper
limit  Z-Value p-Value

0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.006
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-013

i

1

-
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0.00 0.13 0.25

Prevalence

Fig 4. Forrest plot for subgroup analysis (depending on the technique) of studies on transposition of the inferior
vena cava (TIVC). Cl, Confidence interval.
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Fig 5. Funnel plot of transposition of the inferior vena cava

(IVC).

Fig 6. Late-phase postcontrast-enhanced abdominal
computed tomography image in a coronal oblique plane
showing infrarenal inferior vena cava (IVC) duplication
(gray arrow on the right side and white arrow on the left
side). The IVCs join just below the hepatic segment into a
common IVC (clIVC). The left renal vein (arrowhead) drains
into the left IVC; the right renal vein (star) drains directly
into the common IVC. Ao, Abdominal aorta.
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Table IV. Congenital abnormalities and clinical and surgery-related consequences of duplication or transposition of the
inferior vena cava (/VC)

® Association with various congenital heart e Horseshoe kidney®*°*
conditions (ostium primum, ostium secundum,
abnormal left atrium drainage)®”

® Crossed renal ectopia and an abdominal aortic e Colonic duplication”®
aneurysm®®

e Double adrenal vein”® ® Retroaortic right renal vein and hemiazygos
continuation”

® Azygos continuation, retroaortic left renal vein, and e Polysplenia syndrome””78

iliac vein variation”®

® Renal aplasia®® e Beckwith-Wiedemann syndrome®'

e Bilateral retrocaval ureters®

o Left retrocaval ureter®*

® Intrahepatic interruption, hemiazygos vein
continuation, and intrahepatic venous shunt®®

Clinical and e May be injured during surgery”' e Injury during surgery”'
surgery-related
conseguences

® Changes needed of the standard surgery protocol o Difficult differential diagnosis with a left para-
for portal decompression, renal transplantation, aortic adenopathy*°

aneurysm resection,®?#??° pulmonary emboli,”'

renal cell carcinoma,” hypernephroma,’”
retroperitoneal paraganglioma,”® adrenalectomy’®

® Because of its size and location, can be mistaken ® The presence of a left-sided IVC seems to be

for a gonadal vein’ associated with testicular germ tumors, its rate in
these patients being 21 times greater than in the
general population. This can be associated with
ipsilateral renal agenesis, which is 11 times more
frequent in patients with testicular germ tumors
compared with the normal population. These two
congenital disorders may be linked, as a lack of
ascent of the kidney may cause nonregression of
the left supracardinal vein, therefore remaining
patent and causing IVC transposition.”

(Continued on next page)
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Table IV. Continued.

® May cause ureteral obstruction, radiologically ® Compression of the transposition in the
mimicking a right retrocaval ureter'°? mesoaortic angle may cause dilation and stasis in
the IVC and iliac veins, potentially leading to an
anatomic thrombophilia.'”®

e May cause thrombosis. Mukai'®” et al described a e Obara et al''° described a case of idiopathic renal
case in which thrombosis was induced by left- arteriovenous fistula associated with transposition
sided IVC entrapment associated with right-sided that required nephrectomy.

common iliac vein compression. The risk is
increased in the presence of additional risk factors,
such as endothelial trauma, or
thrombophilia.'©'°°

AUTHOR CONTRIBUTIONS during laparoscopic donor nephrectomy: report of three
Conception and design: SH, MH cases. J Endourol 2007;21:542-4.

4, Edwards EA. Clinical anatomy of lesser variations of the
inferior vena cava; and a proposal for classifying the
anomalies of this vessel. Angiology 1951;2:85-99.

Analysis and interpretation: CM, IN, MR
Data collection: SH, IN, MR, MH

Writing the article: SH 5. Kellman GM, Alpern MB, Sandler MA, Craig BM. Computed
Critical revision of the article: CM, IN, MR, MH tomography of vena caval anomalies with embryologic
Final approval of the article: SH, CM, IN, MR, MH correlation. Radiographics 1988;8:533-56.
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