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ABSTRACT

Purpose: To determine the distribution of the types of variations in the portal vein and vena cava inferior and its branches
using advanced image processing techniques in contrast enhanced abdominal multislice computed tomography (MSCT)
examinations.

Methods: The study included 471 patients, comprising 254 males (53.9%) and 217 females (46.1%) with a median age of
53.7 £ 16.1 years, who underwent abdominal MSCT between April 2011 and December 2017.

Results: Of 471 patients, 2 patients (0.4%) had variation of the inferior vena cava, 122 patients (25.9 %) had variation of the
hepatic vein, 162 patients (34.4%) had variation of the renal vein and 138 patients (29.3%) had variation of the portal vein.

Conclusion: It is of great importance to use MSCT prior to surgical procedures such as transplantation, in which vascular
variations are predetermined, and to pay attention to variations during reporting of the examination.
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Amag: Calismamizin amaci rutin intravendz kontrastl abdominal cok kesitli bilgisayarli tomografi (CKBT) incelemelerinde

portal vendz sistemde, vena kava inferior ve dallarinda varyasyon tiplerinin dagilimini ileri gériinti isleme teknikleri

kullanarak belirlemektir.

Gerec ve Yontem: Calismaya Nisan 2011-Aralik 2017 arasinda abdominal CKBT ¢ekilen ortalama yaslari 53,7 £ 16,1 olan 254
erkek (%53,9), ve 217 kadin (%46,1) olmak Uizere toplam 471 hasta dahil edildi.

Bulgular: 471 hastanin 2’sinde (%0,4) inferior vena kana varyasyonu, 122'sinde (%25,9) hepatik ven varyasyonu, 162'sinde

(%34,4) renal ven varyasyonu ve 138 hastada (%29,3) da portal ven varyasyonu mevcuttu.

Sonug: Ozellikle vaskiiler varyasyonlarin énceden bilinmesinin gerektigi transplantasyon gibi cerrahi islemlerden énce

abdominal CKBT ¢ekilmesi ve raporlama sirasinda varyasyonlara dikkat edilmesi cok dnemlidir.

Anahtar kelimeler: abdominal ven6z varyasyonlar, hepatik ven, portal ven, inferior vena kava, renal ven, ¢cok kesitli

bilgisayarli tomografi

INTRODUCTION

Venous system variations are more common than other
vascular variations [1]. Knowing the presence and course of
variations in the venous system in the preoperative period
reduces the complications that may occur during abdominal
surgery operations and increases the success of the
operation [2,3].

Advances in radiological imaging systems together with
technological advances have led to the evaluation of
vascular structures with non-invasive methods. Computed
tomography (CT) has a particularly important role in non-
As a
developments,

invasive imaging of the vascular system [4].
consequence of these technological
multislice computed tomography (MSCT) can be used to
evaluate the vascular system in a more detailed, easy and
accurate way with post-process processes
multiplanar reconstruction (MPR), volume rendering (VR),

and maximum intensity projection (MIP) [5].

such as

The aim of this study was to determine the distribution of
the types of variations in the portal vein and vena cava
inferior and its branches using advanced image processing
techniques in contrast enhanced abdominal multislice
computed tomography (MSCT) examinations.

MATERIALS AND METHODS
Ethics

This retrospective study was approved by the Local Ethics
Committee and was conducted in accordance with the
Declaration of Helsinki (2000). Informed consent was waived
because of the retrospective nature of the study.
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Patients

Between April 2011 and December 2017, 593 patients
underwent abdominal MSCT. A total of 122 patients were
excluded from the study as optimal contrast enhancement
of CT was not achieved. As a result, the study included 471
patients comprising 254 males (53.9%) and 217 females
(46.1%) with a median age of 53.7 + 16.1 years. The CT
images of all the patients were retrospectively reviewed.

CT Technique

Abdominopelvic CT imaging was applied with a 128
detector CT (Toshiba Aquillion CX MDCT, Nasu Shiobara,
Japan) scanner. One hundred milliliters (ml) of intravenous
(IV) contrast material (lopromid, 370/100 m/L Ultravist ©,
Bayer Schering Pharma AG, Germany) at a flow rate of 4
ml/sec was used in the CT examinations. No oral contrast
material was given. The venous phase abdominal CT scans
(tube voltage=120 kV, effective mAs=50-300, slice thickness
0.5 mm, collimation=64x0.5 mm, pitch=0.8) were acquired
65 seconds after the IV contrast injection. The abdominal CT
scan area included the body region from the level of the
upper diaphragm to the ischial tubercles.

Image Analysis

The CT images were reviewed retrospectively by a
radiologist with 5 years of experience in abdominal
radiology, who was blinded to the physical examination

findings, laboratory results, and radiology reports.

The CT images were evaluated on axial, coronal and sagittal
planes using the post-processing applications of MPR, VR
and MIP on the workstation (Shina 2010, Caesarea, Israel).
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Figure 1. Axial VR image showing type 2 (circumaortical renal vein)
renal vein anomaly (arrows)

MIP and MPR were wused for the evaluation of
intraparenchymal veins, especially the portal vein and
hepatic vein. In general, an average thickness of 15 mm was
used. VR images were preferred in the evaluation of extra-
parenchymal venous structures and especially in renal veins

and variations.

The data were analyzed in three categories: portal venous
system, hepatic venous system, IVC and its branches. During
examination of the portal system, the normal anatomic
configuration of the portal vein and variations of main
branches were investigated. In the evaluation of the hepatic
venous system, variations in the main hepatic veins,
differences in branching and expansions of IVC in hepatic
veins were evaluated. Vascular relationships were evaluated
in the area near the hepatic vein-IVC junction area
(confluence) at a distance of 1 centimeter. Vascular
structures more than 1 cm away from the confluence were
evaluated in the branching configurations of the hepatic
vein. The renal vein and its variations were investigated in
the evaluation of IVC and its branches. The incidence of
testicular and ovarian veins to the right renal vein was also
evaluated. In addition, the distribution of the described
variations according to gender and the possibility of an
additional variation in the presence of venous variation were
compared according to the frequency of normal venous

variations in the population.

Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 20.0
software (Chicago, IL, USA) was used for statistical analysis.
Descriptive statistics were given as median (minimum -
maximum) and mean = standard deviation. The Chi-square
test was used to compare categorical data between male

and female groups. The relationships between the
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Figure 2. Type 2 (inferior right hepatic vein) hepatic vein variation
is seen on the coronal inferior oblique VR image (arrow)

parametric data were investigated using Pearson correlation
analysis. Statistical significance was accepted at the value of
p<0.05.

RESULTS

At least one venous variation was detected in 388 patients
(72.4%). In 471 patients, inferior vena cava (IVC) variation
was observed in 2 (0.4%) patients. In these 2 patients, there
were type 3 IVC (double IVC) and no patients had type 2 (left-
sided IVC) variations.

Renal vein variation was detected in 127 patients (26.96%),
of which 22 patients (4.7%) had type 2 (circumaortical renal
vein) (Figure 1), 20 patients (4.3%) had type 3 (retroartic
renal vein) and 68 patients (14.4%) had type 4 (double or
more renal veins) renal vein variation. Type 5 (type 2 + type
4) variation was observed in 8 patients (1.7%) and type 6
(type 3 + type 4) in 9 patients (1.9%). Renal venous variation
was higher in females than males (p=0.044).

Hepatic vein variation was detected in 122 patients (25.9%).
The most frequently observed variation was type 2
(Figure 2). 87 patients (18.5%) had type 2 (inferior right
hepatic vein), 13 patients (2.8%) had type 3 (same level
anterior and posterior hepatic vein), 12 patients (2.5%) had
type 4 (different level anterior and posterior hepatic vein), 3
patients (0.6%) had type 5 (accessory vein (tributary vein) to
medium hepatic vein), 3 patients (0.6%) had type 7 (more
than 2 hepatic veins at the same level) and 1 patient (0.2%)
had type 8 (more than 2 hepatic veins at different levels)
hepatic vein variation. None of the patients had type 6 (one,
two or more right hepatic vein branches) hepatic vein
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variation. Hepatic vein variations were also observed more
frequently in females, similar to the renal vein (p=0.039).

Portal vein variation was determined in 138 patients (29.3%).
57 patients (12.1%) had type 2 (trifurcation), 65 patients
(13.8%) had type 3 (the right anterior portal vein and the left
portal vein together form a common branch), 8 patients
(1.7%) had type 4 (separate opening of the 6th and / or 7th
segment branch) portal vein anomalies. No statistically
significant difference was found between the genders in
portal vein variations (p=0.065).

DISCUSSION

In this study, at least one venous variation was detected in
388 patients (72.4%). In a study conducted by Koc et al., this
rate was found to be 67.5% [6]. IVC variation was found in 2
patients (0.42%). Type 3 IVC anomaly (double IVC) was
present in these 2 patients. In the Koc et al. study, the
prevalence of type 3 IVC was found to be 0.2% [6]. In a study
by Boyaci et al., the prevalence of IVC variation was found to
be 0.3% [7]. In a study by Dilli et al using lumbar MRl images,
the prevalence of IVC variation was found to be 0.07% [8].
This difference may be related to the evaluation of MRI
images, not CT, in the above-mentioned study. Double IVC
anomaly should be investigated especially in patients with
recurrent embolism. It should also be kept in mind that it
may cause technical difficulties during the insertion of the
IVC filter [9].

In the current study, renal vein variation was detected in 127
patients (26.96%). The most common variation was type 4
(double or more renal veins) detected in 68 patients (14.4%).
In a study conducted by Koc et al., 24.4% of patients had
renal vein variations. Similar to the current study, the most
common variation was reported as type 4 and renal vein
variations were found to be more common in females [6].
Chai et al. compared renal vein variations detected on CT
with the surgical findings in patients who underwent CT
before donor nephrectomy and only 2 of 153 cases had
incompatibility [10]. Knowledge of renal vein anomalies is
especially important in retroperitoneal surgery as they can
cause complications such as bleeding, nephrectomy and
even death [11,12]. In renal transplant donors, the left side is
preferred because of the longer length of the left renal vein.
Therefore, it is important to know whether the left renal vein
has a normal pre-aortic course [13].

Hepatic vein variation was detected in 122 patients (25.9%).
The most frequently observed variation was type 2 and was
the inferior right hepatic vein (IRHV) anomaly, also known as
caudal hepatic vein. 87 patients (18.5%) had type 2 hepatic
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vein variations. Although the prevalence of hepatic vein
variation has been reported as 86% in autopsy studies [14],
this rate varies between 9-67% in imaging-based studies
[15-17]. The reason for this difference may be that below a
certain diameter, visualization cannot be determined by
imaging. In the study by Koc et al., 41.8% of the patients had
hepatic vein variation. Similar to the current study, the most
common subtype was reported as type 2 [6]. The hepatic
venous anatomy is important because it determines the
anatomic structure of the liver. Identification of the location
and variations of the preoperative hepatic veins is clearly
important in terms of planning the surgery and reducing
possible complications [18]. If accessory hepatic veins above
3 mm are not detected before the operation and if they are
not reconstructed in the operation, congestion and liver
failure may develop in the graft through venous drainage
obstruction [18,19]. Even small hepatic veins seen on the
dissection line in liver resections may cause graft congestion
and may be the cause of insufficiency unless properly
reconstructed [20].

Portal vein variation was determined in 138 patients (29.3%).
The most common subtype was type 3 (the right anterior
portal vein and the left portal vein together form a common
branch) portal vein seen in 65 patients (13.8%). In previous
studies, the rate of variation in studies using spiral CT has
been found to be 6-13% [21,22], while studies using MSCT
have reported rates of 20-29% [19,18,23]. The most
important reason for this difference is the increase in the
probability of variation as the section thickness decreases.
Koc et al. found portal vein variation in 27.4% of patients,
with no difference between the genders, similar to the
current study. However, unlike the current study, the most
frequent type reported was type 2 (trifurcation) [6]. There are
some benefits in terms of operative and preoperative
identification of portal variations. Sometimes, anatomic
variations in the portal venous system create a
contraindication to surgery or complicate surgery or
increase the risk of postoperative complications [3,24]. In the
absence of the right portal trunk, the right lobe is fed with
more than one vein (Type 3 variation) originating separately
from the main portal vein and / or the left portal vein. In this
case, more than one portal vein anastomosis should be
performed during transplantation, which increases both the
duration of surgery and the risk of postoperative portal vein

thrombosis [22].

This study had several limitations. First, only the imaging
variables were evaluated and the clinical and laboratory
data of patients were not taken into consideration. However,
the primary aim of this study was to demonstrate the value
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of MSCT findings. Second, the nature of the study was
Third, there was
interobserver variability, although this could be a subject for

retrospective. no assessment of

further study.

In conclusion, it is of great importance to use MSCT prior to
surgical procedures such as transplantation, in which
vascular variations are predetermined, and to pay attention
to variations during reporting of the examination.
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