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Evaluation of portal vein variations in multidetector CT
Vena porta varyasyonlarının multidetector CT’de değerlendirilmesi
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Abstract
Aim: It is important for surgeons to have a comprehensive knowledge of vascular anatomy when performing liver interventions. For
example, liver transplantation requires a vast understanding of vascular anatomy and variations. This study aimed to evaluate the
intrahepatic branching pattern of the portal vein to find out unknown variations.
Methods: Multidetector computed tomography images of the abdomen region were used from the PACS archives of Selcuk University
Medical Faculty Hospital. Images of 838 patients (464 females and 374 males) who had no hepatic pathologies were examined. Images
were evaluated in terms of the presence of variations, and the cases were divided into groups, all of which were compared in terms of
gender.
Results: A previously unknown variation of the portal vein was detected in 4.9% of the patients: The left portal vein curved reversely
after its origination from the main portal vein, supplying liver segments II and IV, after which it branched to supply segment III. In
addition, four types of previously known variations of the portal vein were detected. Normal anatomic branching of portal vein was
detected in 82.6% of the patients.
Conclusion: A previously unknown variation was detected. Awareness of this variation and other known variations is significant in
hepatic transplantation, surgery, and interventions.
Keywords: Portal vein, Multidetector CT, Variation of the Portal Vein, Couinaud segmentation, Liver
Öz
Amaç: Cerrahların, karaciğer müdahalelerini gerçekleştirirken kapsamlı bir vasküler anatomi ye sahip olmaları gereklidir. Karaciğer
transplantasyonu operasyonu vasküler anatomi ve varyasyonlar hakkında iyi bir bilgi gerektirir. Bu çalışma amacı, bilinmeyen
varyasyonları bulmak için portal venin intrahepatik dallanma paterninin değerlendirilmesidir.
Yöntemler: Bu kesitsel çalışma, çok yönlü BT (MDCT) kullanan bir araştırma makalesidir. Karaciğer patolojisi olmayan 838 hastanın
(464 kadın ve 374 erkek) çok dedektörlü BT görüntüleri incelendi. Görüntüler varyasyon varlığı açısından değerlendirildi. Sonuç olarak,
vakalar gruplara ayrıldı. Tüm gruplar cinsiyete göre analiz edildi.
Bulgular: Hastaların %4,9'unda daha önce bilinmeyen bir portal ven varyasyonu tespit edildi: sol portal ven, ana portal venden çıktıktan
sonra ters yönde eğrilir. Karaciğerin II ve IV segmentlerini besler ve segment III'ü besler. Ayrıca, portal damarın önceden bilinen dört
çeşidi de tespit edildi. Hastaların %82,6'sında portal vende normal anatomik dallanma bulundu.
Sonuç: Önceden bilinmeyen bir varyasyon tespit edildi. Bu varyasyonun ve diğer bilinen varyasyonların farkında olunması, karaciğer
transplantasyonu, cerrahi ve girişimlerde çok önemlidir.
Anahtar kelimeler: Portal ven, Multidetector BT, Portal ven varyasyonu, Couinaud segmentasyonu, Karaciğer
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Introduction
The portal vein is an important blood vessel that
conducts blood from the gastrointestinal tract and spleen to the
liver. It is formed by the combination of the superior mesenteric
vein and the splenic vein and divides into the right and left
branches to enter the liver. Branches of the portal vein are
distributed according to Couinaud segmentation and involved in
the liver’s blood supply. Couinaud segmentation divides the liver
into eight functionally independent segments, each with its own
vascular inflow, outflow, and biliary drainage [1-5].
Around 20,000 liver transplants are performed annually
all over the world [1]. Complex hepatobiliary surgical and
vascular intervention procedures have also increased immensely.
Lack of awareness of anatomical variations can result in serious
complications when dealing with such procedures [2-5]. There
are some portal vein variations detected so far. This study was
performed to evaluate the variations of portal vein and describe
undefined variations if found.

Variation of the portal vein

was detected in 8.6% of patients (35 males and 37 females,
Figure 4).

Figure 1: Drawing of (PV) portal vein variations. A: Normal (classic) main PV branching
pattern, B: Main PV output and segmentation branching variation of left PV. C: Trifurcation.
D: Right posterior PV as the first branch of the main PV. E: Segmental branching variance of
right PV divided into three branches. F: Quartifurcation. (MPV: Main portal vein; LPV: Left
portal vein; RPV: Right portal vein; RPPV: Right posterior portal vein; RAPV: Right
anterior portal vein).

Materials and methods
Tomographic images of 838 patients without any liver
pathologies (374 males and 464 females) who underwent
abdominal MDCT imaging for any reason at the Hospital of
Selcuk University, Medical Faculty were examined. The
examination was conducted with 256-section double-tube CT
(Siemens, Somatom, Definition Flash, Germany) device at a
routine section thickness of 3 mm, and 1 mm section intervals
and 1 mm section thickness after reconstruction. The incidence
and type of portal vein variations were defined with multiplanar
reconstruction (MPR), maximum intensity projection (MIP), and
3D volume rendering images [4,6-9]. This study was approved
by the Clinical Trials Ethical Committee of Mevlana University,
Faculty of Medicine (Date and number 3/12/2014 and
26857650/015).
Statistical analysis
Statistical analyses were performed by the Statistical
Package for Social Sciences, version 15.0 (SPSS. Inc, Chicago,
Illinois, USA). Descriptive statistical methods (mean, standard
deviation, frequency, correlation) were used. The incidences of
portal vein variations were compared between males and
females. P<0.05 was considered statistically significant.

Figure 2: MDCT axial image showing, normal anatomy of intrahepatic segmentation
branching PV. (MPV: Main portal vein; LPV: Left portal vein; RPV: Right portal vein;
RPPV: Right posterior portal vein; RAPV: Right anterior portal vein). (Figure 1-A)

Figure 3: MDCT axial image showing segmental branching variation of left PV. (MPV:
Main portal vein; LPV: Left portal vein; RPV: Right portal vein; RPPV: Right posterior
portal vein; RAPV: Right anterior portal vein). (Figure 1-B)

Results
Normal branching pattern of the portal vein was
detected in 345 male and 347 female patients (82.6%; Figures 1
and 2). Portal veins which branched out of the ordinary were
considered variations, which occurred in 246 (29.4%, 129 males,
117 females) patients (Figure 1).
A previously unknown variation was detected in 4.9%
of the patients (22 males and 19 females). The left portal vein
curved reversely after its origination from the main portal vein,
supplying the liver segments II and IV, then branching to supply
segment III (Figure 3).
Four other types of variations previously reported by
other studies were detected. They are as follows:
Trifurcation of the main portal vein into the left portal
vein, right anterior portal vein, and right posterior portal vein

Figure 4: MDCT axial image showing, trifurcation variation of PV. (MPV: Main portal vein;
LPV: Left portal vein; RPPV: Right posterior portal vein; RAPV: Right anterior portal vein).
(Figure 1-C)
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The right posterior portal vein as a first branch of main
portal vein: The first branch of main portal vein is right posterior
portal vein, it continues to the right for a short distance, and
divides into right anterior portal vein and left posterior vein. This
variation was detected in 8.9% of the patients (42 males and 33
females, Figure 5).
Segmentary branching of the right portal vein into 3
parts was detected in 5.7% of the patients (25 males and 23
females, Figure 6).
Quartifurcation of the main portal vein into right portal
vein, left portal vein, right anterior portal vein, and right
posterior portal vein (all these branches originate from the same
root of the portal vein) was detected in 1.2% of the patients (5
males and 5 females, Figure 7).
There was no significant difference between males and
females for incidences of all variation types (P=0.08).

Figure 5: MDCT axial image showing, right posterior portal vein arising from MPV. (MPV:
Main portal vein; LPV: Left portal vein; RPPV: Right posterior portal vein; RAPV: Right
anterior portal vein). (Figure 1-D)

Figure 6: MDCT axial image showing, segmental branching variation of right PV. (MPV:
Main portal vein; LPV: Left portal vein; RPV: Right portal vein). (Figure 1-E)

Figure 7: MDCT axial image showing Quartifurcation variation of PV. (MPV: Main portal
vein; LPV: Left portal vein; RPV: Right portal vein; RPPV: Right posterior portal vein;
RAPV: Right anterior portal vein). (Figure 1-F)
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Discussion
Complications during liver transplantation may result
from portal vein variations, most of which include branching
variations according to segmentation in the liver. In the
literature, there are a lot of studies conducted on this subject.
According to these studies and this present study, approximately
20 % of people have portal vein variations [10-14], some of
which are accompanied by an anomaly. We found portal vein
branching variation in cases with normal abdominal MDCT
findings and determined that the results of the studies reporting
variations were similar to ours. Understanding these variations
facilitates determination of the portal vein segment that will be
ligated.
A previously unknown portal vein variation was
detected in the present study. In this variation, the left portal vein
curved reversely after its origination from the main portal vein,
supplying liver segments II and IV, then branching to supply
segment III. Awareness of this variation is important, especially
in left hepatic lobe interventions. The fact that we have not found
another study reporting this variation may be because of
ethnicity. For example, Munguti et al. [4] reported low (51%)
incidence of normal portal vein branching anatomy in a black
Kenyan population.
In 2002, Gallego reported that the variants in the normal
branching pattern of the intrahepatic portal vein have been
reported since 1957, and they were seen in about 20% of the
population. The most common variations include origination of
the right posterior portal vein from the main portal vein (4.7 5.8%), right anterior portal vein originating from the left portal
vein (2.9 - 4.3%) and main portal vein trifurcation (7.8%-10.8%).
The incidence of trifurcation variation in our study was 8.6%.
Akgul et al. [10], Baba et al. [11], Covey et al. [15], Koc et al.
[12], Takaishi et al. [14], and Sureka et al. [13] reported the
incidences of this variation as 12.3%, 5.2%, 9%, 11.1%, 6.1%
and 6.8%, respectively.
In 2002, Akgul et al. [10] found the prevalence of
intrahepatic portal venous branching variations on helical CT
images. They did not specify a typing in their study and reported
the incidence of right posterior portal vein variation as a first
branch of main portal vein as 0.3%, while it was 8.9% in our
study. Baba et al. [11], Covey et al. [15], Koc et al. [12],
Takaishi et al. [14], and Sureka et al. [13] reported incidence of
this variation as 2.6%, 13%, 9.7%, 4.7% and 5% respectively.
However, that reported by Akgul et al. [10] was exceptionally
low.
In a study by Covey et al. [15] examining portal vein
variations in 200 CT portographies, the authors reported that
knowing the presence of portal vein variations is important also
in transhepatic portal vein embolization and percutaneous
interventions
such
as
transhepatic
intraparenchymal
portosystemic shunting. The incidence of segmentary branching
of the right portal vein in our study is 5.7%. Covey et al. [15],
Koc et al. [12], and Sureka et al. [13] reported the incidence of
this variation as 7%, 3% and 4%, respectively.
Iqball et al. [7] studied liver segmentation and portal
vein variations in their review. They grouped the variables under
5 types in accordance with the definition by Cheng Y et al: Type
1, which occurred in 65% to 80% of general population, was
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defined as the one in which the right portal vein branched into
the right anterior portal vein (RAPV) and right posterior PV
(RPPV) from the main portal vein. Type 2 indicated portal
trifurcation and had an incidence of 10.9 - 15% among the
general population. They defined portal trifurcation as branching
of the right anterior, right posterior, and left portal vein from the
main portal vein. Type 3 or “Z” anomaly was branching of the
right posterior PV directly from the main portal vein. This was
the second most common type with an incidence between 0.3 7%. The authors stated that right portal vein trifurcation was seen
in 0.6 - 2.69%. Type 5 was defined as the right vein trifurcation
in which the branch of segment VI is the first branch of right
portal vein, with an incidence of 1.34 - 2.4%. The incidence of
quartifurcation variation in our study is low, as in the other
studies [7,12,16-18].
Incidences of previously known variations detected in
the present study are similar with the incidences reported in other
studies.
Limitations
Our study was studied on a single race in a single
hospital, therefore, the differences of variations based on race
could not be determined. Individuals whose variation is screened
retrospectively were healthy, thus, the connection between the
detected variations and diseases was not determined.
Conclusion
A previously unknown variation was detected with an
important incidence in the present study. Awareness of this
variation and other known variations is imperative in hepatic
transplantation, surgery, and interventions. Well understanding
of intrahepatic portal vein variations with the increasing use of
abdominal MDCT will reduce the possible risk in practice.
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