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Objective: The objective of this study is to determine the frequency and types of
hepatic vascular (portal venous, hepatic arterial, and hepatic venous) variations
in a large patient series using multi-dedector computed tomography (MDCT)
and to highlight surgical complications that may arise secondary to vascular
variations.

Material and Methods: Images of 860 patients who underwent routine dynamic
abdominal MDCT examinations using standard protocols at our hospital between
April 2012 and March 2013 were retrospectively examined for hepatic vascular
variations. Fifty patients were excluded from the study because they did not
meet the inclusion criteria. The obtained data were evaluated using advanced
imaging methods such as maximum intensity projection (MIP), multiplanar
reconstruction (MPR), and 3D volume calculation (volume rendering-VR).

Results: A normal portal venous (PV) branching pattern was observed in 656 of
810 patients (81%), a normal hepatic venous branching pattern was detected
in 562 of 793 patients (70.9%), and a normal hepatic artery (HA) branching
pattern was detected in 708 of 798 patients (88.7%). In our study, the most
common hepatic artery variation was Type 3 (6.1%), and the most common
hepatic venous variation was Type 2 (16.7%). The most common portal venous
variation was identified as the segment 7 branch originating separately from
the right portal vein in Type 1 portal venous branching (4.1%).

Conclusion: MDCT is an effective method for detecting hepatic vascular
variations. During the reporting of abdominal tomography examinations,
attention to and mention of hepatic vascular variations is important from
a clinical perspective, as significant variations can alter the surgical plan and
reduce complications.

Introduction

Information regarding anatomical variations in hepatic vascular structures is
of great importance in planning hepatobiliary surgery, liver transplantation and
donor procedures, transarterial therapy, and other endovascular interventions
(1). The presence of hepatic vascular variations may necessitate changes in
surgical techniques, and failure to perform appropriate preoperative evaluations
may lead to life-threatening outcomes such as graft ischemia, biliary (bile duct)
complications, pseudoaneurysm, or hemorrhage (2). Therefore, clearly mapping
the vascular anatomy prior to surgical or interventional radiology planning is
fundamental to preventing complications.

One of the most significant problems in liver transplantation is that
the amount of liver available from cadavers cannot meet the demand for
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transplantation, leading to a rapid increase in the need
for liver transplantation from living donors (3). Due to
the complex structure and frequent variations in hepatic
vascular anatomy, vascular mapping using appropriate
imaging methods is essential for the safety of the donor and
the success of the graft in living donor liver transplantation
(4).

Doppler Ultrasonography, digital subtraction
angiography (DSA), magnetic resonance angiography (MRA),
and CT angiography techniques can be used to visualize the
hepatic vascular system. In recent years, with advances
in radiology technology, low-risk, non-invasive diagnostic
methods such as MDCT and magnetic resonance imaging
(MRI) have begun to be used as alternatives to conventional
angiography. The multi-detector structure used in MDCT
has significantly reduced the imaging time and improved
the image quality. Following routine imaging, the vascular
system can be easily visualized using techniques such as
MPR, VR, and MIP without the need for repeat imaging (5,6)

Hepatic Arterial Anatomy: It is the branch of the common
hepatic artery originating from the celiac trunk that goes to
the liver. After the gastroduodenal artery and right gastric
artery branch off, it ascends as the a. hepatica propria within
the hepatoduodenal ligament, to the left of the common
bile duct and in front of the portal vein. It divides into two
branches, right and left, within the hepatic pedicle, and
into segmental branches within the liver. There are many
variations of the hepatic artery. If a segment of the liver is
supplied by an aberrant artery in addition to the branch it
receives from the hepatic artery, then it is referred to as an
accessory artery. If all blood is coming from the accessory
artery, replacement is indicated. A. hepatica propria may
Table 1: Michel Classification of Hepatic Artery Variations

originate entirely from the superior mesenteric artery
(SMA), a condition referred to as total replacement (7).
Table 1 shows the Michel Classification of Hepatic Artery
Variations.

Hepatic Venous Anatomy: Generally, there are 3 main
hepatic branches that drain into the inferior vena cava
(IVC). The left hepatic vein (LHV) drains segments Il and I,
the middle hepatic vein (MHV) drains segments IV, V, and
VIII, and the right hepatic vein (RHV) drains segments V, VI,
and VII. Table 2 shows the classification of hepatic venous
variations used in our study.

Portal Venous Anatomy: In normal anatomy, the main
portal vein (PV) is divided into a large right PV (RPV) branch
and a smaller left PV (LPV) branch at the level of the liver
hilus. The left PV runs horizontally in the medial ligamentum
teres. The main part supplies segments Il and Il of the liver,
the superior and inferior branches supply segment IV, and
the caudate branches supply segment I. The right PV is
divided into anterior (right APV) and posterior (right PPV)
trunk. The branches of the anterior trunk supply segments
V and VIII, while the branches of the posterior trunk supply
segments VI and VII. Any deviation from this structure is
considered an anatomical variation.

Type 1 Normal Classical Branching Pattern
Variations
e Trifurcation (Type 2)

e Origin of the right portal vein (PV) branch as the first
branch of the main portal vein (Type 3)

e Quadrifurcation

Type of Course of Branches of the Hepatic Arteries

Variation

Type 1 The proper hepatic artery gives off branches to the left hepatic artery (LHA) and right hepatic artery (RHA). (Conventional
anatomy)

Type 2 The left hepatic artery originates from the left gastric artery. (replaced left hepatic artery)

Type 3 The right hepatic artery originates from the superior mesenteric artery. (Replaced right hepatic artery)

Type 4 Replaced right hepatic artery originates from the superior mesenteric artery, and the replaced left hepatic artery originates from
the left gastric artery. (Combined type, replaced right and replaced left hepatic artery).

Type 5 Left accessory hepatic artery originating from the left gastric artery

Type 6 The right lobe is supplied by both the right hepatic artery originating from the a. hepatica propria and the accessory right hepatic
artery originating from the superior mesenteric artery.

Type 7 The right and left hepatic arteries originating from the a. hepatica propria, as well as the accessory left hepatic artery originating
from the left gastric artery and the accessory right hepatic artery originating from the superior mesenteric artery, are observed.

Type 8 Replaced right hepatic artery originating from the superior mesenteric artery and an accessory left hepatic artery originating
from the left gastric artery are observed together. Alternatively, in this type, an accessory right hepatic artery may accompany the
replaced left hepatic artery.

Type 9 The main hepatic artery originates from the superior mesenteric artery.

Type 10 The main hepatic artery originates from the left gastric artery.
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Table 2: Hepatic Venous Variations

Type of variation | The course of Hepatic Venous Structures

Type 1 It is the normal hepatic vein anatomy. Typically, there are three main hepatic veins that branch off from the inferior vena
cava at the diaphragm level. Of these, the RHV extends in the coronal plane between the anterior and posterior segments
of the right hepatic lobe. The MHV extends between the right and left hepatic lobes and is particularly visible in sagittal
and parasagittal images of the liver. The left hepatic vein runs between the medial and lateral segments of the left lobe.

Type 2 An accessory inferior right hepatic vein draining into the inferior vena cava is present.

Type 3 Anterior and posterior right inferior hepatic veins, which drain into the vena cava at the same level, are observed.

Type 4 The medial and inferior right hepatic veins draining into the vena cava at different levels are present.

Type 5 In this hepatic vein variation, there is an accessory vein called the tributary hepatic vein that joins the middle hepatic vein.

Type 6 It is characterized by the absence of one or both of the right, left, and middle hepatic vein branches.

Type 7 It is the presence of more than two branches from the inferior right hepatic vein at the same level.

Type 8 It is the branching of the inferior right hepatic vein from more than two different levels.

e Absence of PV bifurcation

e Intrahepatic clustered branching of the portal vein
(total ramification)

e Segment VI portal vein branch originating from the
main portal vein

e Segment VIII portal vein branch originating from the
main portal vein

e Congenital portocaval shunt
Right PV variations
Normal classical branching pattern
Variations

e Separate origin of the segment VI portal vein branch
from the right portal vein

e Separate origin of the segment VIl portal vein branch
from the right portal vein

e Separate origin of both segment VI and VII portal vein
branches from the right portal vein

e Segment VIl portal vein branch originating from the left
portal vein

e Trifurcation of the right posterior portal vein
e Quadrifurcation of the right posterior portal vein

Although studies reporting the frequency of hepatic
vascular variations in different populations exist in the
literature, there is a need for current data from large series
using multi-dedector CT (MDCT) in the Turkish population.
The aim of this study is to determine the frequency and
types of hepatic vascular variations using MDCT in a large
patient series and to emphasize the importance of these
variations in surgical planning.

Material and Methods
The study retrospectively included routine dynamic

intravenous (IV) contrast-enhanced upper abdominal
CT examinations performed using a 256-slice computed
tomography scanner on patients who visited our hospital
for any reason between April 2012 and May 2013. The study
received ethical approval from the Marmara University
Faculty of Medicine Hospital Ethics Committee under
protocol code 09.2013.0090. Due to the retrospective
design of the study, there is no need for a patient consent
form. The study was conducted in accordance with the
Declaration of Helsinki.

CT images of 860 patients were scanned for the study.
Fifty of these patients were excluded from the study due
to the presence of widespread tumors in the liver, partial
hepatic resection, and disruption of arterial anatomy due
to widespread collateral formation. A total of 810 patients,
403 men and 407 women, were included in the study. Portal
venous system variations could be evaluated in all 810
patients included in the study. Hepatic arteries could not
be evaluated in 12 patients and hepatic venous structures
could not be evaluated in 17 patients because images could
not be obtained in the appropriate phase after IV contrast
administration.

All images were acquired using a 256-detector CT
scanner device (Somatom Definition Flash CT scanner,
Siemens Healthineers, Germany) at a routine section
thickness of 3 mm, and 1 mm section intervals and 1 mm
section thickness after reconstruction. Following IV contrast
administration, arterial phase images were acquired at 30-
40 seconds, portal venous phase images at 50-60 seconds,
and venous phase images at 85 seconds.

Image Processing and Evaluation

Phase images obtained at the appropriate time after
intravenous contrast administration were evaluated in the
axial, coronal, and sagittal planes using post-processing
applications such as MPR, VR, and MIP at the workstation.

Michel's classification of variations in the hepatic arterial
system, Atasoy and colleagues' classification of variations
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Table 3: Distribution of Hepatic Artery Types Tabled4: Distribution of Portal Vein Types
n % n %

Rare Occurrences 8 1 Typel 656 81.0

Type 1 708 88.7 Type 2 34 4.2

— : 07 Type 3 120 14.8

Type 3 29 61 Table 5: Distributions of the Variations Observed in Type 1

4 4 n %

Type 05 Type 1 656 | 100.1

Type 5 3 0.4 No RPV Variation 602 91.8
RPV Variation 54 8.2

Type 6 1 01 Separate branching of Segment VII from the RPV 27 4.1

Type 7 - - Separate branching of Segment VI from the RPV 14 2.1

Type 8 - - RPV Trifurcation 9 1.3
RPV Quadrifurcation 1 0.2

Type 9 20 2.5

945 rows, 699 cold

) : Figure 3: Conventional portal vein anatomy in axial MIP image.
\» s B )/ The portal vein branches into the right portal vein and the left
Figure 1: Type 3 hepatic artery variation in the coronal MIP image, ~ Portal vein. The right portal vein divides into the anterior sector

where the right hepatic artery (red arrow) originates from the branch supplying segments V and VIil and the posterior sector
superior mesenteric artery. branch supplying segments VI and VII. The left portal vein divides

into branches supplying the left lobe.

Figure 4: Trifurcation variation in the portal vein on MIP image.
Three branches (stars) extend from the main portal vein (arrow):
the posterior sector branch supplying segments VI and VII, the
anterior sector branch supplying segments V and VIll, and the left
portal vein supplying the left lobe.

Figure 2: Type 2 hepatic artery variation in the coronal MIP image,
where the left hepatic artery originates from the left gastric artery.
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Figure 5: Trifurcation-like branching pattern (stars) in the right
portal vein (arrow) on the axial MIP image.

Table 6: Distribution of Hepatic Vein Types

n %
Type 1 562 70.9
Type 2 133 16.7
Type 3 30 3.8
Type 4 18 2.3
Type 5 43 5.4
Type 6 1 0.1
Type 7 - -
Type 8 6 0.8

Figure 6: Coronal MIP image. Accessory inferior hepatic vein
variation. The accessory right inferior hepatic vein (red arrow),
which is almost the same width as the right hepatic vein (black
arrow), is seen to open into the inferior vena cava more caudally
than the right hepatic vein.

in the portal venous system, and Nakamura's study of
variations in the hepatic venous system were accepted as
references (8-10).

In the evaluation of the hepatic venous system, the
presence of a vein wider than 5 mm draining segment V or
segment VIII into the MHV and crossing the hepatectomy
plane during liver transplantation, as well as the presence
of a right accessory inferior hepatic vein, was investigated.

When evaluating the portal venous system, potential
variations that could adversely affect transplantation
surgery, such as trifurcation or quadrifurcation of the main
portal vein and the separate origin of segments VI and VIl
from the right main portal vein, were assessed. The shape of
the opening between the origin of the right anterior PV and
the right posterior PV was used for the distinction between
Type 2 and Type 3 portal vein. If this gap was triangular in
shape, it was classified as Type 2; if it was quadrangular in
shape, it was classified as Type 3.

Result
Hepatic Artery Variations

A total of 798 patients were evaluated for hepatic artery
variations. The findings are shown in Table 3.

Examples of hepatic artery variations are shown in
Figures 1 and 2.

Portal Venous Variations

A total of 810 patients were evaluated for portal vein
variation. The findings are seen in Table 4.

The most common variation observed in Type 1 is the
separate origin of the segment VIl branch from the right
portal vein (RPV). The distribution of the variations observed
in type 1isindicated in Table 5 and examples of variations of
the portal vein are seen in figures 3, 4 and 5.

Hepatic Venous Variations

793 patients were evaluated for hepatic vein variation.
The findings are seen in Table 6.

An example of hepatic vein variation is seen in Figure 6.

Discussion

Advances in CT, a non-invasive imaging modality,
enable thin slices to be taken in a short scan time, allowing
even very fine vascular structures to be evaluated. These
capabilities now allow for more precise timing in imaging
the arterial, portal, and hepatic venous phases. Thin-slice
imaging has enabled three-dimensional reconstructions
to become more visually successful and to be used more
frequently for diagnostic purposes.

The introduction of MDCT has enabled high-speed, high-
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resolution helical imaging of the entire liver parenchyma
during a single breath hold. Rapid helical data acquisition
enables the examination of larger volumes in a short time,
reduces motion artifacts and the amount of contrast bolus
used, and ensures accurate multiphasic organ scanning and
vascular mapping. The ability to take thin slices increases
spatial resolution and minimizes partial volume averaging.

Therearevarious publications onthe evaluation of donor
candidates with the MDCT before liver transplantation.
Kamel et al, reported that MDCT scanning successfully
displays both parenchymal and vascular structures in the
radiological evaluation of liver transplant candidates and can
accurately perform volumetric measurements (11). Gupta
et al, compared MDCT findings with surgical outcomes and
found that findings related to the hepatic arterial and portal
venous systems were consistent with 100% sensitivity and
specificity (12).

Variations in the hepatic arterial system are common,
as noted by Redman and Reuter in their 1969 publication,
which has been referenced in numerous articles; however,
while they do not constitute an absolute contraindication
for transplantation, their presence informs the surgeon
about which operative technique to use (13). Michel et
al, have provided a detailed classification of the anatomy
and variations of the hepatic arterial system (7). In addition
to the types of arterial variations classified in Michel's
study, variations considered rare were observed in our
study. These are variations where in 1 patient the right
hepatic artery (RHA) originates separately from the aorta,
in 2 patients the RHA originates separately from the celiac
trunk, in 4 patients the common hepatic artery originates
separately from the aorta, in 1 patient it originates from the
celiac trunk, and in 1 patient both the right and left hepatic
arteries originate separately from the celiac trunk. Abdullah
SS et al, demonstrated in their study involving 932 patients
that the common hepatic artery originated separately from
the aorta in 3 patients (14).

Theincidence of portal vein variations has been reported
to be between 20% and 35% (15,16). In a study involving
1384 patients, Kog et al found the portal vein variation rate
to be 27.4%, the Type 2 variation rate to be 11.1%, and
the Type 3 variation rate to be 9.7% (17). Differences in
variation rates across various studies have been attributed
to the population studied, the number of patients, and the
imaging technique used. Knowledge of portal vein variation
types is essential, and clinically significant portal vein
variations must be explicitly noted in CT reports. The shape
of the opening between the origin of the right anterior
PV and the right posterior PV was used for the distinction
between Type 2 and Type 3 portal vein in our study. If this
gap was triangular in shape, it was classified as Type 2; if it
was quadrangular in shape, it was classified as Type 3.

It is important to surgically identify primary PV type 2
variation in right lobe liver donor candidates, as failure to
recognize it beforehand and during right lobectomy may
result in damage to the liver parenchyma. The distinction
between type 2 and type 3 PV variations is also quite
important, as type 3 variations will make the surgical
procedure more complex in transplant donor candidates.
In Type 3 anatomy, two separate portal vein grafts will be
used for the right anterior PV and right posterior PV, and the
risk of thrombosis will increase (8,18,19). It has also been
reported that biliary variations, known to be important in
transplantation operations, accompany PV variations (20).

Hepatic venous anatomy is important because it
determines the anatomical structure of the liver. Identifying
the location and variations of preoperative hepatic veins
is certainly important for planning surgery and reducing
potential complications. Two important variations
that should be known prior to transplantation surgery,
particularly in the hepatic venous system, are the hepatic
vein variations known as type 2 and type 5. Sureka et al,
reported a rate of 37% for type 2 right accessory inferior
hepatic veins in a similar study involving 500 patients (21).
Accessory hepatic veins are necessary for venous drainage
of the transplanted right lobe (22). These accessory hepatic
veins drain the posterior part of the liver (mainly segments
VI and VII) (23). If accessory hepatic veins larger than 3 mm
in diameter are not detected before surgery and are not
reconstructed during surgery, venous drainage obstruction
may lead to graft congestion and liver failure. If a large
accessory inferior hepatic vein is detected, the distance
between the point where this vein opens into the inferior
vena cava in the coronal plane and the junction of the right
hepatic vein and inferior vena cava also becomes important.
A distance greater than 4 cm complicates the surgery and
prolongs the surgical time (24). In right lobe transplantation,
the hepatectomy line is routinely drawn approximately
1 cm to the right of the middle hepatic vein. Therefore,
it is important to know whether there is any significant
vascular structure crossing the hepatectomy plane. Under
ideal conditions, all venous drainage from segments V and
VIII should be via the right hepatic vein. Segments V and
VIl veins, which drain into the middle hepatic vein and
are wider than 5 mm, should be examined in preoperative
imaging. If these variations are unknown and the veins are
ligated, ischemic necrosis occurs in the segment they drain,
which can lead to graft failure in the recipient (6,25).

Our study has some limitations. Firstly, the study was
conducted at a single center, and all patient images were
evaluated by a single researcher. Secondly, the number of
patients is relatively low.

Conclusion
The incidence of variation in the hepatic vascular system
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is quite high. Although variations in the vascular system
rarely prevent transplantation, knowing these variations in
advance guides the surgeon during the operation and allows
for the prediction of possible complications. Advances
in radiological examination techniques have minimized
the need for invasive tests such as hepatic angiography
and endoscopic retrograde cholangiopancreatography
(ERCP), which were previously routinely performed during
the preoperative preparation phase and could lead to
complications. As emphasized in numerous studies in the
literature, multi-dedector CT and CT angiography provide
preoperative mapping of the hepatic arterial, hepatic and
portal venous systems of donor candidates prior to liver
transplantation and non-invasively revealing vascular
variations that may complicate or prevent surgery.
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conflicts of interest.

Funding: There is no funding in this study.

Data supporting the findings of this study are available from
the corresponding author upon reasonable request.
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