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ABSTRACT

Introduction: the blood supply to liver is supplied by hepatic artery which contributes to about 25% to 30 %. and from the
portal vein which contributes to the remaining 70%-75%. The variations in portal venous anatomy and dimensions of portal
veins are important in liver related procedures like transplant, resections, Trans jugular Intra parenchymal Porto-Systemic
Shunt (TIPSS) and radiological intervention procedures.

Objective: to describe the anatomic variations in branching pattern of portal vein by CECT scan method. To study the
morphometry of portal vein and its major branches (length, diameter) by 3D reconstruction of CECT scan method.

Method: 80 CECT scan images of patients was collected from the Radiology Department to evaluate variations in branching
pattern of portal vein. Axial and post processed 2D and 3D reformations contributed for accurate evaluation of morphometry
of major portal veins.

Results: type | pattern of portal vein was observed in 87.5%, Type Il in 10% of cases and Type Ill in 2.5% of cases. There was no
gender difference in branching pattern and for variations of portal vein. The mean + SD of length of main portal vein, right
portal vein and left portal vein were 3.8+0.94, 1.69+ 0.4, 2.91+0.71 respectively and diameters of main portal vein, right portal
vein and left portal vein were 0.98+0.13, 0.68+0.08, 0.50+0.04 respectively.

Conclusion: this study highlights the branching pattern and dimensions of portal veins which is prerequisite for hepatobliliary

and liver transplantation surgeries.
Keywords: Portal veins; Liver; CECT scan; Liver surgeries.

Introduction

The liver being the largest organ in human body
accounts to 2% to 3% of average body weight. Liver is
located in the right upper quadrant of the abdominal
cavity which is well protected by the thoracic
cage and maintains its position through peritoneal
reflections and various ligaments.! Morphologically
and functionally liver has been divided into two lobes;
right and left lobes demarcated by falciform ligament.
But on basis of external appearance liver is divided into
four lobes which are: right, left, quadrate, and caudate
lobes.?

The liver is a highly vascular organ which has dual
blood supply, 25% to 30% supplied by the hepatic artery
and 70 to 75% supplied by portal vein.® The portal vein
is approximately 8 cm long and ascends obliquely to
the right behind the first part of the duodenum and
enters the porta hepatis dividing into right and left
main branches within the lesser omentum.

The right branch of the portal vein is only 2-3 cm
in length and usually divides into anterior division
supplies segments V and VIII, and a right posterior
division supplies segments VI and VII. The left portal
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vein has a longer extrahepatic course (4-5 cm) than the
right portal vein, tends to lie more horizontal, and is
often smaller in calibre. It has a horizontal portion that
runs along the inferior surface of segment IV and gives
branches to segment I and sometimes to segment IV.
The left branch of the portal vein continues within the
liver, giving off branches to II and III.*

Because of complex vascular anatomy of liver there
is high incidence of variants and in 10-15% of livers
right branch of portal vein variation is common.®
The variations of portal veins is quite important in
segmental liver resections of liver which is a curative
treatment for hepatocellular carcinoma.® According
to Nakamura classification of portal veins Type A-The
usual bifurcation of main portal vein into right and left
portal vein, Type B- Trifurcation of main portal vein
into right anterior, right posterior and left portal vein,
Type C- Right posterior branch arising proximally
from main portal vein and main portal vein bifurcating
right posterior branch and left portal vein, Type D-
Right posterior branch arising separately from the left
portal vein Type E- Branches of segment V and VIII
originating separately from the left portal vein.’
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Embryologically, the portal vein is formed by
selective involution of the vitelline veins, which have
two anastomoses anterior and posterior anastomosis.
The proximal ventral anastomoses forms left branch of
portal vein, the dorsal anastomoses forms main portal
vein. The distal anastomoses usually disappears. Any
alteration in pattern of these anastomoses will result
in portal vein variations.®

Portal hypertension is caused due to Budd Chiari
syndrome, cirrhosis of liver, veno-occlusive disease,
and congenital hepatic fibrosis. The life saving
procedure to prevent esophageal variceal bleeding
is transjugular intraportosystemic shunt(TIPS). To
decide the size of stent, accurate dimensions of portal
veins and hepatic veins is important for successful
portocaval shunting procedure.® Presence of variations
in portal venous anatomy should never be a surprise to
the surgeon and detailed imaging studies need to be
performed on the patient before planning the surgery.
Hence the present study aims to determine portal
vein variations and dimensions by Contrast enhanced
CT scan method which will help the hepatobiliary
surgeons to plan, modify as needed and execute a
complex surgery in a safe manner.

Material and Method

Cross sectional study was conducted in 80 patients
at JSS Medical College, Mysore. Ethical clearance was
obtained from Institution ethical Committee and
informed consent was obtained from patients for CECT
images. Contrast Enhanced CT was performed on
Philips Ingenuity Core 128 (Philips Healthcare Co, Ltd,
PMS, Cleveland Inc, US). Scans were obtained in venous
phase with the threshold set at 1220HU. Images of about
3mm thickness were observed and additional images
were reconstructed with 0.625mm reconstruction
intervals for detailed interpretation. Definitions
of portal vein and its tributaries were observed by
skilled Radiologists and variations of the same were
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documented. Axial source images remained the basis
for observing portal venous anatomy, however post
processed 2D and 3D reformations contributed for
accurate evaluation. The morphometric measurements
of vessels (length, diameter) were analyzed in sagittal
and coronal planes of multiplanar processed images.

Inclusion criteria: All the abdominal contrast
enhanced CT scan images without liver lacerations
were included for the study.

Exclusion criteria: Those patients with extrahepatic
malignancy, cholangiocarcinoma or diffuse portal vein
(PV) thrombosis were excluded from the study

Statistical Analysis: Frequency of variations of portal
veins was calculated and expressed as percentages.
The descriptive Statistics (Mean, SD) were obtained
for length and diameter of Portal veins. Analyzed data
was expressed as Mean+SD. The differences between
means were interpreted statistically significant at
p<0.05. Mann Whitney U test was performed to see
the significant difference between variants (Type I vs
Type 1) for length and diameter of Portal Veins. The
whole statistical analysis was performed using SPSS

version 22 (licensed to JSS AHER).

Results

The normal anatomy the portal vein (Type I) was
observed in 87.5% by CECT scan method while the
remaining showed variant branching pattern.(Figure
1) The most common variation observed was Type
II, where there was trifurcation of portal vein into
right anterior portal vein, right posterior portal vein
and left portal vein. This variation was seen in 10%
(Figure 2) and 2.5% cases for Type III (separate origin
of right posterior portal vein from main portal vein,
then common trunk which divided into right anterior
portal vein and left portal vein) as shown in Figure 3.
There was no gender difference in branching pattern
and for variations of portal vein.

Figure 1. Showing Coronal CECT image with Type | portal vein-Main portal vein(MPV) divides into right and left portal veins. The right portal vein RPV divides into right
anterior and right posterior veins. The left portal vein (LPV) divides into medial and lateral branches
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Figure 2. Showing Type Il or trifurcation of portal veins into right anterior, right posterior and LPV by cast and axial image of CECT scan

Figure 3. Showing Type IIl or right posterior vein arising from MPV in oblique coronal image of CECT scan

The length and diameters of MPV, RPV and LPV  Type Il variants. There was no significant difference
were analyzed using descriptive statistics as shown (p>0.05) observed in length and diameters in Type
in Table 1. The length and diameters of portal veins II variants compared to Type I as shown in Table 2.
(MPV, LPV, RPV) were compared for Type I and
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Table 1. Showing Mean +SD for length and diameters of portal veins by CECT scan method (n=80)

Parameters Portal veins : CECT Method

Min-Max Mean £SD

Main Portal Vein 21-5.9 3.80+0.94

Length (in cms) Left Portal Vein 21-43 2.91+0.71

Right Portal Vein 0.9-31 1.69+0.40

Main Portal Vein 0.7-1.2 0.98:0.13

Diameter (in cms) Left Portal Vein 0.4-0.6 0.5+0.04

Right Portal Vein 0.5-0.83 0.68+0.08

Table 2. Showing comparison of length and diameters of portal veins in Type | vs Type Il variants
Parameter Methods Typel Typell 1z| p-value
Mean Rank Mean Rank

Main portal vein 40.70 29.70 1.040 0.299
Length (in cms) Left Portal Vein 40.35 34.80 0.527 0.598
Right Portal Vein 41.01 2510 1.507 0132
Main portal vein 40.96 25.80 1.449 0147
Diameter(in cms) Left Portal Vein 39.86 42.00 0.203 0.839
Right Portal Vein 38.76 58.30 1.848 0.065

Discussion

Liver transplantation involves implant of a whole or
part of a donor liver into arecipient with liver failure.
Classically a liver transplant operation involves three
vascular anastomosis and One biliary anastomosis. The
vascular anastomosis includes- two inflows namely
Hepatic artery Portal vein and one venous outflow.
Division of the liver in the donor is wholly dependent
on the Vascular anatomy as the parenchymal
transection follows vascular planes. Any variation in
the vascular anatomy will alter surgical plans, both
in the donor and in the recipient during implantation
for example, trifurcation of portal vein (Type II) needs
double anastomosis. Rarely portal vein anomalies in
the donor might even contra-indicate donation where
the blood supply to the remnant donor liver may be
compromised.’® Example include, in trifurcation of
portal vein right hepatectomy is contraindicated. The
incidence of portal vein variations in the liver and
the surgical implications are increasingly obvious."
With the growing popularity of complex hepatobiliary
surgical and percutaneous portal vein embolization
procedures, the detection of portal vein variants are
increasingly relevant. In LDLT, careful handling of the
vascular system is critical to avoid causing injury to
portal vein in the residual liver.’*!>

In the present study the classical Type I portal
vein was the most commonly encountered and was
observed in 87.5%, Type II in 10% and Type III in 2.5%.
In previous studies by Kishi Type I was observed in
91% and Type II 9% of cases.® Takeishi and others
reported Type I in 89% , Type II in 6.1% and Type III

in 4.7%.1% Hence our present study findings for Type I
is in concordance to Takeishi. Type I variant observed
by Sureka was 80%, Type Il in 6.83%, Type III in 4.9%
, Type IV in 2.69% and Type V in 1%.7 Convey and
others reported Type [ in 65% , Type Il in 9%, Type III
in 13% and Type V in 6%. Hence our present study the
prevalence of variations of Type II was in accordance
to study conducted by Convey.®

In the present study, length of Main portal vein was
2.1-5.9 cms, length of the Right Portal Vein ranged
from 0.9 to 3.1 cms and length of the Left portal vein
ranged from 2.1-4.3cms. The diameter main portal
vein was 0.7-1.2cm, right portal vein 0.5-0.8 and left
portal vein 0.4-0.6 respectively. Abdoulaye Kante
et al studied morphometry of main portal veins in
1000 cases by Ultrasound and reported that in 29.8%
of the cases, the length of the main portal vein was
between 61 and 70 mm and in 8.8% between 81 and
100 mm. The transverse diameter of the portal vein in
its origin varied between 8 and 10 mm in 57.9% of the
cases. The transverse diameter of the portal vein near
its termination varied between 8 and 10 mm in 56.9%
cases.!

Harsimarjith Kaur reported the average length of
main portal was found to be 62.9 mm and average
breadth of Portal vein at its midpoint between its
formation and termination was found to be 16.8 mm.*
In previous study reported by Arora the length of Right
portal vein was 1.3-2.3 cms.”

The variations of portal veins is important in
procedures such as liver transplants for appropriate
vascular ligation and anastomosis. Portal hypertension
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is caused due to Budd Chiari syndrome, cirrhosis of
liver, veno-occlusive disease, and congenital hepatic
fibrosis. Transjugular Intrahepatic Portosystemic
Shunt is a procedure that uses imaging guidance to
connect the portal vein to the hepatic vein in the liver.®
Hence the morphometry of portal veins is essential
to prevent potential complications during shunting
procedure.

Conclusion

The present anatomical data helps surgical
gastroenterologists and laparoscopic surgeons
to modify surgical approach in order to achieve
satisfactory outcome. Preoperative imaging in
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