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ABSTRACT
Introduction: Knowing the variations in the course of the portal
vein is significant for performing surgeries of pancreas and
duodenum. It is also helpful in managing the cases of traumatic
rupture of mesentery. Awareness about the variations of the portal
vein is critically important in surgical resection and transplantation,
specifically during pre-treatment planning in order to reduce the
complication rates of the surgical and radiological procedures.
Also, the comprehensive knowledge of the portal vein variations
is the key issue in determining the technical feasibility of surgical
interventions like liver transplant, portal vein embolization before
hepatectomy as well as the postoperative management.
Aim: To study the anatomical variations of portal vein, correlate
the study with clinical conditions and to give valid ontological
explanation for the same.

Materials and Methods: Twenty four cadavers embalmed in
10% formalin were procured from the department of anatomy
and were dissected. Variations found were meticulously cleaned
and photographed.
Results: Variations seen were: formation of portal vein by the
confluence of superior mesenteric, inferior mesenteric and
splenic vein (1 case) also Inferior mesenteric vein terminating
into superior mesenteric vein (6 cases) and many more.
Conclusion: The present study was undertaken with the intention
of determining the approximate percentage of incidence of
major variations in the formation of portal vein. Awareness of
such variations prior to major abdominal surgeries can thus
prevent massive intraoperative haemorrhage.
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Introduction
The term portal is derived from the latin word “portare” which means
to carry. As the portal vein is the primitive veins recent adaptation in
development of portal vein in relation with right vitelline vein appears
to be modified [1].
The portal system includes almost all the veins draining the abdominal
part of the digestive tube (except the lower anal canal), spleen,
pancreas and gallbladder. It conveys the blood from abdominal
viscera of gastrointestinal tract to the liver, where it ramifies like an
artery, ending in sinusoids, from which vessels again converge to
reach the inferior vena cava via hepatic veins. In adults, the portal
vein and its tributaries have no valves, in foetal life and for a short
postnatal period valves are demonstrable in its tributaries, usually
they undergo atrophy [2].
Portal venous system of the body connects intestinal capillaries and
hepatic sinusoids. The largest vessel of this system is the portal
vein, which is formed by convergence of Superior Mesenteric Vein
(SMV) and Splenic Vein (SV) behind the neck of pancreas at the level
of L2 vertebra [3].
Portal vein measures about 8 cm in length and 2 cm in width. From
its formation it ascends upwards and slightly to the right behind the
neck of pancreas in front of inferior vena cava. It then enters the
free margin of lesser omentum and reaches porta hepatis, where
it divides into its right and left branches which accompany the
corresponding branches of hepatic artery into the liver [4].
Between its formation and its disappearance into liver, the portal
vein typically receives tributaries from stomach and upper part of
pancreas and duodenum. The left gastric vein joins it in its lower
part, while right gastric vein runs upwards to join it. Apart from
these, portal vein also receives paraumbilical veins running along
ligamentum teres in the faclciform ligament [Table/Fig-1] [5]. (This
figure is hand drawn, then scanned and uploaded).
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[Table/Fig-1]: Figure showing normal formation of portal vein by union of splenic
and superior mesenteric vein behind neck of pancreas and opening of inferior
mesenteric vein into splenic vein [3].

Liver thus has dual blood supply; approximately 75% of hepatic
blood flow is derived from the portal vein, while the remaining 25%
is from hepatic arteries [6].
Variable patterns of formations of portal vein, its termination and
tributaries of portal vein is of utmost importance in relation to
surgeries of pancreas. Knowledge of such variations is helpful in
radiological diagnostic procedures [7].
Aim of the present study was to study the anatomical variations in
the extra hepatic portion of portal vein. As variations in the formation
of portal vein are important for surgeries like liver transplant also for
endovascular inter-ventionist and the diagnostic radiologist.

MATERIALS AND METHODS
After taking permission from the ethical committee this cadaveric
study was carried out. Duration of this study was from April 2017 to
September 2017. Twenty four cadavers (20 Males and 4 Females)
embalmed in 10% formalin were procured from the Department of
Anatomy of Dr DY Patil Medical College, Pune, Maharashtra, India.
Inclusion criteria for study were intact and undamaged pancreas
and portal vein with its formative tributaries. Exclusion criteria
were damaged portal vein without its tributaries. These cadavers
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were dissected to study the formation of extra hepatic portion of
portal vein. As the abdomen was dissected by Ist MBBS students,
anterior abdominal wall was dissected. Liver, stomach, intestines
with mesentery were already removed. Further dissection was
carried out as per steps given in Cunningham dissecting manual
[8] Steps of the dissection were as follows: After lifting the tail of
pancreas from the spleen, body of pancreas was separated from
the posterior abdominal wall. Splenic vein was identified on the
posterior surface of pancreas; it was followed to its junction with
superior mesenteric vein to form the portal vein. Inferior mesenteric
vein was also identified and traced which usually enters the splenic
vein. Meticulous dissection of variations in the formation of portal
vein was carried out. Different types of portal vein formations found
were photographed (by using Samsung galaxy C9 pro camera)
and noted down. Variable formations of portal vein were classified
according to standard classification mentioned in literature [9].

STATISTICAL ANALYSIS
Chi-square test was applied for the statistical analysis and software
used was Primer.
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[Table/Fig-4]: 1) Inferior mesenteric vein terminating into superior mesenteric vein;
2) Portal vein formed by the confluence of superior mesenteric vein, splenic vein,
and colic vein.
PV: Portal vein; SV: Splenic vein; IMV: Inferior mesenteric vein; SMV: Superior mesenteric vein;
CVT: Colic vein tributary

RESULTS
Variable formations of portal vein were studied in 24 cadavers and
were classified according to standard classification mentioned in
literature [9].
Different types of portal vein formations observed [Table/Fig-2]:
•

Type I- Portal vein formed by confluence of superior mesenteric
and splenic vein

•

Subtype of Type I- according to termination of inferior mesenteric
vein:

•

Type Ia- Inferior mesenteric vein terminating into splenic vein
(normal) [Table/Fig 3].

•

Type Ib- Inferior mesenteric vein terminating into superior
mesenteric vein [Table/Fig-4].

•

Type II- Portal vein formed by the confluence of superior
mesenteric, inferior mesenteric and splenic vein [Table/Fig-5].

•

Type III- Portal vein formed by the confluence of superior
mesenteric vein, splenic vein, and colic vein [Table/Fig-4].
Type of portal vein formation

Male

Female

Total cases

Percentage

Ia

12

2

14

58.3%

Ib

5

1

6

25%

Type II

2

1

3

12.5%

Type III

1

_

1

4.2%

Type I

[Table/Fig-2]: Percentage of different types of portal vein formation.
χ2=0.627; degrees of freedom =3; p =0.73 statistically not significant; Gender difference does not
play a role in types of portal vein formation as is evident from the p-value

[Table/Fig-5]: Portal vein formed by the confluence of superior mesenteric, inferior
mesenteric and splenic vein.
PV: Portal vein; SV: Splenic vein; IMV: Inferior mesenteric vein; SMV: Superior mesenteric vein

Out of 24 cadavers (20 males and 4 females), 20 cadavers (83.3%)
showed type I formation while 3 cadavers (12.5%) showed type
II formation and 1 (4.2%) showed type III formation. (Percentages
were calculated according to statistical method by multiplying the
decimal by the factor of 100).
Twenty cadavers which showed type I formation, type Ia formation
was seen in 14 cases (12 males+2 females) while 6 cases showed
type Ib formation (5 males+1 female) [Table/Fig-2].

DISCUSSION
Embryological Explanation
Formation of portal vein during embryonic life is quite complicated
process. In embryo, the paired primitive vitelline veins transport
blood from yolk sac to the sinus venosus. During 2nd month of
gestation three anastomoses are formed between the vitelline
veins. Vitelline veins are having multiple bridging anastomoses on
anterior and posterior aspect of developing duodenum which are
cranial intraheptically, middle behind duodenum and caudal in front
of duodenum. Superior mesenteric vein joins right vitelline vein also
splenic vein joins left vitelline vein near its anastomosis.

[Table/Fig-3]: Inferior mesenteric vein terminating into splenic vein (normal).
PV: Portal vein; SV: Splenic vein; IMV: Inferior mesenteric vein; JT: Jejunal tributary; SMV: Superior
mesenteric vein
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Out of these three anastomoses, the proximal ventral anastomosis
become left branch of portal vein, the dorsal anastomosis forms
the portal vein, while, the distal ventral anastomosis usually
disappears [Table/Fig-6] [10]. (This figure is hand drawn, then
scanned and uploaded).
The portal vein is rarely variable. Identification of deviations from
normal structure is important in hepatic surgeries as well as in
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angulations of portal vein with the vertical plane had clinical relevence.
Three types have been mentioned in previous literature [20].

[Table/Fig-6]: Development of portal vein during 5th week of intrauterine life [2].

diagnostic procedures. There are numerous clinical implications
of portal vein variations like technically challenging operations with
complex reconstruction, as well as rejection of potential donors
[11], but studies on formation and anomalous course of portal
vein are lacking. Considering the surgical importance of variations
an attempt has been made in present study to observe and verify
various formations of portal vein.
Now-a-days because of recent advances in bariatric, hepatobiliary
and pancreatic surgeries, knowledge of variations in the anatomy of
portal vein has become very important. This is because iatrogenic
injury to portal vein post- pancreatico-duodenectomy may be
life threatening as it cause massive postoperative haemorrhage.
Also, the risk of injury to portal vein following blunt or penetrating
abdominal trauma are real which needs its surgical repair [12]. In the
treatment of pancreatic carcinoma where pancreatoduodenectomy
is the treatment of choice, surgeon faces many technical
challenges. The variations in the mesenteric veins pose a challenge
for surgeons during pancreatodudenectomy, mainly in cases with
borderline resectable pancreatic carcinoma [13]. The complexity
of these procedures further highlights the importance of extensive
pre-operative knowledge of the mesenteric venous anatomy [14].
Benninger B described the new terminologies regarding normal
formation of portal vein. He mentioned that inferior mesenteric vein
joins splenic vein which should be atleast 3 cm before joining of
superior mesenteric vein then it can be called as “splenomesentric
vein”. He suggested this name due to its high percentage of
incidence. When inferior mesenteric vein directly joins superior
mesenteric vein then this common vein is termed as “common
mesenteric vein”. The splenomesentric vein is informally termed as
“Benninger vein”. This 3 cm length of portal vein is in danger during
pancreatitis, different surgeries of pancreas leading to vascular
complications, surgeries for pancreatic cancer and also conditions
like cholangiocarcinoma [15].
One of the rare congenital anomaly known as a preduodenal vein
also has been reported few times. The important clinical significance
of preduodenal vein is its association with intestinal obstruction.
This can occur due to extrinsic compression of duodenum or due to
intestinal malformation [16]. Preduodenal portal vein is present in first
week of life in almost two-third of the children. Other associations
include cardiovascular malformation, annular pancreas, and situs
inversus [17]. Alternation in the pattern of obliteration of these
anastomoses can result in several variants.
A prepancreatic portal vein is formed when caudal ventral anastomosis
persist instead of the middle one [18]. Malunion in these anastomotic
channels may result in complete or partial absence of portal system.
As a result mesenteric and splenic venous flow cannot occur and may
drain into renal veins, hepatic veins or directly into inferior vena cava
which may lead to poor perfusion of the liver [19]. Not only have the
variations in the formation of portal vein and its tributaries, but also the
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a)

Oblique tract- most common which is found in 60% cases where
portal vein makes an angle of 45 degrees with vertical plane.

b)

Vertical tract- seen in 35% cases. In this case portal vein makes
an angle of 10-30 degree with vertical plane.

c)

Horizontal- 35% cases show this type where angle formed
between portal vein to vertical plane is 75 to 80 degree [20].

The clinical significance of this formation of angle of portal vein on
MR angiogram can be put as that, flow areas exist and may lead to
signal loss while performing MRA on the portal system. Signal loss
is a very common occurrence at the portal confluence; where mixing
of blood takes place from splenic vein and superior mesenteric vein
which commonly meet together at nearly right angles [21]. The
oblique orientation of the portal vein often makes it difficult to be
assessed in the transverse on MR angiogram [22,23].
Welch have taken into consideration the fact that the portal vein
present in the anterior lip of epiploic foramen while inferior vena cava
is present in the posterior lip of epiploic foramen, both run parallel
to each other at the upper border of pancreas and lower border of
liver where they can be used to perform side to side anastomosis
between the two [22,24]. As the portal vein normally lies behind
the hepatic artery and common bile duct the abdominal approach
for this procedure is difficult. To carry out this delicate anastomosis
behind hepatic artery and bile duct thoracoabdominal approach
is easiest and safe for proper visualization and handling of these
structures [24].

CONCLUSION
As there is limited literature on the portal vein formation, this study
will contribute about extra knowledge regarding formation of portal
vein. Three different types of formations of portal vein were observed
in the present study. This will help the surgeons during hepatic and
pancreatic surgeries. Thus literature about the variant portal vein
anatomy is of deep importance taking into consideration its clinical
point of view.
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