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Abstract 
Objective: To describe hepatic arterial and portal venous branching patterns in adult human livers 
examined at autopsy in three teaching hospitals of Lahore. 
Materials and methods: This multicenter descriptive anatomical study conducted from july 2024 to 
December 2025 and included 60 adult autopsy cadavers. The hepatic arteries were traced from 
their parent vessels to the porta hepatis, and the main and right portal veins were examined for 
their major branches. Replaced and accessory arteries were distinguished by the absence or 
presence of the usual artery supplying the same territory. Branching patterns were recorded as 
frequencies and percentages. The coexistence of arterial and portal venous variants was also 
described. 
Results: Classic hepatic arterial branching was recorded in 36 specimens (60.0%), and arterial 
variants were found in 24 (40.0%). A replaced right hepatic artery arising from the superior 
mesenteric artery was the most frequent arterial variant (10/60, 16.7%). Classic portal venous 
branching was recorded in 42 specimens (70.0%). The commonest portal variant was trifurcation of 
the main portal vein (7/60, 11.7%), followed by a right posterior portal branch arising directly from 
the main portal vein (5/60, 8.3%). Nine specimens (15.0%) had variants in both vascular systems. 
Conclusion: Hepatic arterial and portal venous branching showed appreciable variation in this 
autopsy series. Describing the origin and course of each vessel provided a clearer anatomical 
account than assigning a classification label alone. Knowledge of these patterns remained relevant 
to anatomical teaching and planning hepatobiliary procedures. 
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INTRODUCTION 

The liver has a complex vascular arrangement 

that allows surgeons to remove, transplant, or 

treat one part of the organ while preserving 
the blood supply of another. Its hepatic 

arterial and portal venous branches are closely 
related at the porta hepatis, yet their origins 

and routes vary considerably between 

individuals. Recognizing those differences is 
important when interpreting liver anatomy and 

planning procedures near the hepatoduodenal 
ligament. A recent meta-analysis found variant 

hepatic arterial anatomy in approximately one-

third of the individuals included across studies, 
although the frequency differed by population 

and study method.¹ Portal venous variation 
has likewise been documented across large 

anatomical and clinical datasets.²  
In the conventional arterial arrangement, the 

common hepatic artery arises from the coeliac 

trunk and continues as the proper hepatic 
artery after the gastroduodenal artery 

branches. The proper hepatic artery then gives 
rise to right and left hepatic arteries.3, 4 This 

familiar description is useful for teaching, but 

a vessel encountered during dissection cannot 
be classified reliably from its origin alone. A 

replaced artery takes the place of the 
expected artery, whereas an accessory artery 

provides an additional supply while the 
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expected artery remains present 4.  Tracing 
both the unusual vessel and the usual arterial 

route is therefore necessary to distinguish the 
two. Cadaveric studies have shown that some 

arrangements are uncommon or do not fit 

neatly into a standard classification 5. 
The most clinically familiar arterial variants 

involve a right hepatic artery arising from the 
superior mesenteric artery or a left hepatic 

artery arising from the left gastric artery.⁶ 
Their courses may bring them close to areas 

dissected during pancreatic, biliary, and liver 

operations.⁴ The relevant anatomical question 
is not simply whether an artery is unusual, but 

which part of the liver it supplies and what 
other arterial supply is present. This distinction 

is particularly important when the intended 

operation involves division or reconstruction of 
vessels at the hepatic hilum. 

The main portal vein usually divides into right 
and left branches. The right branch 

subsequently supplies anterior and posterior 
sectors of the right liver.⁷ Important 

alternatives include trifurcation of the main 

portal vein, direct origin of the right posterior 
branch from the main portal vein, and transfer 

of a right-sided branch to the left portal vein.⁸ 
The precise origin of each branch matters 

during anatomical liver resection and portal 

venous reconstruction.² Recent work has also 
shown how different classification systems and 

methods of examining the liver can influence 
the reported frequency of these patterns.⁹  

Evidence from Pakistan has described portal 

venous variants in clinical imaging studies, 
while a Lahore transplant-center study has 

reported vascular and biliary variation among 
living liver donors.¹⁰, ¹¹ Those populations 

differ from an autopsy series, in which an 
anatomist can directly follow exposed vessels 

towards their origins and branches. Other 

recent reports have stressed the value of 
considering the hepatic artery, portal vein, and 

neighboring hilar structures together.¹²–¹⁴ 
This multicenter autopsy study described 

hepatic arterial and portal venous branching in 

60 adult cadavers from teaching hospitals in 
Lahore and recorded the coexistence of 

variants in the same specimen. 
 
MATERIALS AND METHODS 

This multicenter descriptive anatomical study 
was conducted in the autopsy facilities of 

teaching hospitals in Lahore, Pakistan, 
between July 2024 and December 2025. Sixty 

adult cadavers were included. Ethical approval 

was obtained from the relevant ethics 

committees of the participating teaching 
hospitals in Lahore. The unit of observation 

was one cadaver and its liver vascular 
anatomy; each specimen contributed one 

overall hepatic arterial pattern and one overall 

portal venous pattern.  
Adult cadavers were eligible when the liver, 

hepatoduodenal ligament, and proximal 
vessels were sufficiently preserved to identify 

the relevant arterial origins and portal venous 
branches. A specimen could not be classified if 

major abdominal trauma, previous extensive 

hepatobiliary surgery, severe disruption at 
autopsy, or advanced local disease had 

obscured the vessels under examination. 
These criteria were intended to protect the 

accuracy of anatomical identification, rather 

than to select livers with a particular branching 
pattern. The age and sex entered in the study 

record were taken from the corresponding 
autopsy documentation. 

The liver was examined in its anatomical 
position before the vascular structures were 

separated. The hepatoduodenal ligament was 

opened carefully, and the bile duct, portal 
vein, and arterial structures were identified. 

The arterial dissection proceeded from the 
common hepatic artery and its parent vessel 

towards the porta hepatis. The gastroduodenal 

artery, proper hepatic artery, and right and 
left hepatic arteries were identified where 

present. Any artery reaching the liver from the 
superior mesenteric or left gastric artery was 

traced towards its origin and then followed 

towards the hepatic tissue. The usual artery to 
the same territory was also sought before the 

unusual vessel was designated replaced or 
accessory. This approach prevented an 

additional vessel from being mistaken for the 
sole supply to a territory. The observed origins 

and branches were recorded descriptively, 

with conventional arterial terminology used 
when the anatomy met its definitions. 

The portal vein was followed superiorly 
towards the hepatic hilum. Its first major 

division and the origins of the right anterior 

and right posterior branches were exposed as 
far as preservation allowed. Classic branching 

was defined as division of the main portal vein 
into right and left portal veins, followed by 

division of the right portal vein into anterior 
and posterior branches. Trifurcation was 

recorded when the main portal vein gave rise 

directly to the left, right anterior, and right 
posterior branches without a common right 

portal vein trunk. A separately arising right 
posterior branch was recorded when it left the 
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main portal vein before the remaining trunk 
divided. A right anterior branch arising from 

the left portal vein was documented by tracing 
its origin and destination. Less common 

segmental findings were recorded with their 

parent vessel and supplied territory rather 
than being assigned an unclear category. 

The observations specified on the recording 
sheet are shown in Table 1. At each center, 

the dissection record contained the cadaver 
identifier, source center, demographic details, 

vessel origins, and final classification. The 
vessel’s observed course was described 

alongside its category so that another 
anatomist could review the basis for the 

designation. Unusual arrangements were 

documented by their vessel origins, courses, 
and destinations in the written dissection 

record. Records from the three centers were 
combined only after the categories and their 

definitions had been applied consistently. 

 
Table 1. Anatomical Observations Recorded For Each Cadaver 

Structure Observation Basis for recording a variant 

Common hepatic 

artery 
Parent vessel and course 

Origin other than the conventional 

coeliac trunk route 

Right hepatic artery 
Origin, course, and presence of the 

usual branch 
Replaced or additional supply to the 

right liver 

Left hepatic artery 
Origin, course, and presence of the 

usual branch 
Replaced or additional supply to the 

left liver 

Main portal vein First major division 
Bifurcation, trifurcation, or another 

defined division 

Right portal 
branches 

Origins of anterior and posterior 
branches 

Separate origin from the main or left 
portal vein 

Segmental portal 

branches 
Parent branch and supplied territory 

Branching outside the defined major 

patterns 

 

Data were analyzed descriptively. Arterial and 
portal venous patterns were reported as 

frequencies and percentages of the 60 

cadavers, with 95% confidence intervals for 
the proportions showing classic anatomy. The 

coexistence of arterial and portal venous 
variants was presented in a cross-tabulation. 

 
RESULTS 

A total of 60 adult cadavers were examined. 

Their sex distribution is shown in Table 2. 

 
Table 2. Sex Distribution of Cadavers (N=60) 

Sex Number Percentage 

Male 35 58.3 

Female 25 41.7 

Total 60 100.0 

 

Classic hepatic arterial branching was recorded 
in 36 specimens (60.0%; 95% CI: 47.4–

71.4%), while 24 specimens (40.0%) had a 
variant. A replaced right hepatic artery from 

the superior mesenteric artery was the most 

frequent specified arterial finding. The 

complete distribution is given in Table 3. The 
replaced and accessory left hepatic arterial 

categories were kept separate because they 
describe different relationships with the usual 

left hepatic artery. 

 
Table 3. Hepatic Arterial Branching Patterns 

Pattern Number Percentage 

Classic hepatic arterial branching 36 60.0 

Replaced right hepatic artery from superior mesenteric artery 10 16.7 

Replaced left hepatic artery from left gastric artery 6 10.0 

Accessory left hepatic artery from left gastric artery 3 5.0 

Accessory right hepatic artery from superior mesenteric artery 2 3.3 

Both right and left hepatic arteries replaced 2 3.3 

Other arterial arrangement* 1 1.7 

Total 60 100.0 
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Classic main and right portal venous branching 

was observed in 42 specimens (70.0%; 95% 
CI: 57.5–80.1%). Eighteen specimens 

(30.0%) had a recorded variant. Main portal 

vein trifurcation accounted for seven 
specimens, and direct origin of the right 

posterior portal branch from the main portal 

vein accounted for five. Table 4 presents the 
remaining patterns without combining 

anatomically distinct branch origins under a 

single “early division” label. 

 
Table 4. Portal Venous Branching Patterns 

Pattern Number Percentage 

Classic main portal vein bifurcation and right portal vein division 42 70.0 

Main portal vein trifurcation 7 11.7 

Right posterior branch arising directly from main portal vein 5 8.3 

Right anterior branch arising from left portal vein 3 5.0 

Other defined segmental branching pattern* 3 5.0 

Total 60 100.0 

 

When the two vascular systems were 

considered together, 27 specimens had classic 
patterns in both, 15 had an arterial variant 

alone, and nine had a portal venous variant 
alone. Nine specimens had a variant in both 

systems. These mutually exclusive groups 

accounted for all 60 cadavers, as shown in 

Table 5. The table described the distribution 
within the series; it did not establish that a 

variant in one system caused or predicted a 
variant in the other. 

 
Table 5. Coexistence of Hepatic Arterial and Portal Venous Variants 

Hepatic arterial pattern Classic portal venous pattern Portal venous variant Total 

Classic hepatic arterial 
pattern 

27 9 36 

Hepatic arterial variant 15 9 24 

Total 42 18 60 

 
The two most frequent individual variants 

concerned different parts of the hepatic 
inflow: the replaced right hepatic artery arose 

outside the conventional arterial route, while 
portal vein trifurcation altered the first division 

of the main portal trunk. These findings 

required separate anatomical descriptions 
despite their shared position near the porta 

hepatis. The results also showed why 
reporting only an overall percentage of 

“vascular variation” would lose useful detail: 

24 specimens had arterial variation, 18 had 
portal venous variation, and some contributed 

to both totals. 
 
DISCUSSION 

Classic hepatic arterial branching was recorded 
in 60.0% of specimens, and a replaced right 

hepatic artery from the superior mesenteric 

artery was the most frequent named arterial 
variant. A recent cadaveric investigation also 

documented several forms of hepatic vascular 
variation, although its pattern distribution 

differed from that of this series. 15 Such 
differences were expected when studies used 

different specimen sources and defined their 

arterial categories differently. Direct 

comparison required particular care with 
replaced and accessory arteries, since the two 

labels depended on whether the ordinary 
artery to the territory was present.16 

The course of a replaced right hepatic artery 

was relevant to operations near the pancreatic 
head and hepatic hilum. Contemporary 

surgical reviews have examined the 
implications of an aberrant right hepatic artery 

during pancreaticoduodenectomy, while 

studies of living liver donors have shown why 
hilar anatomy is assessed as a whole before 

division or reconstruction.¹⁶,¹⁷ The present 
series described anatomy alone; it did not 

measure operative injuries or demonstrate 

that any particular branching pattern changed 
patient outcomes. That distinction should 

remain clear when an anatomical finding is 
translated into a clinical recommendation.  

The portal findings were led by main portal 
vein trifurcation, followed by an independently 

arising right posterior branch. These were 

different configurations with different 
implications for identifying a right portal trunk. 

A large study focused on the right posterior 
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portal vein likewise showed that its origin and 
distribution required more detail than a broad 

statement that “portal anatomy varied.”¹⁸ 
Recent investigations have continued to refine 

portal branching descriptions because a single 

classification may fail to capture every relevant 
branch.¹⁹ Comparisons of variant frequency 

should therefore consider exactly which 
branches each study classified.  

Both arterial and portal venous variants 
occurred in nine specimens. The value of 

documenting this coexistence was practical: 

finding an unusual artery did not tell the 
anatomist where the right posterior portal 

branch arose. Recent cadaveric reports have 
also demonstrated that uncommon arterial 

arrangements can be missed when attention is 

confined to a familiar proper hepatic artery 
division.²⁰ Reviews of pancreatic surgery have 

similarly stressed careful identification of a 
vessel’s origin and course before it is 

divided.²¹ The combined assessment in this 
study gave a fuller account of the vascular 

structures encountered around the liver hilum, 

without implying a developmental or statistical 
link between the two systems.  

The study’s strengths were its multicenter 
setting and direct dissection of both hepatic 

arterial and portal venous branches in the 

same specimens. Tracing vessels to their 
origins allowed replaced and accessory 

arteries to be distinguished and branching 
patterns to be described precisely. 

 
CONCLUSION 

Hepatic arterial and portal venous branching 

varied in the 60 cadavers described in this 

multicenter autopsy series. A replaced right 
hepatic artery from the superior mesenteric 

artery and main portal vein trifurcation were 
the most frequent named variants. Recording 

each vessel’s origin, course, and destination 
made the findings useful for anatomical 

teaching and for understanding the vascular 

arrangements relevant to hepatobiliary 
procedures. 
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