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Prevalence of hepatic vascular anomalies 
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Abstract 

Background:  Liver is a complex, highly vascular organ, where anatomical variations are the norm. This study aimed 
to analyze all the three hepatic vascular anatomical variations in a single study which would help us understand the 
prevalence of hepatic vascular (arterial, portal, venous) anomalies in the population catered to by our institution.

Methods:  A retrospective analysis of 545 contrast-enhanced CT scans was done from November 2019 from the 
institute PACS after satisfying the inclusion and exclusion criteria. The raw imaging data were processed in PACS 
software — Centricity™ Universal Viewer and Syngo.via Vb20 platform, for axial, coronal, and axial-oblique multiplanar 
reformation, maximum intensity projection (MIP), and volume rendering (VR) images. Data were analyzed in the three 
vascular phases to determine the anatomical variations. Analysis was done by two surgical residents in the division of 
HPB surgery, which was verified by a certified radiologist.

Results:  There were no major differences in the prevalence rates of the vascular anomalies across gender and 
domicile distributions. The prevalence of normal hepatic artery and variant hepatic artery in our study was 69% and 
31%, respectively. Accessory left hepatic artery (10%) was the most common hepatic artery variant in our study. Single 
RHV was seen in 77.4%, and other RHV variants like two RHV with common trunk, two RHV with independent drain-
age, and three RHV with common trunk contribute 22.6% of our study population. Accessory inferior RHV was seen in 
19.8% of the study population. Normal portal vein anatomy was found in 81.1% in our study, and the most common 
variant in our study population was trifurcation of portal vein (16.1%).

Conclusion:  This was the largest study until date from South India, studying all three hepatic vascular anatomical 
variations in a single study. Variations in the anatomy of hepatic arteries, portal veins, and hepatic veins are common. 
A good knowledge of the same is necessary especially for a hepatobiliary surgeon or for an interventional radiologist, 
to plan and avoid complications during a procedure. Preoperative contrast-enhanced CT scan and whenever neces-
sary a VR or a MIP reconstruction will precisely help in identifying these variations.
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Background
The liver is an outstanding vascular organ that has pecu-
liar dual afferent blood supply. The portal vein carries 
partially deoxygenated blood from gut accounting for 75 
to 80% of blood supply to the liver [1]. The rest, 25–25% 
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of the blood to the liver, is well-oxygenated and is car-
ried by the right and left hepatic arteries. The hepatic 
veins drain directly into the inferior vena cava along the 
posterior surface of the liver. The three rich networks of 
hepatic vascular systems have a great degree of variations 
in terms of number, pattern, and mode of termination. In 
the field of hepatobiliary surgery and liver transplanta-
tion, the preoperative and intraoperative knowledge and 
awareness of these anatomical variations are extremely 
important for refinement of the preoperative planning 
and to reduce inadvertent intraoperative injuries and 
other complications, thereby improving the procedural 
outcomes. Even if these complicated vascular anomalies 
are not always reported in the regular cross-sectional 
imaging reports, it is very important for the surgeons to 
identify the vascular variants in the preoperative CTs or 
discuss the variants in the clinico-radiological meets for 
proper planning and avoid any intraoperative surprise 
or an unavoidable mishap. Similarly, this is also impor-
tant to the interventional radiologists with the expanding 
indications of endovascular interventions like TACE and 
PVE, in this discipline.

Multidetector computed tomography (MDCT) is a 
noninvasive imaging modality that has rapidly emerged 
over the last couple of decades. It has various three-
dimensional imaging techniques, such as multiplanar 
reconstruction (MPR), volume rendering, and maximum 
intensity projection (MIP), which have enhanced the 
imaging of venous structures. Faster imaging with high 
resolution and less need for contrast media has made 
MDCTs inevitable to interventional radiologists and sur-
geons for detailed evaluation of various anatomical struc-
tures before HPB surgeries and interventional procedures 
[2]. MDCTs precisely delineate the hepatic vascular 
anomalies preoperatively, which would assist the surgeon 
to avoid inadvertent vascular injury during surgery by 
anticipating the course of hepatic vascular variants and 
aids in preserving anomalous vessels unless their division 
or resection is required to get the oncological clearance. 
This study would help us understand the prevalence of 
hepatic vascular (arterial, portal, venous) anomalies in 
the Indian population catered to by our hospital.

Material and methods
Study setting and inclusion criteria
This was a single-center retrospective observational study 
done in the Department of Surgery, collaborating with the 
Department of Radiodiagnosis in a tertiary care teaching 
hospital in South India. Consecutive sampling method was 
used to collect data from the contrast-enhanced CTs done 
from November 2019, satisfying the inclusion and the 
exclusion criteria. The sample size was calculated by the 
formula for estimating a single proportion. Considering a 

5% level of significance with an absolute precision of 3% 
and an anticipated prevalence of around 15% of hepatic 
vascular (arterial, portal, and venous) anomalies [3–5], 
the sample size was calculated to be 545. 545. Contrast-
enhanced CTs (CECT) with at least 2 phases (arterial and 
portal-venous) performed in JIPMER between November 
2019 and June 2020 were included in the study.

Exclusion criteria
Patients with one or more of the following were excluded 
from the study: arterial, portal, or hepatic venous throm-
bosis, large central tumors, postoperative CT scan fol-
lowing a liver resection, and any pathology obscuring 
assessment of the vascular anatomy.

Study procedure
Consecutive 545 contrast-enhanced CTs, satisfying the 
inclusion and the exclusion criteria, were identified from 
the hospital’s picture archiving and communication sys-
tem (PACS) server from November 2019. The raw imag-
ing data were processed in PACS software — Centricity™ 
Universal Viewer and Syngo.via Vb20 platform, for axial, 
coronal, and axial-oblique multiplanar reformation (MPR), 
maximum intensity projection (MIP), and volume-render-
ing (VR) images. Data were analyzed in the arterial phase 
to determine the hepatic artery variations. The portal and 
venous phase data were analyzed to determine the portal 
vein and hepatic vein variants. The images were analyzed 
by trainee surgical residents from the hepatopancreati-
cobiliary (HPB) surgical division and were subjected to 
review by a radiologist with at least 5 years of experience.

Definitions
The anatomical variation of the hepatic artery was enu-
merated based on Michel’s classification [6]. An anoma-
lous or aberrant right or left hepatic artery is of two types 
— replaced and accessory. The term “replaced” is used 
when the normal right or left hepatic artery is absent, and 
the replacing vessel arises from a different source. When 
the normal right or left hepatic artery is present and there 
is an extra artery from other sources, the term “acces-
sory” is used. The portal vein variations are listed based on 
Nakamura et al. [7] and Cheng et al. [8]. Classification of 
hepatic vein variants was based on the study published by 
Soyer et al., Cheng et al., and Fang et al. [9–11].

Results
A retrospective review of MDCTs was performed 
between November 2019 and June 2020. The study 
population of 545 patients was included after meeting 
inclusion and exclusion criteria, of whom 369 (67.7%) 
were males and 176 (32.3%) were females and of which 
525 (96.3%) were South Indians and 20 (3.7%) were 
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North Indians with a median age of 45 (Table  1). The 
age ranged between 2 years and 93 years.

Hepatic artery variations
The normal anatomy (type 1) was observed in 376 
(69%), of which 258 were males, 118 were females, 363 
were South Indians, and 13 were North Indians. In 

comparison, the anomalous hepatic artery was detected 
in 169 (31 %) cases out of 545 CTs. A total of 111 males 
and 58 females was seen to have an anomalous hepatic 
arterial pattern. The hepatic artery variants were distrib-
uted as follows: type 2 in 28 (5.1%) cases, type 3 in 40 
(7.3%) cases, types 4 in 7 (1.3%), type 5 in 55 cases for 
each (10%), type 6 in 7 (1.3%) cases, and types 8 and 9 in 
9 patients (1.7%) each. Types 7 and 10 were not observed 
in our study (Fig.  1). Ten (1.8%) unclassified cases were 
observed. 3-dimensional (3-D) volume-rendered images 
of these rare unclassified hepatic artery variations found 
in the study have been shown in Fig. 2A–F:

1.	 Celiacomesenteric trunk (Fig. 2A)
2.	 Replaced RHA (Right hepatic artery) from the celiac 

trunk (Fig. 2B)
3.	 Replaced RHA arising from aorta separately (Fig. 2C)
4.	 Accessory RHA from the celiac trunk (Fig. 2D)
5.	 Replaced RHA from the celiac trunk and accessory 

LHA (Left hepatic artery) (Fig. 2E)

Table 1  Summary of demographic data of the study population

Baseline characteristics Mean ± SD/N (%)

Age (years) 45 ± 16

Gender
  Male 369 (67.7)

  Female 176 (32.3)

Domicile
  South Indian 525 (96.3)

  North Indian 20 (3.7)

Total 545 (100)

Fig. 1  Schematic representation of hepatic artery variants in our study (according to the Michel’s classification and excluding the rare 
miscellaneous variants)



Page 4 of 11Rajapriyan et al. Egyptian Liver Journal           (2022) 12:65 

6.	 Replaced RHA from the celiac trunk and CHA (Com-
mon hepatic artery) from LGA  (Left gastric artery) 
(Fig. 2F)

Hepatic veins
Right hepatic veins
Single RHV was seen in 422 (77.4%) out of 545 patients 
in our study, of which 283 were males, 139 were 
females, 407 were South Indians, and 15 were north 
Indians. Two RHVs with common trunk were seen in 
33 (6.1%), two RHVs with independent drainage into 
IVC were seen in 9 (1.7%), 1 (0.2%) patient had three 
RHVs with common trunk, and 1 (0.2%) patient had 
three RHVs with independent drainage. Early branch-
ing of RHV was found in 79 (14.5%) patients (Fig. 3).

Accessory inferior RHV
It was detected in 108 (19.8%) patients. Out of 108 
patients, one and two accessory inferior RHVs were seen 
in 89 (16.3%) and 19 (3.5%), respectively (Fig. 3).

Middle and left hepatic veins
Common trunk of LHV-MHV was found in 418 (76.3%), 
of which 283 were males, 139 were females, 400 South 
Indians, and 16 were North Indians. Independent drain-
age of LHV-MHV into the IVC was found in 129 (23.7%) 
patients in our study (Fig. 3).

Portal vein variations
Normal branching anatomy was detected in 442 patients 
(81.1%) out of 545 patients in our study. Variant anatomy 
was seen in 103 patients (18.9%). Two-hundred ninety-
six males and 146 females have normal branching anat-
omy. Seventy-three males and 30 females have variant 
portal anatomy. Trifurcation of the portal vein was seen 
in 88 (16.1%) of the cases. In the next common variant, 
there was early branching of the right posterior sectoral 
branch (RPPV) with the right anterior sectoral branch 
(RAPV) joining the LPV. In this, there were 6 (1.1%) 
cases where the RAPV joined LPV in the extrahepatic 
portion and 3 (0.6%) cases in the intrahepatic portion 
(Fig. 4).

Fig. 2  3-dimensional reconstruction of the rare hepatic artery variants. A Celiacomesenteric trunk. B Replaced right hepatic artery (RHA) from 
the celiac trunk. C Replaced RHA arising from aorta separately. D Accessory RHA from the celiac trunk. E Replaced RHA from the celiac trunk and 
accessory left hepatic artery (LHA). F Replaced RHA from the celiac trunk and common hepatic artery (CHA) from left gastric artery (LGA)
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The six rare miscellaneous variants found in the study 
population were as follows:

1.	 Trifurcation of right portal vein in 3 (0.5%) patients 
(Fig. 5B, C)

2.	 Early separate origin of the segment 7 branch from 
the RPV in two patients (0.4%) (Fig. 5A)

3.	 Non-bifurcation of the RPV with small segmen-
tal branches to the right lobe was seen in 1 patient 
(0.2%) (Fig. 5D, E)

Table  2 summarizes all the hepatic vascular variants 
found in our study population.

Discussion
In this current study, we have analyzed a cohort of 545 
contrast-enhanced CTs to look for the prevalence of 
variations of all three major vessels of the liver, namely 
hepatic artery, portal vein, and hepatic veins in the popu-
lation catered by this hospital. In the study population, 
67.7% were males, and 32.3% were females. Our institute 
is a major tertiary care teaching hospital in South India, 
and likewise, 96.3% of the study cohort was South Indi-
ans, and 3.7% was North Indians. The prevalence rates of 
the normal and anomalous variants of each of the arte-
rial, portal venous, and venous anatomies were similar 
across the sex and domicile distributions (Table 3).

Hepatic artery
The conventional arterial supply or the type 1 anatomy is 
celiac trunk branching into the CHA (common hepatic 
artery), which further divides into the proper hepatic 
artery and the gastroduodenal artery (GDA). Origi-
nally, Michel found 55% of his study population having 
this “normal” conventional variant [6]. In our study, the 
prevalence of this type 1 variant was 69%, which means 
31% of our study population had variant anatomy. Vari-
ous studies around the world have found the rate of this 
normal variant from 55 to 79% [12–17]. The most com-
mon aberrant arterial variant detected in our study was 
the type 5 variant or the accessory left hepatic artery 
(aLHA) in 10% of the population. The “replaced” variant 
of the LHA (rLHA) or the type 2 variant was present in 
5% of the cases. Various studies have quoted the preva-
lence rates of rLHA/aLHA in 2.5–10% and 1–10% cases, 
respectively. In a systematic review of 57 studies, evaluat-
ing the prevalence rates of the aberrant LHAs in 19,284 
patients, the pooled prevalence rates of aLHA and rLHA 
were 5.55% and 8.26%, respectively [18]. Usually, tran-
sient liver dysfunction is reported after a rLHA ligation 
which normalizes within 7 days after the surgery [19]. 
During liver transplantation, the extrahepatic collateral 
pathways are absent after the new organ is implanted, 
and arterial supply solely depends on the reconstructed 
hepatic artery and occasional intrahepatic collaterals 

Fig. 3  Schematic representation of right hepatic vein variants in our study. A Single right hepatic vein (RHV). B Early branching RHV. C Two RHV 
common trunks. D Two RHV independent drainage. E Three RHV common trunks. F Three RHV independent drainage. G Single accessory inferior 
RHV. H Two accessory inferior RHVs. I Common trunk of drainage of the middle hepatic vein (MHV) and left hepatic vein (LHV). J Independent 
drainage of MHV-LHV
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Fig. 4  Schematic representation of portal vein branching variants in our study (excluding the miscellaneous variants). Type A Normal bifurcation 
into right portal vein (RPV) and left portal vein (LPV). Type B Trifurcation. Type C Early branching of right posterior portal vein (RPPV) with 
extrahepatic bifurcation between right anterior portal vein (RAPV) and left portal vein (LPV). Type D Early branching of right posterior portal vein 
(RPPV) with intrahepatic bifurcation between right anterior portal vein (RAPV) and left portal vein (LPV)

Fig. 5  Rare portal vein anatomical variants found in the study. A Early separate origin of the segment 7 branch from Right portal vein (RPV). 
B and C Trifurcation of RPV. D and E Non-bifurcation of the RPV with small segmental branches to right lobe (arrows). (A, B, D - 3-dimensional 
reconstructions of contrast enhanced CTs. C, E - Maximum intensity projections of contrast enhanced CTs)
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[20]. In a deceased donor liver transplantation though 
an aLHA can be ignored, in the presence of a rLHA, it 
is preferable to reconstruct using the GDA or the celiac 
trunk. In case of a left lobe living donor liver transplan-
tation, identification and reconstruction of any aberrant 
LHA anatomy are of paramount importance, because of 
the lack of both intrahepatic and extrahepatic collaterals. 

A replaced right hepatic artery (rRHA) from SMA (type 
3 variant) was the second most common anomalous vari-
ant in the study, found in 7.3% of cases. Accessory RHA 
(aRHA) (type 6) was found in only 1.3% of the study 
population. Preoperative identification and proper plan-
ning for the management of an aberrant RHA in pan-
creaticoduodenectomy are of utmost importance due to 

Table 2  Summary of the prevalence of hepatic arterial anomalies in the study population

Number (N = 545) Percentage

Hepatic arterial anomaly
  Normal 376 69

  Replaced LHA from LGA 28 5.1

  Replaced RHA from SMA 40 7.3

  Replaced RHA and LHA 7 1.3

  Accessory LHA 55 10.1

  Accessory RHA 7 1.3

  Replaced RHA and accessory LHA 9 1.7

  Common hepatic artery from SMA 9 1.7

  CHA from SMA with accessory LHA 4 0.7

  Celiacomesenteric trunk 2 0.36

  Replaced RHA from the celiac trunk 4 0.73

  Replaced RHA from aorta separately 1 0.18

  Accessory RHA from the celiac trunk 1 0.18

  Replaced RHA from the celiac trunk and accessory LHA 1 0.18

  Replaced RHA from the celiac trunk and CHA from LGA 1 0.18

Hepatic vein anomalies
  Right hepatic vein anomalies

  Single RHV 422 77.4

  Early branching of RHV 79 14.5

  Two RHVs — common trunk 33 6.1

  Two RHVs — independent drainage 9 1.7

  Three RHVs — common trunk 1 0.2

  Three RHVs — independent drainage 1 0.2

  Accessory inferior right hepatic vein

  No accessory inferior right hepatic vein 437 80.2

  One accessory inferior right hepatic vein 89 16.3

  Two accessory inferior right hepatic veins 19 3.5

  LHV-MHV variants

  Common trunk 418 76.3

  Independent 129 23.7

Portal vein anomalies
  Normal branching pattern 442 81.1

  Trifurcation 88 16.1

  Right anterior sectoral branch joining LPV (extrahepatic) 6 1.1

  Right anterior sectoral branch joining LPV (intrahepatic) 3 0.6

  Early separate origin of Segment VII from RPV 2 0.4

  Trifurcation of RPV 3 0.5

  Non-bifurcation of the RPV with small segmental branches 1 0.2

Total 545 100
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complications like hepatic ischemia, biliary strictures, 
or leakage of the bilioenteric anastomosis following an 
intraoperative injury [21]. Utmost precaution should be 
taken during Kocher maneuver, and retro pancreatic dis-
sections as excessive retraction of the pancreatic head 
can injure the aberrant RHA. The aRHA/rRHA usually 
courses posteriorly to the cystic duct and gallbladder 
and can sometimes run parallel and medial to the com-
mon hepatic duct. During laparoscopic cholecystectomy, 
such an aberrant RHA might be encountered during dis-
section of the inferior border of the calot’s triangle with a 
risk of inadvertent injury [22].

Apart from the usual variants described in Michel’s 
classification, we also observed some rare miscellaneous 
variations of the hepatic artery. The prevalence of these 
miscellaneous variants is 1.8%. The rare celiacomesen-
teric trunk (CMT) variant was observed in 2 (0.36%) 
cases, in which both the celiac trunk and superior mes-
enteric artery arised from a single origin. In both the 
patients, it was of Morita’s type 1 or the classical CMT 
variant where all the three branches of celiac trunk and 
SMA have a common trunk [23]. The rich collateraliza-
tion between a normal celiac trunk and SMA ensures 
proper blood flow and avoid visceral ischemia in cases 

Table 3  Gender and domicile distributions of the hepatic vascular variations

Hepatic artery Normal (type 1) Variants Total
Sex Male 258 (69.92%) 111 (30.08%) 369 

(100%)

Female 118 (67.05) 58 (32.95) 176 
(100%)

Domicile South Indian 363 (69.2%) 162 (30.8%) 525 
(100%)

North Indian 13 (65%) 7 (35%) 20 (100%)

Portal vein Normal (type 1) Variants Total
Sex Male 296 (80.2%) 73 (19.8%) 369 

(100%)

Female 146 (83%) 30 (17%) 176 
(100%)

Domicile South Indian 425 (81%) 100 (19%) 525 
(100%)

North Indian 17 (85%) 3 (15%) 20 (100%)

Right hepatic vein Single RHV Variants Total
Sex Male 283 (76.69%) 86 (23.31%) 369 

(100%)

Female 139 (78.98%) 37 (21.02%) 176 
(100%)

Domicile South Indian 407 (77.5%) 118 (22.5%) 525 
(100%)

North Indian 15 (75%) 5 (25%) 20 (100%)

Accessory inferior right hepatic 
vein

Absent Present Total

Sex Male 300 (81.30%) 69 (18.67%) 369 
(100%)

Female 137 (77.84%) 39 (22.16%) 176 
(100%)

Domicile South Indian 420 (80%) 105 (20%) 525 
(100%)

North Indian 17 (85%) 03 (15%) 20 (100%)

MHV-LHV variants Common trunk Independent trunk Total
Sex Male 283 (76.69%) 86 (23.31%) 369 

(100%)

Female 139 (78.98%) 37 (21.02%) 176 
(100%)

Domicile South Indian 400 (76.2%) 125 (23.8%) 525 
(100%)

North Indian 16 (80%) 04 (20%) 20 (100%)
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interruption of circulation in either of the circuits. Thus, 
when there is a CMT with a single origin from aorta, 
any thrombotic event can be lethal due to full stoppage 
of the splanchnic arterial supply and inability of a small 
inferior mesenteric artery to provide collateral supply 
to so many organs [24]. Other rare variants noted were 
rRHA from the celiac trunk and aorta in 4 (0.73%) and 1 
(0.18%) cases, respectively, aRHA from the celiac trunk [1 
(0.18%)], rRHA from celiac trunk with aLHA [1(0.18%)], 
and rRHA from celiac trunk with CHA from LGA 
[1(0.18%)]. Though the Michel’s type 10 anomaly (CHA 
from LGA) has not been detected in our study, an asso-
ciated variant of along with rRHA from celiac trunk was 
detected, as mentioned earlier.

Portal vein
The conventional normal portal vein (PV) anatomy refers 
to the PV running superiorly and right towards the hepatic 
hilum dividing into a larger right portal vein (RPV) and a 
relatively smaller left portal vein (LPV). Then the RPV, usu-
ally after a short course, enters the right liver and divides 
into right anterior portal vein (RAPV) and right posterior 
portal vein (RPPV). The RAPV supplies the segment 5 and 
7, and the RPPV gives branches to segments 6 and 7. The 
LPV has a longer course than the RPV and runs laterally, 
supplying the segments 2 and 3 and then turning anteri-
orly to give branches to segment 4. The prevalence of this 
normal configuration of the portal vein in our study was 
81.1%. Various studies have found a prevalence of 65–80% 
for this normal PV branching anatomy [10, 25–27]. The 
anomalous branching variants of the PV were seen in 
18.9% of our study population. Trifurcation of the portal 
vein was the most common variation portal vein anomaly 
in our study, accounting for about 16.1%. The next most 
common type was in which the RPPV is the first branch of 
the main portal vein, and LPV is the terminal branch, aris-
ing after origin of RAPV, also called as the Z type anatomy. 
Nine (0.17%) patients in our study population had this var-
iant. This variant is further subclassified into 2 types in the 
Nakamura classification — type 3 (where the RAPV-LPV 
branching is extrahepatic) and type 4 (where the RAPV-
LPV branching is more distal intrahepatic). In our study, 
the type 3 variant was seen only in 1.1% and type 4 in 0.6%, 
which is less when compared to what was found in other 
studies. We did not encounter a Nakamura type 5 variant 
in this study. Additionally, we have detected uncommon 
portal vein variants in 6 cases. Out of these six variants, 
trifurcation of the right portal vein is seen in 3 (0.5%) 
cases, the early separate origin of the segment 7 branch 
from the RPV in two cases (0.4%), and non-bifurcation of 
the RPV with small segmental branches to the right lobe in 
1 (0.4%). An early separate origin of the segment 7 branch 
of the RPV has been described as one of the major variants 

in most studies with a wide range of prevalence quoted — 
0.1–6% [3, 13, 25, 26, 28]. We did not encounter a segment 
6 branch arising as a separate branch of RPV in our study 
population. Variations in the left portal vein are very rare 
and were not encountered in this study population.

Determination of the portal venous variants are of 
significant importance in right lobe donation. Special 
attention is given to the types 2 and 3 variants resulting 
in two venous openings, needing complex anastomo-
sis and venous grafting. A type 4 anatomy where there 
is an intraparenchymal branching of the RAPV from the 
LPV becomes an absolute contraindication for right lobe 
donation. The portal vein branching anomalies can also 
lead to significant difficulties and complications during 
a portal vein embolization (PVE) or a transjugular intra-
hepatic portosystemic shunt (TIPS) procedure. During 
PVE, trifurcation anatomy can cause difficult and unsta-
ble catheterization with more risk of migration of embolic 
materials, thus resulting in nontarget embolization.

Hepatic veins
Hepatic veins were classified based on the classification 
adopted by Sureka et al. [3], Cheng et al. [10], Soyer et al. 
[9], and Fang et al. [11]. The RHV is usually the largest vein 
and usually drains into the IVC separately. In our study, the 
prevalence of single RHV is found in 77.4% of cases, which 
is similar to international studies. Single RHV prevalence 
in our study was less than the study by Sureka et al. [3] and 
higher than the study published by Anwar et al. [15]. The 
commonest variant of anomalous RHV in our study popu-
lation was early branching of RHV (14.5%). The prevalence 
of early branching RHV ranges from 8.5 to 40.2%. The 
prevalence of two RHV (7.8%) was similar to other studies. 
Prevalence of one accessory inferior RHV ranges from 6 
to 27%. We detected 16.6% of one accessory inferior RHV, 
which is similar to the Indian study by Anwar et al. [15]. 
Two accessory RHVs were noted in 3.5% of our study pop-
ulation, which ranges from 0 to 9% in other similar studies. 
An accessory inferior right hepatic vein is an important 
variant to be identified before any liver resection or trans-
plantation. Before transplantation, the size of this acces-
sory inferior vein must be evaluated and its distance from 
the main right hepatic vein. An accessory inferior vein with 
> 3–5 mm cross-sectional diameter is considered to be sig-
nificant as it is likely to drain a significant part of the liver, 
failing to preserve or re-anastomose, which can cause graft 
congestion leading to poor transplant outcomes. When 
the distance between the AIRHV (accessory inferior right 
hepatic vein) and the RHV is > 4 cm, it becomes difficult to 
implant both the AIRHV and RHV with a single partially 
occluding clamp on the IVC [29]. As per the existing lit-
erature, the MHV and LHV usually form a short common 
trunk in 65–85% that drains slightly cranial and left of the 
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RHV [10]. LHV-MHV common trunk was found in 76.3%, 
and independent drainage was found in 23.7%.

This is the largest study until date from South India, 
studying all three hepatic vascular anatomical variations in 
a single study. We have also included schematic diagrams 
of anatomical variants and the 3-D volumetric images of 
the rarest variants seen in the study. The limitations of our 
study would include the study design — being a retrospec-
tive study and reviewing CTs from the hospital patient 
population might add an element of Berksonian bias. We 
did not look for the celiac artery variants in the study and 
segmental branching variants of the hepatic veins in this 
study, which could have added some more information.

Conclusion
Variations in the anatomy of hepatic arteries, portal veins, 
and hepatic veins are common. A good knowledge of the 
same is necessary especially for a hepatobiliary surgeon or 
for an interventional radiologist, to plan and avoid compli-
cations during a procedure. Preoperative MDCT scan and 
whenever necessary a volume rendered or a MIP image 
will precisely help in identifying these variations.
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