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/ABSTRACT N

Objective: To investigate the relationship of variant biliary anatomy with hepatic vascular variants in living liver
donors.

Methods: A retrospective cross-sectional study was conducted at Shifa International Hospital, Islamabad, from
January2017to Feb 2020. Tworadiologists reviewed pre-operative Computed tomography (CT) angiography and
Magnetic resonance cholangiopancreatography (MRCP) of live liver donors having the variant biliary anatomy
only, in consensus. The classification of the conventional or variant hepatic artery, hepatic veins, and portal vein
was done based on CT angiography scans, while biliary anatomy was characterized based on MRCP images.
Results: Of 165 liver donors with variant biliary anatomy, standard anatomy involving hepatic arteries observedin
88 (53.3%) and portal veins in 125 (75.8%) individuals. Twenty-nine (17.5%) liver donors had trifurcation pattern (B)
and 26 (15.7%) had short right hepatic duct (C). Forty (24.2%) had anterior right hepatic duct (RAHD) continuing
into common hepatic duct (D). In 49 (29.6%) donors, abnormal right posterior hepatic duct (RPHD)
configurations draining into left hepatic duct (E) were found. In 21 (12.7%), RAHD had separate drainage into left
hepatic duct (F). Trifurcation, short right hepatic artery, drainage of RPHD into left hepatic duct, and drainage of
RAHD into left hepatic duct were mostly observedin conventional-Michel's 1, i.e., 16 (9.7%), 12 (7.2%), 28 (16.9%), 14
(5.4%),and 88 (53.3%) respectively.

Conclusion: Among the biliary variants, type D and E were most frequent. There was also an increased incidence

ofaconcurrentvariant hepaticarterial supply inliver donorsin presence of variant biliary drainage.
\Keywords: Biliary Tract, Hepatic Artery, Portal Vein, Liver Transplantation, Living Donors. /
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INTRODUCTION

With the advent of liver transplantation becoming the
ultimate cure for end-stage liver failure and several
other oncologically related therapeutic successful
hepatic surgeries, including, partial hepaticresection,a
comprehensive analysis of intrahepatic vascular and
biliary anatomical details is essential proceeding for
surgery.”” The objectives of this pre-operative
assessment are to select the most suitable surgical
plane, avoid complications/ morbidity in donors, and at
the same time identify variants in vascular/biliary
anatomy which may require special surgical
technique.*

For selecting appropriate donor candidates, awareness
of vascular/biliary anomalies is paramount in pre-
operative planning for adult living donor liver
transplantation. Customarily, the right hepatic lobe of
the donor is preferably transplanted to the recipient.'

Anomalous anatomy involving the hepatic vascular and
biliary supply is frequently found.”® With the help of
multi-detector computed tomographic (CT) techniques
like CT angiography and magnetic resonance
cholangiopancreatography (MRCP), the radiologist
plays a crucial role in providing valuable information
helpful in choosing the most suitable candidate and in
identifying anatomic variants that may alter the surgical
approach.”® Based on the anatomic layout of the bile
ducts, portal venous branches, and arterial supply in the
portal triad, one might be able to hypothesize the
correlation between the presence of anomalous bile
duct and hepatic vascular patterns, and can foresee the
chance of having both kinds of anomalies in a liver
donor preoperatively.

To the best of our knowledge, no studies have explored
the correlation between various variant biliary and
hepatic vascular variants in Pakistani population.
Advanced surgeries involving the hepatobiliary plane
are becoming increasingly popular in Pakistan, making
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7.733 years. Out of these, there were 88 (53.3%) subjects
with a conventional pattern of the hepatic artery, 125
(75.8%) portal vein, and 125 (75.8%) hepatic veins. The
distribution and incidences of the variant biliary,
hepatic artery, portal vein, and hepatic veins are given
in Table 1. Among biliary duct variant anatomy, a total
of 29 (17.5%) of the liver donors had a trifurcation
pattern (B) and 26 (15.7%) had a short right hepatic duct
(Q). At the same time, 40 (24.2%) subjects had anterior
right hepatic duct (RAHD) continuing into the common
hepatic duct (D). Furthermore, in 49 (29.6%) donors,
abnormal right posterior duct configurations (RPHD)
draining into the left hepatic duct (E) were found.
Similarly, in 21 (12.7%), RAHD had separate drainage into
theleft hepatic duct (F). (Figure 1)

Variant hepatic arterial supply was identified in 77
(46.7%) of 165 subjects (Table-1). Michel's- 3 replaced
right hepatic artery (RHA) was the most prevalent
arterial variant, found in 19 (11.5%) donors. The following
most common variant was accessory left hepatic artery
(LHA) - Michel's 5, recorded in 18 (10.9 %) of donors,
succeeded by replaced LHA — Michel's 2 in 11 (6.7 %).
(Figure 2).

Portal vein variants were observed in 40 (24.2%)
subjects. (Table 1). The right portal vein as the first
branch of the main portal vein 23 (13.9%) was the most
common variant followed by a trifurcation branching
patternin13(7.9%). (Figure 3).

In contrast, the right inferior hepatic vein (RIHV) was
recorded in 7 (4.2%) donors among hepatic vein

Table 1: Sociodemographic and clinical characteristics of patients (n = 165).

Description Mean SD
Age (in years) 30.55 7-733

Frequency Percentages
Biliary Variant Type
Trifurcation(B) 29 17.5
A short right hepatic duct(C) 26 15.7
Continuation of the right anterior hepatic duct into the common hepatic

40 24.2
duct(D)
Drainage of the right posterior hepatic duct into the left hepatic duct(E) 49 20.6
Drainage of the right anterior hepatic duct into the left hepatic duct(F) 21 12.7
Hepatic Artery Type
Conventional - Michel’s 1 88 53.3
Replaced LHA - Michel’s 2 11 6.7
Replaced RHA — Michel's 3 19 1.5
Both replaced RHA/LHA — Michel's 4 7 4.2
Accessory LHA- Michel’s 5 18 10.9
Accessory RHA — Michel’s 6 4 2.4
Accessory RHA and accessory LHA- Michel's 7 0 0
Replaced RHA/ ACC LHA or replaced LHA/ACC RHA- Michel’s 8 3 1.8
Origin from SMA- Michel’s 9 5 3.0
Origin from LGA- Michel’s 10 2 1.2
Unclassified Variant— Michel’s 11 8 4.8
Portal vein type
Conventional 125 75.8
Trifurcation 13 7.9
RPV as first BR MPV 23 13.9
Seg VIl branch separate branch of RPV 1 0.6
Seg VI branch separate branch of RPV 3 1.8
Hepatic vein type
Conventional 124 75.1
Right inferior hepatic vein 7 0.42
Accessory hepatic veins for segment Vl and VII 32 19.4

LHA: Left hepatic artery, RHA:Right hepatic artery, SMA: Superior mesenteric artery, LGA: Left gastric artery,

RPV: Right portal vein
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it imperative that we equip ourselves with the
anatomical variations in this region in Pakistani
population and provide a robust database. Therefore,
we aim to investigate the relationship of variant biliary
anatomy in living liver donors with hepatic vascular
variantsin the Pakistani people.

METHODS

This retrospective cross-sectional study was carried out
at the Radiology Department of Shifa International
Hospital, Islamabad, Pakistan. After approval from the
institutional review board, 165 MRCP scans of potential
liver donors performed during the study period
meeting the inclusion criteria with variant biliary
anatomy were selected. Two radiologists having 9-12
years of experience, analyzed CT scans and MRCP
images of these 165 potential liver donors from the
hospital database in consensus between Jan 2017 and
Feb2020.

All patients, regardless of their age and gender, who
underwent CT liver angiography and MRCP for liver
donation and had variant biliary anatomy were included
in the study. Patients who did not meet the required
liver attenuation index (LAI) and had fatty liver
infiltration were excluded from the study. A total of 185
subjects were excluded from the study based on
conventional biliary anatomy (n=179) and poor-quality
images/motion artefacts obscuring biliary anatomy
(n=6).

The sample size was calculated using the WHO sample
size calculator and taking a 95% confidence level, the
anticipated population proportion was 31.1% (reported
incidenceisbetween 28-34.2%in the preceding research
papers™, so 31.1% was considered as an average value)
and absolute precision to be 7%. The estimated sample
size came out to be 168, but a total of 165 liver donors
wereincludedinthe study.

All the CT dynamic studies were done on Toshiba
aquiline 320 slice CT. Multiplanar reconstructions of the
CT angiography study were used for the evaluation of
hepatic vascular patterns. The examination
commenced with a non-contrast phase to obtain LAI 2"
inches above diaphragm tilliliac crest to evaluate the fat
content in the liver. Then, arterial, and venous phases
were performed using inbuilt auto-set protocols in the
CT scanner ranging between 260-300 mAs with kVP set
at 100-120kV at 0.8-sec gantry rotation to acquire a slice
width of 1 mm. The arterial phase was obtained at the
auto angiographic phase 25 sec after contrast injection
with a threshold of 170 HU trigger set on the aorta, 2"
inches above diaphragm till iliac crest. Venous phase

was acquired after 60 seconds 2" inches above
diaphragm up to the pubic bone. The contrast agents
used were iopromide (Ultravist 370) or iohexol
(Omnipaque 350) injected at the dose of 2 ml/kg (max.
170 ml) at the rate of 4- 5 ml/sec. Qualitative assessment
of hepatic artery, portal and hepatic veins were done
using Vitrea version 7.7 by image post-processing by a
senior technician. Maximum intensity projections (MIP)
and 3D volume-rendered images of hepatic vessels
were developed. All images were sent to the Picture
Archiving and Communication System (PACS)
workstationandretrieved fromthere.

MR cholangiography imaging was performed in a 1.5T
with phased array abdominal coil without contrast.
Dedicated MRCP sequences consisting of axial T2 fat sat
(repetition time [TR]/echo time [TE] 1500/90 ms, the
field of view (FOV) 43), T1in and out of phase breath-
hold sequences (TR/TE 149/2.7 ms, flip angle [FA] 80), 2D
FASE multi-slice single shot and 3D coronal RG thin slab
sequences were obtained. Slice thickness was 6 mm
without a gap, field of view 43 mm, and matrix 224 x 320.
The demographic data including the age and gender of
liver donors were recorded. Using the radiology
information system (RIS) records for liver donors who
had undergone MRCP were pulled out. Then with the
help of the PACS workstation, first bile duct variations
on the MRCP images were classified according to
Couinaud classification’ into types (B to F) and type A
excluded as conventional anatomy. Then in individuals
having variant biliary anatomy only, the hepatic
vasculature was evaluated using CT angiography
images. Hepatic artery variants were graded using
Michel's classification’ into Michel's 1 to 11. At the same
time, Cheng et al.’ classification was used for allocating
portal vein branching patterns. While hepatic venous
variants were classified using Soyer's modified hepatic
vein classification'.

Data analysis was conducted using Statistical Package
for Social Sciences software (SPSS version 25 (SPSS Inc.,
Chicago, IL, USA). Quantitative variables like age were
expressed in the form of mean and standard deviation.
Qualitative study variables like gender, biliary, hepatic
arterial, portal, and hepatic venous types were
described in terms of frequency and percentages. Cross
tabulation was performed between variant Hepatic
artery type and Biliary variant type.

RESULTS

Overall, 165 individuals with variant biliary anatomy
were included in the study cohort, 114 (69.1%) males, 51
(30.9%) females. The mean age of donors was 30.5 *

J Dow Univ Health Sci 2022, Vol. 16 (1): 34-40

35



Masood et al. Variant Biliary/Vascular Anatomy in Liver Donors

Table 2: Comparison between variant Hepatic artery type and Biliary variant type (n = 165)

Biliary Variant Type

Description B C D E F Total

n (%) n (%) n (%) n (%) n (%)
Variant Hepatic Artery Type
Conventional — Michel’s 1 16(9.7) 12(7.2) 18(10.9) 28(16.9) 14(5.4) 88(53.3)
Replaced LHA — Michel’s 2 3(1.8) 1(0.6) 1(0.6) 5(3.0) 1(0.6) 11(6.7)
Replaced RHA - Michel’s 3 o (o) 4(2.4) 10(6.06) 4(2.4) 1(0.6) 19 (11.5)
Both replaced RHA/LHA — Michel’s 4 2(1.2) 1(0.6) 2(1.2) 2(1.2) 0(0) 7(4.2)
Accessory LHA - Michel’s 5 1(0.6) 4(2.4) 4(2.4) 9(5.4) 0(0) 18 (10.9)
Accessory RHA - Michel’s 6 1(0.6) 2(1.2) 1(0.6) 0(0) 0(0) 4(2.5)
Accessory RHA and Accessory LHA -
Michel’s 7 o (o) o (o) o (o) o (o) 0(0) 0(0)
Replaced RHA/ Accessory LHA or
;eﬁl‘afe’\jilc_sg{?;cessory 1(0.6) 0(0) o0 (0) 0(0) 3(1.8) 3(1.8)
Origin from SMA - Michel’s 9 2(1.2) 1(0.6) 2(1.2) 0(0) 0(0) 5(3.0)
Origin from LGA — Michel’s 10 0(0) 0(0) 0 (0) 2(1.2) o (o) 2(1.2)
Unclassified variant — Michel’s 11 2(1.2) 1(0.6) 2(1.2) 3(1.8) 1(0.6) 8(4.8)

LHA: Left hepatic artery, RHA: Right hepatic artery, SMA: Superior mesenteric artery, LGA: Left gastric artery, B:
Trifurcation, C: A short right hepatic duct, D: Continuation of the right anterior hepatic duct into the common hepatic
duct, D: Drainage of the right posterior hepatic duct into the left hepatic duct, E: Drainage of the right anterior hepatic

duct into the left hepatic duct

variants. While 32 (19.3%) subjects had accessory
hepatic venous drainage of segment VI, VI, or both.
Comparison of biliary variant type with variant hepatic
artery showed that trifurcation, short right hepatic
artery, drainage of right posterior hepatic duct into the
left hepatic duct, and drainage of right anterior hepatic
duct into the left hepatic duct were most commonly
observed in conventional-Michel's |, i.e., 16 (9.7%), 12
(7.2%), 28 (16.9%), 14 (5.4%), and 88 (53.3%) respectively.
Continuation of the right anterior hepatic duct into the
common hepatic duct was most commonly observedin
conventional-Michel's | and replaced RHA-Michel's 3,
i.e.,18(10.9%)and 10 (6.06%)respectively.(Table 2)

DISCUSSION

Liver transplantation and extensive hepatic surgeries as
a therapeutic option for oncological disease and other
indications, including abdominal trauma and
pancreatico-duodenectomies, are now quite common

in our country.” The key to having a successful liver
transplant graft in a recipient is maintaining the unique
balance between the arterial supply and venous
drainage in the grafted liver."" Although variant
anatomy is not a contraindication to liver transplanta-
tion, it can complicate vascular and biliary
reconstructive surgeries. However, ignorance about
these variants and associations can lead to inadvertent
iatrogenic injuries with significant morbidity in donor
and recipient. For example, congestive changes due to
the faulty venous outflow can ultimately lead to graft
failure. Similarly, biliary complications can cause
significant morbidity in donors with the resultant biliary
leakage or stricture formation™””

Contributing to this is the fact that there is a severe lack
of data regarding associations between variant
vascular and biliary anatomy in our local Pakistani
population. However, our study found that variationsin
the hepatic biliary, artery and portal vein configurations
is comparable to other ethnicities worldwide™>*",
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Figure 1. Coronal maximum intensity projection magnetic resonance (MR) angiographic images showing variant
Bile ductanatomy, LHD -left hepatic duct, RA-right anterior

hepatic duct, RP-right posterior hepatic duct. (A) Trifurcation, (B) A short right hepatic duct, (C) Continuation of the
right anterior hepatic duct into the common hepatic duct, (D) Drainage of the right posterior hepatic duct into the
left hepatic ductand (E) Drainage of theright anterior hepatic ductinto the left hepatic duct.

™1
!

Figure 2. Coronal MIP and three-dimensional volume-rendered from CT angiography arterial phase show the most
common variant hepatic anatomies, (A) Replaced LHA - Michel's 2, (B) Replaced RHA - Michel's 3 and (C) Accessory
LHA- Michel's 5. CHA -common hepatic artery, GDA- gastroduodenal artery, LHA- left hepatic artery, MHA -middle

hepaticartery, RHA-right hepatic artery, SMA-superior mesenteric artery.

Figure 3. Three-dimensional volume-rendered images from CT angiography portal phase show most common portal
vein variants (A) Trifurcation branching pattern with left portal vein (LPV), anterior and posterior divisions of the
right portal vein (RAPV) and (RPPV) sharing common confluence and (B) variant portal venous supply with the right
posterior portal vein as the first branch of the main portal vein.
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We have observed that among biliary variants, Figure-1
(C-D) type D (RAHD continuing into common hepatic
duct) and type E (RPHD draining into left hepatic duct)
variants are frequent among our population, found in
twenty four percent and thirty percent, respectively,
per other studies as well”*"*”, Naeem M et al.” also
describes the type E variant more commonly seenin the
Pakistani population, i-e fourteen percent.

Our patient cohort found a higher relation between
concurrent biliary and conventional hepatic arterial
variants in donors. However, we could not find the
pertinent association subtype of biliary and hepatic
artery variants due to the small sample size.
Nevertheless, we did see that biliary variant types D and
E were more frequently seen with concurrent hepatic
artery variants Michel's- 3 and Michel's- 5 figure- 2,
respectively. This is a unique finding in comparison to
other studies in our literature review™™”. Although
Hanif F et al.” reported an increased incidence of LHA
aberrations in our population; however, an accurate
comparison cannot be made since our study cohort
included a population with biliary variants.

Similarly, Shakeel H et al.” and Ahmed A et al. ”' describe
a large percentage of Pakistani patients having
accessory right hepatic veins or RIHVs (between 30 to
51%), which is much more in frequency compared to our
study. This is perhaps due to the fact that since we took
a population with variant biliary drainage, a large
number of patients were already excluded from the
study sample. There might have been an increased
frequency of variation in hepatic venous anatomy in
these patients with conventional biliary anatomy,
contrary to what our study results portray.

While reviewing the literature, we found that in few
studies performed in various ethnicities, the
coexistence of variant biliary and portal venous
anatomy is frequent. For example, Lee et al.?, Ozsoy et
al.” and Taro et al. ° reported concurrent portal venous
and biliary tract variants in American, Turkish, and
Japanese populations. At the same time, Macdonald et
al." report no significant association between hepatic
arterial, portal venous, or biliary tract variants in the
Canadian population.

The results of our study show that having variant biliary
anatomy increases the likelihood of having variation in
the pattern of hepatic arterial supply. Therefore, while
planning for hepatic transplant or other hepatic
surgeries, it is essential to keep in mind the patient's
ethnicity and anticipate the type of variants present
preoperatively to prepare for reconstruction, surgical

planning,and appropriate hepatectomy plane™”.

Our study has few limitations; firstly, this is a single-
center study with small sample size. Therefore, the
results of this study need to be consolidated by a larger
sample size multicentric study as an accurate
representation of our population. Secondly, we have
relied solely on the findings of MRCP for biliary variants
and CT liver dynamic scans for vascular variants, which
is the current pre-operative workup in our department.

A comprehensive pre-operative analysis of biliary and
vascular liver donors is crucial in planning the possible
safe extent of hepatic resection. It allows the liver
transplant team to devise and formulate countermea-
sures for possible complications which may result in
biliary/vascular compromise and eventual graft failure.

CONCLUSION

Our study concludes that among the biliary variants,
type D and E are the most frequently found in our
population. There is also increased incidence of a
concurrent variant hepatic arterial supply in liver
donors in presence of variant biliary drainage.
Therefore, the relationship between variant biliary and
vascular anatomy across different ethnicities need due
consideration while planning hepatic transplant, both
by radiologists and surgeons. For that, there should be
the establishment of robust interdepartmental
cooperationand communication.
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