Journal of the Anatomical Society of India 67 (2018) 61-69

Journal of the Anatomical Society of India

journal homepage: www.elsevier.com/locate/jasi

Contents lists available at ScienceDirect

Original Article

Surgical anatomy of the vasculobiliary apparatus at the hepatic hilum ®
as applied to liver transplantations and major liver resections

Check for
updates

Shallu Garg?, K. Hemanth Kumar®, Daisy Sahni**, T.D. Yadav®, Anjali Aggarwal?,

Tulika Gupta®

2 Department of Anatomy, Postgraduate Institute of Medical Education and Research, Chandigarh, India
b Department of General Surgery, Postgraduate Institute of Medical Education and Research, Chandigarh, India

ARTICLE INFO

ABSTRACT

Article history:

Received 6 October 2017
Accepted 27 February 2018
Available online 1 March 2018

Keywords:
Hepatic artery
Portal vein
Bile duct
Liver anatomy

Introduction: To evaluate the hepatic arterial, bile duct and portal venous anatomy as applicable to major
liver resections.
Methods: The study was conducted on 100 formalin fixed adult cadaveric livers. The hepatic arterial, bile
ductal and portal venous anatomy of the liver was dissected from their origin up to their segmental
branching. Left and right hemilivers were compared with regard to the single and multiple vascular or
biliary pedicles entering their respective hemilivers.
Results: The anatomy of all the three structures, ie., hepatic artery, bile duct and portal vein were
conventional in 39% and variant, i.e., “triple” anomaly in 4% of liver specimens. In 57% liver specimens, the
anatomy of one or two structures was variant and individual variation of hepatic artery, bile duct and
portal vein anatomy was observed in 34%, 42% and 14% of livers respectively. The anatomy of hepatic
artery was classified according to the Michels classification. In 9% of livers, rare variations not included in
Michels classification was found. The drainage pattern of bile ducts was grouped according to Blumgart’s
classification. In 11% of livers, rare variations not included in Blumgart’s classification were found. The
branching pattern of main portal vein was classified according to the Akgul’s classification. In 1% of livers,
rare variations in the right portal vein were found.
Discussion: In the present study, the vasculobiliary anatomies of liver were highly complex with the
existence of many anatomic variations. The increasing complexity of hepatic surgical procedures
necessitates appropriate knowledge of these anatomic variations.
© 2018 Anatomical Society of India. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights
reserved.

1. Introduction

system is critical to avoid causing injury to the BD, PV and HA in the
residual liver and/or the graft.”®

The detailed anatomy of the liver described by Couinaud'? has
been the basis for major advances both in surgical techniques and
in diagnostic and interventional radiology. Advances in surgical
and radiologic techniques in recent years, including reduced-size
liver for pediatric as well as adult transplants makes the
reexamination of hepatic anatomy a current priority.>

The anatomic variants of bile duct (BD) and hepatic artery (HA)
are more common than that of portal vein (PV). The frequencies of
variant HA, BD and PV systems has been previously reported to be
approximately 46%, 44% and 8% respectively.*~® In live donor liver
transplantation (LDLT), careful manipulation of the vasculobiliary
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Not all anomalies can be picked up with certainty by the modern
diagnostic tools. A study reported the sensitivity of MRCP for
recognizing variant BD anatomy was only 74%'° and in another study,
aberrant LHAs were not identified during pretreatment computed
tomography in 31% of cases.!” Anatomical data obtained by cadaveric
studies are still considered as the gold standard to study the
anatomical details because, despite all the developments, the spatial
resolution of imaging tools limits visualization of small branches.?

The present study was thus constituted to detail the hepatic
vascular and biliary anatomy as applicable to LDLT and other
interventional procedures.

2. Materials and methods

The study was approved by institute’s ethical committee and
was performed on 100 formalin fixed adult cadaveric livers (18-80

0003-2778/© 2018 Anatomical Society of India. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jasi.2018.02.002&domain=pdf
mailto:daisy_sahni@rediffmail.com
https://doi.org/10.1016/j.jasi.2018.02.002
https://doi.org/10.1016/j.jasi.2018.02.002
http://www.sciencedirect.com/science/journal/00032778
www.elsevier.com/locate/jasi

62 S. Garg et al./Journal of the Anatomical Society of India 67 (2018) 61-69

years of age). The vascular and biliary anatomy of the liver was
dissected out under the magnascope (2.5x). The hepatic segments
were derived from the classification of Couinaud.

Hepatic artery was dissected from its origin from celiac trunk
(CT). Course and branching of hepatic arteries (HAs) was
determined. The origin of HAs was considered standard when
these originated from the common hepatic artery (CHA) or proper
hepatic artery (PHA) which itself arose from the CT and was
aberrant when the HAs arose from the sources other than the
above mentioned. The aberrant hepatic artery was “accessory”
when occurring in addition to the normal arterial supply or
“replaced” representing the primary arterial supply to the liver.

Intra and extrahepatic drainage pattern of bile duct was
dissected out. Normal BD anatomy was defined as drainage of right
anterior (RASD) and right posterior sectoral ducts (RPSD) into the
right hepatic duct (RHD) and convergence of the right and left
hepatic ducts (LHD) into the common hepatic duct (CHD). The
confluence patterns of the right intrahepatic BDs were classified
into three patterns according to the anatomical relationship
between the RPBD and the PV. The supraportal pattern was defined
as an RPBD that ran dorsally and cranially to the right PV or right
anterior PV and joined the distal BD at its cranial side, the
infraportal pattern was defined as an RPBD that ran ventrally and
caudally to the right PV or right anterior PV and joined the distal BD
at its caudal side and the combined pattern in which some parts of
the RPSD entered the distal BD supraportally and the remaining
parts of the RPSD joined with the distal BD infraportally.

Branching and course of PV was determined. Normal PV
branching was defined as bifurcation of the PV into a right and left
PV and further bifurcation of RPV into right anterior (RAPV) and
right posterior portal vein (RPPV).

From the view point of graft selection in adult LDLT, left and
right hemilivers were compared with regard to the single and
multiple HA, BD and PV stumps for each type of HA, BD and PV
anatomy. Two or more vascular or biliary pedicles entering right or
left hemiliver were considered variant.

3. Results

In the present study, the anatomy of all the three structures was
conventional in 39% and variant, i.e., “triple” anomaly in 4% of liver
specimens. In 57% liver specimens, the anatomy of one or two
structures was variant and individual variation of HA, BD and PV
anatomy was observed in 34%, 42% and 14% of livers respectively.

3.1. Hepatic artery

The anatomy of HA was classified according to the Michels
classification (Table 1).

3.1.1. Type I of Michels classification (66%)
This is the classic anatomical pattern described in anatomy
books characterized by the normal origin of HAs.

3.1.2. Type 1lI-X of Michels classification (25%)

Aberrant hepatic arterial anatomy was present (Table 1). All
aberrant RHAs originated from the superior mesenteric artery (SMA)
and displayed a retroportal course within the hepatoduodenal
ligament, traversing between the main PV and inferior vena cava
(IVC). All aberrant LHAs originated from the left gastric artery (LGA),
coursed upward inthe cranial partof lesser omentum and entered the
hilar plate through fissure for ligamentum venosum. (Figs. 1 and 2)

3.1.3. Rare variations
New types not described in Michel’s classifications were seen
in 9% livers. These included: a. Absent CHA (Double hepatic artery,

Table 1
Summary of patterns of origin of hepatic arteries according to Michels classification.

Present Michels
study (%) (%)

Type Pattern

I Normal anatomy (Fig. 1a) 66 55
42
e PHA present
e Early branching of CHA (PHA absent) 24
Il Replaced LHA from LGA (Fig. 1b) 04 10
11 Replaced RHA from SMA (Fig. 1c) 05 1
v Replaced LHA from LGA and Replaced RHA from 01 1
SMA (Fig. 1d)
\% Accessory LHA from LGA (Fig. 2a) 11 8
VI Accessory RHA from SMA - 7
VIl Accessory LHA from LGA and accessory RHA - 1
from SMA
VIII Replaced LHA from LGA and Accessory RHA 03 4

from SMA or accessory LHA from LGA and
replaced RHA from SMA (Fig. 2b)

IX Replaced CHA from SMA (Fig. 2¢) 01 4.5
X Replaced CHA from LGA - 0.5
Rare variations 09 -

2%) - CHA was absent and RHA and LHA originated independently
from CT in 2% livers. In 1% of these livers, CT quadrifurcated into
RHA, LHA, LGA and SA. The RHA coursed posterior to the PV and
the LHA gave origin to the GDA. In another 1% livers, CT trifurcated
into RHA, LHA and SA. LGA was double and both the arteries arose
from LHA. The RHA gave origin to the GDA (Fig. 3a). b. Replaced
RHA from GDA (1%) - CHA arose from CT and bifurcated into GDA
and LHA. Replaced RHA (rRHA) arose from GDA and ran posterior
to the PV to reach the hilum. (Fig. 3b) c. Accessory LHA from GDA
(1%) - in addition to the normal anatomy of hepatic arteries,
accessory LHA (aLHA) arose from GDA (Fig. 3c). d. Retroportal
CHA/RHA (2%) - In 1% livers, CHA arose normally from CT, wind
around the PV running from its posterior to anterior aspect. CHA
bifurcated into RHA and LHA on the anterior aspect of PV. In
another 1% livers, CHA originated from CT and divided into RHA
and LHA near its origin from CT. RHA wind around the LHA and
passed posterior to PV to reach right hemiliver. GDA and
supraduodenal artery (SDA) originated from LHA (Fig. 3d). e.
CHA forming an arterial ring (2%) - CHA after arising from CT
formed an arterial polygon at the hepatic hilum in 2% livers.
Branches of CHA were originating from the corners of the arterial
polygon. f. CHA formed via union of 2 stems (1%) - CHA was
formed by union of 2 stems — one branch arose from CT and
another branch from SMA.

3.2. Biliary drainage of the liver

The drainage pattern of bile ducts was grouped into six types
according to Blumgart’s classification (Table 2).

Type I Conventional (58%) - drainage pattern of CHD was
normal in 58% livers (Fig. 4a). Type II Triple confluence of RASD,
RPSD and LHD (11%) - RASD draining segment 5 and 8, RPSD
draining segment 6 and 7 and LHD draining left hemiliver
converged into CHD in 11% livers (Fig. 4b). Type IIl Lower
drainage of RPSD/RASD into CHD (8%) — RPSD draining segments 6
and 7 opened into CHD in 7% livers (Fig. 4c) and RASD draining
segments 5 and 8 opened into CHD in 1% livers. Type IV Aberrant
drainage of RPSD/RASD into LHD (11%) — RPSD draining segments 6
and 7 entered into LHD in 10% livers (Fig. 4d) and that of RASD
draining segments 5 and 8 into LHD in 1% livers. Type VI RPSD into
CD (1%) - There was an ectopic drainage of segment 6 duct (D6)
into cystic duct (CD) and segment 7 duct (D7) joined the RASD to
form RHD.
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Fig. 1. Anterior view of the hepatic pedicle showing origin of HAs a. CHA is originating from CT and bifurcating into PHA and GDA. PHA is bifurcating into RHA and LHA. b.
Replaced LHA is originating from the LGA. c. Replaced RHA is originating from the SMA d. Replaced LHA is originating from the LGA and replaced RHA from the SMA. CHA

originating from CT is continuing as MHA.

3.2.1. Rare variations

New types not described in Blumgart’s classification was seen in
11% livers. These included a. Lower drainage of RPSD into CHD and
aberrant drainage of RASD into LHD (1%) (Fig. 5a) b. Aberrant
drainage of segment 8 duct into LHD (1%) (Fig. 5b) c. Double RPSD
(2%) - In 2% liver specimens, there was double RPSD (Fig. 5c). d.
Double RASD (1%) — In 1% livers, there was double RASD (Fig. 5d). e.
Lower drainage of RPSD and segment 5 duct into CHD (1%) f. Lower
drainage of RHD into CHD (3%) g. Aberrant drainage of segment 7
duct into LHD (2%).

3.3. Confluence patterns of the right intrahepatic bile ducts

The confluence patterns of the right intrahepatic BDs were
classified into three patterns according to the anatomical
relationship between the RPBD and the PV (Table 3). Type A
Supraportal pattern (67%) — RPSD joined with RASD to form the
RHD (Fig. 4a), RPSD entered the confluence of RASD and LHD
(Fig. 4b) and RPSD drained into LHD (Fig. 4d). Type B Infraportal
pattern (31%) — RPSD joined with RASD to form the RHD without
curving around RASD and Lower drainage of RPSD into CHD
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Fig. 2. Anterior view of the hepatic pedicle showing origin of HAs a. Accessory LHA is arising from LGA in addition to normal LHA from PHA. b. Replaced LHA is originating
from the LGA and accessory RHA from the SMA. CHA originating from CT is continuing as RHA. c. Replaced CHA is originating from the SMA.

(Fig. 4c). Type C Combined pattern (2%) — One of the RPSD entered
the distal bile duct supraportally and the other RPSD joined with
the distal bile duct infraportally in cases with double RPSD.

3.4. Portal vein

Branching pattern of main portal vein (PV) were classified
according to the Akgul’s classification (Table 4). Type A Conven-
tional/normal anatomy (86%) - the anatomy of PV was normal
(Fig. 6a). Type B Trifurcation of PV into LPV, RAPV & RPPV (7%) -
main PV trifurcated into RAPV, RPPV and LPV (Fig. 6b). Type C RPPV
comes from the PV directly and LPV and RAPV are present as
common trunk (2%) - RPPV branched from main PV as the first and
separate branch. Main PV then continued as a common trunk for
LPV and RAPV (Fig. 6¢). Configuration of the gap between origin of
RAPV and RPPV was used for discriminating of types B and C, if this
configuration was triangular, type B was diagnosed and if
rectangular, type C was diagnosed. Type D RPPV comes from PV
directly and RAPV comes from LPV at or near the umbilical fissure
(4%) - RPPV arose from main PV directly and RAPV originated from
LPV near the umbilical fissure (Fig. 6d)

3.4.1. Rare variations

Linear branching of RPV - In 1% livers, main PV branched into
RPV and LPV. The RPV instead of bifurcating into RAPV and RPPV
gave off segmental branches in sequential manner. (Fig. 6e)

3.5. Comparison between right and left hemilivers

From the view point of graft selection in adult LDLT, left and
right hemilivers were compared with regard to the number of HA,
BD and PV stumps for each type of HA, BD and PV anatomy.

3.5.1. Hepatic artery

Among 100 livers, multiple arterial pedicles (multiple arterial
stumps) entering the left and right hemilivers were encountered in
43% and 2% hemilivers respectively (43% vs 2%). Arterial pedicles
entering left hemiliver were double in 38% and triple in 5% livers.

3.5.2. Bile duct

The appearance of multiple BD stumps becomes inevitable in
right hemilivers with BD types II- IV, VI anatomy, i.e., triple
confluence of RASD, RPSD and LHD, lower drainage of RPSD into
CHD, aberrant drainage of RPSD into LHD and drainage of RPSD into
CD (Table 2). Therefore, frequency of multiple stumps draining
right hemiliver was 37%. No multiple BD stumps drained the left
hemiliver (37% vs 0%).

3.5.3. Portal vein

Portal vein anatomy was classified into 4 types (Table 4). Single
PV stump was encountered in the left hemiliver. In the right
hemilivers, 13% out of 14% livers with variant PV anatomy showed
multiple PV stumps with the right anterior and posterior branches
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Fig. 3. Shows the livers with rare variations in the origin of HAs. Anterior view of the hepatic pedicle showing a. CHA is absent and CT is trifurcating into RHA, LHA and SA. LGA

is double and both the arteries are arising from LHA. b. Replaced RHA is originating from GDA. c. Accessory LHA is originating from GDA. d. CHA is dividing into RHA and LHA
near its origin from CT. RHA winds around the LHA and is passing posterior to PV to reach right hemiliver. GDA and SDA are originating from LHA.

being present adjacently or separately. The incidence of multiple
PV stumps differed significantly (13% vs 0%, right vs left hemiliver).

4. Discussion

Accurate identification of HA, BD and PV anatomy in the liver is
mandatory during various liver surgeries including liver trans-
plantation, major liver resection and laparoscopic hepatobiliary
surgery so as to choose the best therapeutic approach and to
reduce complications.”®> Despite refinements in surgical techni-
ques, hepatic vascular and biliary complications still account for
considerable morbidity and mortality in patients with complex
liver anatomy.'*

Anatomic variants of the biliary and hepatic arterial anatomy
are more frequent than the portal venous variants.*'>~'” In the
present study, variant HA, BD and PV anatomies were observed in

34%,42% and 14% of livers respectively. The range of variant HA, BD
and PV anatomy that has been reported previously is 30-46%, 22—
38% and 8-18% respectively.”*!® The observations of the present
study are comparable with the previous published data. A little
higher frequency of BD variations was observed in the present
study than the previous reports.

Michels® in 1966 proposed an internationally recognized
classification of HA variations which have served as a benchmark
for further studies on HA. In the present study, the origin of HAs
was aberrant in 28% of livers which is lower as compared to
Michels’ (45%). The prevalence of aberrant HAs has been reported
previously with the range of 24-49%.81°-2! The results are thus in
concordance with the reported data.

Clinically relevant rare variants that could not be included in
Michels system have been reported in the previous literature with
arange of 1-3%.2272% In the present study, such rare variations were
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Drainage pattern of right and left hepatic ducts into common hepatic duct
according to Blumgart's classification.

Type Pattern Present  Blumgart’s
study (%) (%)
I Conventional 58 57
Il Triple confluence of RASD, RPSD & LHD 11 12
il Lower drainage of 8 20
7 16
e RPSD into CHD
e RASD into CHD 1 4
I\% Aberrant drainage of 11 6
10 5
e RPSD into LHD
e RASD into LHD 1 1
\% CHD is formed by union of two or more - 3
ducts from either lobe
VI RPSD into CD 1 2
Rare variations 11 -

C

observed in 9% of cases. These included CHA absent (double
hepatic artery, 2%), replaced RHA from GDA (1%), accessory LHA
from GDA (1%), retroportal CHA/RHA (2%), CHA forming an arterial
ring (2%) and CHA formed by union of 2 stems, 1 from CT and other
from SMA (1%). Double hepatic artery has also been observed in
few previous reports with a range of 1-5%.2>2° Replaced RHA from
GDA and accessory LHA from GDA, one of the rare type of HA
variations has also been reported previously in a study?® in 0.14%
cases. Unintended embolization of the GDA in these specific
anatomies may block access to the hepatic vascular territory
needed for treatment. These findings emphasize the need for
digestive surgeon to take care and identify arterial variations
before visceral reaction.

In the present study, biliary anatomy was variant in 42% livers
which is in concordance to the previous reported data (24%-
57%).52”?8 The most common anatomic variant in the branching of
the biliary tree described in the literature involve the drainage of
the RPSD into the LHD (11-19%).52%29 In the present study,
drainage of the RPSD into the LHD (11%) and triple confluence of
RASD, RPSD and LHD (11%). When performing a left hepatectomy in
a living related transplant donor, it is of great importance to
recognize aberrant drainage of the RPSD or RASD into the LHD, as
the oversight or ligation of the stump of the RPSD/RASD will lead to
biliary leakage or obstruction in the donor.*°

d

Fig. 4. Shows the drainage patterns of bile ducts grouped according to Blumgart's classification. a. Conventional drainage pattern of CHD, i.e, RHD is forming by union of RASD
and RPSD and CHD is forming by union of LHD and RHD. b. Triple confluence of RASD, RPSD and LHD. c. Lower drainage of RPSD into CHD. d. Aberrant drainage of RPSD into

LHD.
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Fig. 5. Shows the rare variations in the drainage patterns of bile ducts. a. LHD is continuing as CHD and the RPSD is draining into CHD and RASD into LHD. b. There is aberrant
drainage of D8 into LHD. c. RPSD is double. One RPSD is draining into LHD and the other into CBD. d. RASD is double. Additional RASD is draining into CHD.

As right liver harvesting has become increasingly common,*'"3?

knowledge of the anatomic variations of the right intrahepatic BDs
is very important. Confluence patterns of the right intrahepatic
BDs were classified into three patterns: supraportal pattern,
infraportal pattern and combined pattern. Supraportal pattern is
the most common pattern seen in the previous studies (82%) and
the present study (67%). Infraportal type ranges from 11.8%-18% in
the previous studies. In cases of the infraportal pattern, the orifice
opens caudally to the right anterior portal vein. In cases of the
combined pattern, stumps are present both cranially and caudally.
It is essential that both stumps must be reconstructed when they
are present.’® Biliary reconstruction of these variants is compli-
cated and technically difficult.

The anatomy of PV is fairly constant and the normal anatomy is
encountered in 70-90% of individual.*>>~3° In the present study, PV
anatomy was normal in 87% of liver specimens. The most common

Table 3
Confluence patterns of the right intrahepatic BDs according to the anatomical
relationship between the RPBD and the PV.

S. No. Pattern (%)
1. Supraportal type (Normal) 67
2. Infraportal type 31

3. Combined type 2

variant is PV trifurcation (type 2) and the second most common
variant is RPPV originating as the first branch of the PV (type 3).
These two variants account for the majority of main portal vein
variation. In most of the previous studies, the frequency of
occurrence ranges between 10-15% in case of type 2 and 0.3-9.7%

Table 4
Summary of main portal vein branching patterns according to Akgul’s classification.
Type Pattern Present Akgul’s
study (%) (%)
A Normal 86 86.2
B Trifurcation of PV into LPV, RAPV & RPPV 7 123
C RPPV comes from the PV directly & LPV & RAPV 2 0.3
are present as common trunk
D RPPV comes from PV directly & RAPV comes 4 0.9
from LPV at or near the umbilical fissure
E LPV is absent - -
F RPV is absent - -
G PV continues to the RPV & horizontal segmentof - -
LPV is absent. As an aberrant vessel, LPV runs
transversely from RAPV at right anterior
segment of liver
H PV divides into RAPV and RPPV branches. LPV - 0.3
originates from RAPV
Rare variations 1%
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Fig. 6. Shows the main PV branching patterns according to Akgul's classification. a. Conventional anatomy of PV b. Trifurcation of PV into LPV, RAPV and RPPV. c. RPPV is
branching from main PV as the first and separate branch. Main PV then continues as a common trunk for LPV and RAPV. d. RPPV is arising from main PV and RAPV from LPV. e.
PV is branching into RPV and LPV. RPV is giving segmental branches in the sequential pattern.

in case of type 3 anatomy. >>~>> Another common variant is RAPV
originating from the LPV (type 4), reported with an incidence of
0.9-4.3%. In the present study, this type was observed in 4% of
livers. Recognition of type 4 PV variant during preoperative
imaging evaluation must be considered as a relative contraindica-
tion of the right lobe procurement.>® Less common PV variations
have been described but their incidence has not been found to be
higher than 2%.2* In the present study, it was observed in 1% livers.
Awareness of PV variations is important in identifying the location
of liver lesions, as PV along with hepatic veins; determine the
segmental anatomy of liver.

5. Conclusion

In conclusion, both intra and extrahepatic vasculobiliary
anatomies is complex with the existence of many common and
uncommon anatomic variations. The increasing complexity of
hepatic surgical procedures and biliary interventions, necessitate
widespread and appropriate knowledge of these anatomic
variations, in order to avoid possible complications and help
achieve the most effective result. Unanticipated anatomic variants
may necessitate additional anastomosis, increasing graft ischemia
time and risk of postoperative graft dysfunction.>”



S. Garg et al./Journal of the Anatomical Society of India 67 (2018) 61-69 69

Conflicts of interest

None.

Acknowledgements

This research was funded by the Indian Council of Medical

Research, New Delhi, India. The authors also wish to thank all the
donors of the cadavers used for the present study.

References

WN =

10.

11.

12.

13.

14.

15.

16.

17.

. Couinaud C. Lobes et segments hepatiques. Press Med. 1954;62:709-712.
. Couinaud C. Le foie; etudes anatomiques et chirurgicales. Paris: Masson; 1957.
. Bismuth H. Revisiting liver anatomy and terminology of hepatectomies. Ann

Surg. 2013;257:383-386.

. Atri M, Bret PM, Fraser-Hill MA. Intrahepatic portal venous variations:

prevalence with US. Radiology. 1992;184:157-158.

. Cheng YF, Huang TL, Chen CL, Chen YS, Lee TY. Variants of the intrahepatic bile

ducts: application in living-related liver transplantation and splitting liver
transplantation. Clin Transplant. 1997;11:337-340.

. Choi JW, Kim TK, Kim KW, et al. Anatomic variation in intrahepatic bile ducts:

an analysis of intraoperative cholangiograms in 300 consecutive donors for
living donor liver transplantation. Korean J Radiol. 2003;4:85-90.

. Macdonald DB, Haider MA, Khalili K, et al. Relationship between vascular and

biliary anatomy in living liver donors. AJR. 2005;185:247-252.

. Michels NA. Newer anatomy of the liver and its variant blood supply and

collateral circulation. Am J Surg. 1966;112:337-347.

. Kishi Y, Imamura H, Sugawara Y, et al. Evaluation of donor vasculobiliary

anatomic variations in liver graft procurements. Surgery. 2010;147:30-39.
McSweeney SE, Kim TK, Jang HJ, Khalili K. Biliary anatomy in potential right
hepatic lobe live donor liver transplantation (LDLT): The utility of CT
cholangiography in the setting of inconclusive MRCP. Eur J Radiol. 2012;81:6-
12.

van den Hoven AF, Smits ML, de Keizer B, van Leeuwen MS, van den Bosch MA,
Lam MG. Identifying aberrant hepatic arteries prior to intra-arterial
radioembolization. Cardiovasc Intervent Radiol. 2014;37:1482-1493.

Saba L, Mallarini G. Anatomic variations of arterial liver vascularization: an
analysis by using MDCTA. Surg Radiol Anat. 2011;33:559-568.

Van Thiel DH, Wright H, Fagiuoli S, Caraceni P, Rodriguez-Rilo H. Preoperative
evaluation of a patient for hepatic surgery. J Surg Oncal. 1993;(Suppl):349-351.
Seco M, Donato P, Costa J, Bernades A, Caseiro-Alves F. Vascular liver anatomy
and main variants: what the radiologist must know. JBR-BTR. 2010;93:215-
223.

Catalano OA, Singh AH, Uppot RN, Hahn PF, Ferrone CR, Sahani DV. Vascular
and biliary variants in the liver: implications for liver surgery. Radiographics.
2008;28:359-378.

Cheng Y, Huang T, Chen C, et al. Variations of the left and middle hepatic veins:
application in living related hepatic transplantation. J Clin Ultrasound.
1996;24:11-16.

Lafortune M, Madore F, Patriquin H, Breton G. Segmental anatomy of the liver:
a sonographic approach to the Couinaud nomenclature. Radiology.
1991;181:443-448.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

Radtke A, Sgourakis G, Sotiropoulos GC, et al. Vascular and biliary anatomy of
the right hilar window: its impact on recipient morbidity and mortality for
right graft live donor liver transplantation. World J Surg. 2009;33:1941-1951.
Kemeny MM, Hogan JM, Goldberg DA. Continuous hepatic artery infusion with
implantable pump: problems with hepatic arterial anomalies. Surgery.
1986;99:501-504.

Rong GH, Sindelar WF. Aberrant perpancreatic arterial anatomy:
considerations in performing pancreatectomy for malignant neoplasm. Am
Surg. 1987;53:726-729.

Rygaard H, Forrest M, Mygind T, Baden H. Anatomic variants of the hepatic
arteries. Acta Radiol Diagn. 1986;27:425-427.

Andujar RL, Moya A, Montalva E, et al. Lessons learned from anatomic variants
of the hepatic artery in 1,081 transplanted livers. Liver Transpl. 2007;13:1401-
1404.

Gruttadauria S, Foglieni CS, Doria C, Luca A, Lauro A, Marino IR. The hepatic
artery in liver transplantation and surgery: vascular anomalies in 701 cases.
Clin transplant. 2001;15:359-363.

Abdullah SS, Mabrut ]JY, Garbit V, et al. Anatomical variations of the hepatic
artery: study of 932 cases in liver transplantation. Surg Radiol Anat.
2006;28:468-473.

Covey AM, Brody LA, Maluccia MA, Getrajdman GI, Brown KT. Variant hepatic
arterial anatomy revisited: Digital subtraction angiography performed in 600
patients. Radiology. 2002;224:542-547.

Fasel JHD, Muster M, Gailloud P. Duplicated hepatic artery: radiologic and
surgical implications. Acta Anat. 1996;157:164-168.

Mortele KJ, Ros PR. Anatomic variants of the biliary tree: MR cholangiographic
findings and clinical applications. AJR. 2001;177:389-394.

Puente SG, Bannura GC. Radiological anatomy of the biliary tract: variations
and congenital abnormalities. World ] Surg. 1983;7:271-276.

Lee VS, Krinsky GA, Nazzaro CA, et al. Defining intrahepatic biliary anatomy in
living liver transplant donor candidates at mangafodipir trisodium enhanced
MR cholangiography versus conventional T2 weighted MR cholangiography.
Radiology. 2004;233:659-666.

Ohkubo M, Nagino M, Kamiya J, et al. Surgical anatomy of the bile ducts at the
hepatic hilum as applied to living donor liver transplantation. Ann Surg.
2004;239:82-86.

Fan ST, Lo CM, Liu CL. Technical refinement in adult-to-adult living donor liver
transplantation using right lobe graft. Ann Surg. 2000;231:126-131.
Shiffman ML, Brown RS, Olthoff KM, et al. Living liver transplantation:
summary of a conference at the National Institutes of Health. Liver Transpl.
2002;8:174-188.

Akgul E, Inal M, Soyupak S, Binokay E, Aksungar E, Oguz M. Portal venous
variations: Prevalence with contrast-enhanced helical CT. Acta Radiol.
2002;43:315-319.

Atasoy C, Ozyurek E. Prevalence and types of main and right portal vein
branching variations on MDCT. AJR. 2006;187:676-681.

Soyer P, Bluemke DA, Choti MA, Fishman EK. Variations in the intrahepatic
portions of the hepatic and portal veins: findings on helical CT scans during
arterial portography. AJR. 1995;164:103-108.

Bageacu S, Abdelaal A, Ficarelli S, EIMeteini M, Boillot O. Anatomy of the right
liver lobe: a surgical analysis in 124 consecutive living donors. Clin Transplant.
2011;25:E447-E454.

Limanond P, Raman SS, Ghobrial RM, Busuttil RW, Lu DS. Preoperative imaging
in adult-to-adult living related liver transplant donor: What surgeons want to
know. J] Comput Assist Tomogr. 2004;28:149-157.


http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0005
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0010
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0015
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0015
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0020
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0020
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0025
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0025
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0025
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0030
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0030
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0030
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0035
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0035
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0040
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0040
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0045
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0045
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0050
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0050
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0050
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0050
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0055
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0055
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0055
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0060
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0060
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0065
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0065
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0070
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0070
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0070
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0075
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0075
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0075
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0080
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0080
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0080
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0085
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0085
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0085
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0090
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0090
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0090
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0095
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0095
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0095
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0100
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0100
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0100
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0105
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0105
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0110
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0110
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0110
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0115
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0115
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0115
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0120
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0120
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0120
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0125
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0125
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0125
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0130
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0130
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0135
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0135
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0140
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0140
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0145
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0145
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0145
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0145
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0150
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0150
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0150
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0155
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0155
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0160
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0160
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0160
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0165
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0165
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0165
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0170
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0170
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0175
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0175
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0175
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0180
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0180
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0180
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0185
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0185
http://refhub.elsevier.com/S0003-2778(17)30611-1/sbref0185

	Surgical anatomy of the vasculobiliary apparatus at the hepatic hilum as applied to liver transplantations and major liver...
	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Hepatic artery
	3.1.1 Type I of Michels classification (66%)
	3.1.2 Type II–X of Michels classification (25%)
	3.1.3 Rare variations

	3.2 Biliary drainage of the liver
	3.2.1 Rare variations

	3.3 Confluence patterns of the right intrahepatic bile ducts
	3.4 Portal vein
	3.4.1 Rare variations

	3.5 Comparison between right and left hemilivers
	3.5.1 Hepatic artery
	3.5.2 Bile duct
	3.5.3 Portal vein


	4 Discussion
	5 Conclusion
	Conflicts of interest
	Acknowledgements
	References


