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SYSTEMATIC REVIEWS
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Abstract
BACKGROUND 
In the classic descriptions of the human liver, the common hepatic duct forms at 
the confluence of left and right hepatic ducts. Many authors have documented 
variations in the intra-hepatic ductal system, but to the best of our knowledge 
there has been no report on bile duct variations in Caribbean populations.

AIM 
To evaluate the variations in bile duct anatomy using magnetic resonance cholan-
giography (MRC) in unselected patients at a major hepatobiliary referral centre in 
the Eastern Caribbean. Knowledge of the intra-hepatic biliary anatomy is 
important to optimize service delivery for any physician treating liver and biliary 
disorders.

METHODS 
This study was carried out at a tertiary referral hospital for hepatobiliary diseases 
in the Eastern Caribbean. We retrospectively evaluated magnetic resonance 
cholangiograms in 152 consecutive patients at this facility over a two-year period 
from April 1, 2017 to March 31, 2019. Two consultant radiologists experienced in 
MRC interpretation reviewed all scans and described biliary anatomy according 
to the Huang’s classification. A systematic review of published studies was 
performed and relevant data were extracted in order to calculate the global 
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prevalence of each biliary variant. The variants in our population were compared 
to the global population.

RESULTS 
There were 152 MRCs evaluated in this study in 86 males and 66 females. There 
were 109 (71.7%) persons with “classic” biliary anatomy (type A1) and variants 
were present in 43 (28.3%) persons. There was no statistical relationship between 
the presence of anatomic variants and gender or ethnicity. We encountered the 
following variants: 29 (19.1%) type A2, 7 (4.6%) type A3, 6 (3.95%) type A4, 0 type 
A5 and a single variant (quadrification) that did not fit the classification system. 
Compared to the global prevalence, our population had a significantly greater 
occurrence of A1 anatomy (71.7% vs 62.6%; P = 0.0227) and A2 trifurcations (19.1% 
vs 11.5%; P = 0.0069), but a significantly lower incidence of A3 variants (4.61% vs 
11.5%; P = 0.0047).

CONCLUSION 
There are significant differences in intra-hepatic biliary anatomy in this unselected 
Eastern Caribbean population compared to global statistics. Specifically, persons 
of Caribbean descent have a greater incidence of Huang A2 trifurcations and a 
lower incidence of Huang A3 variants.

Key Words: Liver; Variant; Biliary; Duct; Intra-hepatic; Aberrant; Trifurcation, Bifurcation
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Core Tip: Many authors have documented variations in the intra-hepatic ductal system, 
but to the best of our knowledge there has been no report on bile duct variations in 
Caribbean populations. In the unselected Eastern Caribbean population, 71.7% of 
persons have normal intra-hepatic biliary anatomy. Variant anatomy in this population 
occurs with the following frequencies: A2 (19.1%), A3 (4.6%) and A4 (3.95%).

Citation: Cawich SO, Sinanan A, Deshpande RR, Gardner MT, Pearce NW, Naraynsingh V. 
Anatomic variations of the intra-hepatic biliary tree in the Caribbean: A systematic review. 
World J Gastrointest Endosc 2021; 13(6): 170-183
URL: https://www.wjgnet.com/1948-5190/full/v13/i6/170.htm
DOI: https://dx.doi.org/10.4253/wjge.v13.i6.170

INTRODUCTION
There have been prior reports of variant surface anatomy[1] and vascular supply[2] of 
the hepatobiliary tree in Caribbean populations. However, to the best of our 
knowledge there has been no report on bile duct variations in Caribbean populations. 
This study sought to evaluate the variations in bile duct anatomy using magnetic 
resonance cholangiography (MRC) at a hepatobiliary referral centre in the Eastern 
Caribbean.

MATERIALS AND METHODS
This study was carried out at the Port-of-Spain General Hospital in Trinidad and 
Tobago. This 750-bed hospital was a major tertiary referral centre for hepatobiliary 
diseases serving patients in the Eastern Caribbean. At this centre, a dedicated 
multidisciplinary team met on a weekly basis to plan the management of patients with 
hepatobiliary diseases. Permission was granted to examine consecutive MRCs in all 
patients evaluated at multidisciplinary team meetings between April 1, 2017 to March 
31, 2019.

All MRCs were performed using a 1.5 T Magnet with a phased array body coil. Our 
MRC protocols did not include the use of gadolinium compounds or morphine 
augmentation. The biliary anatomy on each scan was reported from these studies. The 
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following scans were excluded: duplicate scans, scans with incomplete demographic 
data and scans with inadequate coverage of the biliary tree.

We described the biliary anatomy on MRC according to the classification proposed 
in 1996 by Huang et al[3]. This classification system was the one most commonly used 
in the medical literature. In this system, the “classic arrangement” of the intra-hepatic 
biliary tree is for the left hepatic duct (LHD) and right hepatic duct (RHD) to join, 
forming the common hepatic duct (CHD). The RHD has two tributaries: the right 
posterior sectoral duct (RPSD) that drains hepatic segments VI and VII coursing in a 
horizontal plane and the right anterior sectoral duct (RASD) that drains hepatic 
segments V and VIII, coursing in a vertical plane. In the left hemi-liver, the left 
superior sectional duct that drains segment IVa joins the left inferior sectional duct 
that drains segment II, III and IVb. Both tributaries form the LHD that drains the left 
hemi-liver. Biliary drainage from the caudate lobe is variable and may join either the 
LHD or RHD at its origin. The normal anatomy and described variants are illustrated 
in Table 1 and Supplementary Figure 1.

In this study, two consultant radiologists experienced in MRC interpretation 
reviewed all scans and independently interpreted the images. In cases where there was 
disagreement in interpretation, the images were re-examined to achieve consensus. 
Data from the MRC scans were recorded in a Microsoft Excel® table and descriptive 
analyses were performed using SPSS version 20 statistical software.

We then conducted a systematic literature search using medical archiving 
platforms, including PubMed, Medline, Google Scholar and the Cochrane database of 
Systematic Reviews. We used the following search terms: “intra-hepatic duct”, “bile 
duct variant”, “biliary variant”, “ductal anatomy”, “hepatic duct variant” and 
“aberrant bile duct”. All relevant studies were retrieved and the data and images 
reviewed in detail. Inclusion criteria were: case series reporting > 15 cases, reports 
with detailed descriptions of variants, studies in adults > 18 years of age and those 
using magnetic resonance cholangiopancreatography imaging to detect ductal 
anatomy. We excluded data from duplicated publications, individual case reports and 
small series with less than 15 cases. In instances where other classifications were used, 
we studied the written descriptions and published images within the articles of the 
variants in order to re-classify them in keeping with Huang’s classification[3]. When 
the variant was not reported or the data could not be reliably extrapolated from 
published descriptions, data and/or images, the study data were excluded from the 
global prevalence statistics.

Statistical analysis
Raw data extracted from the published studies were used to calculate the global 
prevalence of anatomic variants[4]. The global prevalence was defined as the total 
number of individuals with a defined anatomic variant divided by the sum of the total 
number of individuals in each study. The global prevalence was then compared with 
the prevalence of each variant in our population using Chi square tests to compare 
contingency tables in SPSS version 20 (IBM Corp, Armonk, NY, United States). Fisher 
exact tests were used for values < 5. A P value < 0.05 was considered significant.

RESULTS
There were 159 MRCs performed during the study period. Seven scans on six patients 
were excluded from the final analysis because: one patient was scanned twice, three 
images were of insufficient quality for analysis and three were not retrievable from the 
digital archiving system. Therefore, a total of 152 MRCs were evaluated in this study.

There were 86 males and 66 females included in the final analysis with a mean age 
of 62.6 years (SD ± 10.8; median 65; range 34-80 years). These patients were of Indio-
Caribbean (74), Afro-Caribbean (55), Asian (10), Caucasian (9) and Latin (4) descent.

Classic type 1 anatomy
Of 152 examinations analyzed, 109 (71.7%) had the “classic” type 1 biliary anatomy 
(Figure 1). There were 63 men and 46 women with “classic” anatomy. These persons 
were of Afro-Caribbean (41), Indio-Caribbean (57), Asian (7), Caucasian (3) and Latin 
(1) descent. In one patient with classic intra-hepatic biliary anatomy, a solitary Type 1c 
choledochal cyst was noted at the common bile duct in the extra-hepatic biliary tree.

http://f6publishing.blob.core.windows.net/d2ab14a2-3845-4e9d-a4db-50ef7df4e53e/WJGE-13-170-supplementary-material.pdf
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Table 1 Intra-hepatic bile duct variants according to Huang’s classification[3]

Description Taiwan[3], n = 
958 (%)

Caribbean, n = 
152 (%)

Type A1: The RHD and LHD join to form the CHD. The intra-hepatic RHD is formed by the union of RASD 
and RPSD. The LHD is formed by the union of LSSD and LISD

600 (62.6) 109 (71.7)

Type A2: A trifurcation is formed by the union of RASD, RPSD and LHD 182 (19) 29 (19.1)

Type A3: The RPSD or RASD drains directly into the LHD 105 (11) 7 (4.61)

Type A4: The RPSD drains directly into the CHD 56 (5.8) 6 (3.95)

Type A5: The RPSD drains into the cystic duct 15 (1.6) 0

RASD: Right anterior sectional duct; RPSD: Right posterior sectional duct; RHD: Right hepatic duct; LHD: Left hepatic duct; CHD: Common hepatic duct; 
LSSD: Left superior sectional duct; LISD: Left inferior sectional duct.

Figure 1 Type 1 (classic) variant. In this system, the right hepatic duct (RHD) is formed by two tributaries: the right posterior sectional duct that drains segments 
VI and VII coursing in a horizontal plane and the right anterior sectional duct draining segments V and VIII and coursing in a vertical plane. The left hepatic duct (LHD) 
is formed by two tributaries: the left superior sectional duct that drains segment IVa joins the left inferior sectional duct that drains segment II, III and Ivb. The RHD 
and LHD then join to form the common hepatic duct (CHD). RASD: Right anterior sectional duct; RPSD: Right posterior sectional duct; RHD: Right hepatic duct; LHD: 
Left hepatic duct; CHD: Common hepatic duct; LSSD: Left superior sectional duct; LISD: Left inferior sectional duct.

Variant anatomy
There were variations from the “classic” biliary anatomy in 23 (15.1%) men and 20 
(13.2%) women. There was no statistical relationship between the presence of anatomic 
variants and gender (26.7% vs 30.3%; P = 0.717), Afro-Caribbean (25.5% vs 29.9%; P = 
0.581), Indio-Caribbean (22.97% vs 33.3%; P = 0.207), Asian (30% vs 28.2%; P = 1.000) or 
Latin ethnicity (75% vs 27%; P = 0.0687). Bile duct variants were commoner in persons 
of Caucasian ethnicity (66.7% vs 25.9%; P = 0.0158), although the statistical power of 
this association was reduced since there were only 9 (5.9%) Caucasians in the study 
population.

Type A2 anatomy was present in 29 (19.1%) individuals (Figure 2), type A3 variants 
in 7 (4.6%) individuals (Figure 3) and type A4 variants in 6 (3.95%) individuals 
(Figure 4). In this study population, we did not encounter any type A5 variants. One 
person had a variant that did not fit into the Huang classification. This individual had 
a quadrification where RASD, RPSD, LHD and segment IVa ducts met at the hilum to 
form the CHD (Figure 5).
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Figure 2 Type 2 variant. A trifurcation that is formed by the union of the right anterior sectoral duct, right posterior sectoral duct and the left hepatic duct. RASD: 
Right anterior sectional duct; RPSD: Right posterior sectional duct; LHD: Left hepatic duct; CHD: Common hepatic duct.

Figure 3 Type 3 variant. The right posterior sectoral duct (arrow) drains directly into left hepatic duct. RASD: Right anterior sectional duct; LHD: Left hepatic duct; 
CHD: Common hepatic duct.

Systematic review
In order to calculate the global prevalence of each variation, we conducted a 
systematic literature search using medical archiving platforms. We retrieved 47 articles 
that reported on variations in intra-hepatic biliary ductal anatomy in a total of 17045 
persons[3,5-50]. Table 2 summarizes the data extracted from published reports of 
intra-hepatic bile duct variations across the globe. There were 10668 type A1 variants 
reported in 17045 persons. The global prevalence of type A1 variants (62.6%) was 
significantly lower than seen in our population (71.7%; P = 0.0227).

One published study did not report the number of A2 variants[8]. Therefore, data 
from this study were not included in the calculation of global prevalence of type A2 
variants. In the remaining studies there were 1853 A2 variants in 16087 persons. There 
was a significantly greater prevalence of Huang A2 variants in our population (19.1% 
vs 11.5%; P = 0.0069).

After excluding one published study that did not specify the number of A3 variants
[14], there were 1903 type A3 variants in 16570 persons. There were significantly less 
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Table 2 Global prevalence of intra-hepatic bile duct variants

Huang classification of biliary variants
Ref. Country Classification Study 

population A1 (%) A2 (%) A3 (%) A4 (%) A5 (%) Other

Couinaud[5], 1957 France Couinaud1 298 1732 (58) 332 (11.1) 532 (30.6) 172 (5.7) 0 22

Puente and Bannura[6], 
1983

Chile Descriptive1 3845 2217 (57.6) 426 (11.1) 498 (13.0) 249 (6.5) NS 455

Huang et al[3], 1996 Taiwan Huang 958 600 (62.6) 182 (19) 105 (11) 56 (5.8) 15 (1.6) 0

Yoshida et al[7], 1996 Japan Yoshida1 1094 741 (67.7) 193 (17.7) 66 (6.0) 88 (8.0) 0 0

Cheng et al[8], 1997 Taiwan Huang 958 624 (65.1) NS 105 (11) NS 0 200 
(21)

Nakamura et al[9], 2002 Japan Couinaud1 120 78 (65) 11 (9.2) 10 (8.3) 19 (15.8) 2 (1.7) 0

Kitagawa et al[10], 2003 Taiwan Huang 180 113 (62.7) 36 (20.0) 26 (14.4) 5 (2.8) 0 0

Choi et al[11], 2003 South 
Korea2

Choi1 300 188 (63) 292 (10) 342 (11) 192 (6) 62 (2) 282

Ayuso et al[12], 2004 Spain Couinaud1 25 102 (40) 12 (4) 22 (8) 102 (40) 22 (8) 0

Ohkubo et al[13], 2004 Japan Ohkubo1 110 722 (65) 62 (5) 132 (12) 52 (4.6) 12 (0.9) 13

Düşünceli et al[14], 2004 Turkey Descriptive1 475 3602 (75.8) 42 (0.8) NS 272 (5.7) 0 84

Lee et al[15], 2004 United 
States

Couinaud1 108 782 (72.2) 62 (5.6) 42 (3.7) 32 (2.8) 12 (9.3) 16

Limanond et al[16], 2004 United 
States

Huang 27 19 (70.4) 5 (18.5) 2 (7.4) 1 (3.7) 0 0

Wang et al[17], 2005 United 
States

Yoshida1 62 352 (56.0) 72 (11) 112 (18) 82 (13) 0 1

Chen et al[18], 2005 United 
States

Couinaud1 56 332 (58.9) 72 (12.5) 102 (17.9) 52 (1.8) 0 1

MacDonald et al[19], 2005 United 
States

Choi1 39 242 (61.5) 32 (7.7) 72 (17.9) 12 (2.6) 0 4

Kim et al[20], 2005 Canada Champetier1 30 172 (56.7) 12 (3.3) 92 (30) 22 (6.7) 12 (3.3) 0

Wietzke-Braun et al[21], 
2006

Germany Ohkubo1 18 22 (11) 22 (11) 42 (22) 12 (6) 0 9

Kitami et al[22], 2006 Japan Ohkubo1 158 116 (73) 8 (5.1) 19 (12) 5 (3) NS 10

Vidal et al[23], 2007 France Descriptive1 45 36 (80) 2 (4.4) 1 (2.25) 3 (6.6) 0 3

Cho et al[24], 2007 Japan Cho1 60 382 (63.3) 142 (23.3) 72 (12) 12 (2) 02 0

Sirvanci et al[25], 2007 Turkey Modified 
Huang1

62 43 (69.3) 6 (9.7) 9 3 0 1

Song et al[26], 2007 South 
Korea

Modified 
Huang1

111 67 (60.4) 9 (8.1) 22 (19.8) 8 (7.2) 2 (1.8) 3

Karakas et al[27], 2008 Turkey Karakas1 112 612 (55) 162 (14) 242 (21) 112 (10) 0 0

De Filippo et al[28], 2008 Italy Descriptive1 350 2022 (57.7) 282 (7.9) 112 (3.1) NS NS 109

Kim et al[29], 2008 South 
Korea

Modified 
Yoshida1

33 25 (75.8) 1 (3) 3 (9.1) 0 1 (3)

Sharma et al[30], 2008 India Couinaud1 253 134 (52.9) 29 (11.5) 46 (18.2) 18 (7.1) 1 (0.4) 25

Kashyap et al[31], 2008 United 
States

Couinaud1 36 22 (61.1) 4 (11.1) 4 (11.1) 3 (8.3) 1 (2.8) 2

Cucchetti et al[32], 2011 Italy Choi1 200 129 (64.5) 28 (14) 24 (12) 16 (8) NS 3

Lyu et al[33], 2012 Taiwan Yoshida1 462 307 (65.8) 42 (9.1) 60 (13) 41 (8.9) 15 (3.2) 0

Tawab et al[34], 2012 Egypt Huang1 106 672 (63.2) 112 (10.4) 182 (17) 82 (7.5) 2 (1.9) 0

Thungsuppawattanakit and 
Arjhansiri[35], 2012

Thailand Couinaud1 163 106 (65) 28 (17.2) 15 (9.2) 9 (5.5) 0 5 (3.1)
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Barsoum et al[36], 2013 Egypt Hakki1 50 282 (56) 32 (6) 152 (30) 22 (4) 02 0

Mariolis-Sapsakos et al[37], 
2012

Greece Couinaud1 73 482 (65.7) 72 (9.59) 112 (15.1) 22 (2.74) 12 (1.37) 4 E

Uysal et al[38], 2014 Turkey Choi1 1011 803 (79.4) 81 (8.01) 42 (4.15) 73 (7.23) NS 12

Deka et al[39], 2014 North 
India

Choi1 299 173 (57.8) 242 (8) 522 (17.4) 202 (6.6) 72 (2.3) 23

Al-Jiffry[40], 2015 Saudi 
Arabia

Couinaud1 177 1042 (58.8) 192 (10.7) 72 (3.9) 122 (6.8) 22 (1.1) 332

Khanduja et al[41], 2016 North 
India

Huang 100 63 (63) 18 (18) 9 (9) 8 (8) 0 23

Nayman et al[42], 2016 Turkey Yoshida1 2143 1329 (62) 202 (95) 245 (11) 149 (7) 1 (0.05) 9

Sarawagi et al[43], 2016 North 
India

Karakas1 224 124 (55.3) 26 (9.3) 62 (27.6) 9 (4) 2 (0.8) 0

Adwan et al[44], 2016 Jordan Yoshida1 120 822 (68.4) 102 (8.3) 152 (12) NS NS

Taghavi et al[45], 2017 Iran Huang 362 163 (45) 78 (21.5) 48 (13.3) 13 (3.6) 0 60 
(16.6)

Mazroa et al[46], 2017 Egypt Hakki1 50 242(48) 42(8) 152(30) 72(14) 02 0

Adatepe et al[47], 2016 Turkey Choi1 1041 6162 (40.7) 1332 (12.8) 1262 (12.1) 522 (4.99) 02 114

Abdelkareem et al[48], 2019 Palestine Modified 
Huang1

342 266 (77.8) 29 (8.5) 2 (0.6) 1 (0.3) 1 (0.3) 43

El Hariri et al[49], 2019 Egypt Modified 
Huang1

120 79 (65.8) 14 (11.7) 16 (13.3) 9 (7.5) 2 (1.67) 0

Medişoğlu et al[50], 2020 Turkey Huang 79 29 (36.7) 27 (34.2) 16 (20.3) 7 (8.9) 02 0

Global prevalence Global - 17045 10668/17045 
(62.6)

1853/16087 
(11.5)

1903/16570 
(11.5)

1006/15617 
(6.4)

66/11361 
(0.58)

Present study Caribbean Huang 152 109 (71.7) 29 (19.1) 7 (4.61) 6 (3.95) 0 1

P value 0.0227 0.0069 0.0047 0.2466 1.0 -

1Different classification used.
2Extrapolated from raw data and/or published images.
3Removed by authors from analysis due to poor visualization. NS: Not specified.

type A3 variants in our population (4.61% vs 11.5%; P = 0.0047).
The number of A4 variants were not reported and could not be reliably extrapolated 

from published descriptions and/or images in three publications[8,28,44]. Therefore, 
these studies were not included in the calculation of A3 global prevalence. The 
remaining studies documented 1006 type A4 variants in a total of 15617 persons. There 
was no statistical difference between the prevalence of type A4 variants in our 
population and the global prevalence (3.95% vs 6.4%; P = 0.2466).

The number of A4 variants were not reported and could not be reliably extrapolated 
from published descriptions and/or images in six publications[6,22,28,32,38,44]. In the 
remaining publications, there were 66 (0.58%) type A5 variants in a total of 11,361 
persons. We did not encounter A5 variants in our population.

DISCUSSION
Although there are many techniques used to evaluate biliary anatomy, we agree that 
MRC is ideal[39,51,52] because it is non-invasive, does not require the administration 
of iodine-based contrast media and is associated with minimal patient-associated risk. 
Conventional T2-weighted MRC works on the concept that T2-weighted images 
demonstrate high signal intensity from fluid-containing structures, but it is limited in 
its ability to demonstrate small ducts and those not distended with bile[33,52].

Unfortunately, there is no standardized classification system to describe biliary 
anomalies. Numerous classification systems have been proposed and all are used in 
medical literature. These include classification systems described by Yoshida et al[7], 
Couinaud[5], Huang et al[3], Choi et al[11], Ohkubo et al[13], Karakas et al[27], Barsoum 
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Figure 4 Type 4 variant. An aberrant right posterior sectoral duct (arrow) can be seen emptying directly into the common hepatic duct. RASD: Right anterior 
sectional duct; LHD: Left hepatic duct; CHD: Common hepatic duct.

et al[36] and Champetier[53]. Each system has its individual merits. For example, some 
classifications[11] document the presence of accessory ducts, reportedly found in 2%
[11,52] to 14%[39] of persons, while other systems do not include these data. As 
another example, many systems focus on biliary anatomy in the right-hemi liver[5,11,
39,53] while others[3,7,13] also include detailed information on left-sided biliary 
anatomy.

Each system also has individual drawbacks. For example, the detailed classification 
proposed by Ohkubo et al[13]does not describe separate drainage from multiple 
segment IV ducts into LHD. Evaluating this from another perspective, most authors 
who proposed a classification system found anomalies that did not fit into their classi-
fications: 1% by Choi et al[11], 2% by Khanduja et al[41], 3.3% by Couinaud[5], 11.1% 
by Karakas et al[27], 34% by Champetier[53]and 9.4% by Ohkubo et al[13]. In the 
general medical literature, the classification proposed by Huang et al[3] was the most 
commonly utilized system[3,8,10,16,25,26,34,41,45,48-50]. Therefore, we used the 
Huang classification to characterize variations encountered in our population.

All classification systems in use describe the “classic” anatomic pattern. This 
information is important when performing any operative or interventional radiologic 
procedures on the liver. This pattern is considered ideal for harvesting liver where a 
right or left lobe is required for living donor liver transplant[11]. This “classic” 
anatomic pattern was present in 71.7% of unselected persons in our population. In the 
general medical literature, the prevalence of the “classic” anatomic pattern ranged 
from 36.7%[50] to 80%[23]. Wietzke-Braun et al[21] reported type A1 variants in only 
11% of their population. However, this was a small series of only 18 highly-selected 
individuals undergoing transplant evaluation. Therefore, we did not consider this 
outlier to be representative of A1 variants in the general population. The global 
prevalence of A1 anatomy was lower than encountered in our population (62.6% vs 
71.7%; P = 0.0227).

In our population, 28.3% of unselected persons had variant intra-hepatic biliary 
anatomy. This compared well with published global data in which the prevalence of 
bile duct variants ranges from 20% in France[23] up to 60% in Spain[12]. Cucchetti et al
[32] suggested that there was a relationship between gender and biliary anatomy, with 
significantly more women having biliary anomalies (45% vs 26%; P = 0.005), but we 
found no statistically significant relationship between the presence of anatomic 
variants and gender (27.6% vs 29.2%; P = 1.000) in our study. This was consistent with 
most other reports in the literature[3,5,26,33,39,52].

In our population, there are equal proportions of persons from the West African 
(40%) and North Indian (40%) diaspora as a result of the trans-Atlantic slave trade and 
indentured labour systems. Therefore, we sought to compare the prevalence of 
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Figure 5 Undefined variant. The image shows a quadrification (arrow) that is formed by the union of the right anterior sectoral duct, right posterior sectoral duct, 
segment IVa duct (S4a) and the left hepatic duct (LHD). RASD: Right anterior sectional duct; RPSD: Right posterior sectional duct; LHD: Left hepatic duct; S4a: 
Segment Iva.

variants to studies from these geographic locations. There were no published studies 
reporting biliary variants in West African populations but there were four studies 
reporting 494 variants in 876 individuals from North Indian populations[30,39,41,43]. 
In our population there was a significantly lower incidence of all bile duct variants 
than that seen in Indian populations (28.3% vs 56.4%, P < 0.001), probably due to 
decades of population mixing in our setting.

The most common variant we encountered was a triple confluence (A2), occurring 
in 19.5% of unselected individuals. In the general medical literature, the prevalence of 
a trifurcation ranges from 0.8%[14] to 34.2%[50] and the calculated global prevalence 
was 11.5%. Therefore, in our population there was a significantly greater prevalence of 
A2 trifurcations (19.1% vs 11.5%; P = 0.0069). Interestingly, it was closest to the 18% 
prevalence reported by Khanduja et al[41] in a North Indian population and we 
previously noted that 40% of our population is from the North Indian diaspora. It is 
important for transplant surgeons to be aware that trifurcations are more common in 
persons of Caribbean extract. This has important implications for partial liver 
transplantation. For both, a formal right-left lobe split and a right lobe living donation, 
it would need a bi-ductal anastomosis in a recipient with higher chances of post-
operative biliary complications. It is sometimes considered to be a relative contrain-
dication for right lobe living donation[52].

The second most prevalent anomaly was a type-A3 variant that was present in 4.6% 
of our population. In the medical literature the prevalence of type 3 variations ranges 
from 0.6%[48] to 30%[5,36,46] and the global prevalence was calculated to be 11.5%. 
Type A3 variants are clinically significant for many reasons. The presence of this 
variant predisposes patients to inadvertent biliary tract injury in the donor[13]. 
However, this anomaly can be identified either during a pre-operative donor or intra-
operative cholangiography during donor right hepatectomy. Patients with an 
unrecognized type-A3 variant who undergo a left hepatectomy may be at risk for 
significant post-operative bile leak from the transected RPSD if not properly secured in 
the liver remnant. This type of bile leak would remain unresolved despite an ERCP. 
Alternatively, the RPSD is at risk for ligation leading to biliary stasis, repeated 
infections and finally cirrhosis in the right posterior section.
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In patients with type-3 anomaly, a Bismuth 3b hilar choangiocarcinoma is often 
misinterpreted as a type 4 Lesion since the right anterior and posterior sectoral ducts 
are deemed not to join. Such patients can then be incorrectly labelled as inoperable.

Finally, there may also be a theoretic relationship between a type-3 variant and 
hepatolithiasis[11]. Consider the prevailing theory that biliary stasis and secondary 
cholangitis may contribute to intra-hepatic lithiasis[11,54]. This is supported by the 
fact that intra-hepatic lithiasis is more common in the left liver because the LHD joins 
at a more acute angle than the RHD[54]. But the most acute angulation would be 
present in a person with a type-3 variation, where the RPSD joins the LHD[11]. 
Therefore, these patients are theoretically more likely to experience stasis and a greater 
incidence of intra-hepatic lithiasis[11].

The type A4 variant was present in 3.95% of our population. The prevalence of this 
variant in the general medical literature ranges from 0.3%[48] to 15.8%[9] and the 
calculated global prevalence was 6.4%. General surgeons should make an effort to 
identify A4 variants before performing laparoscopic cholecystectomy because the 
abnormal RPSD might be mistaken as the cystic duct[33], putting it at risk for 
inadvertent bile duct injury. Interventional radiologists should also attempt to identify 
A4 variants before percutaneous drainage procedures, because drain placement in the 
left duct system would not effectively drain the right posterior segment when this 
anatomy is present[11]. The issues with the right-left split and right lobe living 
donation are somewhat similar to the ones discussed for the type A3 variant. 
However, a type A4 is probably more favourable since the RASD is essentially inserted 
low into the CHD and can often be dissected out extra-hepatically and for a longer 
length, thereby making a bi-ductal recipient anastomosis comparatively easier.

We did not encounter any persons with type A5 variants in our population. This 
was not surprising as many authors published series without identifying A5 variants
[3,5,8,10,14,16-19,21,23-25,27,35,36,41,45,46,50]. In the general medical literature, the 
frequency of A5 variants ranged from 0.05[42] to 9.3%[15] and we calculated the global 
prevalence of A5 variants to be 0.58%.

There was one person in our study with a quadrification that did not fit the Huang 
classification. Although uncommon, this variation has been reported before. Adatepe 
et al[47] reported a quadrification in 0.38% of 1,041 persons, which was similar to the 
prevalence in our population (0.65%). The clinical significance of this variation is 
probably similar to that of a Huang A2 variant. Most of the existing classification 
systems downplay the significance of the segment IV ducts due to the vagrant nature 
of its insertion, and in fact many of the classification systems do not mention the 
variable segment IV duct. Additionally, we believe that in many instances the segment 
IV duct is too small to be meaningfully represented on MRCs. Moreover, it has little 
bearing on resectability of a hilar cholangiocarcinoma, right lobe or a left lateral section 
living donor.

There were no accessory ducts in our study. The term accessory duct refers to extra 
bile ducts draining a single liver segment in addition to its normal drainage[33,55]. 
Accessory bile ducts are reported to occur in 2%[55] to 6%[11] of persons in the 
medical literature. Accessory ducts are important to transplant surgeons who would 
tailor harvesting techniques in the donor. They may also be inadvertently ligated at 
operation leading to the formation of biliary fistulae, biliary sepsis and biliary 
cirrhosis.

A limitation of this study was that the MRCs were done on a scanner with  a 1.5 T 
magnet without the administration of gadolinium compounds. Although we did not 
identify aberrant or accessory ducts, we do appreciate that small accessory ducts and 
aberrant ducts may not have been detected because they were below the resolution of 
the protocol scan/equipment.

CONCLUSION
In this Eastern Caribbean population, MRC identified variant anatomy in 28.3% of 
unselected persons. There are significant differences in intra-hepatic biliary anatomy 
in this unselected Eastern Caribbean population compared to global statistics. 
Specifically, Caribbean persons have a greater incidence of Huang A2 trifurcations and 
a lower incidence of Huang A3 variants.
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ARTICLE HIGHLIGHTS
Research background
There have been many documented variations of the anatomy of the intra-hepatic bile 
ducts, but to the best of our knowledge there has been no report on bile duct variations 
in Caribbean populations. This information is important to optimize healthcare 
services for providers with interests in treating liver disorders.

Research motivation
This research sought to determine the bile duct variations in a Caribbean population. 
This will help to optimize hepatobiliary services in the region. We have also defined 
the global prevalence which will serve as a basis for further research in this field.

Research objectives
We sought to document the variations in bile duct anatomy using magnetic resonance 
cholangiography (MRC) at a major hepatobiliary referral centre in the Eastern 
Caribbean.

Research methods
We evaluated MRC images from 152 consecutive patients over a two-year period and 
described biliary anatomy according to the Huang’s classification. A systematic review 
of all available published studies was performed. Raw data were extracted and used to 
calculate the global prevalence of each variant for comparisons to the variants in our 
population.

Research results
Classic anatomy was present in 71.7% of persons and 28.3% of persons had variant 
anatomy. The most common variant was Huang type 2 (19%), followed by type 3 
(4.6%), type 4 (3.95%) and type 5 (0). One variant did not fit the Huang classification 
system. This Caribbean population had a significantly greater number of type 2 
variants (19.1% vs 11.5%; P = 0.0069), but a significantly lower incidence of type 3 
variants (4.61% vs 11.5%; P = 0.0047).

Research conclusions
There are significant differences in biliary anatomy in this Caribbean population 
compared to global statistics. The new method this study proposes is to use the 
definition of global prevalence to compare anatomic variations.

Research perspectives
Future research can focus on variations of extra-hepatic biliary anomalies using the 
global prevalence template.
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