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Intrahepatic bile duct (IHBD) anatomy can show many variations causing biliary compli-
cations after liver transplantation (1). Biliary tract complications after orthotopic liver 
transplantations are reported in 10%–25% of subjects, and fatal complications can be 

observed in up to 10% of patients in complicated cases. In addition, although laparoscopic 
surgery is a less invasive surgical method, the limited visual field and errors of mispercep-
tion occasionally result in biliary complications such as bile leakage and injury to the contra-
lateral biliary ducts (approximately 0.5% of cases) (2). It is very important to preoperatively 
delineate the anatomy of the biliary system in an accurate and reliable manner. Inadequate 
characterization of the IHBD anatomy can cause not only perioperative but also postopera-
tive complications that can adversely affect the prognosis.

With the technological developments in recent years, it has become possible to non-
invasively depict biliary structures using imaging modalities such as magnetic resonance 
cholangiopancreatography (MRCP), contrast-enhanced magnetic resonance cholangiogra-
phy, and computed tomography cholangiography. Noninvasive imaging modalities have 
emerged as invaluable alternatives for endoscopic retrograde cholangiopancreatography 
and perioperative cholangiography. MRCP is the foremost noninvasive imaging method of 
the biliary system. Maximum-intensity projection (MIP) images obtained using MRCP en-
able the assessment of small biliary tracts. Furthermore, MRCP is not associated with radia-
tion exposure and does not require a contrast material (3–5). 

Despite many different IHBD variations reported, the most comprehensive classification 
is the Yoshida classification (6). This classification describes seven different IHBD variations. 
Cystohepatic duct is accepted as the eighth type in this study. In the literature, there are 
many case reports on different variations that were not presented in the Yoshida classifica-
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PURPOSE 
Preoperative detection of intrahepatic bile duct (IHBD) variations is essential to reduce surgical mor-
bidity and mortality rates. Magnetic resonance cholangiopancreatography (MRCP) is a noninvasive 
and reliable method for demonstrating the normal IHBD anatomy and its variations. This retrospec-
tive study aimed to identify and classify novel variations, except those already reported in the liter-
ature, using MRCP.

METHODS
MRCP examinations, which were conducted in two different centers in the last five years, were ret-
rospectively evaluated. IHBD variations were recorded with respect to the Yoshida classification. In 
addition, newly detected variations that were not included in this classification were identified and 
classified.

RESULTS
MRCP examinations of 2624 patients were screened, and 2143 were determined to be eligible for 
evaluation. Of 2143 patients, 987 were males (average age, 54±18 years) and 1156 were females 
(mean age, 57±17 years). In this study, 10 novel variations that were not included in the Yoshida 
classification were identified in 14 patients.

CONCLUSION
MRCP is an effective, reliable, and noninvasive imaging method for evaluating the IHBD anatomy 
and its variations. Novel variations described in this study may help to better understand the biliary 
anatomy.
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tion. Therefore, this study aimed to form a 
wide novel classification for IHBD variations. 

Methods
The institutional ethics board approval 

was obtained, and the requirement to obtain 
informed consent was waived. MRCP studies 
that were performed over a 60-month peri-
od (from January 2011 to December 2015) at 
two university hospitals were retrospective-
ly reviewed. Patients with a minimum age of 
18 years who had undergone MRCP were in-
cluded. The exclusion criteria were the lack 
of adequate quality of magnetic resonance 
imaging (MRI), history of previous surgery, 
distortion of the biliary tracts because of a 
tumor or another space-occupying lesion, 
and cases with poor anatomic delineation 
because of an excessive dilation of the bili-
ary tracts. Patients were selected from a co-
hort of 2624 consecutive patients for whom 
MRCP was obtained. Seventy-three patients 
below  the  age  of 18 years were excluded. 
Furthermore, 408 patients were excluded 
because of motion artifacts or excessive di-
lation of the biliary tracts in MRI scans, and 
2143 patients (Table 1) were included in the 
final study group. A flowchart for evaluating 
the MRI scans according to exclusion crite-
ria is shown in Fig. 1. All MRCP studies were 
initially evaluated by one observer. When a 
nonclassified variation was encountered, 
the case was reevaluated by another ob-
server who was experienced in abdominal 
radiology.

MRCP protocol
MRI was performed using 1.5 T units (Sie-

mens, Avanto and Siemens, Aera) using a 
body coil. All patients were imaged in the 
supine position. Our protocol included a 
done set of breath-hold coronal half-Fouri-
er acquisition single-shot turbo spin echo 
(HASTE) (TR/TE, 1400/91 ms; flip angle, 180°; 
slice thickness, 6 mm; FOV, 400×400), axi-
al and coronal fat-saturated HASTE (TR/TE, 
1200/94 ms; flip angle, 160°; slice thickness, 

3 mm; FOV, 400×400), and a set of three di-
mensional (3D) oblique coronal thin slice, 
fast spin echo T2-weighted images (TR/TE, 
2500/700 ms; flip angle, 140°; slice thickness, 
1 mm). Post-processing of the image data 
was performed to reconstruct MIP images.

Evaluation of the normal IHBD anatomy 
and its variations
The biliary tree runs parallel to the hepat-

ic artery and portal vein branches through 

the liver parenchyma. Venous, arterial, and 
IHBD anatomic variations are quite com-
mon in the hepatobiliary system. Two bili-
ary ducts draining the right liver lobe and a 
single duct formed by segmental tributaries 
draining the left lobe is the most common 
anatomic variation and is considered as 
“normal biliary anatomy.” IHBD variations 
have been classified into seven groups by 
Yoshida et al. (6). Cystohepatic duct is ac-
cepted as the eighth type in this study. In 

Main points

•	 The majority of complications that cause 
morbidity and mortality in hepatobiliary surgery 
are related to the biliary system variations. 

•	 MRCP is a noninvasive, efficient, and reliable 
imaging method for evaluating the intrahepatic 
bile duct anatomy and its variations. 

•	 Ten novel variations are reported in this study, 
outside the reported classifications.

Table 1. Indications for magnetic resonance cholangiopancreatography examination    

Initial diagnosis and clinical condition	 Number of patients (%)

Cholelithiasis (preoperative assessment)	 626 (29.2)

Obstructive jaundice	 593 (27.6)

Choledocholithiasis	 284 (13.3)

Acute cholecystitis	 132 (6.2)

Acute pancreatitis	 128 (5.9)

Donor for liver transplantation	 83 (3.9)

Liver mass	 82 (3.8)

Pancreatic mass	 65 (3)

Klatskin tumor	 51 (2.4)

Postcholecystectomy control	 49 (2.3)

Acute cholangitis	 34 (1.6)

Chronic pancreatitis	 16 (0.8)

Overall	 2143

Figure 1. A flowchart showing the evaluation of the MRI data according to the exclusion criteria.
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this study group, anatomic variations were 
assessed according to the Yoshida classifica-
tion, and 10 novel variations with anatomic 
and surgical importance were described. 

Results
IHBDs of 2143 patients (987 males 54±18 

years of age and 1156 females 57±17 years 
of age), were evaluated using 3D oblique 
coronal thin slice fast spin-echo T2-weight-
ed images and reformat (MIP) images. 
Variation types 1, 2, and 3 were the most 

common variations, similar to the findings 
of previous studies. Variation types 4–7 
were less frequently observed. Ten nov-
el IHBD variations were encountered that 
were not included in the Yoshida classifica-
tion. Frequency of variations in the Yoshida 
classification were as follows: Type 1, 62% 
(1329 patients); Type 2, 9% (202 patients); 
Type 3, 11% (245 patients); Type 4, 7% (149 
patients); and the other types (5, 6, and 7), 
10% (203 patients). The cystohepatic duct, 
which is defined as a bile duct of the ab-

errant right lobe that opens into the cystic 
duct, is commonly noted in the literature; 
this was defined as Type 8 in this study. Type 
8 was seen in one patient (%0.05). The 10 
novel IHBD variations were defined as Types 
9–18 (Figs. 2–12). Types 10 and 14 were ob-
served in two patients, and Type 17 was ob-
served in three patients. Each of the other 
types was observed in one patient (Table 2).

Discussion
This study shows that IHBD anatomy and 

variations can be evaluated safely and non-
invasively via MRCP. Many novel variations 
outside the classifications reported in the 
literature were also presented in this study.

Variations in arterial, venous, and ductal 
structures of the hepatopancreaticobiliary 
system are frequently observed. The reason 
for the frequency of IHBD variations in this 
system is clockwise rotation at the fourth 
to seventh embryologic weeks at the lev-
el of the midgut and foregut junction (7). 
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Figure 3. Novel Type 9: Magnetic resonance 
cholangiopancreatography (MRCP) image 
with an illustration showing the trifurcation 
associated with right segmental duct draining 
into the left main biliary duct. 

Figure 4. Novel Type 10: MRCP image with an 
illustration showing the accessory segmental 
right and left intrahepatic duct forming a 
truncus and the truncus draining into the 
common hepatic duct (CHD). 

Table 2. Novel intrahepatic bile duct variation types related to patient characteristics     

Novel intrahepatic bile duct variation types	 Number of patient(s)	 Age (years)	 Gender

Type 9	 1	 46	 M

Type 10	 2	 55	 M

		  65	 M

Type 11	 1	 52	 F

Type 12	 1	 68	 F

Type 13	 1	 27	 F

Type 14	 2	 84	 F

		  65	 M

Type 15	 1	 71	 M

Type 16	 1	 73	 M

Type 17	 3	 58	 F

		  41	 F

		  32	 M

Type 18	 1	 33	 F

Overall	 14		

M, male; F, female.

Figure 2. Intrahepatic bile duct variations. Types 1–8, previously classified types. Types 9–18, novel 
defined variants.

Type 1

Type 7 Type 8

Type 13 Type 14 Type 15 Type 16 Type 17 Type 18

Type 9 Type 10 Type 11 Type 12

Type 2 Type 3 Type 4 Type 5 Type 6
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According to the literature, the proportion 
of variations, except the typical pattern of 
the biliary tract (Yoshida Type 1), varies be-
tween 28% and 43% (1, 8–13). 

The number of hepatobiliary surgeries 
has increased, which particularly includes 
laparoscopic cholecystectomy, transplan-

tation surgery, hepatic resection, and tu-
mor surgery. Complications related to the 
biliary system constitute one of the most 
common reasons for morbidity and mortal-
ity in these surgeries. To minimize peri- and 
postoperative morbidity and mortality, a 
detailed evaluation of the biliary anatomy 

is essential before surgery (1). In traumatic 
or iatrogenic biliary damage, in which bili-
ary drainage is disrupted, jaundice, bilioma, 
biliary peritonitis, sepsis, and biliary fistula 
may develop within 1–2 weeks (14, 15). Re-
current and secondary biliary cirrhosis in 
segments or lobes with disrupted drainage 
may develop over the long term (months/
years) (15, 16). 

Various diagnostic methods can be used 
to evaluate the biliary anatomy in the pre-
operative period (conventional T2-weight-
ed MRCP, contrast-enhanced T1-weighted 
MRCP, and multidetector row CT cholangi-
ography) or during surgery (intraoperative 
cholangiography). Among these, the most 
commonly used method is MRCP, since it is 
noninvasive and does not require a contrast 
material. MRCP relies on heavily T2-weight-
ed images that produce  a high signal from 
the static fluid. This method can noninva-
sively display the anatomy of the intra- and 
extrahepatic biliary tract, with a high sensi-
tivity and specificity (3–5). In many centers, 
MRCP is routinely used to image the bile 

Figure 5. Novel Type 11: MRCP image with an 
illustration showing the trifurcation associated 
with right segmental duct draining into CHD. 

Figure 6. Novel Type 12: MRCP image with an 
illustration showing the two right segmental 
ducts draining into the left main biliary duct. 

Figure 7. Novel Type 13: MRCP image with an 
illustration showing the trifurcation associated with 
right segmental duct draining into the left main biliary 
duct and left segmental duct draining into CHD. 

Figure 8. Novel Type 14: MRCP image with an 
illustration showing the trifurcation formed by 
three right segmental ducts. 

Figure 11. Novel Type 17: MRCP image with an 
illustration showing the accessory right and left 
segmental ducts draining into CHD. 

Figure 9. Novel Type 15: MRCP image with an 
illustration showing the trifurcation associated 
with right segmental duct draining into the left 
main biliary duct. 

Figure 12. Novel Type 18: MRCP image with an 
illustration showing the accessory right segmental 
duct draining into CHD and cystic duct draining 
into this accessory right segmental duct. 

Figure 10. Novel Type 16: MRCP image with 
an illustration showing the right posterior 
segmental duct that passes caudally in 
contrast with Yoshida Type 1. 



duct anatomy and for surgical planning be-
fore live donor liver transplantation (LDLT), 
laparoscopic cholecystectomy, and exten-
sive liver surgeries (9). The success of ma-
jor liver surgeries and a decrease in biliary 
complications are closely related to a better 
evaluation of the biliary anatomy and the 
identification of anatomic variations. In this 
respect, MRCP is an indispensable, noninva-
sive method. 

The proper evaluation of the IHBD anat-
omy and its variations before liver trans-
plantation and extensive liver resection 
is very important (17). LDLT using the 
right lobe has become a standard opera-
tion (18). Nakamura et al. (18) conducted 
a study with 120 patients with right lobe 
LDLT and reported that there was no ab-
solute contraindication related to the vari-
ations of the biliary system for transplan-
tation. Varotti et al. (19) conducted a study 
with 96 donors of the right liver lobe and 
reported that the variations of the biliary 
system were frequently observed, and 
these variations were not contraindicated 
for transplantation; however, an accurate 
pre- and intraoperative evaluation was re-
quired for successful transplantation plan-
ning. For example, in a patient with Type 3 
bile duct variation according to the Yoshi-
da classification, the right posterior branch 
can be ligated during left hepatectomy, 
which can cause cirrhosis development 
at segments 6/7. However, studies have 
reported that Type 2 bile duct pattern is 
contraindicated for safe right lobe dona-
tion and the Type 3 bile duct pattern is also 
contraindicated for both right and left lobe 
donations (2, 20). The risk for biliary com-
plication is high in the first situation be-
cause of the necessity of additional anas-
tomosis in the recipient and in the second 
situation because of the risk of the right 
posterior branch injury during left hepa-
tectomy. In addition, biliary variations are 
a major source of morbidity and mortality 
after transplantation (1, 19). The current 
study included novel IHBD variations that 
can cause bile duct complications for LDLT, 
namely, types 9, 11, 12, 13, and 15 (Figs. 3, 
5–7, 9). The abovementioned types have 
aberrant IHBDs, which drain to the bile 
duct of the contralateral lobe. 

Laparoscopic surgery has become the 
standard approach for cholecystectomy 
(21). As biliary tract variations are ob-
served quite often, an evaluation of bile 
duct variations with MRCP before laparo-
scopic cholecystectomy is very important 

to prevent biliary complications because 
of ductal injuries such as bile leakage, bile 
peritonitis, biliary stricture, obstructive 
jaundice, and liver abscess (21). Poor visu-
alization of the cystic duct during surgery 
may cause accidental bile duct injury. Al-
though the overall incidence of bile duct 
injury after laparoscopic cholecystecto-
my is usually lower than 1%, they often 
emerge in the form of serious complica-
tions (2, 9, 22–25). For example, aberrant 
right posterior duct draining into the com-
mon hepatic or cystic duct or draining of 
the cystic duct into the right hepatic duct 
(Fig. 12) may cause ligation or inadvertent 
injury of these branches (9). An unnoticed 
bile duct during surgery may cause bile 
peritonitis or bilioma that develop 5–7 
days postoperatively. If not treated, the 
mortality rate can be as high as 44% (26). 
Except iatrogenic complications during 
surgery, other complications include bile 
duct calculi formation, pancreatitis, and 
cholangitis (26, 27). In the current study, 
one of the novel variations (Type 18) was 
noted to be prone to bilioma, bile perito-
nitis, and intrahepatic biliary obstruction 
development after laparoscopic surgery 
(Fig. 12). In patients with Type 18 bile duct 
variation, aberrant right IHBD may be 
damaged during ligation and removal of 
cystic duct, which may lead to bile leakage 
and bile peritonitis. 

This study had some limitations. The 
most important one is spatial resolution, 
which is an inevitable limitation of MRI and 
MRCP. Another is that this study was con-
ducted in a nondilated biliary system and 
only the main branches of the biliary tract 
were observed; terminal branches were not 
evaluated. To evaluate the terminal branch-
es, morphine, fentanyl, and secretin should 
be used to increase the contractions of 
sphincter of Oddi (1, 28–31) , which are not 
used in our routine practice. 

In conclusion, biliary tract-induced com-
plications in hepatobiliary surgery are im-
portant causes of morbidity and mortality. 
MRCP is a noninvasive and reliable method 
to evaluate the IHBD anatomy and its varia-
tions in the preoperative period. There are 
many variations outside the classifications 
reported in the literature, and these novel 
variations were also classified in this study. 
This study highlights the clinical and surgi-
cal importance of the newly identified vari-
ants. 
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