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Background. Anatomical variations of cystic duct (CD) are frequently unrecognized. It is important to be aware of these variations
prior to any surgical, percutaneous, or endoscopic intervention procedures. Objectives. The purpose of our study was to demonstrate
the imaging features of CD and its variants using magnetic resonance cholangiopancreatography (MRCP) and document their
prevalence in our population. Materials and Methods. This study included 198 patients who underwent MRCP due to different
indications. Images were evaluated in picture archiving communication system (PACS) and variations of CD were documented.
Results. Normal lateral insertion of CD at middle third of common hepatic duct was seen in 51% of cases. Medial insertion was seen
in 16% of cases, of which 4% were low medial insertions. Low insertion of CD was noted in 9% of cases. Parallel course of CD was
present in 7.5% of cases. High insertion was noted in 6% and short CD in 1% of cases. In 1 case, CD was draining into right hepatic
duct. Congenital cystic dilation of CD was noted in one case with evidence of type IV choledochal cyst. Conclusion. Cystic duct
variations are common and MRCP is an optimal imaging modality for demonstration of cystic duct anatomy.

1. Introduction
Anatomic variations of cystic ducts are common and frequently encountered during imaging. Failure to recognize
some of the clinically important variants may lead to
complication during surgical, endoscopic, or percutaneous
intervention procedures [1]. Familiarity with the imaging
appearance of cystic duct anatomy, its variant, and associated
disease process helps in proper interpretation of the findings
and helps in accurate diagnosis.
Noninvasive imaging technique that can delineate the
cystic duct anatomy prior to any intervention procedure
could be of great clinical significance. Nondilated cystic duct
is difficult to visualize in USG. Proper visualization of the
normal caliber bile duct in CT requires intravenous cholangiographic contrast media. MRCP is the optimal noninvasive
imaging modality to delineate the anatomy of cystic duct and
common bile duct.
Cystic duct is about 2–4 cm long and 1–5 mm in caliber
which connects the neck of gall bladder to the common

hepatic duct (CHD) to form the common bile duct (CBD).
The point of insertion of the cystic duct into the CHD is
variable. Most commonly it enters the CHD from the right
lateral aspect [1]. It joins the CHD approximately halfway
between the hepatic confluence and ampulla of Vater.
Different cystic duct variations are described in the
literature based on its length, course, and site of insertion with
CHD. Some variations which are clinically more important
are the following: (i) low insertion of cystic duct, (ii) parallel
course of cystic duct with CHD, (iii) anterior or posterior
spiral course with medial insertion, (iv) absent or short cystic
duct (length < 5 mm), (v) aberrant drainage of cystic duct to
right hepatic or left hepatic duct, (vi) aberrant or accessory
intrahepatic ducts draining into cystic duct, and (vii) double
cystic duct [2–4].
Purpose of our study was to demonstrate the imaging
features of various anatomical variants of cystic duct using
magnetic resonance cholangiopancreatography (MRCP) and
to document the prevalence of cystic duct variations in our
population.
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2. Materials and Method
This observational retrospective study was conducted after
approval was obtained from the institutional research and
ethics committee. All consecutive patients who underwent
MRCP in our hospital for different indications over a period
of one and half year, from July 2011 to Dec 2012, were included
in our study. A total of 224 cases were evaluated among which
cystic duct insertion was seen in 198 (88.4%) cases. Nine cases
(4%) showed postcholecystectomy status and in 17 (7.6%)
cases cystic duct insertion was not made out due to ductal
pathology or overlapping of structures.
Imaging was performed in 1.5-Tesla MRI units (Achieva
SE, Philips Healthcare) using a torso phased-array coil. Two
MRCP sequences were used. The first was single-shot radial
MRCP (TR/TE, 8000/800 ms; echo-train length, 256; flip
angle, 90∘ ; FOV, 300 mm2 ; section thickness, 40 mm; sections
passing through the porta hepatis and rotating around a point
anterior to the portal vein). The first coronal oblique image
was through the tail of the pancreas, the second image was
a straight coronal image, and subsequent sections were 15∘
apart. The second sequence was an MRCP high-resolution
sensitivity encoding (SENSE) sequence (TR/TE, 1204/650;
flip angle, 90∘ ; FOV, 260 mm2 ; section thickness, 1 mm; interval, 0.8 mm; straight coronal sections). Maximum-intensityprojection sets of MRCP high-resolution SENSE sequence
images were generated in the coronal plane.
2.1. Image Analysis. The MRCP images were assessed in
PACS (Novarad). The length, course, and insertion of cystic
duct were documented. When cystic duct joins the CHD at its
upper third it was defined as high insertion and when it joins
CHD at lower third it was defined as low insertion. Point of
insertion was documented as lateral (to the right of CHD),
anterior, posterior, and medial (to the left of CHD). Short
cystic duct was defined as cystic duct length of less than 5 mm.
Long parallel insertion was defined as parallel course of cystic
duct with CHD for at least 2 cm.
Statistical Methods. Descriptive and inferential statistical
analysis has been carried out in the present study. Results on
continuous measurements are presented as mean ± SD (min–
max) and results on categorical measurements are presented
as number (%).

3. Results
Among 198 patients, 105 (53%) cases were male patients and
93 (47%) were female patients (mean age, 44 years; range,
12–78 years). The anatomical variations of cystic duct are
summarized in Table 1.
In 102 (51.5%) cases, normal lateral insertion of cystic duct
at middle third of CHD was seen (Figure 1). Spiral course
with medial insertion of cystic duct is seen in 32 (16.1%)
cases (Figure 2). Low insertion of cystic duct was noted in 18
(9%) cases, in which 8 (4%) cases had low medial insertion
(Figure 3). Parallel course of cystic duct was present in 15
(7.5%) cases (Figure 4). High insertion of cystic duct was
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Table 1: Distribution of different anatomical variations of cystic
duct.
Type of cystic duct variations
(1) Spiral course with medial insertion
(2) Low insertion
(3) Low medial insertion
(4) High insertion
(5) Anterior insertion
(6) Posterior insertion
(7) Parallel course of cystic duct
(8) Short cystic duct
(9) Cystic duct draining to right hepatic
duct
(10) Right posterior sectoral hepatic duct
draining to cystic duct

Frequency
𝑛 = 198

%

32
18
8
11
4
40
15
2

16.1
9
4
5.5
2
20.2
7.5
1

1

0.5

1

0.5

Figure 1: Coronal oblique 3D MR cholangiopancreatography shows
normal insertion of cystic duct at middle 3rd of common hepatic
duct from lateral aspect (arrow).

noted in 11 (5.5%) cases (Figure 5). Short cystic duct was
seen in 2 (1%) cases (Figure 6). In 2 of our cases, cystic duct
was draining into the RHD (Figure 7). In these cases there
was absence of CHD with low confluence of RHD and LHD.
Aberrant right posterior sectoral bile duct draining into cystic
duct is noted in 1 of our cases (Figure 8).
Congenital cystic dilation of cystic duct was noted in
one case with evidence of Todani type IV choledochal cyst
(Figure 9). There was cystic dilatation of the CHD and
proximal CBD with abrupt tapering at distal intrapancreatic
part of CBD and mild focal dilatation of the right posterior
segmental branch. The cystic duct is elongated and tortuous
and showing cystic dilatation at its distal end. Wide communication is noted between cystic duct and CHD. There was
anomalous pancreatobiliary duct union with long common
channel.

4. Discussion
Bile duct injury is a serious complication during cholecystectomy, more commonly seen in laparoscopic cholecystectomy.
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Figure 4: Coronal oblique 3D MR cholangiopancreatography shows
parallel course of cystic duct (white arrow) and CHD (white
arrowhead). Also note medial insertion of cystic duct (red arrow).
GB: gall bladder.

Figure 2: Coronal oblique 3D MR cholangiopancreatography shows
spiral course of cystic duct (white arrow) with medial insertion with
CHD. GB: gall bladder.

GB

Figure 5: Coronal oblique 3D MR cholangiopancreatography shows
high insertion of cystic duct at upper 3rd of CHD from lateral aspect.

Figure 3: Coronal oblique 3D MR cholangiopancreatography shows
low medial insertion of cystic duct where cystic duct (arrow) drains
at lower 3rd of CHD from left side.

One of the major causes of bile duct injury is failure to
identify the ductal anatomy, particularly in the presence of
anatomical variants. Complete transection of common bile
duct occurs when CBD is mistaken for cystic duct and it
is one of the dreaded complications of laparoscopic and
open cholecystectomy [5]. Intraoperative cholangiography
(IOC) is commonly performed during cholecystectomy to
document the bile duct anatomy. In one series IOC was
conclusive only in 57% of cases. Incomplete filling of bile duct
and projection of cystic duct over CBD have resulted in false
or inconclusive results [5].
MRCP is a noninvasive imaging modality which can
optimally image the bile ducts and cystic duct. Studies have
shown that preoperative MRCP provides important information regarding cystic duct anatomy and has a significant
safeguarding effect on laparoscopic cholecystectomy [6–8].
Prior knowledge of the cystic duct anatomy and its variants
helps in proper interpretation of disease process and avoids

iatrogenic injuries. Preoperative documentation of bile duct
anatomy may also help in medicolegal purposes [5].
Recently, percutaneous transcholecystic biliary interventions are being performed through the cystic duct. Prior
knowledge of cystic duct anatomy and variations would
definitely help in planning the procedure and avoiding
complications [9].
Extreme variability is noted in the course of cystic
duct and its junction with extrahepatic bile duct. Classical
anatomy of cystic duct joining the CHD at its middle third
from lateral aspect is seen in 58%–75% of cases [10]. We
have seen this anatomy in 51.5% of our cases. The three
most common and clinically significant variants are medial
insertion of cystic duct, low insertion of cystic duct, and
parallel course of cystic duct.
16% of our cases revealed medial insertion with posterior
or anterior spiral course. Medial insertion of cystic duct was
reported in 10–18% of cases in previous studies [11–13]. This
variant is important during surgery. Dissection of the medial
cystic duct up to its end is considered dangerous and it is
advisable to leave a long remnant of cystic duct [14].
Low insertion of cystic duct (LICD) was reported in 8 to
11% of cases in previous studies [11, 15, 16]. 9% of our cases
showed LICD, among which 4% had low medial insertion.
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Figure 6: (a) Coronal oblique 3D MR cholangiopancreatography. (b) SSH SPAIR transverse image shows short cystic duct with anterior
insertion (arrow) into the CHD (arrowhead). GB: gall bladder.

Figure 7: Coronal oblique 3D MR cholangiopancreatography shows
aberrant insertion of cystic duct (red arrow) into the right hepatic
duct (white arrow) and low union of right and left hepatic duct (blue
arrow). Also note multiple calculi (black arrow) in common bile duct
(white arrowhead). A: right anterior sectoral duct, P: right posterior
sectoral duct, RHD: right hepatic duct, LHD: left hepatic duct, CD:
cystic duct, and GB: gall bladder.

Low insertion of cystic duct was associated with high rate of
CBD stone formation and higher recurrence of CBD stones
[16, 17]. Failure to identify a low insertion of cystic duct may
result in technical difficulties during ERCP procedures and
may lead to complication [18].
A long parallel CHD and cystic duct were reported in 1.2–
25% of the population, where these ducts are surrounded by
a common fibrous sheath and show parallel course for at least
2 cm [12, 14]. This variation was noted in 7.5% of our cases. If
this variant is not recognized, the extrahepatic bile duct can
be mistaken as the cystic duct and can result in inadvertent
section or ligation of the extrahepatic bile duct and lead to

Figure 8: Coronal oblique 3D MR cholangiopancreatography shows
aberrant union of right segmental bile duct (red arrow) into the
cystic duct (white arrow). Cystic duct (white arrow) unites laterally
to form CBD. LHD: left hepatic duct.

postoperative complication. If the long parallel cystic duct
is ligated or transected too close to the CHD, the CHD can
undergo strictures or narrowing at this site. In patient with
long parallel cystic duct and cases with medial insertion,
usually long cystic duct is left after cholecystectomy. This is
more frequently associated with inflammatory changes and
calculus disease leading to postcholecystectomy syndrome
[1].
The presence of short or absent cystic duct is a rare but
important variant and increases the chance of biliary injury,
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Figure 9: 42-year-old female with choledochal cyst involving the cystic duct. (a) Coronal oblique 3D MR cholangiopancreatography shows
marked fusiform dilatation of the extrahepatic bile duct (white arrowhead) with abrupt tapering at distal part (white arrow). The cystic duct
is elongated and tortuous and showing cystic dilatation at its distal end with wide communication with the CHD. Also note that there was
fusiform dilatation of left hepatic duct. (b) Coronal oblique 3D MR cholangiopancreatography shows abnormal union of pancreatobiliary
duct with long common channel. ∗: choledochal cyst. GB: gall bladder and CD: cystic duct.

especially during laparoscopic cholecystectomy [19]. Short
cystic duct was reported in 1.3%–2.6% of cases in previous
studies [10, 11, 20]. This anomaly was noted in two of our
cases (1%). During surgery when surgeons try to visualize
the cystic duct by giving traction on gall bladder, presence
of short cystic may result in tenting of the CHD or CBD and
inadvertent clamping of these ducts [20].
Aberrant drainage of cystic duct into right hepatic duct is
rare and reported in 0.3%–0.4% of patients [21]. We have also
seen 2 cases in which cystic ducts were draining into the RHD
and one case of aberrant intrahepatic duct draining into cystic
duct. It is crucial to diagnose the high union of the cystic duct
into the CHD, aberrant cystic duct drainage into the right
hepatic duct, and aberrant union of intrahepatic bile ducts to
the cystic duct as these variants can be misdiagnosed during
surgery, leading to inadvertent transaction and ligation.
We have not seen any case of double cystic duct in our
study. Cystic duct duplication in the presence of single gall
bladder is a very rare anomaly and is associated with higher
risk of complication during laparoscopic cholecystectomy.
This anomaly can be confused with accessory intrahepatic
duct draining into the CHD. Preoperative or intraoperative
cholangiogram is very crucial in proper identification of these
variations and avoiding complications [3, 22].
Choledochal cyst is congenital dilatation of intrahepatic
and extrahepatic bile ducts and classified by Todani et al.
into five types [23]. Choledochal cyst involving the cystic
duct was not described in this classification. However, several
case reports and case series have reported isolated cystic
malformation of cystic duct and cystic dilatation of cystic
duct associated with other types of choledochal cysts [24–26].
We have also seen one case of type IV choledochal cyst
associated with fusiform dilatation of cystic duct. Awareness
of this type of malformation of the cystic duct would help
in correct preoperative diagnosis and appropriate treatment
strategy. MRCP is the preferred imaging modality for diagnosis of this condition which clearly delineates the anatomy

and relationship of entire biliary tract. It can simultaneously
delineate the abnormal union of pancreatobiliary duct which
is reported in 33–90% of cases [27].
The limitation of our study is that we could not compare
our results with ERCP or intraoperative cholangiography. We
could not evaluate cystic duct in all patients due to adjacent
ductal pathology or overlapping of structures.

5. Conclusion
Cystic duct variations are not uncommon and it is important
to recognize the anatomical variations. MRCP is an excellent
imaging modality for demonstration of cystic duct anatomy
and its variations which not only helps in proper interpretation of the disease process but also provides a road map before
any percutaneous, endoscopic, and surgical interventions.
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