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ABSTRACT

Objective: To evaluate the anatomy and various anatomical variations of the cystic duct and their association with the stones
in the biliary tract in the Turkish population.

Study Design: Observational study.

Place and Duration of Study: Sivas Cumhuriyet University Hospital between November 2017 and August 2019.
Methodology: Patients who had undergone MRCP procedures at the study centre were assessed retrospectively. MRCP images
were used to evaluate the variations of the cystic duct. Association with the stones in the biliary tract was noted with p<0.05 as
significant.

Results: Three thousand MRCPs were evaluated. Among the 930 patients included in the study, 408 were males (43.9%), 61.9
+ 17 years, while 522 were females (56.1 %), 57.1 = 19.2 years. The most common variation was lateral insertion in 372
patients (40%), medial insertion in 226 patients (24.3%), and high insertion in 137 patients (14.7%). Lateral, medial, high inser-
tions (all p <0.001), parallel course of the cystic duct (p <0.001), low medial (p=0.024), and posterior insertion (p=0.003) were
significantly associated with the calculi in the biliary tract. The highest coexistence frequency was at anterior, posterior, and low
medial insertion variation groups, at 25%, 23.8%, and 25%, respectively.

Conclusion: Preoperative information of anatomical variations of the cystic duct is not only important for operative planning;

but some variations are significantly associated with the cholelithiasis and/or choledocholithiasis.
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INTRODUCTION

Although the anatomy and variations of the biliary system are
frequently studied and well established,*” it is still challenging to
understand and predict, due to the very close proximity of the
major organs and complex embryogenesis processes. Subse-
quently, for both surgical and medical purposes, the site's
anatomy and variations must be known in detail.> An important
cause of bile duct injury is the failure to identify the ductal
anatomy, particularly inanatomical variants. The complete trans-
action of the common bile duct (CBD) occurs when CBD is
mistaken forthe cystic duct; anditis one of the dreaded complica-
tions of laparoscopicand open cholecystectomies.*

Variations may not always be related to congenital reasons. The
biliary tract is under threat of iatrogenic damage, including from
openorlaparoscopicsurgery, which canalso changetheanatomy
ofthebiliarytrackand create unique variations.

Correspondence to: Dr. Yasar Tastemur, Department of
Anatomy, Sivas Cumhuriyet University Medical Faculty,
Sivas, Turkey

E-mail: md.tastemur.yasar@gmail.com

Received: February 20, 2020; Revised: July 27, 2020;
Accepted: August 21, 2020

DOI: https://doi.org/10.29271/jcpsp.2020.10.1005

As iatrogenic damage may end up as adhesions, thickening of
thetissues, inflammation, and bleeding, itcanresultinthe need
foracholecystectomy, liverresectionsurgery orlivertransplan-
tationfromlive donors.’

Different cystic duct variations are described in the previous
studies based on its length, course, and site of insertion with a
common hepatic duct (CHD). Some varieties that are clinically
significant include low insertion of the cystic duct, parallel
course of the cystic duct with CHD, anterior or posterior spiral
course with medial insertion, absent or short cystic duct (length
<5mm), aberrantdrainage of cystic duct to the right hepatic or
left hepatic duct, aberrant or accessory intrahepatic ducts
drainingintothe cysticduct, and double cystic duct.®’

USGs, CTs, and cholescintigraphies play an essential role in the
evaluation of suspected biliary anomalies. Conventional MRI
sequences allow additional evaluation of the biliary system and
adjacentstructures. However, MRCPs are usedtoevaluateinad-
equate findings, and provide a comprehensive and non-inva-
sive assessment of the biliary tract and gallbladder.®® Indeed,
MRCPs are widely used to evaluate the gall tree and used in
placeofadiagnosticERCPand PTCformany patients.

The standard biliary anatomy and its variations should be consid-
ered, especially before invasive procedures and surgery. For this
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purpose, MRCPfindings, which are helpfulin preoperative planning
andareanon-invasive method, are essential.

The primary aim of this study was to evaluate the anatomy and
various anatomical variations and imaging features of the cystic
duct by using MRCP. The secondary aim of the study was to find
whether these variations in the cystic duct have had any effect on
gallstoneformation.
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Figure 1a: MRCP images of: (A) Short, (B) Parallel, (C) Medial, (D) Low
Medial, (E) High, (F) Lateral (Normal) variations ofthe biliary system.
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Figure 1b: lllustrations of: (A) Medial, (B) Low medial, (C) Lateral (nor-
mal), (D) Parallel, (E) High, (F) Shortofthe biliarysystem.“‘

METHODOLOGY

Patients who had undergone MRCP procedures at the Sivas
Cumhuriyet University Hospital between November 2017 and
August 2019 were assessed respectively. There was no age limit.
The exclusion criteria were history of surgery on the biliary tract
except for cholecystectomy, whose images could only be inadequ-
ately evaluated due to significant respiratory artefacts during the
imaging, those with prosthetics incompatible with the MRI, having
pacemakers or metallic stents, choledochal cysts, cholangiocarci-
noma, liver transplantation, pancreas head tumors, or multiple
livermass.

Ethics Committee approval was obtained from the University
Ethics Committee before the start of the study. MRI examina-
tions were performed using a 1.5 Tesla (T) unit (Siemens, Acra,
Germany) with a body coil. Patients had fasted for 6 hours
before the MRCP. No contrast agent was given intravenously or
orally. Allimageswere obtained inthe supine position.

Data was expressed as mean £ SD and values (min-max). The
frequency variations described in the present study are
expressed as percentages. The Chi-square test was applied on
categorical variables. Any value less than 0.05 (p<0.05) was
considered significant. The collected data were analysed using
SPSSsoftware (Version22).

RESULTS

Among the 930 patients included in the study, 408 were males
(43.9 %), while 522 were females (56.1%). The mean age was
61.9 = 17 years in males and 57.1 = 19.2 years in females,
ranging from 23 to 92 years. The most common variation was
lateralinsertion, whichwas observedin 372 patients (40%).

Lateral insertion was followed by medial insertion observed in
226 patients (24.3%). The third most common variation was the
high insertion in 137 patients (14.7%). The variations were
diverseand multiple (Figure laand 1b).

Nevertheless, the rest of the variations were by far rarer than
those of the above three. The frequencies of all variations are
summarised in Table I. Some cystic duct variations, such as the
lateralinsertion and medial insertion, were not only the frequent
ones; but also the ones significantly associated with the highest
gallbladder stone frequencies in their variations with 40.3% and
42.5%, respectively (Tablel). Lateral, medial, highinsertions (all
p <0.001), parallel course of the cystic duct (p <0.001), low
medial (p=0.024),and posteriorinsertion (p=0.003) weresignifi-
cantlyassociated withthe calculiinthe biliary tract.

The coexistence of choledochal and gallbladder stones was
also showed in this study. Interestingly, the highest coexis-
tence frequency was at anterior, posterior, and low medial
insertion variation groups, 25%, 23.8%, and 25%, respectively
(Tablell).

Tablel: Frequenciesand percentages of biliary system variations.

F Percentages

requency (%)
Lateral insertion 372 40
Medial insertion 226 24.3
Low medial insertion 44 4.7
The parallel course of thecystic duct 50 5.4
High insertion 137 14.7
Short cystic duct 5 5
Aberrant insertion 13 1.4
Other variations 12 1.3
Posterior insertion 63 6.8
Anterior insertion 8 9
Total 930 100.0
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Table II: Choledochal stones and gallbladder stones with the variations of the biliary system.

No Stone| % | Choledochal stone | % | Gallbladder stone | % s(t::nGe % p
Lateral insertion 160 |43.0 11 3.0 150 40.3| 51 |13.7|<0.001
Medial insertion 89 394 5 2.2 96 42.5| 36 [15.9/<0.001
Low medial insertion 17 |38.6 3 6.8 13 29.5/ 11 | 25 | 0.024
The parallel course of the cystic duct 20 40 1 2 20 40 | 9 | 18 |<0.001
High insertion 63 46 4 2.9 47 34.3] 23 |16.8|<0.001
Short cystic duct 4 80 0 0 1 201 O 0 | 0.180
Aberrant insertion 8 61.5 0 0 4 30.8/ 1 |7.7|0.058
Other variations 6 54.5 0 0 5 455/ 0 0 | 0.763
Posterior insertion 23 |36.5 4 6.3 21 33.3] 15 |23.8] 0.003
Anterior insertion 3 37.5 0 0 3 37.5] 2 | 250.882

DISCUSSION

Since the present study focusses on the variations of the
cystic duct, it is worth mentioning that the sample size is
one of the most crucial factors in variation studies.**"
Sarawagi et al. conducted a similar study among 198
patients in 2016." Lateral insertion (51.5%) accounted for
the highest variation in their study, which was referred to as
normal by the authors. Similarly, lateral insertion also had
the most frequent variation in the present study (40%).

Nonetheless, posterior insertion was markedly higher (6.8%
vs. 20.2%). The rest of the variations were quite similar in
terms of percentages. The main difference between the
studies are the patient numbers (930 vs. 198) in the studies,
and perhaps the difference in nationalit, since the other
study was conducted in India.

In another study conducted in Turkey with 115 patients, vari-
ations of the cystic duct were investigated.® This study took
475 patients under study and decided that only 115 patients
had a variation in the biliary system. The lateral insertion
was found to be one of the dominant variations. They
observed a standard deviation of 76% of patients, which is
much higher than in the present study, where more diverse
variations were found. On the other hand, the frequency of
the many variations, including posterior insertion, aberrant
insertion, and the short cystic duct was similar. The only
significant difference was medial insertion (24.3% vs. 3.8).

In another study from Turkey, Onder et al. investigated the
differences in biliary tract variations in 2013. They included
590 patients and detected variations in 239 patients (39%).
Since they also did not mention what the norm was, they
found that 61% of patients were standard, which is much
higher than in the present our study (61 % vs. 40%). When
the variation frequency of the study is compared to the
present study, the frequency distal medial insertion and short
cystic were comparable (6.8% vs. 4.8%), (1.7% vs. 0.5%),
respectively. On the other hand, medial insertion was signifi-
cantly more frequent in the present study (9.8% vs. 24.3%).3

Mortele et al. published a review about the anatomic
variants of the biliary tree in 2001."* They mentioned the

most observed frequencies of all variations presented in the
present study, finding 58% for normal biliary anatomy,
which is close to this research results. The rate of the
remaining variations was almost the same as in this study.

The data of this study may have clinical significance in many
ways. The three biliary system variations have clinical impor-
tance, which include the medial insertion, low insertion, and
parallel course of the cystic duct. Possibly one of the most
important findings of this study was the high rates of medial
insertion. One of the major causes of bile duct injury is the
failure to identify the ductal anatomy, particularly in the pres-
ence of anatomical variants. A complete transaction of the
common bile duct occurs when CBD is mistaken for a cystic
duct. It is one of the most dreaded complications of laparos-
copic and open cholecystectomy.® It is known regarding
medial insertion that a cystic duct should be left long
remnant during cholecystectomy operations because the
dissection of the medial insertion cystic duct up to the end,
may cause injuries. Low insertion of the cystic duct is associ-
ated with a high rate of CBD stone formation and a higher
recurrence of CBD stones. Failure to identify a low insertion
of the cystic duct may result in technical difficulties during
ERCP procedures which may lead to complications.*

In the present study, the associations of choledochal and gall-
bladder stone frequencies were also investigated together
with anatomical variations. As far as the authors of the
present study know, this is the first study in the literature
investigating the relationship of stone frequencies with
anatomical variations. The clinical perspective must estimate
the potential presence of biliary system stones for proper clin-
ical decision-making. Both lateral and medial insertion
variances were the most common; and tended to produce
stones in the gallbladder. Furthermore, the cystic duct's
parallel course also had very high gallbladder stone frequen-
cies but with a gradually low total frequency. When those
three variations are detected on preoperative imaging, the
clinician should also look for the stone in the biliary system.

There is a minimal amount of information about the relation-
ship of anatomical variations of the cystic duct and chole-
dochal stones. Tsiridis et al. and Kao et al. suggested that
patients with low insertion variations tend to have a higher
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incidence of choledochal stones.** Those studies are in
accordance with the present study’s results. It was found in
the present study that lower insertion and posterior insertions
tend to produce choledochal stones when compared to other
variations. This finding may have a clinical significance since
lower insertion variation creates difficulty in ERCP operations
and may result in a higher incidence of complications."

In the current study, the coexistence of choledochal and gall-
bladder stones were also investigated. The highest coexis-
tence frequency was among the anterior, posterior, and low
medial insertion variation groups, which means when the clini-
cian detected a stone in one part of the biliary system, he/she
should also check for other possible stone locations.

It is evident that knowing the anatomy of the biliary system and
being able to identify the variations would greatly benefit
surgeons, leading to a reduction of complications. However, it is
hard to classify the variations and conduct comparative studies
among a large number of patients. The present study is
conducted on a very large patient population, and it is believed
it illuminates the main variations of the anatomical site.

CONCLUSION

Accurately knowing anatomy of the cystic duct is essential for
surgery that is more precise. There is an association between
the cystic duct variations and the occurrence of the gall
bladder and bile duct stones.
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