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Abstract
Objectives: This study aims to investigate the gender in which gallstone formation is seen more frequently and whether hepatic and extrahepatic biliary tract variations are associated with gallstone formation.
Methods: 60 patients who underwent endoscopic intervention and MRCP between 2017-2019 were included in the
study. Patients with gastrointestinal complaints such as gallstones, gall bladder inflammation, Ductus choledochus
(DCH) stones who have been admitted to the SBU Derince Training and Research Hospital's gastroenterology clinic
were included in the study, and patients with secondary diseases such as diabetes, hypercholesterolemia were excluded from the study. In this way, 33 male and 27 female patients were included in the study and MRCP was carried
out with all of them. Measurements were performed in all patients participating in the study. Variation types and the
presence of gallstones were examined in MRCP images.
Results: In 60 cases examined, the presence of gallstones was observed to be statistically significantly higher in women
compared to men. There was no statistically significant relationship between biliary tract variations and gallstone formation (p=0.504).
Conclusion: Gallbladder formation is found to be more common in women. The presence of biliary tract variations did
not affect the development of the gallstone presence. It may be necessary to consider this phenomenon especially
before surgical and radiological examinations to determine variational conditions and to conduct studies examining
the relationship between this situation and gallstone formation.
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G

allstones and common bile duct stones are common
gastrointestinal problems. The prevalence of gallstones and common bile duct stones has increased due
to the prolonged average life span and the change in eating habits.[1,2] Cholelithiasis and choledocholithiasis are
common causes of elective surgery and endoscopic pro-

cedures. Although mortality is low during the diagnosis
and treatment of gallstones and common bile duct stones,
morbidity is high. Therefore, the diagnosis and treatment
processes of the disease should be carefully evaluated with
regards to the effects on health economy. In order to understand the causes of gallstone and common bile duct
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stone formation, it is of utmost importance to consider the
normal anatomical structure of the bile ducts as well as
their variations. When the literature is examined, there are
many studies on the risk factors in the formation of gallstones and common bile duct stones; however, few studies analyze the relationship between biliary tract variations
and gallstone formation. This clinical study aimed to evaluate and compare the effects of anatomical variations of biliary tract on gallstones and common bile duct stones, and
to discuss the results.

Methods
Ethics committee approval was obtained from Kocaeli University Ethics Committee for this clinical study with the
date of 07.03.2018 and no. KÜ GOKAEK 2018/48. In this
clinical study, patients aged 18 years and over who were
scheduled for an endoscopic procedure and MRCP due to
gallstones, common bile duct stones and/or related complaints were determined to be the study group as a result
of being examined the gastroenterology outpatient clinic
with gastrointestinal complaints. Patients with diabetes,
hypercholesterolemia, biliary duct tract surgery or biliary
tract infection were excluded from the study by examining
the anamnesis, patient records and Hospital Information
Management System (HIMS) among the patient groups. As
a result of determining these criteria, a total of 60 patients
(33 males and 27 females) were included in the study. Bile
ducts were measured and analyzed by evaluating the biliary tract anatomy with US and MRCP for all the patients included in the study.
MRCP procedure was performed in SBÜ Derince Training and Research Hospital, and Amira model of Siemens
brand 1.5 Tesla MRI device was used in the study. For
measurements the sequences of "haste-localizer, t2haste-cor-p2-mph, t2-haste-Fs-+ra-p2-mph-320, t2-hastetra-p2-mbh-320, t1-F12d-opp-in-tra-p2-bh, t1-vibe-dixontsa-p4-bh-pre, t2-space-cor-p2-LD-trig-384-iso" were used
with axial and coronal sections, and measurements and
evaluations were performed on the MRCP images by the
radiologist in the same hospital. Variation types, gallbladder condition, and presence of gallstones were examined
in each patient by the same physician and from pre-determined points (Fig 1, 2).
Huang classification was used in this study for the classification of biliary tract anatomical variations. Huang classification is one of the radiological measurement and examination methods for biliary tracts. To put it simply, Huang
classification is based on the way Ductus Hepaticus Posterior Dexter (DHPD) drains into Ductus Hepaticus Dexter
(DHD), and Ductus Hepaticus Sinister (DHS). In type A1,

Figure 1. Huang, type A1 MRCP image.

Figure 2. Huang, Type A3.

DHPD drains directly into DHD and is commonly referred
to as the right-dominant type. In type A2, DHPD does not
drain into DHD or DHS, but these three combine into a
trifurcation to form Ductus Hepaticus Communis (DHC).
In type A3, DHPD drains into DHS before the formation of
DHC. In type A4, DHPD drains directly into DHC after the
formation of DHC. In type A5, DHPD drains into Ductus Cysticus (DCY) (Fig. 3).[3]
Chi-square analysis, T-test in independent groups, Kolmogorov-Smirnov test, and descriptive statistics were used
when analyzing the data, and values below a p value of
0.05 were considered to point out a significant relationship
at the end of the analysis.

Results
When the relationship between the angle of DCY-DCH and
the presence of gallstones were evaluated, the mean angle
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With regards to the effect of DCH diameter on the presence of DCH stones, when the average DCH diameter
(11.65mm±5.24) of those with DCH stones was compared
with those without DCH stones (6.12 mm±3.08), the DCH
diameter was found to be statistically significantly increased in those with a DCH stone (p=0.001) (Table 2).
While the mean DCH diameter was measured to be
9.19mm±4.53 in cases with gallstones, DCH diameter was
measured to be 7.41mm±5.00 in those with no gallstones
detected. However, there was no statistically significant difference between the two groups (p=0.156) (Table 3).
Gallstones and common bile duct stones were detected
in 28 (46.66%) patients included in the study. 10 out of
these 28 cases in whom stones were detected by imaging
methods were male and 18 were female. A significant difference was found between male and female groups with
regards to the presence of gallstones according to gender.
The presence of gallstones in women is significantly higher
(p=0.011) (Table 4).
When the presence of gallstones was investigated according to Huang variation types, no statistically significant difference was found between the presence of stones with
regards to the Huang variation types (p=0.82) (Table 5).

Figure 3. Huang classification.

of DCY-DCH was measured in the group without gallstones
(35.72°±16.29°), which was slightly higher than that of the
group with gallstones (31.75°±16.08°). However, this difference was not statistically significant (p=0.34) (Table 1).
Table 1. Relationship between DCY-DCH angle and presence of
gallstone
Gallstone Number Mean
Angle of DCY-DCH

Yes
No

28
32

SD

p

31.75° 16.085° 0.348
35.72° 16.296°

Discussion
The development of biliary tracts and related variational
formations occur during the embryological stages.[4]
DHC forms the initial part of the extrahepatic biliary tracts.
DHC is 2-4 cm in length and 4mm in diameter. At the end
of its course, they form an acute angle inside the omentum
minus and combine with DCY to form DCH.[5-7]
In addition to this classical anatomical formation, there are
variational biliary tract structures in different shapes. It has
now become crucial to be aware of the formation and pres-

Table 2. Relation of the presence of DCH stone with diameter of DCH
			
Levene's test				T-test for equality of means
			for equality
			of variances
		
F		
Sig.
T
Df
Sig.
Mean
Std. error		95% Confidence
							 (2-tailed) difference difference		 interval of the
											
difference
										 Lower		
Upper
Age
Equal variances assumed
0.001		 0.982
Equal variances not assumed				
DCH diameter
Equal variances assumed
8.790		 0.004
Equal variances not assumed				

-2.689
58
-2.620 42.914

0.009
0.012

-13.632
-13.632

5.070
5.203

-5.149
58
-4.583 31.552

0.000
0.001

-5.52515
-5.52515

1.07313
1.20563

-23.78		
-24.12		

-3.484
-3.139

-7.673		 -3.37704
-7.982		 -3.06798
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Table 3. Relationship between of the presence of gallstone with diameter of DCH.
			
Levene's test				T-test for equality of means
			for equality
			of variances
		
F		
Sig.
T
Df
Sig.
Mean
Std. error		95% Confidence
							 (2-tailed) difference difference		 interval of the
											
difference
										 Lower		
Upper
Age
Equal variances assumed
0.136		 0.713
Equal variances not assumed				
DCH diameter
Equal variances assumed
0.019		 0.890
Equal variances not assumed				

-1.198
58
-1.190 55.017

0.236
0.239

-6.201
-6.201

5.176
5.211

-1.438
58
-1.448 57.924

0.156
0.153

-1.78393
-1.78393

1.24048
1.23216

Table 4. Number and percentages of Vesica Biliaris stone presence
			Gallstone			Common bile
						 duct stone
		
Gender, n (%)
Male
Female

Yes		No

Yes		No

10 (16.7)		 23 (38.3)
18 (30)		
9 (15)

12 (20)		 21 (35)
11 (18.3)		 16 (26.7)

Table 5. Relationship between variation type and presence of
vesica biliaris stone

A1
A2
A3
A4

Gallstone
presence (%)

No gallstone
presence (%)

p

11 (18.3)
7 (11.7)
8 (13.3)
2 (3.3)

13 (21.7)
10 (16.7)
6 (10)
3 (5)

0.821

ence of these structures. The distribution and/or drainage
of the opaque material administered during the detection
of biliary tract drainage anomalies with imaging methods
affect the success in liver operations and transplantation
due to the difficulties in evaluating the image. It becomes
important to be aware of the anatomy of intra and extra
hepatic biliary tracts in order to reduce morbidity and complications in similar operations.
Variational conditions of the biliary tracts have been described and classified in different ways by the researchers (Couinaud, Champetier, Onkubu, Choi and Huang).
The classification of biliary tract variation is based on the
way ductus hepaticus posterior dexter located in the right
lobe of the liver connects to other biliary tracts.[8] Despite
the recent technological developments in the literature in
liver surgery, an important cause of morbidity and mor-

-16.562		
-16.643		

4.160
4.241

-4.26703		 0.69917
-4.25044		 0.68258

tality of biliary tract complications is the inability to fully
control anatomical structures and variations.[9,10] In addition, anatomical awareness of segmental hepatic biliary
structures is crucial for both staging and localization of intrahepatic neoplasms or biliary tract tumors. It is of prime
importance for the diagnosis and treatment to have an
understanding of anatomical variations in biliary tract diseases. Since not all gallstones are radio-opaque, they are
at the risk of not being seen in routine examination. Size
of DCH diameter should guide clinicians for a more careful examination with regards to stone presence. Stone
formation may be seen mostly in the gallbladder depending on topographic and physical factors since they cannot
remain in DCH for a long time in terms of stone presence
and DCH obstruction manifests itself clinically with acute
symptoms.
When the relationship between the angle of DCY-DCH
and the presence of gallstones was examined, the present study found no statistically significant relationship
(p=0.348) (Table 1). Considering the relationship between the presence of DCH stones and the diameter of
DCH, the mean DCH diameter of those with DCH stones
(11.65mm±5.24) was observed to be statistically significantly higher than the mean DCH diameter of those without DCH stones (6.12mm±3.08) (p=0.001) (Table 2). When
the presence of gallstones was examined with respect
to the DCH diameter, the mean DCH diameter of those
with gallstones (9.19mm±4.53) was slightly higher than
the average DCH diameter of those without DCH stones
(7.41mm±5.00). However, this difference was not statistically significant (p=0.156) (Table 3). The existence of a statistically significant relationship between the diameter of
DCH in our study and the presence of DCH stone may be
a result that should be taken into account both radiologically and clinically.
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All studies show that women experience cholelithiasis
more often than men. There are many studies examining
the reasons for this phenomenon. Sun et al. (2009) stated in
their study that the prevalence of cholelithiasis in women
more than men may be due to factors such as fertility and
sex hormones, and that the increase in estrogen hormone
levels increases cholesterol secretion and causes supersaturation of cholesterol.[11] In line with this, some studies
state that the risk of cholelithiasis increases in women who
receive hormone replacement therapy due to menopause.
[12,13]
There are a high number of studies in the literature analyzing the relationship between gender and cholelithiasis,
and also studies on women experiencing stone formation
more often. Studies have been conducted on the relationship between the normal structure of the biliary tracts and
the relationship between gender and stone formation, as
well as the relationship between the angle of DCY and gallbladder formation.[14-16]
When the relationship between the presence of gallstones
was evaluated with regards gender in this study, the presence of gallstones was observed to be significantly higher
in women compared to men (p=0.011). However, the relationship between the presence of DCH stones did not show
a statistically significant difference by gender (p=0.936)
(Table 4).
The present study analyzed whether there was any significant relationship between variation types and stone
formation in biliary tract, and no statistically significant
relationship was found between the variation condition
and the presence of stone based on the Huang variation
types (p=0.82) (Table 5). When the literature is examined,
Khayaat et al. (2014) concluded that anatomical variational anomalies are not correlated to stone formation in their
study.[17]

Conclusion
In accordance with the literature, gender difference is crucial in the diagnosis and treatment procedures related
to the gall bladder; however, the size of DCH diameter in
procedures related to the biliary tracts may be related to
the presence of DCH stones. However, our study found no
significant relationship between biliary tract variations and
stone formation in biliary tract.
We conducted our study by making measurements on the
existing images taken at the hospital. The small number
of patients and the retrospective nature of the study were
the main limitations. Another important limitation is that
there is no previous study conducted on this phenomenon.
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