CYSTIC DUCT VARIATIONS IN ADULT POPULATION; A MAGNETIC
RESONANCE BASED CHOLANGIOPANCREATICOGRAPHY AT A TERTIARY
CARE REFERRAL HOSPITAL

ABSTRACT

Objective: To demonstrate the imaging and anatomical features of cystic ‘ductvariantson
Magnetic resonance cholangiopancreaticography and to document prevalence inour population

Study Design: Retrospective observational study.

Place and Duration of Study: Department of Radiology, Liaquat National Hospital Karachi,
from January 2021 to December 2022.

Methodology: Magnetic resonance cholangiopancreaticography(MRCP) was performed in a
total of 152 cases for various indications. A phased array body coil and departmental protocols
were used for the examinations, which produced heavily T2 weighted sequences including
FRFSE (fast recovery fast spin echo).coronal eblique 3D images.Through multiplanar
reconstruction, reformatting and maximum intensity projections were done for acquired images
to optimize ductal visualization.PACS (picture archiving and communication system) was used
for the evaluation of MRCP images. The ductal course, length, and insertion of the cystic duct
were recorded. Descriptive statistics were calculated using SPSS. Chi-Square test was applied
considering p-value <0.05 as significant.

Results: The mean age was 34.49+7.78 years. Normal Right Lateral Insertion was 70.4%, Spiral
Course with Medial Insertion was 3.3%, Low insertion was 6.6%, Low Medial insertion was
5.3%, High Insertion was 3.3%, Anterior Insertion was 1.3%, Posterior Insertion was 7.9%,
Parallel Course was 7.2%;. Short length of cystic duct was 17.1%, Cystic duct joining right
hepatic duct was 0.7%, and no Right Posterior sectorial hepatic duct draining into cystic duct
was observed.

Conclusion: The easy-to-understand non-invasive methodology of MRCP might be used to
detect variations in the cystic duct.

Keywords: Magnetic resonance cholangiopancreatography(MRCP),cystic duct, anatomical
variants



INTRODUCTION

The variations and anatomy of the biliary system have been extensively researched and
established.'However, the anatomy and variations of the ductal cyst must be known in detail due
to themajor organs’ close proximity and the intricate processes involved in
embryogenesis.Otherwise fatal complications may result due to iatrogenic injuries to biliary
tract.” 2 Consequently, iatrogenic injuries may cause adhesions, fibrotic bands, inflammation or
bleeding.A noninvasive imaging technology that can outline the structure of the cystic ducts
before any intervention operation could be very important clinically. Ultrasound makes it
challenging to see non-dilated cystic ducts.

Studies have demonstrated that the most effective method of noninvasive imaging for
determining the anatomy of thecystic duct and common bile duct is magnetic. resonance
cholangiopancreatography, which significantly enhances the laparoscopic cholecystectomy's
safety level. Numerous variations in length, direction, and junction of the cystic.duct have been
documented in the literature.?*

Clinically more significant variations in the cystic duct include low insertion, anterior or
posterior spiral course with medial insertion, low drainage of the cystic duct to the right or left
hepatlicgt duct, double cystic duct, and parallel course of the cystic duct with the common hepatic
duct.”™

The common hepatic duct, most commonly enters. from the right lateral aspect that joins the
common hepatic duct approximately midway  between theampulla of Vater and hepatic
confluence.’

High insertion is the term used to describe the point where the main hepatic duct and the cystic
duct converge.Low insertion occurs when the common hepatic duct meets at the organ's lowest
point. Anterior, posterior and medial insertion is documented when cystic duct joins common
hepatic duct as anterior, posterior, and medial:(to the left of Common hepatic duct). The term
“short cystic duct™ refers to-a cystic duct that is shorter than 5.0 millimeters. A cystic duct's
parallel path with the common hepatic duct for at least 2 centimeters is referred to as a long
parallel insertion.Literature also reported that the right hepatic duct had abnormal cystic duct
drainage.’*Additionally, it’has been noted that individuals with the abnormalities in their cystic
duct are more likely to have gallbladder stonesthan those without changes.” It was discovered
that low insertion.of the common duct was the most prevalent variant **

METHODOLOGY

We carried out the retrospective study. All patients who were hospitalized or visited outpatient
department and referred for MRCP in our hospital for different indications, were included in the
study. However those patients were excluded from the study who have undergone any biliary
tract surgery,; had cholangiocarcinoma, having history of liver transplant, had choledochal cyst or
had neoplastic masses of pancreatic head or liver. After taking approval from Research and
Ethical Review Committee, this study was conductedfrom January 2021 to December 2022, over
a period of 2 years.All data kept anonymous and confidential. Informed Consent would not be
taken as this is a retrospective study.

There was variability in the cystic duct's entry point into the common hepatic duct. Normal
insertion was considered when it connects to the CHD about midway between the ampulla of
vaterand the hepatic confluence. When the cystic duct joins the CHD in the upper third, the




insertion point is thought to be high. When cystic duct joins CHD in its bottom third, low
insertion was taken into consideration.The posterior, anterior, and medial points where the ductal
cyst joins CHD were recorded as the insertion point. The cystic duct was considered short when
the length of the cystic duct was <5 mm. The insertion was considered long-parallel when the
course of the parallel cystic duct with CHD was at least 2 cm. The right hepatic duct insertion
into the cystic duct was regarded as drainage of the aberrant cystic duct into the hepatic duct of
the right.

By following departmental protocols, utilizing a 1.5-tesla Toshiba and GE, employing a phased
array body coil, the examinations were carried out to produce heavily T2 weighted sequences
that included fast recovery fast spin echo coronal oblique 3D images.

Before the study, patients were instructed to fast for four hours to decrease gastric and duodenal
fluid discharges, lower intestinal peristalsis, and encourage gall bladder distension. Multiplanar
reconstruction and maximum intensity projections are used to reformat obtained pictures in
several planes for the best possible visibility of the ducts.A radiology expert evaluated the
MRCP pictures using PACS. Documentation was done on the cystic duct's length, course, and
insertion.

The predesigned proforma was used for data entry. SPSS v.25 was utilized for the descriptive
and inferential statistical analyses.Quantitative and qualitative variables were presented as
meanzsd and frequency along with percentages respectively. The Chi<square or Fisher exact test
was used for the association of categorical variables as appropriate. P-value < 0.05 was
considered statistically significant.

RESULTS:

Out of total of 152 patients,the overall mean age was 34.49+7.78 years. We found 54.6% of
patients had age <35 years and 45.4% had >35 years (Figure-1). Their gender was noted as
49.3% males and 50.7% females(Figure 2).

The anatomical variants were noted as Normal right lateral Insertion was 70.4%, Spiral Course
with Medial Insertion was 3:3%, Low insertion was 6.6%, Low Medial insertion was 5.3%, High
Insertion was 3.3%, Anterior Insertion was 1.3%, Posterior Insertion was 7.9%, Parallel Course
was 7.2%, Short length of cystic duct was 17.1%, Cystic duct joining right hepatic duct was
0.7%, and there was no Rt. Post-sectorial hepatic duct draining into the cystic duct was observed.
The detailed frequency distribution of demographics and anatomical variants is presented in
Table 1

The anatomical. variants concerning age group and gender were also analyzed and their
associations were evaluated. It was observed that the anatomical variants were not significantly
associated with age groups and gender (p>0.05). The detailed findings of the association of age
group and gender. with anatomical variants are presented in Table 2.

DISCUSSION

The cystic duct's position and level of insertion are,where the most prevalent anatomical
differences occur.’Under the confluence of the left hepatic duct and right hepatic duct, the ductal
cyst normally connects to the common hepatic duct by a right-lateral position. It might have a
spiral insertion in the front or the back, prevalent in 58% of people, making it deemed typical.®*°
Between the porta hepatis and the ampulla of Vater, the cystic duct often connects to the CBD
from a right lateral location.Alternative insertion patterns for the cystic duct include (a) anterior
spiral insertion, (b) posterior spiral insertion, (c) low lateral insertion, (d) proximal insertion, and




(e) low medial insertion.The cystic duct may connect to the right, left or common hepatic duct in
place of the common bile duct. Alternatively, the cystic duct may join at the ampulla of Vater,
intrapancreatic CBD and intraduodenal CBD. The cystic ductinsertion into the duodenum is a
rare occurrence.” !

Figure-1: Distribution of patients according to age | Figure-2: Distribution ofpatlerﬁfs according to
group Gender .

m <35 years
m>35years

NO

n(%)
Normal RT Lat Insertion 107(70.4) 45(29.6)
Spiral Course with Medical Insertion . 5(3.3) 147(96.7)
Low insertion N 10(6.6) 142(93.4)
Low Medical insertion ) 8(5.3) 144(94.7)
High Insertion - 5(3.3) 147(96.7)
Anterior Insertion % iy, 2(1.3) 150(98.7)
Posterior Insertio 12(7.9) 140(92.1)
Parallel Course @, 11(7.2) 141(92.8)
Short length.of cystic duct. 26(17.1) 126(82.9)
Cystic duct Jom ng nht hepatic duct 1(0.7) 151(99.3)
| ct draining into cystic duct 0(0) 152(100)
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Table 2: Association of age and gender with Anatomical variants

Age Group P-value Gender P-value
<35 years | >35 years Male Female

Normal RT Lat Insertion

Yes 59(55.1) 48(44.9) . 56(52.3) 51(47.7) o

No 24(53.3) 21(46.7) 0.838 19(42.2) 26(57.8) 0.255
Spiral Course with Medial
Insertion

Yes 2(40) 3(60) o 1(20) 4(80) o

No 81(55.1) 66(44.9) 0.659 74(50.3) 73(49.7) 0.367
Low insertion

Yes 5(50) 5(50) o 4(40) 6(60) o

No 78(54.9) 64(45.1) 1.000 71(50) 71(50) 8746
Low Medial insertion

Yes 5(62.5) 3(37.5) o 6(75) 2(25) o

No 78(54.2) 66(45.8) 0.729 69(47.9) 75(52.1) 0.164
High Insertion

Yes 2(40) 3(60) o 3(60) 2(40) o

No 81(55.1) 66(44.9) 0.659 72(49) 75(51) 0.679
Anterior Insertion

Yes 2(100) 0(0) U 0(0) 2(100) o

No 81(54) soae)_ | >°0 75(50) 7560) | 047
Posterior Insertion

Yes 7(58.3) 5(41.7) o 4(33.3) 8(66.7) o

No 76(54.3) 64(45.7) ONg/ 71(50.7) 69(49.3) 0.248
Parallel Course

Yes 5(45.5) 6(54.5) . 3(27.3) 8(72.7) o

No 78(55.3) 63(44.7) 0.548 72(51.1) 69(48.9) 0.128
Short length of cystic duct

Yes 15(57:7) 11(42.3) . 10(38.5_ 16(61.5) .

No 68(54) 58(46) 0.728 65(51.6) 61(48.4) 0.223
Cystic duct joining  right
hepatic duct

Yes 1(100) 0(0) 1(100) 0(0)

1. ** 493**
No 82(54.3) | 69(54.7) 000 74(49) 77(51) 0.493

**|nsignificant at p-value>0.05

The extrahepatic biliary tree’s anatomy can be visualized by means of a range of imaging
techniques, ‘including ultrasound, computed tomography (CT), infusion CT cholangiography,
direct cholangiography (percutaneous transhepatic cholangiography, endoscopic retrograde
cholangiopancreatography, transhepatic cholangiopancreatography, transperitoneal
cholangiopancreatography, T-tube cholangiography*?***>*'The last ten years have observed a
rise in the use of high resolution MR imaging and MRCP as exceptionally accurate and
noninvasive techniques for evaluating the extrahepatic biliary system.*"*?

Accurate preoperative biliary architecture assessment and delineation are crucial for ensuring a
safe and successful outcome. *** MRCP is a continuously improving imaging method that is
utilised to provide the best possible images of the biliary and pancreatic ductal architecture.lIt is
non-invasive, ionising radiation-free, and doesn't call for anaesthetic. The identification of
preoperative hepatobiliary tract and cystic duct anatomy, along with its associated variations and
abnormalities, plays a critical role in the prevention of iatrogenic complications.***?



In a research, 1.3-2.6% of patients were found to have a short cystic duct.In a prior study, 51.5%
of patients had a correct lateral insertion of the cystic duct in the middle third of the common
hepatic duct. In 16% of the instances, there was medial insertion. In 9% of instances, low
insertion was detected. 7.5% of patients had a cystic duct route that ran parallel to common
hepatic duct. In 6% of cases, high insertion in the cystic duct, and in 1% of cases, the cystic duct
was sgort. 12131 1n one instance, drainage in the right hepatic duct from the cystic duct was
noted.

Griffin et al. reported that in 50% of cases, thelateral common hepatic duct connected to the
cystic duct while in 30% of cases, it was put in the front and rear; and in 20% of cases, it was
implanted medially.*® It should be noted that medial insertion was observed in'10-18% cases in
other studies.Around 8-11% of instances have been documented to have low
medialinsertion.."®**.

Evidence from studies indicates that the common and cystic hepatic ducts are.parallel for at least
2 cmin 1.2-25% of patients.It is necessary to diagnose abnormal cystic duct,high point of union
with the CBD, abnormal intrahepatic bile ducts uniting with the cystic duct and abnormal cystic
duct draining into the right hepatic ductbecauseall variations may:create unintended transactions
and ligations duringsurgery if they are undiagnosed1**’

The risk of the cystic duct being longer than normal is inecreased by the low junction of the CHD
and the potential for partial fusion before anastomosis.*

Sometimes the cystic duct will enter the right hepatic duct. If this happens, there is a risk that the
right hepatic duct will be mistaken for a cystic duet and split where it connects to left hepatic
duct,lgr if latter duct accidentally damaged during surgery, bile leakage will contaminate the
field.

In a research with 122 patients, .31 (25.2%) had anatomical abnormalities at various
pancreatobiliary tract levels.* In our study, the findings was 21(5.6%). A thorough examination
of the literature revealed studies that reported these variances in 13% to 19% of their
groups.According to an Italian research study,43% of patients had anatomical variations, while
the remaining 57% of patients showed the normal layout of thepancreatobiliary tract anatomy.’
Total 39.5% of the sample.in one research with 590 participants had comparable changes.*® Our
findings are well below these numbers.

High diagnostic accuraey isachieved in the delineation of anatomic variations of cystic ducts and
bile ducts as a result. of the recent improvement in spatial resolution attained by MRCP in
combinationwith.ultra-fast pattern.'**

Owing to budgetary:restrictions, the current study was unable to include the general population
and could only “include patients who required MRCP owing to a pancreaticobiliary tract
condition. This resulted in a small sample size.Additionally, only 1.5 Tesla was employed in the
study because of the non-availability of 3 Tesla facilities. The study will still be helpful to clinical
health practitioners despite its limitations. It will aid in the assessment of cystic duct variations
and, eventually, aid in reducing the occurrence of surgical problems during the operations.

CONCLUSION
The easy to understand non-invasive MRCP technique might be used to detect variations in the
pancreatic duct, reducing the likelihood of problems during surgical treatments.
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