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Abstract

Introduction: The cystic duct connects the gallbladder to thieaelRepatic bile duct. In its endoluminal surface the mucosal folds
which are characteristic of the duct. Aim:-The auas to study the length and mid-length diametehefcystic duct and the mucosal folds
of its endoluminal surface with respect to theimier, location, and orientatioisubjects and Methods This study was carried out in the
Anatomy Department of Parul Institute of Medicalieébces and Research, Vadodara, on 40 specimen8%ffdrmalin fixed human
cystic ducts, from 2015 to 2018, after obtainingngission from the Institutional Ethics CommitteéheTcystic duct was isolated and its
lumen was exposed by an incision parallel to itgile to study the foldsResults: The length of the cystic duct was between 0.4.20 4
cm, and the diameter was between 0.2-0.6cm. Thesalidolds were present in 38(95%) specimens ané waisent in two (5%). The
maximum number of mucosal folds present in a specimas eleven. In the 25 (62. 5%) specimens thagrsal the entire length and in
13(32.5%) they were present only in the proximat.peheir disposition was either oblique, transedrgerdigitating, combination type or
saccularConclusion: It gives insight into the internal morphology bktcystic duct. Various types of mucosal folds hlaen described,
the knowledge of which will be important to thedapscopic surgeons during various interventionpta@ches undertaken in this region.
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Introduction

The cystic duct is a narrow conduit that allows tlosv of
bile to and away from the gall bladder.
endoluminal surface, wavy mucosal folds are pregdrith
are commonly known as the “Spiral valves of Helst€hey
are said to be characteristic of the duct and eseribed as
corkscrew tortuosities seen on endoscopic
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variable, but it is usually 2-4 cm long and hasatkter of

0.1-0.5cn” It often has a tortuous/serpentine course. The

shape of the cystic duct has been described tdther -

shaped, curved or straigft The shape may vary with the

filling and emptying of the gall bladder and it gsone to
develop kinks all along its course. In the majoritythe
cases, the cystic duct joins the common hepati¢ dtthe
middle third of the total length of the common hipand
common bile ducts to form the common bile duct, thet

cholangiography?) They are mostly concentrated in the junction might occur anywhere from the porta hepeithe

proximal part of the duct. They are enigmatic aathfexing
at the same time, as though they were described 0@
years ago by the German Anatomist
nothing definite is known about the structure amaction of

these mucosal folds: a lot of speculation stillspgs. There
is an extreme paucity of literature about the stmec of

these folds with by far and occasional referendégy are
thought to control the flow of bile to and away rfrathe

gallbladder by providing an architectural mechanishich

aids in keeping the cystic duct pat&hthereby regulating
the filling and emptying of the viscus. They areédsa have
arole in the genesis of cholelithia$is.

The cystic duct attaches the gallbladder to the msom
hepatic duct to form the common bile duct. Its tbng

Lorenz Helster,

ampulla of Vater, and in certain cases it draim® ithe
hepatic ducts or open independently into the duocherThe
course of the cystic duct is described to be amgpkrallel,
or spiral. Its junction with respect to the commioepatic
duct is either on its anterior, posterior, latecal medial
aspect. The cystic duct can be divided into twdspé) the
pars spirals or the proximal duct or the pars ctrtaovhere
the mucosal folds are well developed, and (ii)pbes glabra
i.e. the distal part where the folds flatten outl @ould even
be absenf! The mucosa of the endoluminal surface
coarser and velvety than that of the gall bladdénside the
endoluminal surface of the cystic duct there amuab2—10
crescentic folds which project into the lumen. Thane
conventionally thought to run
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mannef? Under the microscope, the proximal portion
shows the reticular network of intricate folds, wéwes, in
the distal part, it shows folds which are longinali and
parallel to each othé?.

etaﬂ;./l/&wwaﬂ Lold

of cystic duct
midlength diameter is given in [Table 1].

Table 1: Distribution of Mid-length Diameter of Cystic Duct.

Aim

Mid-length 0.2-0.3 0.4 0.5 0.6
diameter (cm)

No of | 8 17 8 7
specimens

This study was conducted with the aim to examine th
length of the cystic duct, its mid-length diametamd study
the mucosal folds present in its endoluminal s@fadth
regards to the number, location, and orientation.

Subjects and Methods

This prospective, observational study was carrigdito the
Anatomy Department of Parul Institute of Medicaleé®ces
and Research on 40 specimens of the intact cystitsd
during a three year period i.e. from 2015 to 20T8e
specimens were procured from 10% formalin fixed ltadu
human cadavers during the routine undergraduasectisn.
Necessary permission from the Institutional Ethics

Committee was obtained before commencing the study.

Cadavers with a history of abdominal surgery andisler
injury to abdomen were excluded from the study. e Th
anatomy of the bile ducts was studied carefullwita and
then the extra hepatic biliary ducts along with theer,
gallbladder, duodenum, and the pancreas were ramnewe
bloc from cadavers (age 65-88 years) and cleandld wi
water. The cystic duct was isolated carefully amel length
and the external mid-length diameter were notedh \thie
help of a calibrated scale & measuring tape.Theelunwas
then exposed by an incision parallel to the lemftthe duct,
along with its course. The number, location an@rmgtion

of the mucosal folds were carefully studied andedot
Magnifying
Necessary photographs were taken, sketches were amail
the results were tabulated, interpreted and amdlyse
accordingly. Descriptive statistics was used tosen¢ the
findings of the study.

Results

1. The length of the cystic duct was found to be raggi
from 0.4 to 4.2 cm. The distribution of lengths is
presented in [Graph 1].

" No .of specimens

0.4-1

1.1-2 2.1-3 3.1-4 >4

Graph 1: Distribution of lengths (cm) of the cysticduct

2. The external mid-length diameter was found to be
ranging from 0.2 to 0.6 cm with 17 (42.5%) specismen
having their diameter at 0.4cm. The distribution of

3. Distribution of mucosal folds. The mucosal foldsreve
present in 38 (95%) specimens [Figure 1] and were
absent in two (5%) cystic ducts [Figure 2]. Thentwer
of mucosal folds ranged from 0-11 in number. The
majority of the specimens i.e.10 (25%) had five osad
folds each. The distribution of the mucosal folds i
shown in [Graph 2].

M No .of. specimens B No of mucosal folds

10

1 2 3 4 5 6 7 8 9

10 11 12

\
Graph 2: Distribution of mucosal folds with respectto the
number of specimens

lenses were used as and when required.

Figure 1: Oblique disposition of mucosal folds filihg the entire
cystic duct (CBD- Common bile duct, CHD -Common hegtic
duct)

CYSTICDUCT

Figure 2: Endoluminal surface of cystic duct withod mucosal
folds
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Galibladder

Figure 3: Saccular arrangement of mucosal folds

4. Location of the mucosal folds. In 25(62.5%) specime
they were present thought out the entire lengthhef
cystic duct [Figure 1]. In 13 (32.5%) they were qaet
only in the gallbladder end, i.e. the proximal d&igure
3] whereas there were none in the distal part efiinct.

5. The orientation of the mucosal folds as observethén
longitudinal cut section were either oblique/spi
transverse to the long axis of the duct or intetdiong or
saccular or random (combination of above).They were
either even or uneven in their placement. Even or
irregular placements were seen in 10 (25%) and amev
or irregular in 28(70%) specimens. The descriptibthe
mucosal folds is given in the following paragraphs.

i. The Oblique orientation was observed in 20 (50%)

specimens [Figure 1] wherein 12(30%) specimens they

filled the entire duct and in 8(20%) specimens thveye
present in the proximal part of the duct. Even 8mac
was observed in 6(15%) specimens out of the twelve
where it filled the entire duct. In the remaining(35%)
the distance between the folds was found to beemev

ii. The transverse orientation of mucosal folds wagolesl
in 5(12.5%) specimens. In all these they were miteise
the proximal part of the duct. In 2(5%) the folderes
evenly placed and in 3(7.5%) the distance betwéen t
folds was varying and hence uneven in placements.

iii. The interdigitating pattern was seen in 3(7.5%)
specimens. The folds consisted of half turns where
mucosal projections of one wall were seen to adfern
with that of the opposite wall of the CD. They wseen
to be present throughout the length of the ducteyTh
were evenly placed in 1(2.5%) specimen and in 2(5%)
the distance between the folds was uneven.

. Combination type. Randomly oriented mucosal folds
with a combination of the transverse, oblique were
present in 9(22.5%) specimens out of which in 2@.5
an inverted C-shaped fold along with three rudiragnt

straight ridges were present. The folds were ptesen
throughout the whole length of the duct and hadvene
spacing between them.

v. Saccular configuration [Figure 3]. In 1(2.5%) smpeen

the mucosal folds were placed such that the traseve
folds were intersected in the middle by a longitadli
septum diving the cystic duct into small sacs givirse

to a saccular appearance. The transverse folds were
regular in their arrangement.

Discussion

The maximum number of biliary injuries which ocaluring
laparoscopic cholecystectomy is due to misiderifon of
the cystic duct! The cystic duct has a complicated anatomy

which is very important from the surgical point\oéw. Its

anatomical features are often closely related seaties of
gallbladder such as calculus disease, primary Gsilay
cholangitis, cholangiocarcinoma, and other inflartona
and neoplastic conditiod.It has been often hypothesized
that a small lumen with a large number of mucoshls acts

as a predisposing factor in the development of
cholelithiasis” Though there are many studies detailing the
external morphology of the cystic duct, there hasdly
been any study relating the mucosal folds to tiseaties of

the extrabiliary ducts apart from gallstones. Thare only
two published gross morphological studies of thecosal
folds of cystic duct in the recent literature, be tbest of our

knowledge.

During the fourth week of intrauterine life, an edérmal
bud arises in the ventral wall of the primitive égut of the
embryo. This bud which is known as the hepatic
diverticulum soon divides into two parts: the prozl bud is

solid and is called the pars hepatica and the |dista is

hollow and is known as pars cystica. The pars lepgives
rise to the liver and intrahepatic biliary ductshereas the
pars cystica serves as the primordium of the datder, its

stalk gives rise to the cystic duct. The hollowspaystica

eventually gets obliterated due to the rapidly ifecdting
epithelial cells. Later on, it gets fully canalizand is in full
communication with the biliary tree. Recent litera

suggests that the biliary tree is patent from theyv

beginning and does not go through the process dtision
and recanalizatiol Wnt, Notch, sonic hedgehog,

transforming growth factgs3 cell signaling pathways have

been reported to regulate the development of trex nd
biliary apparatu€! Recently Lgr4 gene has been shown to
regulate the development of the gall bladder ansticy
duct® The variations seen in its anatomy are the
consequences of aberrations in the developmenteleps

taking place during this crucial period of organogss in

prenatal life’®!

Variability in the length of the cystic duct rangesm being
absent® to short!?*® and lond!***¥ cystic ducts. Its

length is directly proportional to the length oethommon
hepatic duct and inversely proportional to the camrbile

duct. The incidence of short cystic duct has beponted to

be 1.3%—2.6% in the recent studfés.In our previous

study™ short & long cystic ducts were found in 3% and

14% of the cases respectively, in comparison to?2 ghort
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and another 2.5% long ones in the present study.absent

or short cystic duct is a rare congenital anomahjctv is
important from the surgical point of view. Short§em) and
long (4cm) cystic ducts are prone to biliary injudyring
surgent*? The long ones are often associated with the low
junction with common hepatic duct and have the ensjty

to develop common bile duct storf&¥! Long cystic ducts
are known to have a higher rate of recurrence ®s#mé*?
The mid-length diameter of the cystic duct was fbtm be
ranging from 0.2 to 0.6cm in the present study reasin
our previous study it was found to be ranging fro to
0.8cm™™® In 65% the diameter was within the normal range
in this study which is in similar to the finding$ a recent
South American study® The cystic duct is the narrowest
part of the biliary tree. The term cystic hypepty is a
condition characterized by the increase in its @igmn of
more than 0.5 cft”! The increase in diameter is associated
with the increase in the degree of severity of elithliasis
and consequently, the patients without any evideote
gallbladder stones have the narrowest and thosé wit
common bhile duct stones have the maximum diametéies.
increase in the diameter above the normal value/i6%

of specimens in this study, could be because ofedse in
the tone of the duct due to old age, or complet& Iaf it

however, do not throw adequate light on the complex
internal anatomy of the cystic duct, the geomefryvbich
has been described as being intensely intricategken in
computer translation.

Though the mucosal folds are said to be typicahefcystic
duct, yet we found that in 5% of the specimens vadeneoid

of any folds. The absence of mucosal folds has been
reported to be ranging from 2% to 22.5 % in world
literature®*%81% They are reported to be absent in healthy
ducts as well. In this study, the maximum numbér o
mucosal folds present in a single duct is more ttreat
found in the recent literatuf¥;'® but less than that found in
the pioneering study by Menzer, where he founda@sf In
62.5% they spanned throughout its length in thisdyst
which is more than that of a recent stlffy.In the
specimens where the folds were not present oveeftiee
length of the duct, they were concentrated in thébadder
and in the present study whereas, in the aforestaitly™"
they were concentrated either in the proximal dhatdistal
end. The findings of different researchers as coetpto the
present study are shown in [Table 2].

Table 2: Comparison between the findings of variouguthors
with the present study in recent literature.

following death. Stones of the biliary tract wei detected
during the study. On the flip side, an increasdiameter of
the cystic duct aids the laparoscopic surgeonsd an

radiologists in instrumentation during endoscogitagrade
cholangiography and other therapeutic procedures.
The internal disposition of the cystic duct is asequence

of its development in a very congested space in thg
abdomen, i.e. between the liver and diaphragm. Vhene

believed to be an adaptation for the erect posifirean, but
this particular theory has been debunked now ag #ne
also seen to be present in some of the lower asirvaried

Authors No of cystic | No of cystic | Maximum no of
duct with | duct without | mucosal folds
mucosal folds | mucosal fold | found in a cystic

duct

Ignjatovic et | 67 (95.71%) 3 (4.2%) 5

al, 2012,

n=7018

Pina LN et | 32(69.56%) 14 (30.43%) 8

al, 2015,

n=46¢

Present 38 (95%) 2 (5%) 11

study

n=40 (2015-

18)

terminologies are used to describe them such aslspi
valves, leaflets, baffles, baffle plates, cystiddép etc. A
number of functions such as the storage of bilegiten of
fluids and lipids, sphincteric action, regulatiohfiding and
emptying of the gallbladder, maintaining the pateatthe
cystic duct under conditions of increased abdonpnessure
has been attributed to them. Dasgupta and Stingeofahe
opinion that the folds may be helpful in maintagithe
patency and caliber of the duct rather than funatigp as a
valvular mechanism. Their exact function is yet he
ascertained accurately. A recent South Americadyshas
described them to be an inessential element ofréflax !
Laparoscopic surgeons describe these mucosal fatds
obstacles which make it difficult to cannulate tbgstic
duct*¢*°! Some authors believe that mucosal folds are a
boon in disguise as they help to restrain sludge stanes
while allowing the regular flow of bile during
cholecystectomy.

Researchers have tried to study the endolumindirof
the human cystic duct by various methods such daveaic
studies, casting, 3D scanning, high definition wvide
endoscopy etc. As the bulk of the studies conduate at
autopsy, there is a high possibility of alterat@fnthe usual
anatomy by the surfactant properties of bile. Noayad
computer reconstruction and translation are beiogedto
study the fluid mechanics of the cystic duct. Thekelies,
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Consecutive oblique / evenly spaced crescentisfglde an
impression of the spiraling pattern which was pnésa
50% of the specimens in the present study. Obligoe
transverse folds have been also observed by Piak €he
perception of the mucosal folds being present ispgal
manner are based on the initial diagrams of Heigietures
were taken during cholangiography and the depistion
corrosion cast. Though the presence of a constackwise
pattern of three and a half spirals has been meedidoy
some authors, lack of continuity between adjoirfiids and
the absence of a regular pattern was observeckiprigsent
study and in another study in recent literature.

Ducts with the transverse interdigitating type ofdé as
seen in the present study have been occasion&ly iti the
literature. The combination type (random arrangeinand
the saccular pattern as found in this series hasbaen
described in the literature as yet and this maytheefirst
instance of reporting it. The uneven spacing of fles
could be a consequence of its degeneration or ip&pro
development. Continuous oblique folds interruptsd tie
longitudinal incision could have given rise to tqgpearance
of the interdigitating pattern as noticed in 7.5%his study.
Combination type of configuration could be a vatiahthe
normal anatomy or a result of an occult underlyiigease
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process or could be due to the degenerative chaageg)
place after death. Saenz attributed the failur&ranscystic
exploration in 6% of his cases to the “not so fabbe
anatomy” present inside the lumen because of this &

The mucosal folds of the cystic duct and associated
technicalities involved has to be taken into coesation
while determining the best site to perform cystcoy.
Percutaneous transcholecystic biliary procedurss being
increasingly performed nowadays. Therefore the kadge
of the orientation of the mucosal folds is crucaald will
serve as a valuable guide for surgeons while exgadhe
extrahepatic biliary passages especially via thastystic
approach, in the managementof cholelithiasis aadraisis
of unsuspected choledocholithia.1t will also provide
valuable information indetermining the site of éystluct
division along with other factors such as duct peahility,
length and breadth of the cystic duct during lapeopic
cholecystectomy.

Limitations

1. The study was a cadaveric study and hence the
surfactant properties of bile and also some amafint
decay could have altered the anatomy.

2. The use of resin casting also could have given us a
better understanding of the morphological features
the endoluminal surface of the cystic duct.

Conclusion

This study gives insight into the internal morplpl®f the
cystic ductwhich is rarely mentioned in the litewrat The
external morphology with respect to the length dizaneter
were found within usual range but the various typés
mucosal folds as described in this study has beeglyr
reported in literature. The term spiral valves may a
misnomer as a spiraling pattern was not well apated in
the study. A minimally invasive surgeon has to kheanind
the relevant anatomy, especially during the trasiscy
approach so that the cystic duct does not getedjwand
unnecessary complications can be avoided at supgaing
way to the successful outcome and uneventful
convalescence.
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