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Aims: This study was undertaken to establish correlation between intracholedochal cystic DOLI: 104103/0971-9261 125946

pressure (ICCP) with biochemical changes in bile, liver histology, cyst wall histology, length | Quick Response Code:
of common channel, and cyst volume. Materials and Methods: In this cross-sectional study,
ICCP was measured after surgical access before any mobilization by direct cyst cannulation.
Bile was then aspirated for biochemical estimation (bilirubin, amylase, lipase, pH, and
electrolytes). Common channel length and cyst volume were determined by preoperative
magnetic resonance cholangiopancreatography (MRCP). Liver histology was assessed under
parenchymal, bile duct, and portal parameters. Cyst wall was examined for ulceration,
inflammation, fibrosis, and metaplasia. Results: ICCP was recorded in 31 patients; mean
and median ICCP were 15.64 and 14 mmHg, respectively (range = 6-30 mmHg). Cases with
median ICCP < 14 had median cyst volume of 48 cc (range = 36-115) and amylase 2052 IU/L
(range = 190-5052) whereas those with ICCP = 15 had volume of 20 cc (range = 10-100) (P
= 0.004) and amylase 36 IU/L (range = 0-2806) (P = 0.0004) suggesting inverse correlation.
No significant correlation was found with bilirubin and electrolytes. ICCP directly correlated
with parenchymal changes like hepatocellular damage (P = 0.002) and cholestasis (P =
0.001). It also correlated with bile duct changes. ICCP inversely correlated with cyst wall
changes (P = 0.003, 0.0001, 0.023, 0.0013, respectively). High pressure cysts had normal
pancreaticobiliary junction. Conclusion: High-pressure cysts tend to be smaller but have more
severe backpressure changes in liver parenchyma. Low-pressure cysts have high volume
and higher levels of amylase and lipase and therefore have more severe cyst wall changes.

KEY WORDS: Choledochal cyst, cyst wall histology, intra choledochal cystic pressure,
liver histology, long common channel

INTRODUCTION composition, the pancreatobiliary junction, and the
intracystic pressure.
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Liver histology has not been given due importance
during the course of treatment of choledochal cyst.
A few studies have reported extensive pathological
changes in the liver in patients with choledochal
cyst.®*I'These changes correlate with not only clinical
symptoms at presentation but also with response to
surgery.l

It is conjectured that a cyst, which is tense and has
high pressure will have backpressure changes, which
in turn will affect liver pathology. Further, the length
of the common pancreatobiliary channel should make
a difference in the volume and pressure of the cyst and
possibly the composition of the bile in the cyst. There
are very few studies, which have tried to address this
issue. However, no study has attempted simultaneously
to correlate the intracystic pressure with detailed
biochemical composition of the bile, histopathological
changes in the liver, cyst wall histology, length of the
common channel and the volume of the cyst. This study
attempts to explore these aspects.

MATERIALS AND METHODS

The study was conducted in the Department of Pediatric
Surgery, All India Institute of Medical Sciences,
New Delhi over a period of 2 years (January 2011 to
November 2012). It was a cross- sectional observational
study. All patients operated upon for choledochal
cyst were included. Patient and parents who refused
participation in the study and cases presenting with
ruptured or decompressed choledochal cyst were
excluded from the study. Ethical clearance for the study
was obtained from the Institute Ethics Committee.
All enrolled patients were evaluated clinically,
biochemically, and radiologically at presentation. All
cases underwent preoperative magnetic resonance
cholangiopancreatography (MRCP) to confirm the
diagnosis, classify the cyst into one of the subtypes, to

Figure 1: (a) Volume estimation in MRCP, (b) MRCP showing common
channel and pancreatic duct

calculate cyst volume [Figure 1a], delineate the common
bile duct [Figure 1b], pancreatic duct [Figure 1b] and to
diagnose an abnormal pancreatobiliary junction (APB])
and a long common channel [Figure 1b], if present.
A long common channel was defined as a common
channel exceeding 10 mm distal to junction of common
bile duct and main pancreatic duct.”! Cyst volume was
calculated using standard formula (0.5 X length X
width X anteroposterior dimension/depth at the site of
maximum width, length was calculated by multiplying
the slice thickness with the number of slices in which
cyst was visible).

After written and informed consent, all cases underwent
exploration. Pressure measurements were made
immediately after surgical access and before any
mobilization of liver and biliary tree. The system
used for pressure measurement was “Datex Ohmeda
S/5 ™ monitor” (range of measurement = —40 to
320 mm Hg, accuracy = *5% or =2 mm Hg, sensitivity
5 uV/V/mm Hg), which was attached to the “truwave
disposable pressure transducer (Edward life sciences)
with continuous 3 ml/hr flush device and stop cock,”
which was mounted at the mid cyst level carefully
to avoid the error due to height (10 mm Hg for every
13.6 cm difference).™ A 22-G cannula, attached to
saline filled pressure tubing was inserted directly into
the choledochal cyst [Figure 2], intracystic pressure
was measured using the set up after proper zeroing
for 3 times and the average of 3 measurements was
taken as intra cystic pressure of the choledochal
cyst. Bile was then collected for amylase and other
biochemical estimation. Liver histology was assessed
by intraoperative liver biopsy.

Bile analysis consisted of bilirubin, amylase, lipase,
pH, sodium, potassium, calcium, chloride, bicarbonate.
Amylase, total bilirubin, and lipase estimation
were done based on the principle CNP-G (2-chloro

Figure 2: Cannulating choledochal cyst for pressure measurement
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4- nitrophenyl maltotrioside as substrate), DCA
(dichloroaniline) and kinetic colorimetry, respectively,
on Hitachi 902 analyzer. Bicarbonate estimation was
done on Roche-Cobas 221 blood gas analyzer, whole
pH, sodium, potassium, chloride and calcium estimates
were done on Carelyte electrolyte analysis (from Care
Well Biotech Pvt. Limited) using ion-elective electrode
method.

All the liver biopsy sample slides (4-um thick paraffin
embedded sections were stained with hematoxylin and
eosin) were analyzed by a single senior pathologist who
was blinded for the tests. The histopathological changes
were graded [Figure 3a-g] using established criteria"
[Tables 1 and 2]. Cyst wall histology [Figure 3h-j] was
graded as given in Table 3.

Pressure was correlated with different parameters
using STATA software version 11 [Stata Corp LP Texas
USA]. The statistical tests of significance included chi
square test and wilcoxon signed rank test wherever
applicable. P value was calculated using Fisher’s exact
test and a value of <0.05 was considered statistically
significant. Due to statistical consideration including
a high standard deviation of 6.02 and variation in the
values, the median choledochal cystic pressure was
used for correlation studies.

RESULTS

ICCP was measured in 31 patients (all type of choledochal
cysts). The male to female ratio was 18:13 = 1.5:1. Mean
age at presentation was 63.32 months, median age was 72
months, and the age range was between 4-150 months.
Mean ICCP was 15.64 + 6.02 mm Hg and the median
pressure was 14 mm of Hg (range = 6-30 mm Hg). Owing
to the standard deviation of 6.02 and variation in the
values, median choledochal cystic pressure was used
for correlation studies. Considering the median ICCP
of 14 (Range = 6-30) mm Hg as a reference point two
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groups were made one with value less than or equal
to the median and another above median. The details
of correlation with bile composition are presented in
Table 4; ICCP inversely correlated with pH (P = 0.001),
amylase (P = 0.004), lipase (P = 0.001). No significant
correlation was found with bilirubin (P = 0.54), sodium
(P = 0.22), potassium (P = 0.11), calcium (P = 0.18),
chloride (P = 0.93) and bicarbonate (P = 0.96). The

Table 1: Grades of hepatocellular damage

Factors Features Grading
Cholestasis Canalicular 1+
Hepatocytes 2+
Centrilobular 3+
Hepatocellular damage Ballooning 1+
Feathery degeneration 2+
Necrosis 3+
Parenchymal inflammation Mild 1+
Moderate 2+
Severe 3+
Bile duct proliferation Mild 1+
Moderate 2+
Severe 3+
Bile duct inflammation Mild 1+
Moderate 2+
Severe 3+
Central venous distension Mild 1+
Moderate 2+
Severe 3+

Table 2: Ohkuma’s classification for portal fibrosis

Factors Grades Features
Portal Fibrosis: Grade 0 No fibrosis
Grade 1 Mild fibrosis confined to portal area
Grade 2 Moderate fibrosis in portal-portal
area (P-P) bridging fibrosis
Grade 3 Severe expansive fibrosis with
widened P-P bridging fibrosis
Grade 4 Liver cirrhosis with reconstruction

of hepatic lobules

i j

Figure 3: (a) Hepatocellular damage, (b) Parenchymal inflammation, (c) Cholestasis [bile lakes], (d) bile duct inflammation, (e) Bile duct proliferation,
(f) Portal fibrosis, (g) Central venous distention, (h) Cyst wall ulceration, (i) Cyst wall fibrosis, (j) Cyst wall inflammation
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Table 3: Choledochal cyst wall assessment details of parenchymal changes in the liver are presented
Parameters Categories Grading in Table 5; ICCP directly correlated with parenchymal
Ulceration No ulceration 0 changes like hepatocellular damage (P = 0.002) and

Focal ulceration 1 cholestasis (P = 0.001). It also correlated with bile duct
. Diffuse ulceration 2 changes. The details of cyst wall changes are presented
Inflammation No inflammation . 0 in Table 6; ICCP directly correlated with cyst wall
Focal or mild inflammation 1 ulceration (P = 0.003), inflammation (P = 0.0001),
- D|ffu.se or chronic inflammation 2 fibrosis (P = 0.023) and metaplasia (P = 0.0013). It was
Fibrosis No fibrosis 0 . -
S found that all cases, with a normal pancreatobiliary
Mild fibrosis 1 . . . .
L junction had an intracholedochal cystic pressure above
Focal or moderate fibrosis 2 . . . s
. Lo the median while those with abnormal pancreatobiliary
Diffuse or severe fibrosis 3 . R includi ¢ divi had
Metaplasia Absent 0 junction including two .cases (o) panQreas 1v151.1m a
Present 1 an ICCP below the median value. This observation was

also strongly significant (P = 0.001) [Table 6]. Median
ICCP = 14 mm Hg was associated with median cyst

Table 4: Correlation of ICCP with bile composition
volume of 48 cc (range = 36-115 cc) (mean = 58.03 =

Parameters (median values) ICCP <14 ICCP =15 Pvalue

mm Hg mmHG 24.62). Median ICCP = 15 mm Hg was associated with
pH 7.718 7.602 0.01 median cyst volume of 20 cc (range = 10-100 cc) (mean =
Bilirubin (mgo%) 11 14 0.54 30.78 * 25.84 cc) suggesting a strong inverse correlation
Lipase (IU/L) 29 2.2 0.0001 (P = 0.0004).

Amylase (IU/L) 2012 36 0.0004

Sodium (mEg/L) 141 145 0.22 DISCUSSION

Potassium (mEg/L) 4.6 4.8 0.11

Calcium (mmol/L) 1.22 1.24 0.18 Pressure inside a sphere is related to its volume and
Chloride (mEq/L) 137.5 138 0.93 surface tension. Pressure and volume are indirectly
Bicarbonate (mmol/L) 18 20 0.96 proportional to each other, thus if we increase the

Table 5: Correlation of various histology parameters correlated with ICCP

Liver histology Parameters Grades Intracholedochal cystic pressure (ICCP) P value
ICCP <14 mm Hg ICCP =15 mm Hg Total
Parenchymal Absent Grade 0 0 (0%) 6 (46.15%) 6 (19.35%) 0.002
inflammation Present Grade 1 8 (44.45%) 7 (53.85%) 15 (48.39%)
Grade 2 10 (55.55%) 0 (0%) 10 (32.26%)
Grade 3 0 (0%) 0 (0%) 0 (0%)
Cholestasis Absent Grade 0 16 (88.89%) 4 (30.77%) 20 (64.52%) 0.001
Present Grade 1 2(11.11%) 6 (46.15%) 8 (25.81%)
Grade 2 0 (0%) 2 (15.38%) 2 (6.45%)
Grade 3 0 (0%) 1(7.7%) 1 (3.22%)
Bile Duct proliferation Absent Grade 0 17 (94.44%) 2 (15.38%) 19 (61.29%) 0.001
Present Grade 1 0 (0%) 5 (38.46%) 5(16.13%)
Grade 2 0 (0%) 0 (0%) 0
Grade 3 1 (5.56%) 6 (46.16%) 7 (22.58%)
Bile Duct fibrosis Absent Grade 0 13 (72.22%) 0 13 (41.94%) 0.001
Present Grade 1 5 (27.78%) 5 (38.46 %) 10 (32.26%)
Grade 2 0 (0%) 1 (7.69%) 1(3.22%)
Grade 3 0 (0%) 7 (53.85%) 7 (22.58%)
Central venous Absent — 18 (100%) 0 18 (58.06%) 0.0001
distention Present — 0 13 (100%) 13 (41.94%)
Portal fibrosis Absent Grade 0 16 (88.89%) 1 (7.69%) 17 (54.84%) 0.0001
Present Grade 1 0 (0%) 12 (92.31%) 12 (38.71%)
Grade 2 0 (0%) 0 (0%) 0 (0%)
Grade 3 2 (11.11%) 0 (0%) 2 (6.45%)
Grade 4 0 (0%) 0 (0%) 0 (0%)
Centrivenular necrosis Absent — 17 (94.44%) 0 17 (54.84%) 0.0001
Present — 1 (5.56%) 13 (100%) 13 (45.16%)
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Table 6: Correlation of Cyst wall histology and abnormal pancreatobiliary junction correlated with ICCP

Parameters
Cyst wall Ulceration Absent
histology Present
Inflammation Absent
Present
Fibrosis Absent
Present
Metaplasia Absent
Present
Abnormal Long common Absent
Pancreato biliary channel Present
junction

Pancreas Divisum Pancreas Divisum

Intracholedochal cystic pressure (ICCP) P value
ICCP <14 mm Hg ICCP =15 mm Hg Total

0 14 (45.16%) 14 (45.16%) 0.003
17 (54.84%) 0 17 (54.84%)

0 12 (38.70%) 12 (38.70%) 0.0001
19 (61.30%) 0 19 (61.30%)

0 9 (29.03%) 9 (29.03%) 0.023
22 (70.97%) 0 22 (70.97%)

0 14 (45.16%) 14 (45.16%) 0.0013
17 (54.84%) 0 17 (54.84%)

1 (5.56%) 13 (100%) 14 (45.16%) 0.001

15 (83.33%) 0 (0%) 15 (48.39%)
2 (11.11%) 0 (0%) 2 (6.45%)

volume then pressure will decrease and vice versa. If the
cyst is connected to a system, the backpressure effects
are expected at both the ends, if one end is closed or
limited, the obvious effect comes to the open end. Same
principles are expected to hold true in choledochal
cysts, a large cyst is expected to have low pressure and
a small volume cyst to have high pressure. The effect of
pressure on the ends is also expected but if the distal end
is limited by a long common channel then backpressure
effects on the liver and cyst wall is expected to be at
maximum. A reflux of pancreatic contents into the
cyst due to long common channel is likely to worsen
the pathology further. Sufficient information on the
importance of intracystic pressure, including the
normal intracystic pressure values is not available. This
study was designed to correlate the intracholedochal
cystic pressure with various parameters. In a study
by Davenport et al.,!®! the intracystic pressure was
correlated with the amylase level of the cyst fluid in a
total of 25 patients. The median choledochal pressure
(CP) was 13 (interquartile range [IQ] 8.5-17) mm Hg
for the study group. The highest pressure recorded
was 35 mmHg in a 9-month-old child who was clearly
obstructed at the time of laparotomy and they concluded
that increased CP was inversely related to the level of
bile amylase (and hence the length of the functional
common channel). They suggested that obstructive
stenosis at the level of the pancreatobiliary junction (but
not the ampulla) may be a causal factor in a proportion
of choledochal malformations. Li et al.,”! measured both
choledochal pressure and bile amylase levels in Chinese
children with choledochal malformation and showed
high resting pressures in both fusiform and cystic
variants (respective mean pressures 9 and 29 mmHg).
In the present study, the mean ICCP was 15.64 mm Hg,
the median pressure was 14 mmHg. The range of values
was between 6-30 mmHg.

ICCP with bile composition
Davenport et al.,'! found a significant negative

correlation between bile amylase and ICCP and
concluded that high pressure cysts are associated with
low amylase content. In our study, we observed that
in patients where the ICCP was below the median
(14 mm Hg) amylase was 2052 IU/L (range = 190-5052
IU/L), for those with ICCP above the median value
(14 mm Hg) amylase was 36 IU/L (range = 0-2806 IU/L).
Thus, low pressure cysts had high amylase content
and high pressure cysts had low amylase content.
This difference was found to be statistically significant
(P = 0.004) suggesting that reflux of pancreatic amylase
in cyst is high if pressure within the cyst is low. High
pressure within the cyst prevents this reflux and
protects the cyst wall. There is no available study to
correlate the pressure with other components of the bile.
In our study, we found that in patients where the ICCP
was below the median value (14 mmHg) the median pH
was 7.718 (range = 7.40-7.98), median bilirubin was
11 mg% (range = 2.1-33 mg%), median lipase was 29
IU/L (range = 10-73 IU/L), median sodium, potassium,
calcium and chloride were 141 mEq/L, 4.6 mEq/L, 1.22
mmol/L and 137.5 mEq/L, respectively, whereas in those
with ICCP above the median value the median pH was
7.602 (range = 7.38-7.80), median bilirubin was 14 mg%
(range = 2.1-20 mg%), cyst lipase was 2.2 TU/L (range =
0-28 TU/L), sodium, potassium, calcium and chloride
were 145 mEq/L, 4.8 mEq/L, 1.24 mmol/L and 138
mEq/L respectively, this difference was significant for
pH (P = 0.001) and lipase (P = 0.001) but insignificant
for bilirubin (P = 0.54), and electrolytes (P = 0.22, 0.11,
0.18, and 0.93, respectively). This observation suggests
that a cyst with low pressure has more alkaline bile with
more of amylase and lipase contents, and thus a greater
pancreatic reflux into the cyst is observed.

ICCP with liver histology

There are very few studies to document liver changes
in choledochal cyst per se. Nambirajan et al.,!
conducted a pilot study to document the condition
of the liver in choledochal cyst and hepatocellular
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damage, parenchymal inflammation, cholestasis, bile
duct inflammation, proliferation and fibrosis were
the most frequent pathological parameters observed.
Another case report by Yeong et al.,”® reported fibrosis,
bile duct proliferation, bile duct inflammation, bile
lakes (severe form of cholestasis) and hepatocellular
damage in a case of choledochal cyst. Other studies
contend that congenital hepatic fibrosis, characteristic
dysmorphic bile ducts, acute inflammation and ductal
epithelial damage can commonly be found. In addition,
ranges of alterations ranging from nonspecific portal
inflammation to features of acute or chronic biliary
obstruction with bile duct proliferation, neutrophil
infiltration, acute cholangitis and periductal or
portal fibrosis have been reported.””” Considering all
these above findings, in addition to the fact that a
choledochal cyst is an obstructive cholangiopathy,
the currently used pathological grading was devised
which took into account all the parameters as well
as their severity. Although no study has reported the
correlation between the pressures within the cyst and
histopathological changes in the liver, we attempted to
correlate the ICCP with backpressure changes in the
liver and found that hepatocellular damage was present
in all, and the parenchymal inflammation was more in
cyst with low pressure (P = 0.002), so was cholestasis
(P = 0.001). It is also directly correlated with bile duct
changes like bile duct proliferation (P = 0.001), fibrosis
(P = 0.001), central venous distension (P = 0.0001),
necrosis (P = 0.0001) and portal fibrosis (P = 0.0001).
Bile duct inflammation and portal edema were
present in all the cases. This observation suggests
that pressure measurement can be used as a simple
and straight forward predictor of the associated liver
histopathological changes. This could also imply that
increased pancreatic reflux, as seen in low pressure
cysts, may be responsible for pathological changes like
inflammation and cholestasis, whereas, obstruction as
evidenced by high pressure may be responsible for bile
duct proliferation, central venous distension, necrosis
and fibrosis.

ICCP with the cyst wall lining

The normal bile duct consists of vascularized,
innervated fibrous tissue with occasional elastic
fibers, lined by a mucosa in which a lamina propria
bears a single layer of tall columnar epithelium,
with scattered mucus-producing goblet cells distally.
The characteristic sequence in choledochal cyst
appears to be initial generalized reactive hyperplasia
succeeded by islands of abnormal mucosa within
a denuded, chronically inflamed, fibrotic wall.['0-1%]
Necrosis and squamous metaplasia, with sub epithelial
inflammatory infiltration and fibrosis appear later,
leading to dysplasia and ultimately invasive malignancy
(admittedly confined largely to adults). Turowski C

et al.,** tried to classify the histopathological changes
in the cyst wall based on the criteria they mentioned
as ELMS (epithelial lining mural score). This scoring
system consisted of hyperplasia, inflammation,
fibrosis and epithelial lining. They found that,
although normal cuboidal and columnar epithelium
persisted in every specimen examined, for the most
part, changes did occur. Choledochal pressure was
significantly higher in the histological groups with
higher ELMS values (P = 0.057); conversely, higher
ELMS values were significantly associated with lower
levels of bile amylase (P = 0.002). We attempted to
look at the cyst wall lining with comparatively simpler
parameters like ulceration, inflammation, fibrosis
and metaplasia because we believed that cyst wall
changes can be either due to acute or chronic insult.
Ulceration and inflammation were taken to represent
acute insult whereas fibrosis and metaplasia were
taken to represent chronic sequelae in the cyst wall.
When correlated with the intracystic pressure we
observed that pressure is inversely correlated with
these parameters. It appears that refluxing amylase
and lipase may cause these changes in the cyst wall
and these effects are both acute and chronic especially
in a low pressure cyst.

ICCP with abnormal pancreatobiliary junction

A correlation between the ICCP with abnormal
pancreatobiliary junction has not been reported before.
Davenport et al.,®! used bile amylase as an indirect
indicator of the presence of a long common channel
and showed that those cases where pressure was high
the cyst amylase levels were low. In the present study
it was found that pressure inversely correlated with the
long common channel (P = 0.001). Abnormal or long
pancreatobiliary channel was present in 17 (54.84%)
cases. Thus those cysts where the ICCP was low, a
long common channel was present and similarly a
cyst with high pressure had a normal pancreatobiliary
junction. This finding could be explained by the fact
that those cysts which are low pressure systems have
more of associated reflux of pancreatic juice leading
to changes in the cyst wall thereby increasing the size
of the cyst and further decreasing the pressure within
the cyst. Pressure would also be dissipated by the free
communication between the common bile duct and the
main pancreatic duct.

ICCP with volume

The relationship between intracystic pressure and
the volume of the cyst has not been reported before.
Davenport et al.,!® used choledochal dimension
index obtained by dividing the maximum diameter
of choledochal cyst in mm with the age in years and
found that the median choledochal diameter was
15 mm (range = 5-150 mm), the median age-corrected
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choledochal dimensional index (the maximum
diameter [in millimeters] of the common bile duct
at preoperative ultrasonography divided by age
[in years]) was 6.9 (range = 0.5-71). Dimensional index
significantly correlated with the ICCP. As volume of
the cyst seemed to be a better parameter rather than
taking the diameter at a particular point, which had
definite limitations (operator dependence and non-
reproducibility) volume calculated by preoperative
MRCP using standard formula was considered in
this study. We observed a strong negative correlation
(P = 0.0004). Thus it could be referred that large
volume cyst have lower pressure than those with
smaller volumes.

CONCLUSION

Pressure influence a protective effect on the cyst wall
but harmful effect on liver histology because ICCP
directly correlates with liver parenchymal changes and
inversely to cyst wall. High pressure cysts tend to be
smaller but have more severe backpressure changes in
the liver parenchyma. Low pressure cysts have high
volume and higher levels of amylase and lipase in the
bile, and possibly as a consequence have more severe
changes in the cyst wall.

Although it seems futuristic, preoperative ICCP
measurement by endoscopic cannulation of the
choledochal cyst may serve as a useful guide for the
early intervention in choledochal cyst, especially the
asymptomatic and incidentally diagnosed ones. It
could also serve as an objective predictor of long-term
prognosis.
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