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ABSTRACT

Context Tropical calcific pancreatitis is unique to deyeig countries with of unknown origifbjective We evaluated the pattern
of pancreaticobiliary ductal union in patients witbpical calcific pancreatitif?atients Twenty-one patients with tropical calcific
pancreatitis were compared to 174 control subjeits no pancreaticobiliary disease and 35 patigitis alcohol-induced chronic
pancreatitisM ain outcome measure Two experienced people, blinded to the resultsjuated the pattern of pancreaticobiliary
ductal union. Pancreaticobiliary ductal unions welassified as: separate ducts (no union), a startmon-channel (length less
than 6 mm), a long common-channel (length rangiid nm) and anomalous pancreaticobiliary ductabmirflength greater than
15 mm). Anomalous union was defined as P-B type wherpancreatic duct appeared to join the bile dact B-P type when the
bile duct appeared to join the pancreatic duct. Aisparities between the two investigators wergéesoout by mutual discussion.
Results Pancreaticobiliary ductal union in tropical calcipancreatitis patients as compared to those énctintrol group was as
follows: separate ducts, 23.8% 49.4% (P=0.036); a short common-channel, 48%28.7% (P=0.017); a long common channel,
33.3% vs. 18.4% (P=0.144) and anomalous pancreaticobilgugtal union, 38.1%vs. 3.4% (P<0.001). The B-P pattern of
anomalous pancreaticobiliary ductal union was nfi@guent in tropical calcific pancreatitis thantfire control group but there was
no statistical significance (P=0.103). The angléhef pancreaticobiliary ductal union in the tropicalcific pancreatitis group was
88.1+36.2° as compared to 20.0+11.5° in controugr{P<0.001). Alcohol-induced chronic pancreatii®. 35) predominantly had
either separate ducts (65.7%) or a short commonmehg25.7%).Conclusion We concluded that patients with tropical calcific
pancreatitis in Kashmir had anomalous pancreatienpiductal union, predominantly of B-P type wihwide angle of ductal union
more frequently. This may be related to the etiglofitropical calcific pancreatitis in such regions

INTRODUCTION features [9, 10]. The pancreas shows atrophy, rdarke
dilated pancreatic ducts and large intraductalutialé
pancreatic neoplasm is a common occurrence in these
patients [11]. Over the years, there has beennal tie
occurrence in older age groups and it has beentegpo
in countries outside the tropics [12, 13]. The letiy

of tropical calcific pancreatitis in such countries
remains obscure.

Pancreaticobiliary ductal union is the confluent¢he
pancreatic duct and the bile duct; this union shows
many variations [14, 15]. Patterns of pancreatigatyi
ductal union have been associated with many
pancreatic and biliary diseases [16, 17, 18, 19, Tite
relationship of the patterns of pancreaticobilidngctal
union with tropical calcific pancreatitis has nctem

Tropical calcific pancreatitis is a disease withque
clinical and radiological features and is prevalent
many tropical countries including south India, Sri
Lanka, and many African and Asian countries [13,2,
4,5, 6, 7, 8]. The disease is reported to affectnger
age groups; it is characterized by rapid progressio
associated with severe pancreatic damage and faultip
large ductal calculi, and the absence of a histadry
alcoholism or biliary tract disease. Abdominal paird
diabetes are dominant clinical manifestations.
Steatorrhea and malnutrition may be associated
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Figure 1. Step 1 of the present study defined the inclusiod exclusion criteriaThree ERCP images are shown. ERCP 1 (includeduftne:

o

evaluation) shows large hepatic cystic lesions canmioating with the bile ducts. Both the pancredtict and the bile duetre clearly visualized a
the union of the two ducts before enterihg papilla is clearly identified. ERCP 2 (excludeam study) shows the malignant stricture of thie
duct. Only the bile duct is visualized. ERCP 3 (eded from study) from a patient with alcotiniuced chronic pancreatitis. Only pancreatic ds

visualized.
BD: bile duct; PD: pancreatic duct.

disease and 35 patients with alcohol-induced chroni
pancreatitis.

The study included all endoscopic retrograde
cholangiopancreatographies (ERCPSs) carried oubdy t
senior investigator (Author 2) from November 1982 t
March 1995 and from April 2005 to March 2008 in
Kashmir India. All patients belonged to one ethnic
group (residents of Kashmir Valley). All ERCP image
were photographed and compiled into folders, each
folder containing the images of one patient and
carrying a specific patient identification numb@&he
clinical details, laboratory data, histological dings,

Figure 2. Step 2 of the present study classified the ERGf®sthose with a separate opening and those wittmanon channel. On theft, ERCF

follow-up and diagnosis of patients in whom ERCPs
were carried out were contained in each folder.

For this study, the ERCPs were examined by two
investigators (Authors 1 and 2) independently who
were blinded to the clinical data. The ERCPs were
reviewed from June 2007 to August 2008. The purpose
of the study was to define the patterns of
pancreaticobiliary ductal union in each ERCP. The
findings were recorded on a computer generated
proforma. The method of defining the various feasur

of pancreaticobiliary ductal union was first mutyal
agreed upon [15, 21] and was then practiced on 20

image from a patient with alcohol-induced chronémgreatitis The bile duct (BD) and the pancreatic duct (P&) be clearly seen and join
duodenum (arrows) without joining each other. Om tight, the image belongs to a patient with chodéalithiasis. The pameatic duct (PD) ar
the bile duct (BD) join each other to form a loragranon channel (13 mm) which enters the duodenum.
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Anomaleus PBDU

Figure 3. Three ERCP images showing the definition of a tsbemmon channel (short CC: channel length 3 mnidng common channel (g
CC: channel length 12 mm) and anomalous pancréiiigny ductal union (anomalous pancreaticobilidnctal union: channel length 4 cm).

CC: common channel; PBDU: pancreaticobiliary duatdabn

randomly selected patients, and the reporting was
standardized. Discrepancies between the two
investigators were mutually discussed and sortéd ou
The reporting of the ERCPs was done in a stepwise
fashion. The first step was to identify ERCPs iniakh
both ducts were filled and pancreaticobiliary
confluence was clearly identified in more than one
image (inclusion criteria for study) (Figure 1). ERs

in which only one duct (pancreatic or biliary) wiked

or the confluence of the pancreatic and bile duets

not clearly visualized were excluded from the study
(Figure 1). Second, in those ERCPs included in the
study, we then reported on whether the pancreatic a
bile ducts opened into the duodenum separately or i
the ducts were joined to each other and a common
channel opened into the duodenum(Figure 2). Third,
we measured the length of the common channel in the
latter (Figure 3). To do so, we measured the actual
length of the channel as it appeared on the imagds
corrected it with a magnification factor, as detewd

by the actual and imagined (as on images) widtthef
endoscope [15, 21]. If the corrected length ofuhited
duct was less than 6 mm, it was reported as a short
common channel. If the corrected length of theaghit
duct was between 6 and 15 mm, it was reported as a
long common channel. If the corrected length of the
common channel was more than 15 mm, it was
presumed that the ductal union had occurred outside
the duodenal wall and such patients were reporsed a
having anomalous pancreaticobiliary ductal unio®, [2
22]. For patients with anomalous pancreaticobiliary
ductal union, we determined the pattern and anfle o
the ductal union. Anomalous pancreaticobiliary duct
union was reported as P-B type when the pancreatic
duct appeared to join the bile duct and B-P typemwh
the bile duct appeared to join the pancreatic dlicé
angle of union was the actual angle at which thierun
occurred between two ducts [23].

Overall, 2,100 ERCPs were available for study.ha t
first study phase, 1,473 were excluded from further
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evaluation as either only asingle duct had bededfil
(bile duct alone in 990 and pancreatic duct alame i
460) or the pancreaticobiliary junction was notaclg
identified on the ERCP images (in 23). The remajnin
627 formed the study group. These included 21 pigtie
with tropical calcific pancreatitis, 174 patients i
control group (no biliary or pancreatic disease,
patients with alcohol-induced chronic pancreatity
patients with benign gallbladder disease, 14 pttien
with acute pancreatitis, 47 patients with gallbkdd
cancer, 10 patients with pancreatic cancer and 9
patients with a choledochal cyst. For this studg w
evaluated the ERCPs of the 21 patients havingdabpi
calcific pancreatitis and compared them with thd 17
control subjects and the 35 patients with alcohol-
induced chronic pancreatitis for pancreaticobiliary
ductal union.

Tropical calcific pancreatitis was diagnosed whwegré
were unique clinical, biochemical and radiological
features. These included: i) recurrent abdominah;pa
i) diabetes mellitus; iii) large ductal calculiese on
plain film and other imaging tools (Figure 4) amyimo
history of alcohol or other metabolic or structural

Figure 4. Tropical calcific pancreatitis. Plain film of thédomel
showing extensive large radio-op&gshadows (calculi) in the ent
pancreatic region.

20



JOP. J Pancreas (Online) 2010 Jan 8; 11(1):18-24.

causes of chronic pancreatitis. The control group
included patients in whom ERCPs had been performed
but were found to have diseases unrelated to tlaybi
tract or pancreas. Alcohol-induced chronic pandisat
included patients in whom ERCPs showed features of
chronic pancreatitis and were etiologically related
alcohol as per the above-mentioned criteria [24, 25

In all, we studied and followed up 50 patients with
tropical calcific pancreatitis. All such patientsach
ERCPs available. Twenty-nine patients were excluded
from the study due to the above-mentioned exclusion
criteria. The clinical, biochemical and radiolodica
features, and the follow-up of the 21 patients tof t
study group and 29 other patients with tropicatifial
pancreatitis not included in this study are shown i
Table 1. The two groups were comparable. This
suggested that our study group was representafive o
the profile of tropical calcific pancreatitis in ou
community.

ETHICS

Written informed consent explaining the indications
adverse affects and alternatives was obtained &ibm
patients before the ERCP was carried out. The study
protocol was submitted to the ethical committe®aof
Khuroo’s Medical Clinic and was approved. The study
protocol conformed to good medical practice as
defined in the Helsinki principles.

STATISTICS

Comparisons of the categorical variables were
analyzed using the Fisher’'s exact test. Comparisbns
the continuous variables were analyzed using the
Student’s t-test. In addition, odds ratios were potad
from the coefficients and their 95% confidence

intervals were calculated. All values are expresaed
mean+SD and frequencies. The statistical analyas w
carried out using SPSS for Windows (version 13.0).
Two-tailed P values less than 0.05 were considered
significant.

RESULTS

The distribution of pancreaticobiliary ductal uniam
174 control group patients with no pancreaticobjlia
disease was as follows: separate opening in 86
(49.4%), a short common channel in 50 (28.7%)ng lo
common channel in 32 (18.4%) and anomalous
pancreaticobiliary ductal union in 6 (3.4%). In tast
to the control group, the distribution
pancreaticobiliary ductal union in the 21 patienith
tropical calcific pancreatitis was as follows: sejia
opening in 5 (23.8%; P=0.036; OR=0.32, 95% CI:
0.11-0.91), a short common channel in 1 (4.8%;
P=0.017; OR=0.12, 95% CI: 0.02-0.95), a long
common channel in 7 (33.3%; P=0.144; OR=2.22, 95%
Cl: 0.83-5.94) and anomalous pancreaticobiliarytaluc
union in 8 (38.1%; P<0.001; OR=17.2, 95% CI: 5.19-
57.2) (Table 2). The data suggest that separate
openings and a short common channel were less often
seen in tropical calcific pancreatitis as comparethe
control group and a long common channel and
anomalous pancreaticobiliary ductal union were more
often seen in tropical calcific pancreatitis pattens
compared to the control group. The type of anonslou
pancreaticobiliary ductal union in the 2 groups was
different: 6 (75.0%) of the 8 patients with trogica
calcific pancreatitis had the B-P type of anomalous
union in contrast to the control group in whom five
(83.3%) of the 6 patients had the P-B type of
anomalous union (P=0.103; OR=15.0, 95% CI: 1.03-

of

Table 1. Clinical features of the 21 patients with tropicalcific pancreatitis included in this study tdgat with another 29 patients followeg-bu

excluded from this study as per exclusion criteria.

Whole group Study group Excluded group P value
(No. 50) (No. 21) (No. 29) (study vs. excluded group)

Age (years) 36.1+11.5 35.0+7.2 35.5+8.2 0.824%
MeanzSD (range) (16-55) (17-50) (16-55)
Sex: 0.392°
- Males 20 (40.0%) 10 (47.6%) 10 (34.5%)
- Females 30 (60.0%) 11 (52.4%) 19 (65.5%)
Duration of symptoms (years) 3.3¥2.9 2.5+23 2.9+2.7 0.585%
MeanzSD (range) (0.5-10) (0.5-10) (0.5-10)
Presentation:
- Pain 47 (94.0%) 21 (100%) 26 (89.7%) 0.254°
- Diabetes 12 (24.0%) 6 (28.6%) 6 (20.7%) 0.738°
- Steatorrhea 27 (54.0%) 12 (57.1%) 15 51.7(%) 0.778°
- Pseudocyst 2 (4.0%) 1 (4.8%) 1 (3.4%) 1.000°
- Necrosis 3 (6.0%) 1 (4.8%) 2 (6.9%) 1.000°
- Cholangitis/cholestasis 5 (10.0%) 2 (9.5%) 3 (10.3%) 1.000°
Family history 3 (6.0%) 2 (9.5%) 1 (3.4%) 0.585
ERCP:
- Dilated pancreatic duct 50 (100%) 21 (100%) 29 (100%) 1.000°
- Pancreatic duct calculi 48 (96.0%) 21 (100%) 27 (93.1%) 0.503°
- Pancreatic cystic cavities 7 (14.0%) 4 (19.0%) 3 (10.3%) 0.434°
- Bile duct stricture 9 (18.0%) 2 (9.5%) 7 (24.1(%) 0.271°
Pancr eatic carcinoma in follow-up 7 (14.0%) 3 (14.3%) 4 (13.8%) 1.000

3 Student’s t-test Fisher's exact test
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Table 2. Patterns of pancreaticobiliary ductal union in Xoftrol subjects with no pancreaticobiliary disea®l patients with tropical calcif
pancreatitis and 35 patients with alcohol-indudaguic pancreatitis.

TCP Control TCP vs. Control AICP TCPvs. AICP

(No. 21) (No. 174) P value OR (95% CI) (No. 35) P value OR (95% CI)
Separ ate openings 5 (23.8%) 86 (49.4%) 0.036 0.32°(0.11-0.91) 23 (65.7%) 0.005% 0.16° (0.05-0.55)
Short common channd 1 (4.8%) 50 (28.7%) 0.0£7  0.12°(0.02-0.95) 9 (25.7%) 0.072 0.14°(0.02-1.24)
L ong common channel 7 (33.3%) 32 (18.4%) 0.144  2.22°(0.83-5.94) 2 (5.7%) 0.010 8.25°(1.52-44.8)
Anomalous PBDU 8 (38.1%) 6 (3.4%) <0.001 17.2°(5.19-57.2) 1 (2.9%) 0.00% 20.9°(2.38-184)
Type: 0.103* 15.0% (1.03-218) 0.333 -
-P-B 2 (25.0%) 5 (83.3%) 1 (100%)
-B-P 6 (75.0%) 1 (16.7%) 0
Length (mm) 26.6+12.2 19.616.1 <0.001 - 22.0 - -
MeanzSD (range)
Angle (degrees) 88.1+36.2 20.0£11.5 <0.061 - 21.0 - -

MeanzSD (range)

Control group: patients without pancreaticobilidigease

AICP: alcohol-induced chronic pancreatitis; B-Plidoy pancreatic ductal union; B- pancreatic biliary ductal union; PBDU: pancreatiliary

ductal union; TCP: tropical calcific pancreatitis
2 Fisher's exact test;Student’s t-test
¢ ORvs. the other three patterns pooled togeth@R: B-Pvs. P-B

218). The bile duct had joined the pancreatic duct
the neck region in one, the body region in 4 ara th
distal body/tail region in one patient (Figure Fhe
angle of union of the anomalous pancreaticobiliary
ductal union was also significantly different iopical
calcific pancreatitis patients (88.1+36.2°) than in
control group (20.0£11.5°) (P<0.001). Patients with
tropical calcific pancreatitis had significantly
(P<0.001) longer anomalous channels (26.6+12.2 mm)
than did those in the control group (19.6+6.1 mm).

The distribution of the pancreaticobiliary ductalian

in the 35 alcohol-induced chronic pancreatitis gxat
was as follows: separate opening in 23 (65.7%Mhoats
common channel in 9 (25.7%), a long common channel
in 2 (5.7%) and anomalous pancreaticobiliary ductal
union in 1 (2.9%). In contrast to this group, the
distribution of pancreaticobiliary ductal uniontire 21
patients with tropical calcific pancreatitis was as
follows: separate opening in 5 (23.8%; P=0.005;
OR=0.16, 95% CI: 0.05-0.55), a short common channel
in 1 (4.8%; P=0.072; OR=0.14, 95% CI: 0.02-1.24), a
long common channel in 7 (33.3%; P=0.010; OR=8.25,

95% CI: 1.52-44.8) and anomalous pancreaticobiliary
ductal union in 8 (38.1%; P=0.001; OR=20.9, 95% CI:
2.38-184) (Table 2). The data suggest that separate
openings and a short common channel were less often
seen in tropical calcific pancreatitis as compated
alcohol-induced chronic pancreatitis, and a long
common channel and anomalous pancreaticobiliary
ductal union were more often seen in tropical ¢alci
pancreatitis patients as compared to alcohol-indiuce
chronic pancreatitis.

DISCUSSION

The etiology of tropical calcific pancreatitis iropical
countries has generally remained obscure [10, 11].
Early on, malnutrition, genetic and environmental
factors, such as cassava, were thought to be imort
in the pathogenesis of tropical calcific pancréaf26,

27, 28]. These links have recently been found teeha
only a weak association with the disease and paticre
secretory trypsin inhibitor (PTSI, unigene nameinge
protease inhibitor, Kazal type 1; SPINK 1, a 56-AA
peptide, has been identified [29, 30]. This is

Figure 5. Tropical calcific pancreatitisa. ERCP image showing a grossly dilated pancreatat dith filling defects in the side branches ai
dilated bile duct joining it in the pancreatic neelgion (arrow) to form anomalous pancreaticobjliductal union of the B-P type. ERCP imag
showing a grossly dilated pancreatic duct with ipldtlarge filling defects and the bile duct joigiit in the body regiotfarrow) to form anomalol
pancreaticobiliary ductal union of the B-P typeERCP image showing grossly dilated pancreatic duct with filling detfein the side branches ¢
the bile duct joining it in the distal body regitarrow) to form a very long anomalous pancreatigaty ductal union of the B-P type.

JOP. Journal of the Pancreas - http://www.jop.uitin&ol. 11, No. 1 - January 2010. [ISSN 1590-8b7 22




JOP. J Pancreas (Online) 2010 Jan 8; 11(1):18-24.

synthesized by acinar cells. SPINK1 gene mutations type of anomalous pancreaticobiliary ductal unie? b
result in a loss of function and predispose to yearl
trypsin activation and pancreatitis. The SPINK1
mutation occurs in the general population with lalle
frequencies of 1 to 2% and in a high percentage of
recurrent acute pancreatitis and chronic pancigatit
patients in Western countries. The SPINK1 mutation
occurs in 45% of patients with tropical calcific
pancreatitis. However, the low penetrance of tleisey
does not indicate a primary etiologic role. Insteihe
gene mutation may act as a disease modifier [3]L, 32
Thus, there must be additional factors, which may b
primary or secondary factors of importance, in the
etiology of tropical calcific pancreatitis.
Pancreaticobiliary ductal union is the confluent¢he
pancreatic duct and the bile duct, and this unias h
many variations [14, 15]. The ducts may open iht® t
duodenum separately or join together in the duddena
wall before entering the duodenum. The common
channel may be short (length less than 6 mm) ay lon
(length ranging 6-15 mm). In a small percentagks bi
and pancreatic ductal union may occur outside the
duodenal wall (length of channel greater than 15) mm
and is therefore not under the influence of therspér

of Boyden. This pattern of ductal union is classifias
anomalous pancreaticobiliary ductal union [21].
Anomalous pancreaticobiliary ductal union is furthe
divided into the P-B type (pancreatic duct appédars
join bile ducts) and the B-P type (bile ducts appda
join pancreatic ducts). The angle at which two duct
meet is also relevant [15, 23].

The pattern of pancreaticobiliary ductal union haen
associated with many pancreaticobiliary diseasée. T
classic example of these is a choledochal cyst 333,
35]. High percentages of patients with choledochal
cysts have anomalous pancreaticobiliary ductal unio
of the P-B type. The exact mechanism of cystic
dilatation of the bile ducts in this entity is datown. It

has been proposed that, due to the union of th&sduc
outside the duodenum, there is maldevelopmentef th
sphincter of Oddi which results in a reverse pressu
gradient between the common bile ducts and the main
pancreatic duct.

This leads to regurgitation of the pancreatic juit®

the bile ducts, repeated attacks of cholangitis and
ectasia of the ducts. In fact, the amylase coraéthe

bile in most patients with choledochal cysts hasnbe
reported to be high. Carcinoma of the gallbladdes h
also been associated with anomalous pancreatiaopili
ductal union of the P-B type [36]. It is postulatit
regurgitation of the pancreatic juice leads to afoo
inflammation, metaplasia of the biliary epitheliand,
eventually, to gallbladder cancer.

We found that patients with tropical calcific
pancreatitis had a high prevalence of anomalous
pancreaticobiliary ductal union. The anomalous @nio
in tropical calcific pancreatitis patients was lpo§the
B-P type in 6 out of 8 patients and presented aewid
angle of union. What could the possible mechaniém o
pancreatic ductal and parenchymal damage due go thi
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We believe this pattern of anomalous union should
encourage the flow of bile into the pancreatic duct
rather than pancreatic juice into the bile ductseesn

in choledochal cysts. Bile salts can induce paritiea
and, in the long run, lead to transformation irttoonic
pancreatitis and stone formation. Apart from
anomalous union, 7 patients with tropical calcific
pancreatitis had a long common channel which may
also encourage regurgitation of bile into the paatc
ducts.

The alcohol-induced chronic pancreatitis patiemts i
our study had a predominance of separate openings o
short common channels. Studies reported in the
literature have shown a similar pattern of
pancreaticobiliary ductal union in such patients][1t

is hypothesized that separate openings of the cammo
bile duct and the main pancreatic duct are assutiat
with hyperplasia of the pancreatic ductular epitiral
Chronic alcohol worsens hyperplasia of the panireat
ductular epithelium and causes an increase in
pancreatic juice leading to obstructed ducts and
precipitation of the protein plugs. Thus, the
mechanisms of pancreatic injury in alcohol-induced
chronic pancreatitis and tropical calcific pancitéat
differ from each other.

As mentioned above, the SPINK1 mutation occurs in
45% of patients with tropical calcific pancreatitis
However, the low penetrance of this gene does not
indicate a primary etiologic role. Instead, gene
mutation may act as a disease modifier. We believe
that tropical calcific pancreatitis may be due te t
combination of an underlying genetic defect and a
structural abnormality of the pancreatic and biletell
union.
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