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Abstract

AIM: To investigate the relationship between pancreatic
amylase in bile duct and the clinico-pathological features
in adult patients with choledochal cyst and anomalous
pancreatico-biliary ductal union (APBDU).

METHODS: From 39 patients who underwent surgery for
choledochal cyst between March 1995 and March 2003,
we selected 15 adult patients who had some symptoms
and were radiologically diagnosed as APBDU, and their
clinico-pathological features were subsequently evaluated
retrospectively. However, we could not obtain biliary
amylase in all the patients because of the surgeon’s slip.
Therefore, we measured the amylase level in gall bladder
of 10 patients and in common bile duct of 11 patients.

RESULTS: Levels of amylase in common bile duct and
gall bladder ranged from 11 500 to 212 000 IU/L, and the
younger the patients, the higher the biliary amylase level
(r = -0.982, P<0.01). Pathologically, significant correlation
was found between the size of choledochal cyst and the
grade of inflammation (r = 0.798, P<0.01). And, significant
correlation was found between the level of amylase in
gall bladder and the grade of hyperplasia. On the other
hand, there was no correlation to the age of symptomatic
onset or inflammatory grade (r = 0.743, P<0.05). Level
of lipase was elevated from 6 000 to 159 000 IU/L in bile
duct and from 14 400 to 117 000 IU/L in the gall bladder;
however, there was no significant correlation with age or
clinico-pathological features.

CONCLUSION: The results support the notion that amylase
has a particular role in the onset of symptoms, and suggest
that a large amount of biliary amylase induces early onset
of symptom, thereby making early diagnosis possible.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Although its etiology has not fully been identified, many
theories have been proposed regarding the development
of choledochal cyst, and the most popular theory is that a
choledochal cyst results from an anomalous pancreaticobiliary
ductal union (APBDU)[1-4].

Bile duct dilatation is thought to reflux destructive
pancreatic enzymes into the common bile duct via common
channel; however, it is not clear which enzymes are mainly
causative[5]. Also, it is of a great interest to note that, in the
patients with APBDU, the age of symptomatic onsets of
various biliary diseases varies. A question of whether
pancreatic enzymes in bile duct bring on pathological change
of gall bladder or common bile duct has not yet been
answered.

Clinical manifestations of choledochal cyst with APBDU
in different age groups have been widely studied[6-8], and
some reported that inflammatory change of biliary tree is
prominent in older patients, and that the level of biliary
amylase is higher in adult group than pediatric group.
However, low amylase level in biliary tract is natural in
neonates or pediatric patients, because of immature exocrine
pancreatic function. Therefore, simple comparison between
adult and pediatric patients may be misleading. Consequently,
we focused on the level of biliary amylase in adult choledochal
cyst with APBDU and studied its relationship between the
age of symptomatic onset and clinical and pathological
features, such as inflammatory change or hyperplasia.

MATERIALS AND METHODS

Thirty-nine patients, presenting choledochal cyst, were
treated surgically between March 1995 and March 2003.
From the 39 patients, we selected 15 patients whose case
was radiologically diagnosed as choledochal cyst with APBDU,
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who were adults, older than 20 years of age and had presented
many symptoms. Three were male and 12 were female
whose age ranged between 20 and 59 years (mean age was
37.0 years). We excluded 24 patients from these studies
who were pediatric patients younger than 20 years or were
not radiologically evaluated for APBDU, because we limited
the patients to adults with choledochal cyst plus APBDU.
Furthermore, we could not obtain biliary amylase in all the
patients because of surgeon’s slip. Therefore, we measured
the amylase level in gall bladder of 11 patients and in
common bile duct of 12 patients.

We reviewed medical records of  each patient and analyzed
clinical symptoms, age of symptomatic onset, size of
choledochal cyst, type of APBDU and level of blood amylase.
We also measured the level of  amylase and lipase in bile
juice taken from gall bladder and common bile duct. These
samples were collected at the beginning of the dissection
of the cyst before any surgical manipulation.

The pathological findings of these patients were reviewed
by a pathologist, except for two patients, because one patient
underwent only cholecystectomy and in the other case
the gall bladder specimen was not stored. We classified
the grade of  inflammation from normal to III, which are
histopathologically considered as infiltration of inflammatory
cells and surface erosion. We also classified the grade of
hyperplasia from normal to III, which are histopathologically
considered as fractional area of papillary epithelial proliferation
from the total epithelium. For histopathologic findings in
bile duct, however, accurate evaluation was impossible,
because of autolytic change in most of the cases. Because
of this reason, histopathologic findings of bile duct were
excluded from this study.

Choledochal cyst was classified according to Todani’s
classification[9], and APBDU was classified into two types
according to Kimura classification[10]; pancreatico-choledochal
type (P-C type) and choledocho-pancreatic type (C-P type).
Choledochal cyst and APBDU were diagnosed by endoscopic
retrograde cholangiopancreatography (ERCP) or magnetic
resonance cholangiopancreatography (MRCP) and were
confirmed by two endoscopic specialists.

For statistical evaluation of  the results, Spearman rank
correlation coefficient (r) was performed to evaluate the
relationship between the age and level of biliary amylase/
lipase and between the grade of hyperplasia and level of
biliary amylase/lipase, and t-test was performed to evaluate
the difference of the grade of inflammation according
to grouping the size of cyst by 4 cm. P value <0.05 was
considered statistically significant.

RESULTS

Clinical findings
As listed in Table 1 there were 12 female and 3 male patients,
and age ranged from 20 to 59 years (mean age 37.0 years).
Twelve patients were presented with abdominal pain, three
patients presented jaundice with abdominal pain, and none
of the patient had indistinct clinical symptom or only
jaundice. Eight patients presented type I choledochal cyst
(Figure 1A), and seven had type IVa (Figure 1B). The size
of choledochal cyst ranged from 2.0 to 10 cm, and mean
size was 5.16±2.15 cm. Fourteen patients presented C-P
type APBDU, and one presented P-C type APBDU.
Gallstone disease was associated in two patients and
common bile duct stones were found in four patients. Gall
bladder cancer was observed in one patient whose age was
45 years and common bile duct carcinoma was observed in
one patient whose age was 59 years. Levels of blood amylase
and lipase in all of  the patients were in normal range.

Levels of amylase and lipase in gall bladder and common bile
duct
Under general anesthesia, we obtained bile juice from gall
bladder and common bile duct, and then measured the levels
of  amylase and lipase. As listed in Table 2, the level of  bile
duct amylase was increased, ranging between 11 500 and
212 000 IU/L, and showed highly significant correlation with
the age of symptomatic onset; that is, the younger the
patient, the higher the level of amylase in bile duct (Figure 2A)
(r = -0.982, P<0.01). And the level of amylase in gall bladder
ranged between 11 500 and 212 000 IU/L, and there was
significant correlation with the age of symptomatic onset

Table 1  Clinical features of choledochal cyst with APBDU

Parameter    n (%)

Age (yr) 15

    20–29 yr   3 (20)

    30–39 yr   6 (40)

    40–49 yr   4 (27)

    >50 yr   2 (13)

Sex 15

    Male   3 (20)

    Female 12 (80)

Symptom at onset 15

    Indistinct   0 (0)

    Jaundice   0 (0)

    Abdominal pain 12 (80)

    Abdominal pain with jaundice   3 (20)

Size of cyst 15

    ≤4 cm   8 (53)

    >4 cm   7 (47)

Type of choledochal cyst 15

    Type I   8 (53)

    Type IV   7 (47)

Type of APBDU 15

    Choledocho-pancreatic type 14 (93)

    Pancreatico-chole    dochal type   1 (7)

Combined biliary disease   8

    Gall bladder stone   2 (13)

    Bile duct stone   4 (27)

    Gall bladder cancer   1 (7)

    Bile duct cancer   1 (7)

Table 2 Amylase level in bile duct and gall bladder of choledochal
cyst

Parameter Site         n           Range (IU/L) mean±SD

Amylase

        Gall bladder          10        11 500–212 000             73 148±65 244

        Bile duct          11        11 500–212 000             85 345±59 660

Lipase

        Gall bladder          8        14 400–117 000             52 175±33 791

        Bile duct          8          6 000–159 000             49 375±51 058
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(Figure 2B) (r = -0.636, P<0.05). The patients with gall bladder
carcinoma or bile duct carcinoma had lower level of bile
duct amylase (in gall bladder cancer: 62 700 IU/L, in bile
duct cancer: 11 500 IU/L) than the benign cases (mean:
85 345 IU/L). The level of lipase was elevated from 6 000
to 159 000 IU/L in bile duct and from 14 400 to 117 000
IU/L in gall bladder; however, there was no significant
correlation with age.

Histopathologic findings
As listed in Table 3, we classified the grade of  inflammation
of  15 patients from normal to III, which is considered as
infiltration of inflammatory cells and surface erosion in
histopathologic findings; infiltration of small number of
lymphocyte to grade I (Figure 1C), infiltration of moderate
number of  lymphocytes with multi-focal aggregates to grade
II, and extensive infiltration of lymphocytes with erosion
of epithelium to grade III (Figure 1D). And we classified
the grade of  hyperplasia from normal to III, which is
considered as fractional area of papillary epithelial proliferation
from the total epithelium; less than one-third to grade I
(Figure 1E), more than one-third but less than two-thirds to
grade II, and more than two-thirds to grade III (Figure 1F).
There was no significant correlation among inflammatory
change, type of cyst, and biliary amylase (data not shown).
Significant correlation was found between the size of
choledochal cyst and inflammation (Figure 3A) (r = 0.798,
P<0.01), but there was no correlation between age and
inflammatory grade of gall bladder (Figure 4) (P>0.05). As
the size of choledochal cyst increased, inflammatory grade
was raised, and this change was more apparent by grouping
the size. In the group of choledochal cyst size less than 4 cm,
there was low-grade inflammation, and more severe inflammation
in the group with cyst bigger than 4 cm (Figure 3B) (P<0.01).

Finally, the grade of hyperplasia in gall bladder was increased
with increasing the level of amylase in gall bladder (Figure 5)
(r = 0.743, P<0.05).

Figure 1  Endoscopic retrograde cholangiopancreatogram of choledochal cyst and microscopic change of extrahepatic bile duct. A:
Todani type I and APBDU; B: Todani type IVa and APBDU; C: infiltration of small number of lymphocytes (inflammatory grade I); D:
extensive infiltration of lymphocytes with surface erosion (inflammatory grade III); E: papillary epithelial growth, less than one-third
(hyperplasia grade I); F: papillary epithelial growth, more than two-thirds (hyperplasia grade III).

Table 3  Microscopic changes of choledochal cyst

Parameter          Site               Grade n (%)

Hyperplasia

Gall bladder                  14

0 5 (36)

1 2 (14)

2 6 (43)

3 1 (7)

Bile duct 15

0 9 (60)

1 5 (33)

2 0 (0)

3 1 (7)

Inflammation

Gall bladder                  14

0 0 (0)

1 3 (21)

2 7(50)

3 4 (29)

Bile duct                  15

0 2 (13)

1 5 (33)

2 7 (47)

3 1 (7)

1: Hyperplasia grade. 0: Within normal limit.  +1: Papillary epithelial growth,

less than one-third. +2: Papillary epithelial growth, more than one-third and

less than two-thirds. +3: Papillary epithelial growth, more than two-thirds. 2:
Inflammation grade. 0: Within normal limit. +1: Infiltration of small number

of lymphocytes. +2: Infiltration of moderate number of lymphocytes with multi-

focal aggregates. +3: Extensive infiltration of lymphocytes with surface erosion.

A B C
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DISCUSSION
It has been shown that high biliary amylase level is
commonly observed in choledochal cyst with APBDU[11-14].
Oguchi et al [12], studied 40 adults and children with
choledochal cyst, and showed correlation of the type of
biliary epithelium with the level of amylase in bile, and higher
amylase level in a group with abdominal pain than in a group
with jaundice. Schweizer and Schweizer[13] and Imazu et al[14],
reported that patients with high levels of biliary amylase
had a higher pressure difference between the sphincter of
Oddi and the duodenum than those with low levels of biliary
amylase, and that, in the high amylase group, a spastic
sphincter of Oddi plus lack of sphincter function might
result in free reflux of pancreatic juice into the biliary system.
According to these reports, an elevated level of biliary
amylase seems to be a useful biochemical marker of pancreatic
reflux into the biliary tree.

Our present results showed significantly high biliary
amylase levels in adult patients who had symptomatic onset
at young age. Indeed, the biliary amylase level in APBDU
patients was inversely proportional to the age of symptomatic
onset. This finding is of a great interest and, to the best of
our knowledge, this is the first ever documented. The results
also support the notion that amylase has a particular role in
the onset of  symptoms, and suggest that a large amount of
biliary amylase induces early onset of symptoms, thereby
making early diagnosis possible. On the other hand, a small
amount of biliary amylase might result in chronic and
insidious clinical course, thus delaying diagnosis and evolving

into cancerous change at older age.
However, there are several unanswered questions. First,

amylase itself may not be a causative factor of choledochal
cyst, and it is not known which pancreatic exocrine enzymes
or bile components cause pathological change of bile duct,
when the pancreatic juice flows backward. Nevertheless,
secondary bile acids, phospholipase A2, trypsin, elastase, and
amylase have been proposed by some authors as causative
factors for clinical features of choledochal cyst[15-18]. Second,
an elevated level of biliary amylase has been considered to
be a useful biochemical marker of pancreatic reflux into
the biliary tree; however, it is doubtful whether biliary
amylase concentration truly reflects the amount of pancreatic
free reflux. Therefore, further studies on other pancreatic
enzymes, such as trypsin, elastase, chymotrypsin, and
phospholipase A2, are necessary. Third, because all of the
selected patients presented abdominal pain, we could not
study patients with other symptoms such as jaundice.

The level of lipase in bile duct was also elevated. Unlike
biliary amylase, there was no significant correlation with
age. Nevertheless, Layer et al[19], and Holtmann et al[20], earlier
reported that loss of lipase activity correlated with the
presence of chymotrypsin, whose activity was associated
with the presence of carbohydrate and bile acids, and that
lipolytic activity was highly susceptible to inactivation by
chymotrypsin or bile acids, but amylase activity was the
most stable. In this regard, further studies on other pancreatic
enzymes seem to be necessary.

We excluded pediatric patients younger than 20 years

Figure 2  Correlation between the age of symptomatic onset and bile
duct amylase (n = 11) or gall bladder amylase (n = 10). A: There was
highly significant correlation between age and level of amylase in bile
duct; that is, the level of biliary amylase decreased with increasing age
of onset (r = –0.982, P<0.01); B: in gall bladder (r = –0.636, P<0.05).

Figure 3  Correlation between grade of inflammation and size of
cyst (n = 14). A: There was significant correlation between inflamma-
tion grade and size of choledochal cyst (r = 0.798, P<0.01); B: When
the size was grouped by 4 cm, statistical significance was more
remarkable (P<0.01).
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from these studies, because we planned the age limit only
to adults. In children, there are different levels of biliary
amylase because of their immature exocrine pancreatic
function. Zoppi et al[21], showed that there are quantitative
differences between children and term neonates. Thus, there
is a 10-fold difference in duodenal fluid volume, a 7-fold
difference in trypsin secretion, a 30-fold difference in lipase
secretion, and a 500-fold difference in amylase secretion
between children and neonates. The mean pancreatic
amylase activity in newborns is 3% of that of adults, begins
to increase at 7-8 mo, and reaches adult values by 5 years[22].
Therefore, their biliary amylase level is lower than that in
adult patients with choledochal cyst. We also observed such
a tendency in neonates (data not shown). Therefore, biliary
amylase in very young children appears not to be a reliable
biochemical marker of pancreatic reflux, and infants with
antenatally diagnosed choledochal cyst have been shown to
have low biliary amylase level. It is highly likely that there
exists other congenital factors, such as weakness of bile duct
or distal obstruction of common bile duct[23].

Amylase levels in gall bladder and common bile duct
showed no difference between types I and IV choledochal
cysts (data not shown). This is probably due to dilatation of
cystic duct, accompanied with formation of  choledochal
cyst and functional loss of spiral valve, making gall bladder
and bile duct to be connected to common chamber and
finally the concentration capacity of gall bladder disappears.
In one patient with type III choledochal cyst, who had
normal sized cystic duct far from choledochal cyst, the level
of amylase was more than 8-fold greater in gall bladder
than in common bile duct (data not shown).

Pathological findings revealed that the grade of
inflammation ranged from normal to severe change, and
that the grade of inflammation was related with the size of
choledochal cyst, but not with the age of symptomatic onset
or with the level of biliary amylase. It seems, therefore,
likely that the level of biliary amylase is not intimately related
with initiation and progression of inflammatory process,
and there is a tendency that the more severe the grade of
inflammation, the bigger the size of  cyst.

In the present study, the grade of hyperplasia was found
to be related with the level of biliary amylase, however, it
was not with the age of symptomatic onset and the size of

choledochal cyst. Therefore, the hyperplasia in gall bladder
seems to be related directly with pancreatic juice reflux, but
not with symptomatic onset. The mean age of patients with
gall bladder carcinoma has been shown to be significantly
lower than that with primary gall bladder carcinoma; about
40-50 years in the case of patients with APBDU vs more than
65 years in the latter[24,25]. It is unlikely that higher biliary
amylase levels are related with higher grade of hyperplasia
in adult patients who had symptomatic onset as children.
Rather, high biliary amylase level may have a particular role
in earlier onset of gall bladder carcinogenesis than usual
onset of primary gall bladder cancer. Further studies on
other pancreatic enzymes as well as relationship between
mucosal hyperplasia and carcinoma seem to be necessary.

In conclusion, biliary concentration of pancreatic amylase
is closely related with the age of symptomatic onset in adult
choledochal cyst with APBDU, and the level of biliary
amylase tends to decrease with age, showing inverse
proportionality. Therefore, the high level of biliary amylase
is suggested as a useful biochemical marker of  symptomatic
onset. And, hyperplasia of gall bladder was increased with
increasing the level of amylase in bile duct, supporting
the hypothesis that free reflux plays a particular role in
hyperplastic change. Reflux of pancreatic fluid plays not
only a particular role in symptomatic onset, but also plays
some roles in earlier onset of gall bladder carcinogenesis
than usual onset of  primary gall bladder cancer. We analyzed
only amylase and lipase. However, similar changes might
be expected with other pancreatic enzymes such as trypsin,
phospholipase and elastase. For better understanding of
pathophysiology, further detailed studies should be carried
out with a large number of patients.
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