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INTRODUCTION
Pancreat i t i s remains a major compl icat ion af ter 
endoscopic retrograde cholangiopancreatography (ERCP) 
with a prevalence of  2%-9%[1-4]. Young age, female 
gender, difficulty in bile duct cannulation, pancreatic 
sphincterotomy, and sphincter of  Oddi dysfunction have 
been found to be risk factors[1-3]. Although pancreatic 
stent placement and drug administration have been 
reported as being useful in preventing post-ERCP 
pancreatitis, it is difficult to completely prevent this 
particular complication[5-16]. Serum amylase and lipase 
levels are regarded as useful markers for early diagnosis 
of  pancreatitis[17-21]. However, detailed description of  
the change in serum amylase level after ERCP is lacking. 
Furthermore, the possibility of  predicting the development 
of  post-ERCP pancreatitis based on the pattern of  change 
in serum amylase level has not been well clarified.

MATERIALS AND METHODS
Patients who underwent ERCP-related procedures in 
Sendai City Medical Center, Japan between January 
1999 and December 2002 were included in this study. 
Those who had previously undergone endoscopic 
sphincterotomy, papillary balloon dilatation or who had 
hyperamylasemia were excluded from the final analysis. 
After obtaining written informed consent, serum amylase 
concentrations were measured before the procedure and 3, 
6, and 24 h afterward using a colorimetry method (H7250: 
Hitachi Co., Tokyo, Japan) or a dry chemistry method 
(Ortho VITROS 250: Johnson & Johnson Ltd., NY, USA). 
The reference range for the amylase was 54-168 IU/L. 
Clinical evaluations of  symptoms (abdominal pain, nausea, 
etc.) and physical finding (abdominal tenderness) were 
performed. The frequency and severity of  post-ERCP 
pancreatitis and the relationship between these phenomena 
and the change in serum amylase level were prospectively 
estimated. Pancreatic pain was defined as epigastric or 
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Abstract
AIM: To clarify the relationship between the change of 
serum amylase level and post-ERCP pancreatitis.

METHODS: Between January 1999 and December 
2002, 1291 ERCP-related procedures were performed. 
Serum amylase concentrations were measured before 
the procedure and 3, 6, and 24 h afterward. The 
frequency and severity of post-ERCP pancreatitis and the 
relationship between these phenomena and the change 
in amylase level were estimated. 

RESULTS: Post-ERCP pancreatitis occurred in 47 
patients (3.6%). Pancreatitis occurred in 1% of patients 
with normal amylase levels 3 h after ERCP, and in 1%, 
5%, 20%, 31% and 39% of patients with amylase levels 
elevated 1-2 times, 2-3 times, 3-5 times, 5-10 times and 
over 10 times the upper normal limit at 3 h after ERCP, 
respectively (level < 2 times vs  ≥ 2 times, P < 0.001). 
Of the 143 patients with levels higher than the normal 
limit at 3 h after ERCP followed by elevation at 6 h, 
pancreatitis occurred in 26%. In contrast, pancreatitis 
occurred in 9% of 45 patients with a level higher than 
two times the normal limit at 3 h after ERCP followed by 
a decrease at 6 h (26% vs  9%, P < 0.05). 

CONCLUSION: Post-ERCP pancreatitis is frequently 
associated with an increase in serum amylase level 
greater than twice the normal limit at 3 h after ERCP 
with an elevation at 6 h. A decrease in amylase level at 
6 h after ERCP suggests the unlikelihood of development 
of post-ERCP pancreatitis.
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back pain newly developed after the procedure. This study 
was approved by the Institutional Review Board of  Sendai 
City Medical Center.

Endoscopic procedures
ERCP-related procedures were carried out in a standard 
fashion by using a side-viewing duodenoscope (JF200, 
230, 240, TJF 200: Olympus Optical Co., Tokyo, Japan). 
Additional procedures, such as intraductal ultrasonography 
(IDUS), cytology of  bile/pancreatic juice, transpapillary 
biopsy of  the bile duct/pancreatic duct, endoscopic 
sphincterotomy, papillary balloon dilatation, pancreatic 
sphincterotomy and biliary duct stenting, were performed 
as necessary. An IDUS probe (XUM-G20-29R: Olympus 
Optical Co., Tokyo, Japan) or a balloon catheter was 
inserted with guidewire assistance without sphincterotomy. 
All procedures were performed by operators with 
experience in more than 1000 cases or under the 
supervision of  such experts.

Before endoscopic procedures, all patients were given 
a standard premedication consisting of  intravenously 
administered pentazocine (7.5-15 mg) and diazepam (3-10 
mg) or midazolam (3-10 mg), the dose depending on age 
and tolerance. Patients fasted for a minimum of  24 h with 
a drip infusion of  2 L after the procedure. They received 
protease inhibitor (nafamostat mesilate, 20 mg/d) infusion, 
which was started before the procedure, for 2 d and 
antibiotics (sulbactam/cefoperazone, 2 g/d) infusion for 
3 d. No patients underwent pancreatic stent placement for 
prevention of  pancreatitis.

Criteria for definition of post-ERCP pancreatitis
A diagnosis of  post-ERCP pancreatitis was made based 
on the presence of  abdominal pain with an increase in 
serum amylase level greater than the upper normal limit 
at 24 h after the procedure. The severity of  pancreatitis 
was classified according to Cotton’s criteria as: mild if  
additional hospitalization for 1-3 d was required; moderate 
if  additional hospitalization for 4-10 d was required; and 

severe if  hospitalization for more than 10 d was needed, as 
well as in cases of  hemorrhagic pancreatitis, phlegmon, or 
pseudocyst[4].

Statistical analysis 
Fisher’s exact probability test, Student’s t test, and Mann-
Whitney U test were used for statistical analyses where 
appropriate. P value less than 0.05 was considered 
statistically significant. Statistical analysis was performed 
using StatMate Ⅲ (ATMS Co. Ltd., Tokyo, Japan).

RESULTS
The frequency of post-ERCP pancreatitis
Between January 1999 and December 2002, 1291 ERCP-
related procedures (839 for diagnostic purposes, 452 for 
therapeutic ones) were performed. Table 1 depicts the 
characteristics and diagnoses of  the patients. 

Post-ERCP pancreatit is occur red in 47 (3.6%) 
patients (mild, 25 cases; moderate, 20; and severe, 2). No 
procedure-related deaths occurred in any of  the patients. 
The evaluated risk factors of  pancreatitis are shown in 
Table 2. Univariate analysis showed one factor to be 
significant: biliary stent placement without sphincterotomy 
performed because of  coagulopathy or severe illness. All 
the patients who developed mild or moderate post-ERCP 
pancreatitis improved with conservative therapy. One 
patient who developed pancreatitis after stent placement 
without sphincterotomy immediately improved after biliary 
sphincterotomy was performed the next day. 

There were two patients who developed severe 
post-ERCP pancreatit is. One patient (61-year-old 
male) underwent pancreatography and IDUS of  the 
bile duct without sphincterotomy in order to estimate 
pancreatol i thias is and hi lar cholangiocarcinoma. 
Abdominal pain and high fever continued for 9 d after 
the procedure. CT demonstrated a pseudocyst 4 cm 

Table 1  Characteristics and diagnosis of the patients

Parameters                                	            Results

No. of patients (n)
Mean age (yr, range)
Male:female
Pancreatic duct opacification
Difficult bile duct cannulation 
Intraductal ultrasonography 
Biliary sphincterotomy
Biliary stent placement 
Papillary balloon dilatation
Cytology of the bile/pancreatic juice
Biopsy of the bile/pancreatic duct
Gallbladder stone
Choledocholithiasis
Cholangiocarcinoma
Pancreatic cancer
Intraductal papillary mucinous neoplasm
Ampullary cancer
Pancreaticobiliary maljunction

1291
    64 (12-96)
  738:553
  875 (68%) 
  107 (8%) 
  266 (20) 
  270 (20%)
    60 (112%) 
    50 (3.8%)
    53 (4.1%)
    78 (6.0%)
  488 (38%)
  313 (24%)
    75 (6%)
    73 (6%)
    63 (4%)
    23 (2%)
    20 (2%)

Table 2  Risk factors of post-ERCP pancreatitis

			    Pancreatitis (+)  Pancreatitis (-)  P
  			       (n  = 47)         (n  = 1244)

Male:female
Pancreatic duct opacification
Difficult bile duct cannulation 
Intraductal ultrasonography 
Biliary sphincterotomy
Biliary stent placement
Biliary stent placement without sphx1

Papillary balloon dilatation
Cytology of the bile/pancreatic juice
Biopsy of the bile/pancreatic duct

Gallbladder stone
Choledocholithiasis
Cholangiocarcinoma
Pancreatic cancer
Intraductal papillary mucinous neoplasm
Ampullary cancer
Pancreaticobiliary maljunction

31:16
37 (78%) 
  7 (14%)
13 (28%) 
12 (26%)
10 (21%) 
  5 (10%)
  4 (8%)
  4 (8%)
  2 (4%)

15 (32%)
15 (32%)
  5 (10%)
  3 (6%)
  5 (10%)
  0
  0

707:537
 838 (67%)
 100 (8%)
 253 (20%) 
 258 (20%)
 150 (12%)
   42 (3%) 
   46 (4%)
   49 (3.9%)
   76 (6%)

 433 (34%)
 298 (24%)
   70 (6%) 
   70 (6%)
   58 (4%)
   23 (2%)
   20 (2%)

0.21
0.10
0.09
0.22
0.42
0.06
0.026
0.20
0.12
0.60

0.68
0.21
0.14
0.92
0.12
0.70
0.78

1Sphx: sphincterotomy.
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in diameter surrounding the pancreatic body. In the 
other patient (51-year-old female), cholangiography 
was attempted due to suspicion of  choledocholithiasis. 
Multiple pancreatic duct opacifications were performed, 
but cannulation of  the bile duct was unsuccessful. She 
complained of  abdominal pain and had a high fever after 
the procedure, and CT showed a swollen pancreas and a 
fluid collection surrounding the pancreas. Both of  those 
patients showed clinical improvement after intensive care 
without the need for surgical treatment.

Correlation between the change in serum amylase level 
and post-ERCP pancreatitis 
Hyperamylasemia after the procedure was observed in 38% 
(490 patients). Of  these patients, the onset of  an increase 
in the level of  amylase was seen in 83% (405 patients: 
group 1) at 3 h, in 10% (51 patients: group 2) at 6 h, and in 
6.9% (34 patients: group 3) at 24 h after ERCP. Of  the 47 
patients with post-ERCP pancreatitis, 42 (89%) belonged 
to group 1, 3 (6%) to group 2, and 2 (4%) to group 3 (group 
1 vs group 2 or 3, P < 0.05). The correlation between the 
change in amylase level and pancreatitis is shown in Table 3.  
The frequency of  post-ERCP pancreatitis was closely 
related to an increased degree of  serum amylase level after 
the procedure. There was a significant difference in the 
frequency of  pancreatitis between patients with an amylase 
level more than three times the upper normal limit at  
3 h after ERCP and those with an amylase level less than 
three times the upper normal limit (21% vs 0.7%, P < 
0.001). Furthermore, there was a significant difference in 

frequency of  pancreatitis between patients with an amylase 
level more than five times the upper normal limit at 24 h 
after ERCP and those with an amylase level less than five 
times the upper normal limit (49% vs 0.5%, P < 0.001). 

Of  the 260 patients with an amylase level higher than 
normal limit at 3 h after ERCP followed by an increase 
at 6 h, 40 patients (15%) developed pancreatitis. On the 
contrary, pancreatitis occurred in only 2 (1.4%) out of  145 
patients with an amylase level higher than normal at 3 h 
after ERCP followed by a decrease at 6 h (15% vs 1.4%,  
P < 0.001). Of  the 143 patients with a serum amylase level 
higher than two times the normal limit at 3 h after ERCP 
followed by an increase at 6 h, 37 patients (26%) developed 
pancreatitis. On the contrary, pancreatitis occurred in only 
4 (9%) out of  45 patients with an amylase level higher than 
two times the normal limit at 3 h after ERCP followed by 
a decrease at 6 h (26% vs 9%, P < 0.05). 

Table 4 and Figure 1 show the sensitivity and positive 
predictive value of  the serum amylase level and its change 
as predictive factors of  post-ERCP pancreatitis. An 
increase in serum amylase level at 3 h after ERCP followed 
by elevation at 6 h had a sensitivity of  85% in predicting 
post-ERCP pancreatitis. On the other hand, a decrease in 
serum amylase level at 6 h had a positive predictive value 
of  only 1%. An increase in serum amylase level more 
than two times the upper normal limit at 3 h after ERCP 
followed by elevation at 6 h had a positive predictive value 
of  26% for post-ERCP pancreatitis. An increase in serum 
amylase level more than three times the upper normal 
limit at 3 h after ERCP followed by elevation at 6 h had a 
positive predictive value of  32% in predicting post-ERCP 
pancreatitis.

Correlation between the change in serum amylase level 
and severity of post-ERCP pancreatitis
Of  the 47 pat ients with post-ERCP pancreat i t is, 
hyperamylasemia at 3 h after ERCP was observed in 42 
(89%) cases. Elevation of  amylase level at 3 h after ERCP 
followed by an increase at 6 h occurred in 40 (85%) patients. 
The mean serum amylase levels at 3 h, 6 h, and 24 h  
after ERCP in the patients with post-ERCP pancreatitis 
were 1305 ± 1293 IU/L, 2731 ± 2349 IU/L, and 2364 
± 1746 IU/L, respectively. The correlation between the 
change in serum amylase level and severity of  post-ERCP 
pancreatitis is shown in Figures 2 and 3. There was no 
correlation between the two phenomena. The onset of  

   

Table 3  Correlation between the change in serum amylase level 
and post-ERCP pancreatitis

Serum amylase		  Pancreatitis rate

 values	         3 h	      	      6 h	  	 24 h

> 10 times
5-10 times
3-5 times
2-3 times
1-2 times
≤ normal

39% (12/31)   
31% (14/45)     

21%b

20% (10/49)   
  5% (3/63)         
  1% (3/217)     

0.7%b

  1% (5/886)

44% (26/59)
18% (9/49)
  8% (5/57)
  5% (3/61)
  1% (2/196)
  0.2% (2/869)

59% (27/46)     
49%d

38% (14/37)    
  6% (3/47)          
  6% (3/49)       

0.5%d

  0% (0/206)       
  0% (0/906)

bP < 0.001 vs 0.7%; dP < 0.001 vs 0.5%.

Table 4  Serum amylase level as a predictive factor of post-
ERCP pancreatitis

Time after ERCP	 Amylase level	 Sensitivity (%)   PPV (%)

> Upper normal limit
> 2 times
> 3 times
> 5 times
> 10 times

> Upper normal limit
> 2 times
> 3 times
> 5 times
> 10 times

3 h

6 h

89               
83
77
55
26

96
91
85
74
55

10
21
29
34
39

11
19
24
32
44

PPV: positive predictive value.

    Amylasemia			            %

Time after ERCP     3 h                6 h	        Sensitivity            PPV

          High 
       (total)

         High 
(> 2 times)

     Normal

Increased

Decreased

Increased

Decreased

High

Normal

85

  4

79

  9

  6

  4

15

  1

26

  9

  6

  0.2

Figure 1  Serum amylase change as a predictive factor of post-ERCP pancreatitis. 
PPV: positive predictive value.
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pancreatic-type pain was observed at 0-3 h, 3-6 h, and 
6-24 h in 14 (30%), 14 (30%), and 19 (40%) patients, 
respectively. 

DISCUSSION
Post-ERCP pancreatitis remains the most common and 
feared complication of  ERCP with an incidence ranging 
from 1.8% to 7.2%[1-4]. Several factors may be involved 
independently or in combination in the development 
of  pancreatitis, such as mechanical injury from instru-
mentation of  the pancreatic duct, hydrostatic injury from 
over-injection, and chemical or allergic injury to contrast 
medium. Young age, female gender, difficulty in bile 
duct cannulation, pancreatic sphincterotomy, papillary 
balloon dilatation, prior ERCP-induced pancreatitis, and 
sphincter of  Oddi dysfunction have been considered to 
be risk factors for post-ERCP pancreatitis[1-3,22,23]. In our 
study, biliary stent placement without sphincterotomy was 
recognized as a risk factor for post-ERCP pancreatitis 
by univariate analysis. A biliary stent placed without 
sphincterotomy may occlude the common channel or 
the pancreatic duct orifice, which may result in sphincter 
trauma or elevation of  the pressure in the pancreatic ductal 
system followed by pancreatitis.

Although prevention of  post-ERCP pancreatitis has 
remained elusive for many years, various approaches 
have been proposed in the past two decades. Pancreatic 
stent placement and pharmacological treatment have 
been reported as being effective for the prevention of  
post-ERCP pancreatitis[5-16]. The efficacy of  prophylactic 
pancreatic stent placement has been established by several 
prospective randomized controlled trials[5-8]. Tarnasky 
et al [6] reported that pancreatic stent (5 Fr or 7 Fr in 
diameter, 2 cm or 2.5 cm in length) placement reduced the 
prevalence of  post-ERCP pancreatitis from 26% to 7% in 
patients with pancreatic sphincter hypertension who had 
undergone biliary sphincterotomy. Fazel et al[7] reported 
that pancreatic stenting (5 Fr, 2 cm or 5 Fr nasopancreatic 
catheter) reduced the frequency of  post-ERCP pancreatitis 
from 28% to 5% in patients at high risk of  this compli-
cation due to difficult cannulation, the performance of  
sphincter of  Oddi manometry, and/or the performance of  

sphincterotomy. Thus far, indications for pancreatic stent 
placement remain controversial and unresolved.

Pharmacological prevention of  post-ERCP pancreatitis 
has been a debated question[9-16]. Administration of  
gabexate mesilate (1 g, bid) has been reported to be 
effective for preventing pancreatitis in a prospective 
randomized controlled trial involving 418 patients[9]; 
the incidence of  pancreatitis was reduced 8-old in the 
treatment group as compared with the placebo group 
(2% vs 16%). The need for long-term administration was 
disadvantageous in terms of  practical use in an outpatient 
setting and cost effectiveness. Another study demonstrated 
that a 6-h infusion of  gabexate mesilate (500 mg) was of  
equivalent efficacy compared with a 12-h infusion (1 g)[10]. 

Administration of  somatostatin has also been considered 
to be effective for preventing pancreatitis[11-14]. However, a 
recent study by Andriulli et al[15] showed no beneficial effect 
of  gabexate mesilate (500 mg, qid) or somatostatin (750 μg,  
qid), compared with a placebo group, administered 
in high-risk patients. A major problem concerning 
pharmacological studies for the prevention of  post-ERCP 
pancreatitis is inclusion of  unselected patients with a low 
risk of  pancreatitis, thereby precluding adequate power to 
show a statistically significant difference in the outcome 
of  the regimen. Another problem is that the frequency 
of  post-ERCP pancreatitis in control groups is different 
in each study. Furthermore, the case population and/or 
the definition of  post-ERCP pancreatitis have also been 
different in each trial.

Although several methods of  preventing post-ERCP 
pancreatitis may be effective, it is impossible to completely 
prevent this particular complication[5-16]. Early recognition 
of  pancreatic damage after the procedure is indispensable. 
Although clinical symptoms are reliable indicators of  
pancreatic inflammation, in a reported study, about 30% 
of  the patients who developed post-ERCP pancreatitis 
showed no clinical signs at 2 h after the procedure[17]. 
Our data also demonstrated similar results. Utility of  
the measurement of  serum amylase and lipase has been 
reported for early diagnosis of  pancreatitis[17-21]. Since 
there are two types of  serum amylase, i.e., the salivary-
type and pancreas-type, the measurement of  pancreatic-
type amylase would be more reliable for predicting post-
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Figure 2  Levels of serum amylase at 3 h in patients with post-ERCP pancreatitis. Figure 3  The peak level of serum amylase in patients with post-ERCP pancreatitis.
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ERCP pancreatitis. Unfortunately, the measurement of  
the subtype of  amylase or other pancreatic enzyme was 
not available in our institution due budgetary limitations. 
Testoni et al[18] concluded that the level of  serum amylase 
measured 4 h after endoscopic sphincterotomy was the 
most reliable predictor of  post-ERCP pancreatitis, as 
more than two-thirds of  cases of  pancreatitis occurred 
among the patients whose 4-h amylase level was higher 
than five times the normal upper limit. Gottlieb et al[7] 

found that a 2-h serum amylase level of  less than 276 U/L 
(normal: < 114 U/L) had a negative predictive value of  
97% in predicting post-ERCP pancreatitis and proposed 
an algorithm for discharge management after ERCP 
that incorporated this finding. Many markers, however, 
have a high negative predictive value in their prediction 
because of  low frequency of  post-ERCP pancreatitis. 
On the other hand, Testoni et al[24] indicated that pain at  
24 h associated with amylase levels greater than 5 times 
the normal upper limit is the most reliable indicator of  
post-ERCP pancreatitis. Although serum amylase levels at 
24 h after the procedure appear to be more sensitive than 
those at the 2 h or 3 h, late recognition is less meaningful 
since additional therapy for preventing pancreatitis should 
be started early. There have been many reports describing 
the sensitivity and specificity of  serum amylase level for 
predicting post-ERCP pancreatitis a certain point of  time 
(e.g., 4 or 24 h after the procedure)[18-20,24]. However, there 
has been neither detailed description of  the change in 
serum amylase level after ERCP nor discussion of  the 
possibility that such change may be useful in predicting the 
development of  post-ERCP pancreatitis.

We prospectively evaluated the relationship between 
the changes of  serum amylase level and post-ERCP 
pancreatitis in a large series of  patients. Our study, 
however, had several limitations. First, the consensus 
definition of  post-ERCP pancreatitis[4] was not applied in 
this study. Second, the routine administration of  protease 
inhibitor might have influenced the frequency of  post-
ERCP pancreatitis, although its level was similar to that of  
previously reported studies[1-4].

Despite these limitations, we consider our data to be 
useful in the prediction of  post-ERCP pancreatitis. The 
frequency of  post-ERCP pancreatitis was closely related 
to an increased degree of  serum amylase level at 3 h after 
the procedure. Post-ERCP pancreatitis was found to be 
associated with an increase in serum amylase level more 
than two times the normal limit at 3 h after ERCP with 
elevation at 6 h. Therefore, when hyperamylasemia (higher 
than two times the normal upper limit) is observed at  
3 h after ERCP, serum amylase concentration should be 
measured at 6 h after the procedure. A decrease in serum 
amylase level at 6 h after ERCP suggests the unlikelihood 
of  development of  post-ERCP pancreatitis. As delay in the 
start of  treatment is occasionally fatal in the management 
of  patients with pancreatitis, it would appear to be prudent 
to start treatment for post-ERCP pancreatitis based on 
such data. 
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