
ERCP Evidence Review Results and Conclusions,  Part V:  Patient, Procedure or Operator Determinants of ERCP Complications

This chapter reviews evidence on the following questions:

What patient, procedure, or provider factors are determinants of adverse events of ERCP?

(Section 1:  Multivariable Analyses)

(Section 2:  Randomized, Controlled Comparison Trials)

Part V, Section 1:  Multivariable Analyses

Body of Evidence

Thirteen studies reported on multivariable logistic regression analyses of factors associated with complications of ERCP (Table 72; see also “Evidence Tables” chapter).  The four largest studies each included more than 1,800 patients, and the total number of complications observed in these studies ranged from 98 to 229 (Loperfido, Angelini, Benedetti, et al., 1998; Freeman, DiSario, Nelson, et al., 2001; Freeman, Nelson, Sherman, et al., 1996; Masci, Toti, Mariani, et al., 2001).  The remaining 9 studies ranged from 100 to 535 patients, and the number of complications observed ranged from 10–34.  Seven studies reported on therapeutic ERCP, 5 studies combined therapeutic and diagnostic ERCP, and one study reported on diagnostic ERCP.

Total complications were analyzed in seven studies.  The specific complications most commonly analyzed separately were pancreatitis (7 studies) and hemorrhage (4 studies).  The number of cases of pancreatitis observed ranged from 17 to 131; and cases of hemorrhage ranged from 10 to 48. Other complications analyzed separately in these studies include cholangitis, septicemia, and retroperitoneal perforation, with number of cases observed ranging from 10 to 34.

This systematic review addresses the relationship of patient, procedure, and operator factors to complications.  The 13 included studies assessed numerous factors suspected to be related to the likelihood of complications. The various measures used in the literature were classified into categories. There are 12 categories for patient factors, 13 for procedure factors; and 4 categories for operator factors.  Independent variables reported to be statistically significant risk factors for complications are listed for each study along with an estimate of the magnitude of the effect when available (i.e., odds ratio and confidence interval).  Independent variables that were considered in the study but not found to be significantly associated with complications are denoted by an “X” under the appropriate category for that factor.  

Table 72.  Overview Table

	Study


	N

Pts
	Pop
	Patient Factors
	Procedure Factors
	Operator Factors
	Outcomes

Analyzed

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444
	M
	X
	X
	
	Total complications (121)

Pancreatitis (44)

Hemorrhage (30)

	Freeman, DiSario, Nelson, et al., 2001
	1963
	M
	X
	X
	X
	Pancreatitis (131)

	Freeman, Nelson, Sherman, et al., 1996
	2347
	T 

(ES)
	X
	X
	X
	Total complications (229)

Pancreatitis (127)

Hemorrhage (48)

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438
	T

(ES)
	X
	X
	X
	Total complications (33)

Pancreatitis (19)

	Loperfido, Angelini, Benedetti, et al., 1998
	1827
	T

	X
	X
	X
	Total complications (98)

Pancreatitis (29)

Hemorrhage (21)

Cholangitis (21)

Retroperitoneal perforation (12)

	Mehta, Pavone, Barkun, et al., 1998
	535
	M
	X
	X
	
	Pancreatitis (34)

	Neoptolemos, Shaw, and Carr-Locke, 1989
	190
	T

(ES)
	X
	
	
	Total complications (32)

	Motte, Deviere, Dumonceau, et al., 1991
	105
	T

(ST)
	X
	X
	
	Septicemia (34)

	Tzovaras, Shukla, Kow, et al., 2000
	372
	M
	X
	X
	
	Total complications (21)

	Lai, Lo, Choi, et al., 1989
	323
	D
	X
	
	
	Acute cholangitis (21)

	Boender, Nix, de Ridder, et al., 1994
	242
	T

(ES)
	X
	X
	
	Total complications (34)

	Nelson and Freeman, 1994
	189
	T

(ES)
	X
	X
	
	Hemorrhage (10)

	Maldonado, Brady, Mamel, et al., 1999
	100
	M


	X
	X
	
	Pancreatitis (17)


Study Quality

The number of events observed is the primary determinant of the power of a study to detect a significant association between a factor and an outcome of interest.  When multivariable analysis is performed, the number of events also constrains the number of potential relationships that can be appropriately tested.  A commonly accepted benchmark is a minimum of 10 outcome events per independent variable tested.  A larger number of variables relative to events can lead to unstable results, spurious findings of significance, and unreliable estimates of the magnitude of the association.  Extremely wide confidence intervals are a hallmark of such “overfitted” models.  Another problem is that when multiple variables are incorporated in a model, some may be highly correlated.  As a result, some independently significant factors can be obscured.  Concato, Feinstein, and Holford (1993) offer an overview of the methodologic deficiencies that are common in multivariable analyses published in the medical literature. 

Overall, the multivariable analyses included in this systematic review demonstrated overfitting, i.e., testing an excessive number of factors relative to the number of complications observed.  Consequently, this literature is exploratory in nature.  Candidate variables included in the analyses are often likely to be closely related to each other (potentially leading to collinearity) resulting in potentially spurious results from multivariable analysis including all variables.  Instances where multiple factors identified to be highly associated with complications on univariate analysis disappear entirely from the multivariable models raises concern over the stability of the findings.  Reported magnitudes of association are not reliable, significant independent variables may have been overlooked, and some significant associations may be misleading. Moreover, the existing studies do not use common, standardized definitions for the complications and factors of interest.  Thus, caution should be used in drawing inferences for clinical practice from these studies.

This body of literature was overall rated as “Fair” (Table 73).  The associations found in these analyses are hypothesis generating, but not predictive.  The three studies with notably larger numbers of cases of complications (121–229 vs. 10–98) were designated as “Fair” quality for purposes of this review (Freeman, DiSario, Nelson, et al., 2001; Freeman, Nelson, Sherman, et al., 1996; Masci, Toti, Mariani, et al., 2001) while the remaining 10 studies were rated “Fair Minus.”  The results of the three “Fair” studies are slightly more robust, despite some degree of overfitting.  The study by Loperfido, Angelini, Benedetti, et al. (1998) had 98 cases, but was classified as “Fair Minus” because confidence intervals were not reported and problems with missing data were noted.     

This review focuses on factors that were found to be significant either in the more robust studies or in several studies.  Also, factors are noted that were found to be not significant in all analyses.  Rarely was a factor found to be significant in all studies in which it was analyzed; which is not surprising given the characteristics of the available studies. Extremely wide confidence intervals also are noted, which may suggest a spurious association.             

Table 73.  Quality Assessment

	Study
	N
	No. candidate variables
	Total complications
	Pancreatitis
	Hemorrhage
	Cholangitis
	Retroperitoneal perforation
	Septicemia
	Ratio of group size/# variables
	Degree of Overfitting
	Statistical reporting
	Internal validity
	Overall Quality Rating

	Masci, Toti, Mariani, et al., 2001
	2444
	16
	121
	44
	30
	--
	--
	--
	7.6 – 1.9
	Mild to Severe
	S
	No
	Fair

	Freeman, DiSario, Nelson, et al., 2001
	1963
	32
	--
	131
	--
	--
	--
	--
	4.1
	Moderate
	S
	No
	Fair

	Freeman, Nelson, Sherman, et al., 1996
	2347
	22
	229
	127
	48
	--
	--
	--
	10.4 - 2.2
	Satisfactory to Severe
	S
	No
	Fair

	Rabenstein, Schneider, Bulling, et al., 2000
	438
	26
	33
	19
	--
	--
	--
	--
	1.3 - 0.7
	Severe
	S
	No
	Fair Minus

	Loperfido, Angelini, Benedetti, et al., 1998
	1827
	13
	98
	29
	21
	21
	12
	--
	7.5 - 0.9
	Mild to Severe
	U
	No
	Fair Minus

	Mehta, Pavone, Barkun, et al., 1998
	535
	9
	--
	34
	--
	--
	--
	--
	3.7
	Severe
	U
	No
	Fair Minus

	Neoptolemos, Shaw, and Carr-Locke, 1989
	190
	19
	32
	--
	--
	--
	--
	--
	1.7
	Severe
	U
	No
	Fair Minus

	Motte, Deviere, Dumonceau, et al., 1991
	105
	13
	--
	--
	--
	--
	--
	34
	2.6
	Severe
	U
	No
	Fair Minus

	Tzovaras, Shukla, Kow, et al., 2000
	372
	16
	21
	--
	--
	--
	--
	--
	1.3
	Severe
	S
	No
	Fair Minus

	Lai, Lo, Choi, et al., 1989
	323
	9
	--
	--
	--
	21
	--
	--
	2.3
	Severe
	S
	No
	Fair Minus


Table 73.  Quality Assessment (cont’d)

	Study
	N
	No. candidate variables
	Total complications
	Pancreatitis
	Hemorrhage
	Cholangitis
	Retroperitoneal perforation
	Septicemia
	Ratio of group size/# variables
	Degree of Overfitting
	Statistical reporting
	Internal validity
	Overall Quality Rating

	Boender, Nix, de Ridder, et al., 1994
	242
	9
	34
	--
	--
	--
	--
	--
	3.7
	Severe
	S
	No
	Fair Minus

	Nelson and Freeman, 1994
	189
	7
	--
	--
	10
	--
	--
	--
	0.14
	Severe
	S
	No
	Fair Minus

	Maldonado, Brady, Mamel, et al., 1999
	100
	9
	--
	17
	--
	--
	--
	--
	1.9
	Severe
	U
	No
	Fair Minus


Explanation of categorization:

Degree of Overfitting assessed using the ratio of number of endpoints over number of candidate variables: Satisfactory, ratio > 10; Mild, ratio – 7 to 10; Moderate, ratio 4-7; Severe, ratio <4.

Statistical reporting:  S=satisfactory, reported both magnitude of effect estimates as well as associated confidence intervals or p-value for statistically significant findings; U = unsatisfactory, did not report both magnitude of effect estimate and statistical significance information for statistically significant findings.

Internal validity:  Yes = the study used procedures (e.g., test-validation split samples or bootstrapping) to guard against overfitting the model and spurious results;  No = the study did not utilize such procedures

Quality Rating:  

Good = use of procedures to guard against overfitting the model and spurious results, degree of overfitting not severe for at least one analysis, and satisfactory statistical reporting 

Fair = degree of overfitting not severe for at least one analysis, satisfactory statistical reporting, but no use of procedures to guard against overfitting the model and spurious results.

Fair Minus = Severe degree of overfitting

Review of Evidence: Patient Factors

All 13 studies reported on patient factors associated with complications.   These various factors were classified into 12 categories:  age, gender, common bile duct size/diameter, cholangitis, anatomic variation, coagulopathy, laboratory values, comorbidities, indication for ERCP procedure, previous gastrectomy, history of jaundice, and history of allergy to contrast media.  

Total Complications

Seven studies reported on total complications (Table 74).  Two factors were found to be significant in a study rated as “Fair” and in one additional study.  These were age equal to or less than 60 years (Masci, Toti, Mariani, et al., 2001; Rabenstein, Schneider, Bulling, et al., 2000) and suspected sphincter of Oddi dysfunction (Freeman, Nelson, Sherman, et al., 1996; Tzovaras, Shukla, Kow, et al., 2000).  

Jaundice of malignancy was significant in the study by Tzovaras, Shukla, Kow, et al. (2000) and elevated serum bilirubin in Neoptolemos, Shaw, and Carr-Locke (1989).  Factors found to be significant in a single study rated as “Fair Minus” were: pancreas divisum, coagulopathy, pancreatic obstruction (Rabenstein, Schneider, Bulling, et al., 2000), and juxtapapillary diverticulum (Boender, Nix, de Ridder, et al., 1994).  However, confidence intervals were extremely wide for pancreas divisum (1.56–36.6) and coagulopathy (1.95–48.1).

The following factors were analyzed, but were not found to be significant for total complications in any study: gender (6 studies); common bile duct size/diameter (4 studies); cholangitis (2 studies); previous gastrectomy (3 studies);  

Pancreatitis

Seven studies reported on patient factors associated with pancreatitis (Table 75).  Younger age was significant in four studies, two rated as “Fair” quality. Each of the four studies used a different age cut-off: 70 years in Loperfido, Angelini, Benedetti, et al. (1998); 60 years in Masci, Toti, Mariani, et al. (2001); 59 years in Mehta, Pavone, Barkun, et al., (1998); and 30 years vs. 70 years in Freeman, Nelson, Sherman, et al. (1996). Suspected sphincter of Oddi dysfunction was significant in two studies, both rated “Fair” (Freeman, Nelson, Sherman, et al., 1996; Freeman, DiSario, Nelson, et al., 2001).  Note that the two studies by Freeman and co-workers included different patient populations. 

Factors found to be significant in a single study rated “Fair” (Freeman, DiSario, Nelson, et al., 2001) were: normal bilirubin, female gender, absence of chronic pancreatitis, and history of post-ERCP pancreatitis. 

Factors found to be significant in a single study rated as “Fair Minus” were: absence of a common bile duct stone at ERCP (Mehta, Pavone, Barkun, et al., 1998); and pancreas divisum, but with an extremely wide (1.91-34.79) confidence interval (Rabenstein, Schneider, Bulling, et 

Table 74.  Relationship between Patient Factors and Total Complications

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features

	Coagulopathy

	Laboratory values
	Other
 Comorbidities
	Indication for ERCP proc

	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444

121
	Age 

<60 years

OR=1.53 (1.06-2.2)
	X
	X
	
	X

Stone size

Papilla features

GB stones
	
	
	
	X
	
	
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

229
	X
	X
	X
	X
	X
	X
	
	Cirrhosis OR=2.93 (1.48-5.90)
	Susp. SOD OR=2.9 (1.70-4.94)

All pts had ES
	X
	
	

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438

33
	Age <60 years

OR=2.9 (1.33-6.21)
	X
	
	
	Pancreas divisium OR=7.6 (1.56-36.6)
	Coagulopathy OR=9.7 (1.95-48.10)
	
	X
	Pancreatic obstruction OR=0.07 (0.01-0.59)

All pts had ES
	X
	
	


Table 74.  Relationship between Patient Factors and Total Complications  (cont’d)

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features

	Coagulopathy

	Laboratory values
	Other
 Comorbidities
	Indication for ERCP proc

	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

98
	X
	X
	X
	
	X
	
	
	
	
	X
	X
	

	Neoptolemos, Shaw, and Carr-Locke, 1989
	190

32
	X
	X
	
	X
	
	X
	elevated bilirubin elevated serum albumin
	X
	X

All pts had ES
	
	
	

	Tzovaras, Shukla, Kow, et al., 2000
	372

21
	X
	X
	
	
	
	
	
	
	Suspected SOD

OR=8.57 (2.59-28.43);

Malignant jaundice

OR=4.76 (1.46-15.58) 
	
	
	


Table 74.  Relationship between Patient Factors and Total Complications (cont’d)

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features

	Coagulopathy

	Laboratory values
	Other
 Comorbidities
	Indication for ERCP proc

	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Minus Quality

	Boender, Nix, de Ridder, et al., 1994
	242

34
	X
	
	X
	
	JPD

Outside

OR=3.1

(p=.072)

Lower rim

OR=4.3

(p=.015)

Inside

OR=9.4

(p=.002)

Presence of GB 

NS
	
	
	
	All pts had ES
	
	
	


Table 75.  Relationship between Patient Factors and Pancreatitis

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features1
	Coagulopathy2
	Laboratory values
	Other3 Comorbidities
	Indication for ERCP proc4
	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444

44
	Age <60y

OR=2.11

(1.16-3.8)
	X
	X
	
	X
	
	
	
	X
	
	
	

	Freeman, DiSario, Nelson, et al., 2001
	1963

131
	X
	Female

OR=2.51

(1.49-4.24)
	X
	
	X
	
	Normal bilirubin

OR=1.89

(1.22-2.93)
	Absence of  CP

OR=1.87

(1.00-3.48)

Hx post-ERCP pancreatitis

OR=5.35

(2.97-9.66)
	Susp. SOD

OR=2.6

(1.59-4.26)
	
	
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

127
	Age 30 vs. Age 70y

OR=2.14

(1.41-3.25)
	X
	X
	X
	X
	X
	
	X
	Susp. SOD OR=5.01 (2.73-9.22)
	X
	
	

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438

19
	X
	X
	
	
	Pancreas divisium OR=8.2 (1.91-34.79)
	X
	
	X
	X
	X
	
	


Table 75.  Relationship between Patient Factors and Pancreatitis (cont’d)

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features1
	Coagulopathy2
	Laboratory values
	Other3 Comorbidities
	Indication for ERCP proc4
	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

29
	Age <70

OR=1.11

n.r.
	X
	Nondilated duct

OR=2.85

n.r.
	
	X
	
	
	
	
	
	X
	

	Mehta, Pavone, Barkun, et al., 1998

	535

34
	Age <59 years (p=0.04)
	X
	X
	
	Absence of a CBD stone at ERCP (p=0.004)
	
	X
	X

History of pancrea-titis
	X

Pre-lap

choly
	
	
	

	Maldonado, Brady, Mamel, et al., 1999
	100

17
	X
	X
	
	
	
	
	
	
	X
	
	
	


al., 2000). Loperfido, Angelini, Benedetti, et al. (1998) found non-dilated duct to be significant, but did not report the confidence interval.  

Previous gastrectomy was analyzed in two studies, but was not significant.

Hemorrhage

Four studies reported on patient factors associated with hemorrhage (Table 76).  Coagulopathy was significant in a study rated as “Fair” (Freeman, Nelson, Sherman, et al., 1996), prothrombin time and hemodialysis (Nelson and Freeman, 1994) were significant in one additional study. Factors found to be significant in a single study rated as “Fair” were: cholangitis (Freeman, Nelson, Sherman, et al., 1996), and obstructed papilla of Vater orifice (Masci, Toti, Mariani, et al., 2001).  

Factors that were not significant in any analysis were: age (3 studies), gender (3 studies); common bile duct size/diameter (4 studies); indications for ERCP (3 studies); previous gastrectomy (2 studies); and history of jaundice (1 study). 

Cholangitis

Two studies, both rated as “Fair Minus” quality, reported on patient factors associated with cholangitis (Table 77).  Loperfido, Angelini, Benedetti, et al. (1998) reported that jaundice had a significant association with cholangitis.  Lai, Lo, Choi, et al. (1989) reported significant associations for fever greater than 37.5 degrees Celsius within prior 72 hours; malignant obstruction; and serum AST of 70 IU or less.

The study by Loperfido, Angelini, Benedetti, et al. (1998) also included age, gender, common bile duct size and diameter, anatomic features, and previous gastrectomy in the analysis, but none were significant.

Septicemia and Retroperitoneal Perforation

Septicemia (Table 78) and retroperitoneal perforation (Table 79) were each addressed in a single study of “Fair Minus” quality. 

Motte, Deviere, Dumonceau, et al. (1991) reported that prior cholangitis and elevated white blood count were significant factors for septicemia, but did not report p-values. Age, gender, anatomic variation, other comorbidities, and history of jaundice were not significant in this analysis.

Loperfido, Angelini, Benedetti, et al. (1998) reported that previous gastrectomy was a significant factor for retroperitoneal perforation, but did not report confidence intervals. Age, gender, common bile duct size/diameter; anatomic variation, and history of jaundice were not significant in this analysis.

Table 76. Relationship between Patient Factors and Hemorrhage

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features1
	Coagulopathy2
	Laboratory values
	Other3 Comorbidities
	Indication for ERCP proc4
	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444

30
	X
	X
	X
	
	Obstructed orifice of papilla of Vater

OR=2.57

(1.69-6.17)
	
	
	
	X
	
	
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

48
	X
	X
	X
	OR=2.59

(1.38-4.86)
	X
	OR=3.32

(1.54-7.18)
	
	X
	X
	X
	
	

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

21
	X
	X
	X
	
	X
	
	
	
	
	X
	X
	

	Nelson and Freeman, 1994
	189

10
	
	
	X
	
	
	Prothrombin time 2x > control

OR=12.1 (1.8-90.9)
	
	Hemodialysis

OR=16.4 (2.9-93.1)
	X

All pts had ES
	
	
	


Table 77.  Relationship between Patient Factors and Cholangitis

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features1
	Coagulopathy2
	Laboratory values
	Other3 Comorbidities
	Indication for ERCP proc4
	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

21
	X
	X
	X
	
	X
	
	
	
	
	X
	OR=4.14
	

	Lai, Lo, Choi, et al., 1989
	323

21
	
	
	
	
	
	
	Subgroup analysis excluding 43 febrile patients 

Serum AST <70IU (discriminant coefficient=

2.09, p<0.04)
	Fever (>37.5° C) within 72 hours prior to examination (discriminant coefficient=

2.73, p<0.0001)
	Pathologic nature of the obstructive lesion, malignant vs. benign (discriminant coefficient=

1.75, p<0.002)
	
	
	


Table 78.  Relationship between Patient Factors and Septicemia

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features1
	Coagulopathy2
	Laboratory values
	Other3 Comorbidities
	Indication for ERCP proc4
	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Minus Quality

	Motte, Deviere, Dumonceau, et al., 1991
	105

34
	X
	X
	
	Prior Cholangitis

(F=7.1)
	X
	
	WBC count

(F=6.6)

Alk Phos

n.s.


	X
	
	
	X
	


Table 79.  Relationship between Patient Factors and Retroperitoneal Perforation

	Study
	N

Pts

Cx
	Age
	Gender
	CBD Size\Diameter
	Cholangitis
	Anatomic variation/ features1
	Coagulopathy2
	Laboratory values
	Other3 Comorbidities
	Indication for ERCP proc4
	Previous Gastrectomy
	Hx Jaundice
	Hx Contrast Allergy

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

12
	X
	X
	X
	
	X
	
	
	
	
	OR=11.7

n.r.
	X
	


Relationship of Total and Specific Complications

Pancreatitis and hemorrhage together comprise the majority of total complications in the three studies that report all 3 outcomes (Masci, Toti, Mariani, et al., 2001; Freeman, Nelson, Sherman, et al., 1996; Loperfido, Angelini, Benedetti, et al., 1998).  Pancreatitis was 36 percent, 55 percent, and 30 percent, respectively in these studies; and hemorrhage was 25 percent, 21 percent and 21 percent.

In the study by Masci, Toti, Mariani, et al. (2001), younger age was a significant factor for both pancreatitis and total complications.  There was no other overlap between risk factors for total complications and pancreatitis or hemorrhage.

In Freeman, Nelson, Sherman, et al. (1996), suspected sphincter of Oddi dysfunction was a significant factor for both pancreatitis and total complications. There was no other overlap between total complications and pancreatitis or hemorrhage.  In contrast to Masci, Toti, Mariani, et al. (2001), younger age was significant only for pancreatitis, not for total complications.

Loperfido, Angelini, Benedetti, et al. (1998) found no significant relationships between patient factors and overall complications.

The inconsistencies noted here might suggest that analysis of patient factors related to specific complications may be more informative than total complications.  Analysis of total complications may not be sufficiently sensitive.  This suggests that large studies with adequate numbers of cases of the specific complications of interest will be more useful in identifying patient-related factors that might be used to improve clinical outcomes.   

Review of Evidence:  Procedure Factors
Eleven studies reported on patient factors associated with complications.   The various measures were classified into 13 categories:  papillotomy/endoscopic sphincterotomy; pre-cut endoscopic sphincterotomy; biliary drainage; failed procedure; length of endoscopic sphincterotomy; bleeding during endoscopic sphincterotomy; combination with other procedures; difficulty of cannulation; pancreatic opacification; post-procedure care; intramural injection; sphincter of Oddi manometry; emergency procedure.

Total Complications

Six studies reported on procedure factors associated with total complications  (Table 80).  Precut endoscopic sphincterotomy was significant in all four studies that tested for this association; including two studies rated as “Fair” (Masci, Toti, Mariani, et al., 2001; Freeman, Nelson, Sherman, et al., 1996).  Freeman, Nelson, Sherman, et al. (1996) also found two additional significant factors, combined percutaneous-endoscopic procedures and difficulty in cannulation.  Masci, Toti, Mariani, et al. (2001) found that failed stone removal, another indicator of a difficult procedure, was a significant factor for total complications. 

Table 80. Relationship between Procedure Factors and Total Complications

	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Postprocedure Care
	Sphincter Manometry
	Emergency procedure

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444

121
	
	OR=1.70 (1.10-2.68)
	X
	No stone removal 

OR=2.52 (1.44-4.53)
	
	
	
	
	X
	
	
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

229
	All pts had ES
	OR=3.61

(1.78-7.34)
	
	X
	
	X
	Comb. percut.-endo. proc.

OR=3.40 (1.04-11.13)
	OR=3.05 (1.83-5.08)
	
	
	
	X

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438

33
	All pts had ES
	
	
	X
	
	
	
	
	
	
	
	X

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

98
	
	OR=1.73
	
	
	
	
	
	
	X
	
	
	X

	Tzovaras, Shukla, Kow, et al., 2000
	372

21
	
	
	
	Previous failed ERCP OR=4.66 (1-21.80)
	
	
	Need for PTC OR=10.3 (2.30-45.83)
	
	
	
	X
	X

	Boender, Nix, de Ridder, et al., 1994
	242

34
	All pts had ES
	OR=4.9

p=0.001
	X
	Failed biliary drainage

OR=34.8

p=0.007
	X
	
	
	
	
	
	
	


Failed biliary drainage was significant in the study by Boender, Nix, de Ridder, et al. (1994).  Tzovaras, Shukla, Kow, et al. (2000) reported two significant factors: previous failed ERCP (CI=1–21.8) and need for percutaneous procedure (CI=2.3–45.8); but confidence intervals were extremely wide for both factors. 

Factors not significant were: emergency procedure (4 studies); pancreatic opacification (2 studies); and bleeding during endoscopic sphincterotomy (1 study).

Pancreatitis

Seven studies reported on procedure factors associated with pancreatitis (Table 81).  Precut endoscopic sphincterotomy was significant in two studies rated as “Fair” (Masci, Toti, Mariani, et al., 2001; Freeman, Nelson, Sherman, et al., 1996); as was difficulty in cannulation and multiple pancreatic contrast injections (Freeman, Nelson, Sherman, et al., 1996 and Freeman, DiSario, Nelson, et al., 2001). Multiple pancreatic contrast injections was also a significant risk factor in Loperfido, Angelini, Benedetti, et al. (1998); and in Mehta, Pavone, Barkun, et al. (1998) for the subgroup of patients that did not undergo endoscopic sphincterotomy.

Masci, Toti, Mariani, et al. (2001) also reported that failed stone removal was a significant factor; and Freeman, DiSario, Nelson, et al. (2001) found that pancreatic sphincterotomy and balloon biliary sphincter dilatation were also significant factors. 

Maldonado, Brady, Mamel, et al. (1999) identified performing a complete ERCP procedure in addition to sphincter of Oddi manometry as a significant risk factor for pancreatitis among patients who all underwent sphincter of Oddi manometry.

Factors not significant were: emergency procedure (3 studies); biliary drainage (1 study); and bleeding during endoscopic sphincterotomy (1 study).

Hemorrhage

Four studies reported on procedure factors associated with hemorrhage (Table 82). Bleeding during endoscopic sphincterotomy was significant in two studies, one of which was rated as “Fair” (Freeman, Nelson, Sherman, et al., 1996; Nelson and Freeman, 1994).  Precut endoscopic sphincterotomy (Masci, Toti, Mariani, et al., 2001) and anticoagulation less than 3 days after procedure (Freeman, Nelson, Sherman, et al., 1996) were significant in a single study rated “Fair.”

Factors not significant were: pancreatic opacification (3 studies) emergency procedure (2 studies); combined with other procedures (2 studies); biliary drainage (1 study); failed procedure (1 study); endoscopic sphincterotomy length (1 study); and difficulty of cannulation (1 study).

Cholangitis, Septicemia and Retroperitoneal Perforation

Cholangitis (Table 83), septicemia (Table 84) and retroperitoneal perforation (Table 85) were each addressed in a single study of “Fair Minus” quality. 

Table 81.  Relationship between Procedure Factors and Pancreatitis
	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Postprocedure Care
	Sphincter Manometry
	Emergency procedure

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444

44
	
	OR=2.8 (1.38-5.84)
	X
	No stone removal 

OR=3.35 (1.33-9.1)
	
	
	
	
	X
	
	
	

	Freeman, DiSario, Nelson, et al., 2001
	1963

131
	Pancreatic ES

OR=3.07

(1.64-5.75)
	X
	
	X
	
	
	Biliary Balloon Sphincter Dilation

OR=4.51

(1.51-13.46)
	Moderate to Difficult 

OR=3.41

(2.13-5.47)
	>1 pancreatic contrast injection

OR=2.72

(1.43-5.17)
	
	X
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

127
	All pts had ES
	OR=4.34

(1.73-10.88)
	
	X
	
	X
	X
	OR=2.4 (1.07-5.36)
	OR=1.35

(1.04-1.75)
	
	
	X

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438

19
	All pts had ES
	
	
	X
	
	
	
	
	
	
	
	X

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

29
	
	X
	
	
	
	
	
	
	OR=2.84

n.r.
	
	
	X


Table 81.  Relationship between Procedure Factors and Pancreatitis (cont’d)
	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Postprocedure Care
	Sphincter Manometry
	Emergency procedure

	Fair Minus Quality

	Mehta, Pavone, Barkun, et al., 1998

	535

34
	X
	
	
	
	
	
	X
	
	Subgroup with ES

n.s.

Subgroup without ES p=0.05
	
	
	

	Maldonado, Brady, Mamel, et al., 1999
	100

17
	X

ES no added risk
	
	
	
	
	
	X
	Length of procedure
	
	
	X

ERCP was risk factor but not SOM
	


Table 82.  Relationship between Procedure Factors and Hemorrhage
	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Postprocedure Care
	Sphincter Manometry
	Emergency procedure

	Fair Quality

	Masci, Toti, Mariani, et al., 2001
	2444

30
	
	OR=2.45 (1.6-5.39)
	X
	X
	
	
	
	
	X
	
	
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

48
	All pts had ES
	X
	
	X
	
	OR=1.74

(1.15-2.65)
	X
	X
	X
	Anticoag <3d after procedure

OR=5.11

(1.57-16.68)
	
	X

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

21
	
	X
	
	
	
	
	
	
	X
	
	
	X

	Nelson and Freeman, 1994
	189

10
	All pts had ES
	
	
	
	X
	OR=13.7 (2.2-87.3)
	
	
	
	
	
	


Table 83.  Relationship between Procedure Factors and Cholangitis
	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Postprocedure Care
	Sphincter Manometry
	Emergency procedure

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

21
	
	X
	
	
	
	
	
	
	X
	
	
	X


Table 84. Relationship between Procedure Factors and Septicemia
	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Postprocedure Care
	Sphincter Manometry
	Emergency procedure

	Fair Minus Quality

	Motte, Deviere, Dumonceau, et al., 1991
	105

34
	
	
	Incomplete

Drainage

(F=319.2)
	
	
	
	X
	
	
	
	
	


Table 85.  Relationship between Procedure Factors and Retroperitoneal Perforation
	Study
	N

Pts

Cx
	Standard Papillotomy/ ES
	Precut ES
	Biliary drainage
	Failed Procedure
	ES length
	Bleeding during ES
	Combined with other procedures
	Difficulty of cannulation
	Pancreatic opacification
	Intramural Injection
	Sphincter Manometry
	Emergency procedure

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	1827

12
	
	OR=7.19

n.r.
	
	
	
	
	
	
	X
	OR=6.86
	
	X


Loperfido, Angelini, Benedetti, et al. (1998) analyzed precut endoscopic sphincterotomy, pancreatic opacification; and emergency procedure; but none of these factors were significant for cholangitis.

Motte, Deviere, Dumonceau, et al. (1991) reported that incomplete biliary drainage was a significant factor for septicemia, but did not report p-values.  Combination with another procedure was not significant in this analysis.

Loperfido, Angelini, Benedetti, et al. (1998) reported that precut endoscopic sphincterotomy and intramural injection were significant factors for retroperitoneal perforation, but did not report confidence intervals. Pancreatic opacification and emergency procedure were not significant in this analysis.

Relationship of Total and Specific Complications

Pancreatitis and hemorrhage together comprise the majority of total complications in the three studies that report all three outcomes (Masci, Toti, Mariani, et al., 2001; Freeman, Nelson, Sherman, et al., 1996; Loperfido, Angelini, Benedetti, et al., 1998).

Masci, Toti, Mariani, et al. (2001) found the precut endoscopic sphincterotomy was a significant factor for total complications, pancreatitis and hemorrhage.  Failed stone removal was a significant factor for total complications and pancreatitis, but not for hemorrhage. There was no other overlap between total complications and pancreatitis or hemorrhage.

Freeman, Nelson, Sherman, et al. (1996) found that precut endoscopic sphincterotomy and difficulty in cannulation were significant factors for total complications and pancreatitis. There was no other overlap between total complications and pancreatitis or hemorrhage.

Loperfido, Angelini, Benedetti, et al. (1998) found no overlap between total complications and pancreatitis or hemorrhage.

This suggests that procedure factors may be more generalizable across total and specific complications than is the case with patient factors.  
Review of Evidence:  Operator Factors

Operator factors were analyzed in four studies (Freeman, DiSario, Nelson, et al., 2001; Freeman, Nelson, Sherman, et al., 1996; Loperfido, Angelini, Benedetti, et al., 1998; Rabenstein, Schneider, Bulling, et al., 2000); two of which were rated as “Fair” quality (Table 86).  Case volume was analyzed in all four studies; participation of a trainee in three studies; university affiliated center in one study and center size in one study.  Only case volume was a significant factor for complications in any of these analyses.  Importantly, cut-off points for classification as a low-volume operator varied significantly across studies. Freeman, Nelson, Sherman, et al. (1996) used a cut-off of centers with 1 or fewer procedures per endoscopist per week; Loperfido, Angelini, Benedetti, et al. (1998) defined lower volume centers as those with fewer than 200 procedures per year.

Table 86. Relationship between Operator Factors and Total Complications

	Study
	N

Pts

Cx
	Case volume
	Participation of a trainee
	University affiliated center
	Center size

	Fair Quality

	Freeman, Nelson, Sherman, et al., 1996
	2347

229
	X

	X
	X
	

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438

33
	X
	X
	
	

	Loperfido, Angelini, Benedetti, et al., 1998
	 1827

98
	Centers which performed <200 ERCPs per year OR=2.93 
	
	
	X


Table 87. Relationship between Operator Factors and Hemorrhage

	Study
	N

Pts

Cx
	Case volume
	Participation of a trainee
	University affiliated center
	Center size

	Fair Quality

	Freeman, Nelson, Sherman, et al., 1996
	2347

48
	Endoscopist volume <1/week

OR=2.17

(1.12-4.17)
	X
	X
	

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	 1827

21
	Centers which performed <200 ERCPs per year OR=2.98 
	
	
	X


Case volume was not independently significant in the primary multivariate analysis of total complications conducted by Freeman, Nelson, Sherman, et al. (1996), probably because of the close relationship with intraoperative technique.  In a multivariable model that was based solely on data available prior to the procedure, lower case volume (average less than 1 case/week per endoscopist vs more than one 1 case) was independently associated with higher complications (OR 1.43, CI=1.07–1.89).  This suggests that endoscopist skill in avoiding specific procedural technique is the basis for the association between case volume and complications.   

Lower volume of ERCP procedures was associated with hemorrhage in two studies (Freeman, Nelson, Sherman, et al., 1996 and Loperfido, Angelini, Benedetti, et al., 1998) (Table 87).  Rabenstein, Schneider, Bulling, et al. (2000) was the only study to find a significant association between lower case volume and pancreatitis (Table 88).  The cut off used was fewer than 40 endoscopic sphincterotomies per endoscopist per year.  Loperfido, Angelini, Benedetti, et al., (1998) also explored the relationship between case volume and cholangitis or retroperitoneal perforation (Tables 89 and 90) and reported an odds ratio of 4.22 for cholangitis and no association with retroperitoneal perforation.

Conclusion

· Thirteen studies reported on multivariable logistic regression analyses of factors associated with complications of ERCP.  The four largest studies each included more than 1,800 patients, and the total number of complications observed in these studies ranged from 98 to 229. Overall, the methodologic quality of the available analyses is limited by overfitting, i.e., testing an excessive number of factors relative to the number of complications observed.  Consequently, this literature is exploratory in nature.  Reported magnitudes of association are not reliable, significant independent variables may have been overlooked, and some significant associations may be misleading. Moreover, the existing studies do not use common, standardized definitions for the complications and factors of interest.  Thus, caution should be used in drawing inferences for clinical practice from these studies.

· Patient, procedure and operator factors were identified that were found to be significantly associated with complications in several of the more robust studies.  Younger age (using various cut-offs, but generally 60 years or less) was significantly associated with total complications and with pancreatitis; as was suspected sphincter of Oddi dysfunction. Precut endoscopic sphincterotomy was the procedure-related factor most commonly associated with total complications or pancreatitis; a significant association with difficulty in cannulation was also reported, but less frequently.  Multiple pancreatic contrast injections was associated with pancreatitis. For hemorrhage, the clearest association was patient factors related to coagulopathy.   Case volume was the only operator-related factor found to be significantly associated with complications.  These studies used various cut-offs to define lower volume centers:  1 or fewer procedures per endoscopist per week; fewer than 40 endoscopic sphincterotomies per endoscopist per year; and fewer than 200 procedures per year.

Table 88. Relationship between Operator Factors and Pancreatitis

	Study
	N

Pts

Cx
	Case volume
	Participation of a trainee
	University affiliated center
	Center size

	Fair Quality

	Freeman, DiSario, Nelson, et al., 2001
	1963

131
	X
	X
	
	

	Freeman, Nelson, Sherman, et al., 1996
	2347

127
	X
	X
	X
	

	Fair Minus Quality

	Rabenstein, Schneider, Bulling, et al., 2000
	438

19
	Endoscopist ES case load <40/year

OR=3.8 

(1.44-10.00)
	X
	
	

	Loperfido, Angelini, Benedetti, et al., 1998
	 1827

29
	X 
	
	
	X


Table 89. Relationship between Operator Factors and Cholangitis

	Study
	N

Pts

Cx
	Case volume
	Participation of a trainee
	University affiliated center
	Center size

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	 1827

21
	Centers which performed <200 ERCPs per year OR=4.22 
	
	
	X


Table 90. Relationship between Operator Factors and Retroperitoneal Perforation

	Study
	N

Pts

Cx
	Case volume
	Participation of a trainee
	University affiliated center
	Center size

	Fair Minus Quality

	Loperfido, Angelini, Benedetti, et al., 1998
	 1827

12
	X 
	
	
	X


Part V, Section 2:  Randomized, Controlled Comparison Trials

Introduction

This section summarizes the available randomized, controlled trials that compare technical variations in performing the ERCP procedure and compare associated complication rates.  Quality ratings for these studies are available in Table 91.  In addition, some of these studies provide comparative information on technical success of the procedure.  Based on discussion with this project’s Technical Advisory Group, studies evaluating the use of pharmacologic agents or different contrast agents in preventing ERCP-induced pancreatitis were specifically excluded from this systematic review as the volume of this literature could not be incorporated within the scope of this project.

Review of Evidence

Sphincterotome versus Standard Catheter to Achieve Selective Common Bile Duct Cannulation

Two randomized controlled trials (total n=147) compared standard catheterization versus techniques using sphincterotomes to achieve higher success rates in selectively cannulating the common bile duct (Table 92).  Cortas, Mehta, Abraham, et al. (1999) randomized 47 patients to standard catheter versus either a standard or wire-guided sphincterotome, and was rated a “Good” quality study.  Fifteen attempts were made to cannulate the common bile duct with the randomly assigned catheter, after which patients crossed over.  In the initial attempt, the sphincterotome was more successful than the standard catheter in achieving cannulation (97 percent vs. 67 percent, p=0.009).  After cross overs, the techniques were equivalent (standard catheter 94 percent sphincterotome 97 percent, p=n.s.), but successful cannulation was achieved in the sphincterotome group with fewer attempts (12.4 vs. 2.8, p<0.001) and in less time (13.5 vs. 3.1 minutes, p<0.001).  Pancreatitis occurred in 5.6 percent of standard catheter group, and 10.3 percent of the sphincterotome group, but numbers are too small to assess statistical significance.

Schwacha, Allgaier, Deibert, et al. (2000) randomized 100 patients to standard catheter versus sphincterotome and was rated “Fair.”  If the randomly assigned technique was unsuccessful patients underwent attempts with a tapered cannula, crossing over to the other treatment arm, and then needle knife sphincterotomy.  In the initial attempts, the sphincterotome was more successful than the standard catheter (84 percent vs. 62 percent, p=0.023).  Eventually, cannulation was equally successful in both groups (91 percent for both).  Complications were not statistically different between the two groups.

Based on limited evidence, techniques using a sphincterotome appear to have greater success in selective cannulation of the common bile duct than standard catheter, but no definite conclusion can be made regarding the effect of this variation on complications.

Table 91.  Quality Assessment 

	Study

Author, Year
	Comparable Initial Groups?
	Comparable Groups Maintained?
	Comparable Performance of Intervention?
	Comparable Measurement of Outcomes?
	Appropriate Analysis
	Summary Evaluation

	Randomized Controlled Trials

	Schwacha, Allgaier, Deibert, et al., 2000
	RCT (n=100)

Good comparability

· Randomization not described

· Patient characteristics similar
	Standard catheter (n=50):

19 crossed over to GS

Guidewire Sphincterotome (n=50):
8 crossed over to SC


	Adequate for comparison.
	Adequate outcome measures used.

Outcomes were not assessed blindly.
	Method of analysis not clearly stated to be intention to treat

Complications reported only in those with primary success
	Fair

	Cortas, Mehta, Abraham, et al., 1999
	RCT (n=47)

Good comparability

· Randomization method not fully described

· Patient characteristics not reported
	Standard catheter (n=18)

6 crossed over

Sphincterotome (n=29)
	Adequate for comparison.
	Adequate outcome measures used.

Outcomes were not assessed blindly.
	Intention to treat analysis was used.


	Good

	Elta, Barnett, Wille, et al., 1998
	RCT (n=170)

Good comparability

· Randomization by even or odd calendar date

· Patient characteristics similar for age, gender, reason for ES
	Pure cut (n=86)

8 crossed over to BC

Blended current (n=84)

No crossover reported
	Adequate for comparison.
	Adequate outcome measures used.

Outcomes reported to be assessed blindly.
	Method of analysis not clearly stated to be intention to treat
	Fair


Table 91.  Quality Assessment (cont’d)

	Study

Author, Year
	Comparable Initial Groups?
	Comparable Groups Maintained?
	Comparable Performance of Intervention?
	Comparable Measurement of Outcomes?
	Appropriate Analysis
	Summary Evaluation

	Randomized Controlled Trials

	Kohler, Maier, Benz et al., 1998
	RCT (n=100)

Good comparability

· Randomization method not fully described

· Patient characteristics similar for age, gender, and indication for sphincterotomy 
	Conventional Current (n=50)

No dropouts or exclusion

Controlled Current (n=50)

No dropouts or exclusion
	Adequate for comparison.
	Adequate outcome measures used.

Outcomes were not assessed blindly.
	Method of analysis not clearly stated but equivalent to intent to treat
	Good

	Siegel, Veerappan, and Tucker, 1994
	RCT (n=100)

Fair comparability

· Randomization method not fully described

· Baseline characteristics similar for biliary diagnosis and reason for ES
	Monopolar (n=50)

3 crossed over to BP

Bipolar (n=50)

5 crossed over to MP
	Adequate for comparison
	Adequate outcome measures used.

Complication outcomes were reportedly assessed blindly.
	Method of analysis not clearly reported.
	Fair


Table 91.  Quality Assessment (cont’d)

	Study

Author, Year
	Comparable Initial Groups?
	Comparable Groups Maintained?
	Comparable Performance of Intervention?
	Comparable Measurement of Outcomes?
	Appropriate Analysis
	Summary Evaluation

	Randomized Controlled Trials

	Kim, Lee, Lee, et al., 1997
	RCT (n=45)

Fair comparability

· Randomization technique not specified

· Baseline characteristics similar for age, gender, type of Billroth II anastomosis
	No crossovers or exclusions from analysis reported
	Adequate for comparison
	Adequate outcome measures used.

Outcomes were not assessed blindly.
	Method of analysis not stated.
	Fair

	Bergman, Rauws, Fockens, et al., 1997
	RCT (n=202)

Good comparability

· blinded computer-generated randomization

· patients comparable on all measured characteristics
	16 out of 218 excluded after randomization because of ineligibility
	Adequate for comparison
	Adequate outcome measures used.

Outcomes were not assessed blindly.
	All patients retained for analysis
	Good


Table 91.  Quality Assessment  (cont’d)

	Study

Author, Year
	Comparable Initial Groups?
	Comparable Groups Maintained?
	Comparable Performance of Intervention?
	Comparable Measurement of Outcomes?
	Appropriate Analysis
	Summary Evaluation

	Randomized Controlled Trials

	Tarnasky, Palesch, Cunningham et al., 1998
	RCT (n=80)

Fair comparability

· Randomization method not reported

· Baseline characteristics were similar except for two areas:  biliary cannulation more difficult in No stent group (p=0.03) and longer mean time to repeat pancreatic access in the No stent group (p=0.04)
	Stent (n=41)

No Stent (n=39)

No crossovers or loss to follow-up reported
	Adequate for comparison.
	Adequate outcome measures used.

Outcomes were not assessed blindly.
	Analysis not stated to be intention to treat but equivalent because all subjects included in analysis.

Analysis did include multivariate adjustment to account for baseline differences.
	Good


Table 91.  Quality Assessment   (cont’d)

	Study

Author, Year
	Comparable Initial Groups?
	Comparable Groups Maintained?
	Comparable Performance of Intervention?
	Comparable Measurement of Outcomes?
	Appropriate Analysis
	Summary Evaluation

	Randomized Controlled Trials

	Smithline, Silverman, Rogers, et al., 1993
	RCT (n=98)

Fair comparability

· Randomization  method not reported

· Patient characteristics similar for age, gender, clinical history of pancreatitis, suspected SOD, abnormal SOM
	Stent (n=48)

5 technical failures excluded 

8 who required pre-cut were assigned out of sequence to stent placement

No Stent (n=50)

No dropouts or exclusions.  No crossovers reported.
	Adequate for comparison
	Adequate outcome measures used.

Outcomes were not assessed blindly


	Method of analysis not stated.
	Fair

	Ochi, Mukawa, Kiyosawa, et al., 1999
	RCT (n=110)

Good comparability

· randomization not described

· patients comparable on all measured characteristics
	All patients retained for analysis
	Adequate for comparison
	Outcomes were not assessed blindly


	All patients retained for short-term outcome analysis

105/110 patients retained for long-term outcome analysis
	Good


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods 

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Schwacha, Allgaier, Deibert, et al., 2000
Research Issue:

Techniques to achieve selective CBD cannulation

Standard catheter vs. sphincterotome
	100
	100 consecutive patients randomized to a group undergoing CBD and PD cannulation using and SC with a metallic tip or a GS without guidewire.

Exclusion criteria:

ERCP within 1 week before randomization

Emergency ERCP

Previous therapeutic ERCP

Previous surgery of the upper GI tract

Indications*:           SC          GS

Choledocholithiasis       9            13

Pancreato-biliary

 Malignancy                  11             9

Acute pancreatitis          6             4

Chronic pancreatitis      5             3

Cholestasis of 

 unknown origin           13          13

PSC                               2            3

Cholangitis                    0            2

Tumor of papilla           1            1

Others                           3            2

* No statistical difference between groups


	Initial Success rates (4 to 5 attempts with assigned technique)

Standard catheter               (SC) =62% 

Guidewire sphincterotome (GS)=84%  

P=0.023

Final Success rates (crossovers, needle-knife attempted on failures)

Standard catheter                 (SC)=91% 

Guidewire sphincterotome  (GS)=91%   

Complications (%)**                 SC        GS

None                                           65         69      n.s.

Clinical pancreatitis                    10          5       n.s

Biochemical pancreatitis            10         12      n.s.

 Intramural injection                    3           5      n.s

Other, not relevant                      12           9      n.s.

** Among patients for whom ERCP was primarily successful (SC n=31; GS n=42)


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Cortas, Mehta, Abraham, et al., 1999
Research Issue:

Techniques to achieve selective CBD cannulation

Standard catheter vs. sphincterotome
	47
	Consecutive patients undergoing ERCP with the intent to selectively cannulate the CBD. Patients randomized to cannulation of the CBD with either a standard catheter (n=18) or a sphincterome (standard or guidewire) (n=29). There were 6 crossovers from SC to SS after initial attempt (15 tries)

Exclusion criteria:

Patients who had undergone a previous therapeutic ERCP, selective cannulation was not sought as first intention, or a gastroduodenal anatomic anomaly was present.

Indication (N):

Suspected CBD stones=41

Pancreatico-biliary malignancies=4

Bile leak=2
	Initial CBD cannulation success (%, 95% CI):

Standard catheter=67%                 (41-87)

Sphincterotome=97%                    (82-100)

p=0.009

After crossovers,

Final selective CBD cannulation (%,  95% CI):

Standard catheter=94%            (73-99)

Sphincterotome=97%              (82-100) 

P= n.s.

Complications:

Pancreatitis (%, CI):*

  SC=5.6              SS/WS=10.3

(0.1-27) (2.2-27.4)

*Numbers too small to assess statistical significance


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Elta, Barnett, Wille, et al., 1998
Research Issue:

Techniques of ES

Pure cute vs. blended current
	170
	170 consecutive patients undergoing biliary endoscopic sphincterotomy between November 1994 and June 1995 were randomized to either blended or pure cut current. Patients undergoing sphincterotomy on even calendar dates received blended current, whereas patients receiving sphincterotomy on odd calendar dates received pure cut*

Indication:                   Pure    Blended

Choledocholithiasis     55              56

SOD                            18              18

Stent placement           9                 6

Miscellaneous              4                 4

Total                            86              84

* The study was stopped after interim analysis showed a lower pancreatitis rate in the pure cut group.
	Complications (N):                 Pure            Blended            

Mild pancreatitis*                          3                   7

Moderate pancreatitis*                   0                  2

Severe pancreatitis*                       0                   1

Bleeding                                         1                   1

Cholangitis                                     0                   1

Total                                              4                   12

*Patients with SOD (n=36) actually had a higher rate of pancreatitis (17% vs. 28%), but not significantly different due to low numbers. Difference in the proportion of patients who developed pancreatitis (including SOD patients) was statistically significant (p<0.05). When SOD patients were excluded, the difference in the rate of pancreatitis was still statistically different (p=0.018).




Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Siegel, Veerappan, and Tucker, 1994
Research Issue:

Techniques of ES

Monopolar vs. Bipolar device using blended current for both
	100
	Consecutive patients requiring ERCP and sphincterotomy at one institution were randomly assigned to either standard monopolar electrocautery current (n=50) or the bipolar system (n=50).*

Indication:       Monopolar    Bipolar
CBD stones        21               23

Pancreatitis          7                 6

Pancreatic CA      7                 6

SOD                   11                 6

CBD stricture       3                  7

Ampullary CA      1                  0

Biliary fistula        0                  2   

Total                  50                50

*5 patients assigned to the bipolar group were switched to monopolar group due to difficulties in the insertion of the sphincterome. 3 patients assigned to the monopolar group were crossed over to the bipolar group. The first 50 patients in each group in whom sphincterotomy was performed were included in the study.
	Complications (N):             MP          BP

Pancreatitis                         6              0       p<0.047

Bleeding                              1              0       n.s.

Cholangitis                          4              3       n.s.

Perforation                          0              0       n.s.

Death                                  1              0        n.s.




Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Kim, Lee, Lee, et al., 1997
Research Issue:

Techniques to achieve ERCP and ES in Billroth II patients

Forward vs. Side viewing scope
	45
	Patients s/p Billroth II gastrectomy who required ERCP with sphincterotomy. 

Patients were randomized to either a forward-viewing (FV) endoscope (n=23) or a side-viewing (SV) endoscope (n=22).

Exclusion criteria:

Cases of Roux-en Y surgery
	Successful cannulation of the papulla*(%):

FV= 20 of 23 (87%)             

SV= 15 of 22  (68%)         p= n.s.

Successful endoscopic sphincterotomy (%):

FV= 10 of 12  (83%)

SV=  8 of 10 (80%)             p= n.s.

Complications advancing endoscope (%):

FV=0 of 23 (0%)

SV= 4 of 22 (18%)              p<0.05

* Among the causes of failure to cannulate the papulla, jejunal perforation occurred in 0 patients in the FV group and 4 patients in the SV group.

Complications of endoscopic needle-knife sphincterotomy 

                                                  FV             SV

                                               n=12          n=10

Pancreatitis                               1                2      n.s.

Retroperitoneal perforation      0                1      n.s.




Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes


	Bergman, Rauws, Fockens, et al., 1997
Research Issue:

Techniques to remove CBD stone

Balloon dilation vs. ES
	202
	Consecutive patients referred for ERCP because of symptoms of CBD stones. Patients meeting inclusion and exclusion criteria were randomized to either endoscopic sphincterotomy (n=101) or endoscopic balloon dilation (n=101).

Eligibility criteria:

Over age 18 years

BDS visualized at ERCP

Deep cannulation of the BD achieved without sphincterotomy

Exclusion criteria:

Signs of acute cholangitis

Acute pancreatitis

Acute cholecystitis

History of previous sphincterotomy

Choledochoduodenal fistula

Hemostatic disorders

Intrahepatic stone disease

Hemolytic anemia

Concomitant pancreatic or biliary malignant disorders

Coexisting bile leakage or choledochoduodenal fistula

Previous participation in this study

Life expectancy of less than 1 month
	Complete stone removal in one endoscopic session (%):

 EBD=89         EST=91     n.s.

Early Complications (N):   EBD       EST
Pancreatits                         7             7

Fever                                  4             5

Bleeding                             0              4

Perforation                         2              1

Pain in right upper

 abdomen                          0               4

Slow resolution of

  jaundice                           2              1

Bile leakage                       1              1

Cardiopulmonary               1              1

Total                                 17            24        n.s.

(continued next page)


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes


	Bergman, Rauws, Fockens, et al., 1997 (cont’d)
Research Issue:

Techniques to remove CBD stone

Balloon dilation vs. ES
	202
	(see previous page)


	Complications during follow-up (N):

Recurrence of symptoms  14           14

  Stones on repeat ERCP    8             7

  No stones on repeat

    ERCP                               6             5

  No repeat ERCP done       0             2

Acute cholecystitis*              1             7  

Symptomatic

  cholecystolithiasis              2             1

Liver abscess                       0             1

Abnormal liver function

  at follow-up                         1             0

Total                                    18            23        n.s.

* Statistically significantly lower in the EBD group

Logistic regression analysis of treatment allocation, stone size, stone number, gender, periampullary diverticulum, and Billroth II gastrectomy on successful stone removal identified stone size (p=0.0008),  and stone number (p=0.0216) as the only significant predictors of this outcome. Further subgroup analyses were undertaken (not reported in this table).


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Ochi, Mukawa, Kiyosawa, et al., 1999

Record #4096

Research Issue:

Techniques to remove CBD stone

Balloon dilation vs. ES
	110
	Patients with bile duct stones up to 15 mm in diameter and less than 10 in number as indicated by ERCP were randomly treated with either endoscopic papillary dilation (n=55) or endoscopic sphincterotomy (n=55).

Exclusion criteria:

Recurrent stones following previous procedures

Intrahepatic stone disease

Acute cholangitis

Cholecystitis

Pancreatitis

Pancreatic or biliary malignant disorders
	Successful bile duct clearance (%):

EPD=92.7       EST=98.1       n.s.

Successful bile duct clearance achieved in the initial procedure (%):

 EPD=78.4       EST=94.4      p=0.02

Early complications (total)(%) (EPD n=51, EST n=54):                    

 EPD=2.0            EST=5.6      n.s.

Specific complications (N)               EPD     EST

Progression of jaundice                      1         0

Perforation                                          0         2

Late complications (total/eligible for follow-up)(N):

 EPD=2/51                EST=8/54          n.s.

Specific complications (N)       EPD    EST

Recurrence of BDS                    2         3     n.s.       

Acute cholangitis                        2         2     n.s.

Acute cholecystitis                    1/30    5/27 n.s.

Acute cholecystitis in patients with gallbladder stones in situ                             1/22    5/17 p<0.03


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Tarnasky, Palesch, Cunningham et al., 1998
Research Issue:

Pancreatic stenting to reduce pancreatitis after ES
	80
	Consecutive adult patients scheduled for ERCP with SOD manometry, for evaluation of unexplained pancreatobiliary pain or pancreatitis, were randomized to either pancreatic duct stents (n=41) or no stents (n=39).

Exclusions:

Pancreatic SOM results normal

SOM failure or not attempted

Severe chronic pancreatitis

Pancreas divisum

Prior gastric surgery

PSH

No sphincterotomy

Both biliary and pancreatic sphincterotomy

Precut sphincterotomy required to achieve biliary access

Preference of physician or patient not to participate

Failure to gain repeat pancreatic access after biliary sphincterotomy

Indications (%):              Stent   No Stent
Pancreatobiliary pain

 (gallbladder out)             51        72

Pancreatobiliary pain

 (gallbladder in)               20         5

Prior acute pancreatitis   29         23
	Complications:

Incidence of post-ERCP pancreatitis (%):

  Stent=2          No Stent=26    p=0.003

RR of post-ERCP pancreatitis after biliary sphincerotomy in the no stent group=10.5, 95% CI=1.4-78.3

Logistic regression analysis controlling for differences in baseline data (difficulty of biliary cannulation and time to repeat pancreatic access) resulted in an AOR=14.4, 95% CI=1.7-125.0 for the risk of post-ERCP pancreatitis among patients in the no stent group.


Table 92. Randomized Clinical Trials Comparing Different ERCP Methods  (cont’d)

	Article
	N
	Population and Interventions
	Complications/Outcomes

	Smithline, Silverman, Rogers, et al., 1993
Research Issue:

Pancreatic stenting to reduce pancreatitis after ES
	98
	High risk patients (those with SOD or CBD <10 mm and patients requiring pre-cut biliary ES) were randomized to receive a main pancreatic duct stent or no stent following biliary sphincterotomy.

Exclusions:

Patients with pancreatic divisum, pancreatobiliary tumors, or those undergoing pancreatic septotomy


	Complications:

Incidence of pancreatitis (%):

  MPD Stent=14  No Stent=18   n.s. *

Severity of pancreatitis (%):

             Mild

  MPD Stent=13  No Stent=12   n.s.

            Moderate

  MPD Stent=0    No Stent=6     n.s.

            Severe

  MPD Stent=0    No Stent=6     n.s.

Other suspected risk factors for pancreatitis were examined including acinarization, precut ES, and history of pancreatitis. None of these risk factors were found to be independent risk factors of pancreatitis in high-risk patients.

* Pancreatitis developed in 2 of 5 patients in whom stent placement failed


Variations in Electric Current Used in Sphincterotomy to Reduce Post-ERCP Complications

Three randomized clinical trials (all rated “Fair” quality) compared variations of the electric current used in performing sphincterotomy as methods to reduce post-procedure complications such as hemorrhage or pancreatitis.

Elta, Barnett, Wille, et al. (1998) randomized 170 patients to either blended or pure cut current when undergoing sphincterotomy.  Blended current combines intermittent high voltage pulses with continuous low voltage current, whereas pure cut current is simply continuous low voltage current.  Total complications were significantly lower in the pure cut group (5 percent vs. 14 percent, p<0.05).

Kohler, Maier, Benz et al. (1998) randomized 100 patients to either conventional high-frequency blended current or a newly developed high-frequency system with automatically controlled cutting mode (Endocut).  Mild bleeding during sphincterotomy was significantly reduced (4 percent compared to 26 percent, p=0.002), but no significant difference was observed in moderate/severe bleeding or mild pancreatitis, which both occurred very infrequently.

Siegel Veerappan, and Tucker (1994) randomized 100 patients to receive either a bipolar or monopolar electric current device when undergoing sphincterotomy.  Pancreatitis occurred in 6 patients receiving monopolar electrocautery and 1 patients receiving bipolar electrocautery (p<0.05).  Other complications were very uncommon and numbers were too small to make conclusions about statistical significance.

Forward-Viewing Endoscope versus Side-Viewing Endoscope to Achieve Successful Cannulation and Sphincterotomy in Patients with Billroth II Gastrectomy

Kim, Lee, Lee, et al. (1997) randomized 45 patients with Billroth II gastrectomy who required ERCP and sphincterotomy to have the procedure done with either a forward-viewing (FV) endoscope or side-viewing (SV) duodenoscope.  Successful cannulation occurred in 87 percent of FV group and 68 percent of SV group (p=n.s.) Successful sphincterotomy was not statistically different (FV 83 percent, SV 80 percent).  Jejunal perforation occurred in 4 patients using the SV duodenoscope and 0 patients using the FV endoscope (p<0.05).  Use of the FV endoscope may cause fewer perforations than the SV duodenoscope.

Pancreatic Stenting to Reducing Pancreatitis after Sphincterotomy

Two small randomized controlled trials examined whether placing pancreatic stents after sphincterotomy reduces the incidence of post-ERCP pancreatitis among certain patients considered to be at high risk for such a complication.

Smithline, Silverman, Rogers, et al. (1993) randomized 98 patients using an alternate assignment scheme and was rated Fair quality.  The patients included those with abnormal SOD manometry, clinical suspicion of SOD, a common bile duct <=10 mm or patients requiring a pre-cut sphincterotomy.  Some patients requiring a pre-cut sphincterotomy were assigned a stent out of the randomization scheme.  The results are analyzed only among those who received intended treatment, as patients with failed stent placement (5 patients) are analyzed separately.  The no-stent group had an 18 percent rate of pancreatitis, the stent group had a 14 percent rate of pancreatitis (p=n.s.)  If appropriately analyzed by intent-to-treat, the pancreatitis rates would be even more similar.

Tarnasky, Palesch, Cunningham et al. (1998) randomized 80 patients to receive stents or no stent and was rated “Good” quality.  The selection criteria appear to be more selective than the study by Smithline, Silverman, Rogers, et al. (1993), as only patients with confirmed abnormal sphincter of Oddi manometry and pancreatic sphincter hypertension were included.  The incidence of post-ERCP pancreatitis in the stent group was 2 percent, and in the no stent group was 26 percent (p=0.003).  After correction for some baseline differences between study groups, the risk of post-ERCP pancreatitis was still highly associated with lack of stent placement (odds ratio 14.4, p=0.002).

An important distinction between the two studies is the selection criteria.  Smithline, Silverman, Rogers, et al. (1993) included several types of patients that are thought to be at risk of post-ERCP pancreatitis, Tarnasky, Palesch, Cunningham et al. (1998) included only patients with both confirmed abnormal sphincter of Oddi manometry and pancreatic sphincter hypertension.  About three-fourths of the patients in the Smithline, Silverman, Rogers, et al. (1993) study had abnormal sphincter of Oddi manometry, and among those, pancreatic sphincter pressure was not assessed.  Thus the results may not be inconsistent, even though the same intervention is assessed using identical outcome measures.

In conclusion, evidence limited to only one trial shows some evidence of efficacy of pancreatic stent placement in preventing post-ERCP pancreatitis, but only among patients with confirmed sphincter of Oddi manometry and concurrent pancreatic sphincter hypertension.

� Loperfido included a broad population of both diagnostic and therapeutic ERCP.  However, multivariate analysis of risk factors was reported only for therapeutic subpopulation.


� Maldonado was restricted to a specific population with suspected sphincter of Oddi dysfunction who were undergoing sphincter of Oddi manometry


� Independent variables reported to be statistically significant risk factors for complications are listed for each study along with an estimate of the magnitude of the effect when available (i.e., odds ratio and confidence interval).  Independent variables that were considered in the study but not found to be significantly associated with complications are denoted by an “X” under the appropriate category for that factor


� Summary of pancreas divisum, juxtapapillary diverticulum, acinarization


� Summary of related factors – anticoagulation, coagulopathy, PT time, ASA/NSAID use, bleeding


� “Comorbidities” includes reports of cirrhosis diabetes, anemia, hemodialysis etc.


� Summary of related factors - Pancreatitis or Obstruction, sphincter of Oddi dysfunction, indication of than bile duct stone


� Summary of pancreas divisum, juxtapapillary diverticulum, acinarization


� Summary of related factors – anticoagulation, coagulopathy, PT time, ASA/NSAID use, bleeding


� “Comorbidities” includes reports of cirrhosis diabetes, anemia, hemodialysis etc.


� Summary of related factors - Pancreatitis or Obstruction, sphincter of Oddi dysfunction, indication of than bile duct stone


� Summary of pancreas divisum, juxtapapillary diverticulum, acinarization


� Summary of related factors – anticoagulation, coagulopathy, PT time, ASA/NSAID use, bleeding


� “Comorbidities” includes reports of cirrhosis diabetes, anemia, hemodialysis etc.


� Summary of related factors - Pancreatitis or Obstruction, sphincter of Oddi dysfunction, indication of than bile duct stone


� Case volume was not independently significant in the primary multivariate analysis of total complications conducted by Freeman 1996, probably because of the close relationship with intraoperative technique.  In a multivariable model that was based solely on data available prior to the procedure, lower case volume (average <1 case/week per endoscopist vs > 1 case) was independently associated with higher complications (OR 1.43, CI=1.07-1.89).
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