Chapter 3.  Results and Conclusions, Part I:  Common Bile Duct Stones

This chapter reviews evidence on the following questions:

In patients with known or suspected common bile duct stones, 

a. What is the diagnostic performance of ERCP in detecting common bile duct stones in comparison to alternatives (e.g., EUS, MRCP, or CTC)?  (Part I, Section 1:  Diagnostic Performance of ERCP in Detecting Common Bile Duct Stones – Comparison to Alternatives)

b. What are the outcomes of treatment using ERCP strategies compared to using surgical or medical management? (Part I, Section 2:  Outcomes of Treatment Using ERCP for Common Bile Duct Stones – Comparison of Strategies Using ERCP, Surgery, or Medical Management)

c.  What is the diagnostic value of individual risk factors or predictive models for assessing the likelihood of having a common bile duct stone? (Part I, Section 3:  Diagnostic Value of Individual Risk Factors or Predictive Models for Assessing the Likelihood of Having a Common Bile Duct Stone)

Part I, Section 1:  Diagnostic Performance of ERCP In Detecting Common Bile Duct Stones—Comparison With Alternatives

Introduction

The literature review identified three techniques that could be used as alternatives for diagnostic ERCP in the diagnosis of common bile duct stones:  magnetic resonance cholangiography (MRCP), endoscopic ultrasound (EUS), and computed tomography cholangiography (CTC, with and without oral or intravenous biliary contrast).  This section of the review only assesses diagnostic performance, and does not consider costs, availability, or adverse effects.

All included studies enrolled patients who underwent both the diagnostic test under consideration and ERCP.  However, the choice of reference standard varied between studies and needs to be taken into account when interpreting the test characteristics calculated in each study, particularly if the goal is to determine which test is superior.  Although ERCP had traditionally been considered the most accurate test for diagnosis of common bile duct stones, the test can produce both false-negative and false-positive results.  The studies reviewed here generally used one of three different types of reference standards.

Ideally, ERCP and the alternative diagnostic test are both compared to a perfect reference standard such as actual examination of the common bile duct, producing unbiased estimates of test characteristics for both tests.  Such a reference standard would not be ethical in most circumstances.  Short of that, there may be selective confirmation of positive ERCP or other tests, producing slightly biased estimates of test characteristics that are upwardly biased.  However, the relative performance of ERCP to the alternative diagnostic test can be examined.  

If ERCP is used as the reference standard, then the comparator test can only be worse.  In such a case, the analysis can not determine which test is superior, but only the degree of concordance between the two tests.  

Finally, a few studies (Neitlich, Topazian, Smith et al., 1997; Jimenez Cuenca, del Olmo Martinez, Perez Homs et al., 2001; Sugiyama, Atomi, and Hachiya, 1998) used ERCP images and sphincterotomy findings as the reference standard.  This does not really allow an evaluation of the comparison between ERCP and the diagnostic test of interest, because the unreported diagnostic errors of ERCP images are “corrected” by the sphincterotomy findings.  The performance of diagnostic ERCP cannot be evaluated in such studies unless the interpretation of the diagnostic ERCP is reported separately.

Given that the expected difference in diagnostic performance between ERCP and the diagnostic alternatives reported here are relatively small and the number of cases with the outcome of interest is generally small, these studies may have very limited power to detect statistically significant differences in test performance.  None of the studies actually calculated any statistical significance values.  Thus, it is not possible to determine with confidence whether the diagnostic performance of the alternative is similar or poorer than ERCP or to accurately quantitate any difference.

Evidence Base

The search and selection process yielded 10 studies on MRCP (total n=834), 9 studies on EUS (total n=601), and 6 studies with 7 sets of findings on CTC (total n=266).  In addition to these studies reporting diagnostic performance specific to common duct stones, 2 studies on MRCP which reported only on overall detection of obstructive abnormalities (total n=121) are also presented here. Study quality assessment is outlined in Table 1. 

Review of Evidence:  MRCP Performance

Ten studies studying a total of 834 patients were selected which examined the performance of MRCP compared to ERCP for the diagnosis of common bile duct stones (Table 2).  Nine of the studies used ERCP as the reference standard, and thus measure the concordance of the two techniques rather than the relative performance.  Only one study (Sugiyama, Atomi, and Hachiya, 1998) confirmed positive tests and allowed a comparison between the two tests.  All the studies were rated as good quality with the exception of Guibaud, Bret, Reinhold, et al. (1995) and Sugiyama, Atomi, and Hachiya (1998).  

Seven of the 9 studies which use ERCP as a reference standard show high concordance between the two tests with both sensitivity and specificity being greater than 90 percent.  Two studies showed lesser degrees of concordance (Guibaud, Bret, Reinhold, et al., [1995], sensitivity 81 percent specificity 98 percent, and Stiris, Tennoe, Aadland et al. [2000], sensitivity 88 percent and specificity 94 percent).

Table 1.  Quality Assessment

	Study

Author, Year


	Patient Enrollment
	Diagnostic performance of ERCP determined without knowledge of other test results
	Diagnostic Performance of other test(s) determined without knowledge of ERCP results
	Summary Evaluation

	MRCP
	
	
	
	

	Demartines, Eisner, Schnabel et al., 2000
	Prospective (n=70)

Uncertain enrollment of consecutive patients
	Yes
	Yes
	Good

	Guibaud, Bret, Reinhold, et al., 1995


	Prospective (n=126)

Some exclusions because of no ERCP confirmation
	Uncertain
	Yes
	Fair

	Holzknecht, Gauger, Sackmann et al., 1998
	Prospective (n=61)

61 of 66 eligible patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good

	Lomas, Bearcroft, and Gimson 1999
	Prospective (n=69)

Consecutive patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good

	Soto, Barish, Alvarez et al., 2000
	Prospective (n=49)

Consecutive patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good

	Stiris, Tennoe, Aadland et al., 2000
	Prospective (n=50)

Consecutive patients enrolled
	Yes
	Yes
	Good

	Varghese, Farrell, Courtney et al., 1999
	Prospective (n=100)

Consecutive patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good

	Sugiyama, Atomi, and Hachiya 1998
	Prospective (n=97)

Nonconsecutive enrollment, but stated to be arbitrary without known selection bias
	Uncertain
	Yes
	Fair

	Varghese, Liddell, Farrell et al., 2000
	Prospective (n=191)

191 of out 256 consecutive patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good


Table 1.  Quality Assessment (cont’d)

	Study

Author, Year


	Patient Enrollment
	Diagnostic performance of ERCP determined without knowledge of other test results
	Diagnostic Performance of other test(s) determined without knowledge of ERCP results
	Summary Evaluation

	MRCP (cont’d)
	
	
	
	

	Burtin, Palazzo, Canard et al., 1997
	Prospective (n=68)

Consecutive patients enrolled
	Yes
	Yes
	Fair—unorthodox reporting of data, uncertain of data

	Endoscopic Ultrasound
	
	
	
	

	Canto, Chak, Stellato et al., 1998
	Prospective (n=64)

64 out of 70 consecutive patients enrolled, 6 refusals
	Yes
	Yes
	Good

	Dancygier and Nattermann 1994
	Prospective (n=41)

Unstated whether consecutive
	Uncertain
	Yes
	Fair

	Norton and Alderson 1997
	Prospective (n=46)

Unstated whether consecutive
	Yes
	Yes
	Fair

	Prat, Amouyal, Amouyal et al., 1996
	Prospective (n=119)

Consecutive patients recruited, exclusions and refusals accounted for
	Yes
	Yes
	Good

	Sugiyama and Atomi 1997
	Prospective (n=142)

Consecutive patients enrolled
	Uncertain
	Yes
	Fair

	Sugiyama and Atomi 1998
	Prospective (n=35)

Consecutive patients enrolled
	Uncertain
	Uncertain
	Fair

	Chak, Hawes, Cooper et al., 1999
	Prospective (n=36)

Consecutive patients enrolled
	Yes
	Yes
	Good


Table 1.  Quality Assessment (cont’d)

	Study

Author, Year
	Patient Enrollment
	Diagnostic performance of ERCP determined without knowledge of other test results
	Diagnostic Performance of other test(s) determined without knowledge of ERCP results
	Summary Evaluation

	CTC
	
	
	
	

	Ishikawa, Tagami, Toyota et al., 2000
	Prospective (n=45)

Unstated whether enrollment truly consecutive, not full accounting of exclusions
	Uncertain
	Uncertain
	Fair

	Polkowski, Palucki, Regula et al., 1999
	Prospective (n=52)

Full accounting of enrolled and excluded consecutive patients
	Uncertain
	Yes
	Fair

	Soto, Velez, and Guzman 1999
	Prospective (n=29)

Uncertain consecutive enrollment
	Yes
	Uncertain
	Fair

	Jimenez Cuenca, del Olmo Martinez, Perez Homs et al., 2001
	Prospective (n=40)

40 of 60 consecutive patients enrolled, 20 excluded due to scheduling
	Yes
	Yes
	Good

	Neitlich, Topazian, Smith et al., 1997
	Prospective (n=51)

51 of 96 consecutive patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good

	Soto, Alvarez, Munera et al., 2000
	Prospective (n=51)

51 of 56 eligible consecutive patients enrolled, all exclusions accounted for
	Yes
	Yes
	Good


Table 2.  Studies of MRCP, choledocholithiasis outcome, ERCP used as reference standard for all studies except Sugiyama, Atomi and Hachiya (1998)

	Study
	N
	Population 
	Diagnostic test
	Prev

(%)
	Sens

(%)
	Spec

(%)
	PPV

(%)
	NPV

(%)
	Comments

	Demartines, Eisner, Schnabel et al., 2000
	40
	Patients with suspected CBD stones referred for ERCP
	MRCP


	48
	100
	90
	90
	100
	

	Guibaud, Bret, Reinhold, et al., 1995
	126
	Patients with suspected CBD obstruction referred for ERCP
	MRCP
	25
	81
	98
	93
	94
	10 patients with other methods for gold standard

	Holzknecht, Gauger, Sackmann et al., 1998
	61
	Patients referred for ERCP
	MRCP (on-site reading)

MRCP (off-site independent reading)
	21
	92

85
	96

93
	86

79
	98

96
	

	Lomas, Bearcroft, and Gimson 1999
	69
	Patients with suspected CBD stones or stricture referred for ERCP
	MRCP
	13
	100
	97
	100
	97
	

	Soto, Alvarez, Munera et al.

2000
	51
	Patients with suspected CBD stones referred for ERCP
	MRCP
	51
	96
	100
	100
	96
	1 false-negative ERCP considered positive after stone found at sphincterotomy

	Soto, Barish, Alvarez et al., 2000
	49
	Patients with suspected CBD stones referred for ERCP
	MRCP fast Spin Echo

      Reviewer 1

      Reviewer 2

Single Section  half-Fourier RARE

      Reviewer 1

      Reviewer 2

Multisection half-Fourier RARE

      Reviewer 1

      Reviewer 2
	49
	96

92

100

92

92

96
	96

100

96

96

92

92
	96

100

96

96

92

92
	96

93

100

92

92

96
	

	Stiris, Tennoe, Aadland et al., 2000
	50
	Patients with suspected CBD stones referred for ERCP
	MRCP
	68
	88
	94
	97
	81
	


Table 2.  Studies of MRCP, choledocholithiasis outcome, ERCP used as reference standard for all studies except Sugiyama, Atomi and Hachiya (1998) (cont’d)

	Study
	N
	Population 
	Diagnostic test
	Prev

(%)
	Sens

(%)
	Spec

(%)
	PPV

(%)
	NPV

(%)
	Comments

	Varghese, Farrell, Courtney et al.

1999
	100
	Patients with CBD obstruction referred for ERCP
	MRCP
	30
	93
	99
	97
	97
	12 patients with gold standard of IOC or PTC included in analyses

	Varghese, Liddell, Farrell et al., 2000
	191
	Patients with CBD obstruction referred for ERCP
	MRCP
	18
	91
	98
	91
	98
	5 patients with gold standard of IOC or PTC included in analyses

	ERCP findings confirmed

	Sugiyama, Atomi, and Hachiya 1998
	97
	Patients with suspected CBD stones referred for ERCP
	MRCP

ERCP (ERCP findings confirmed)
	35
	91

100
	100

100
	100

100
	95

100
	Positive ERCP confirmed by sphincterotomy, negative ERCP not confirmed


Sugiyama, Atomi, and Hachiya (1998) did the only study that confirms positive ERCP tests and allows a comparison between the two tests.  In that study of 97 patients, ERCP had 100 percent sensitivity, and MRCP had 91 percent sensitivity.  Specificity for both tests was 100 percent.  This was the only study that analyzed sensitivity by subgroups of stone diameter.  Sensitivity was 100 percent for stone diameters from 11–27 mm, 89 percent for stone diameter from 6–10 mm, and 71 percent for stone diameter between 3–5 mm.

Two studies reporting on a total number of patients of 121 had a mixed category of outcomes that included common duct stones (Table 3).  In the study by Adamek, Albert, Weitz et al. (1998), the abnormalities included benign and malignant strictures, cholangiocarcinoma and choledochal cyst in addition to common duct stones.  MRCP had a sensitivity and specificity for detecting any abnormality of 89 percent and 92 percent, whereas ERCP had a sensitivity of 91 percent and 92 percent.

In the study by Holzknecht, Gauger, Sackmann et al. (1998), the abnormalities detected included common bile duct dilatation and stenosis, in addition to common duct stones.  Only the concordance with ERCP was evaluated.  According to an image interpretation performed on-site, the sensitivity was 91 percent and the specificity was 80 percent.  An off-site interpretation showed similar results.

In conclusion, most of the evidence on MRCP allows only conclusions as to whether MRCP and ERCP are concordant, rather than which test is superior.  Most studies show fairly good concordance, with sensitivities and specificities both higher than 90 percent.  Evidence limited to one study may indicate that ERCP is slightly better than MRCP.

Review of Evidence:  Endoscopic Ultrasound Performance

There are 9 studies (total n=601) reporting on the capability of endoscopic ultrasound to diagnose common duct stones compared to ERCP (Table 4)..  In all the studies except 1 (Sugiyama and Atomi, 1998), positive tests of either method were confirmed with sphincterotomy, allowing for inferences regarding comparative performance.  The study by Prat, Amouyal, Amouyal et al. (1996) stands out in this regard by subjecting all patients to sphincterotomy and endoscopic exploration, and thus is the only study in this whole section examining common bile duct stones with a truly independent reference standard.  Chak, Hawes, Cooper et al. (1999) and Canto, Chak, Stellato et al. (1998) were also rated as “good” quality studies.

Given the small differences in performance noted in most of the studies, none of the studies is likely to detect statistically significant differences in test performance.  In three of the studies, the sensitivity of EUS was higher than ERCP (Prat, Amouyal, Amouyal et al., 1996, Norton and Alderson 1997; Burtin, Palazzo, Canard et al., 1997).  In three studies, the sensitivity of ERCP was higher than EUS (Canto, Chak, Stellato et al., 1998; Dancygier and Nattermann 1994, Sugiyama and Atomi, 1997) and in the two other studies the sensitivities were within 1 percent (Polkowski, Palucki, Regula et al., 1999; Chak, Hawes, Cooper et al., 1999).  The specificities were very close in all studies except Chak, Hawes, Cooper et al. (EUS 100 percent, ERCP 87 percent).

Table 3.  Studies of MRCP, mixed outcome including CBD stones, stratified by reference standard

	Study
	N
	Population 
	Diagnostic test
	outcome
	Prev

(%)
	Sens

(%)
	Spec

(%)
	PPV

(%)
	NPV

(%)
	Comments

	ERCP findings confirmed

	Adamek, Albert, Weitz et al., 1998
	60
	Referrals for ERCP with suspected CBD obstruction
	MRCP  

ERCP
	Any abnormality
	78
	89

91
	92

92
	98

98
	71

75
	Uncertain method of ascertaining reference standard

	ERCP used as reference standard

	Holzknecht, Gauger, Sackmann et al., 1998
	61
	Patients referred for ERCP
	MRCP (on-site reading)

MRCP (off-site reading)


	Any abnormality
	75
	91

94
	80

80
	93

94
	75

80
	


Table 4. Studies comparing ERCP to endoscopic ultrasonography, ERCP findings confirmed except for one study (Sugiyama and Atomi, 1998)

	Study
	N
	Population 
	Diagnostic test
	Prevalence

(%)
	Sensitivity

(%)
	Specificity

(%)
	PPV

(%)
	NPV

(%)
	Comments

	Prat, Amouyal, Amouyal et al., 1996
	119
	High suspicion of CBD stones, sphincterotomy candidates
	EUS

ERCP
	66
	94

90
	98

100
	99

100
	89

84
	Sphincterotomy and endoscopic exploration on all patients. Numbers differ from published report due to rounding errors in published report

	Burtin, Palazzo, Canard et al., 1997
	68
	Patients with suspected CBD obstruction referred for ERCP
	EUS

ERCP
	50
	97

91
	97

97
	97

97
	97

92
	Unorthodox presentation of data in report, test characteristics calculated from text descriptions, technical failures counted as neg tests

	Canto, Chak, Stellato et al., 1998
	64
	Patients with suspected CBD stones referred for ERCP
	EUS

ERCP
	31
	84

95
	98

98
	94

no report
	93

no report
	Actual numbers not reported, all values quoted from study. Positive ERCP confirmed with stone extraction, negatives with 12 mo clinical follow up

	Norton and Alderson 1997
	46
	Patients with suspected CBD stones referred for ERCP
	EUS

ERCP
	52
	88

79
	96

92
	95

90
	89

83
	Positive ERCP and EUS confirmed by sphincterotomy, no confirmation of negative ERCP and EUS

	Dancygier and Nattermann

1994
	41
	Patients with obstructive jaundice, referred for ERCP
	EUS

ERCP
	39
	94

100
	100

100
	100

100
	96

100
	Positive ERCP confirmed by sphincterotomy, no apparent confirmation of negative ERCP

	Polkowski, Palucki, Regula et al., 1999
	50
	Patients referred for ERCP for suspected CBD stones
	EUS

ERCP
	68
	91

91
	100

100
	100

100
	84

84
	Positive ERCP confirmed by sphincterotomy,  selective confirmation of negative ERCP

	Sugiyama and Atomi 1997
	142
	Patients referred for ERCP for suspected CBD stones
	EUS

ERCP
	36
	96

100
	100

100
	100

100
	98

100
	Positive ERCP confirmed by sphincterotomy, no apparent confirmation of negative ERCP


Table 4. Studies comparing ERCP to endoscopic ultrasonography, ERCP findings confirmed except for one study (Sugiyama and Atomi, 1998) (cont’d)

	Study
	N
	Population 
	Diagnostic test
	Prevalence

(%)
	Sensitivity

(%)
	Specificity

(%)
	PPV

(%)
	NPV

(%)
	Comments

	Chak, Hawes, Cooper et al., 1999
	36
	Patients with suspected acute biliary pancreatitis
	EUS

ERCP
	33
	91

92
	100

87
	100

79
	95

94
	Positives for either test confirmed with sphincterotomy, negatives not confirmed

	ERCP + sphincterotomy as ref standard

	Sugiyama and Atomi 1998
	35
	Patients with suspected acute biliary pancreatitis
	EUS


	43
	100
	100
	100
	100
	ERCP reference standard, but positive ERCP confirmed with stone removal


Although most of the studies are small, within the limits of the evidence available, it appears that EUS is similar to ERCP in the detection of common bile duct stones.

Review of Evidence:  CTC Performance

Seven sets of findings report the diagnostic characteristics of CTC compared to ERCP for the diagnosis of common bile duct stones (Table 5). The studies varied considerably in the reference standard used.  Three studies used ERCP as a reference standard, 2 studies used an independent reference standard, and 2 studies used ERCP and sphincterotomy findings as a reference standard.  Three variations of CTC were used—no biliary contrast (3 studies, total n=142) , intravenous biliary contrast (2 studies, total n=95) and oral contrast (2 studies, total n=80). This results in a body of literature in which, at most, 2 studies share the same CT technique and reference standard.  The studies by Jimenez Cuenca, del Olmo Martinez, Perez Homs et al. (2001), Neitlich, Topazian, Smith et al. (1997), and Soto, Alvarez, Munera et al. (2000) were rated as “good” quality.

Three sets of findings from 2 studies, all from the same principal author (Soto, Velez, Guzman et al., 1999 and Soto, Alvarez, Munera et al., 2000), used ERCP images as the reference standard. Soto, Alvarez, Munera et al. (2000, n=51), which used  no biliary contrast, showed poor concordance with ERCP (sensitivity 65 percent and 84 percent specificity).  The other two sets of findings (Soto, Velez, Guzman et al., 1999, n=29 and Soto, Alvarez, Munera et al., 2000, n=51), found higher concordance with ERCP when using oral biliary contrast (sensitivities and specificities both greater than 90 percent).

Two studies (Ishikawa, Tagami, Toyota et al., 2000, n=45 and Polkowski, Palucki, Regula et al., 1999, n=50) examined CTC with IV biliary contrast, and both studies used methods where ERCP findings were confirmed.  In both studies ERCP was more sensitive and specific than CTC (Ishikawa, Tagami, Toyota et al., 2000, ERCP 100 percent sensitivity, 100 percent specificity, CTC 71 percent sensitivity, 95 percent specificity; Polkowski, Palucki, Regula et al., 1999, ERCP 91 percent sensitivity, 100 percent specificity, CTC 85 percent sensitivity, 88 percent specificity).

Finally, the two studies that use ERCP sphincterotomy results as the reference standard (Jimenez Cuenca, del Olmo Martinez, Perez Homs et al., 2001, n=40 and Neitlich, Topazian, Smith et al., 1997, n=51) showed sensitivities of 80 percent and 88 percent, respectively, and specificities of 100 percent and 97 percent.  A direct comparison to ERCP cannot be done with these data, but these sensitivities are lower than generally has been shown for ERCP.

In conclusion, most studies show a fair concordance with ERCP diagnosis of common bile duct stones, but in studies which allow a determination of which test is superior ERCP seems to have better sensitivity and specificity.  However, no estimate of the magnitude of this superiority can be made from this evidence.

Table 5. Studies comparing CTC to ERCP, stratified by reference standard and presence and by type of contrast 

	Study
	N
	Population 
	Diagnostic test
	Prev

(%)
	Sens

(%)
	Spec

(%)
	PPV

(%)
	NPV

(%)
	Comments

	ERCP used as reference standard (No biliary contrast)

	Soto, Alvarez, Munera et al., 2000
	51
	Patients referred for ERCP for suspected CBD stones
	CTC


	51
	65


	84


	81


	70


	

	ERCP used as reference standard (Oral biliary contrast)

	Soto, Alvarez, Munera et al., 2000
	51
	Patients referred for ERCP for suspected CBD stones
	CTC with oral biliary contrast


	51
	92
	92
	92
	92
	

	Soto, Velez, Guzman et al.

1999
	29
	Patients referred for ERCP for suspected CBD stones
	CTC with oral biliary contrast

Observer 1

Observer 2
	48
	93

86
	100

100
	100

100
	94

88
	

	ERCP findings confirmed (independent reference standard)

IV biliary contrast 

	Ishikawa, Tagami, Toyota et al., 2000
	45
	Laparoscopic patients undergoing routine preoperative ERCP
	CTC with IV biliary contrast

ERCP
	16
	71

100
	95

100
	71

100
	95

100
	Positive ERCP apparently confirmed during cholecystectomy, negative ERCP unlikely to be confirmed

	Polkowski, Palucki, Regula et al., 1999
	50
	Patients referred for ERCP for suspected CBD stones
	CTC with IV biliary contrast

ERCP
	68
	85

91
	88

100
	94

100
	74

84
	Positive ERCP confirmed by sphincterotomy,  selective confirmation of negative ERCP


Table 5. Studies comparing CTC to ERCP, stratified by reference standard and presence and by type of contrast 

	Study
	N
	Population 
	Diagnostic test
	Prev

(%)
	Sens

(%)
	Spec

(%)
	PPV

(%)
	NPV

(%)
	Comments

	No biliary contrast, ERCP + sphincterotomy findings used as reference standard

	Jimenez Cuenca, del Olmo Martinez, Perez Homs et al., 2001
	40
	Patients referred for ERCP for suspected CBD stones
	CTC 


	50
	80


	100


	100


	83


	ERCP reference standard based on image and/or sphincterotomy findings, not only images

	Neitlich, Topazian, Smith et al., 1997
	51
	Patients referred for ERCP for suspected CBD stones
	CTC 


	33
	88
	97
	94
	94
	ERCP reference standard based on image and/or sphincterotomy findings, not only images


Conclusion

The evidence about the relative performance of EUS compared to ERCP is the strongest, because most of the studies used reference standards which allowed inferences regarding comparative performance.  With some studies showing EUS is better, and other studies showing ERCP is better, and no remarkable outlying results, the weight of the evidence suggest that EUS is similar to ERCP in detecting common bile duct stones.

MRCP has a concordance with ERCP that results in sensitivities and specificities greater than 90 percent in most studies when using ERCP as a reference standard.  Along with evidence limited to one study regarding comparative performance of MRCP and ERCP, MRCP may be slightly worse than ERCP in detecting common bile duct stones.

CTC also has reasonable concordance with ERCP, but the range of sensitivities and specificities is lower, with sensitivities dipping down to the 80 percent level in some studies.  Again with evidence limited to only 2 small studies on the relative performance of CTC to ERCP, it appears that CTC is not as good as ERCP in detecting common bile duct stones.

Although some tests may not perform quite as well as ERCP, the role of these tests in the management of patients with suspected common bile duct stones cannot be determined strictly by an examination of their test characteristics.  The costs and risks of the tests, and the costs and risks of actions based on their results, along with the pretest probability of stone needs to be taken into account to determine the optimal strategy that most efficiently treats patients with suspected common duct stones.

Part I, Section 2:  Outcomes of Treatment Using ERCP for Common Bile Duct Stones—Comparison of Strategies Using ERCP, Surgery, or Medical Management

Introduction

ERCP can both provide diagnosis and treatment of common bile duct stones in one session in a less-invasive manner than an open surgical procedure.  Commonly performed in conjunction with cholecystectomy, it could be performed before or after or, rarely, during surgery.  However, there are risks from the procedure and it may not be successful at removing the common bile duct stones.  Common bile duct exploration was the traditional surgical treatment to remove stones.  This used to be performed with an open surgical incision.  Then laparoscopic cholecystectomy became a common operation, and in order to avoid an open incision, ERCP was used in the diagnosis and removal of common duct stones.  Recently, laparoscopic methods of exploring the common bile duct and removing stones have evolved, making for even more varied potential treatment options.

In order to appropriately evaluate ERCP treatment strategies, studies must properly account for the patients throughout the diagnostic and treatment process, including additional procedures needed for failed initial procedures.  Alternatively, studies can assess outcomes through identical stages of the diagnostic or treatment process.  Complication rates in and of themselves may not be fair measures of outcomes between treatment strategies if the baseline morbidity of procedures (e.g., open common bile duct exploration versus ERCP common duct stone extraction) are very different.  Ideally, a measure of morbidity that could fairly assess both the quantity of procedures and total morbidity endured during each procedure would be a fair comparison between treatment strategies.

Evidence Base

For the purposes of this evidence review, the literature remaining after selection criteria were applied was very thin and spread out over many different research questions. Generally, there was only one or at most, two, studies on a specific comparison of interest.  Study quality assessment is outlined in Table 6. 

Review of Evidence:  ERCP with Laparoscopic Cholecystectomy to Remove Common Bile Duct Stones 

Three randomized controlled trials enrolling a total of 289 patients compared alternative strategies for removal of common bile duct stones in patients undergoing laparoscopic cholecystectomy (Tables 7–9). Although all 3 trials were judged to be of good quality, the evidence is limited because there is only a single study addressing each comparison of interest.  Each trial reported on a different comparison, with respect to both the procedures compared and the patient population selected.

Table 6.  Quality Assessment

	Study

Author, Year


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

	Cuschieri, Lezoche, Morino et al., 1999
	RCT (n=300)

Good comparability

· computerized randomization

· comparable characteristics

	31 patients not treated according to random allocation, reported separately
	Adequate for comparison
	Adequate outcome measures used.


	Those treated to assigned treatment reported as principal findings.  Patients not treated by assigned treatment reported separately.
	good

	Rhodes, Sussman, Cohen et al., 1998
	RCT (n=80)

Uncertain comparability

· randomization technique unknown

· limited data on comparability
	All patients retained for analysis
	Adequate for comparison
	Outcomes were not assessed blindly

Uncertain how morbidity rates determined


	All retained patients analyzed
	Good

	Chang, Lo, Stabile et al., 2000
	RCT (n=59)

Good comparability

· sealed envelope randomization

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

Definition of morbidity not provided
	All retained patients analyzed
	Good


Table 6.  Quality Assessment (cont’d)

	Study

Author, Year

Record Number
	Comparable Initial Groups?
	Comparable Groups Maintained?
	Comparable Performance of Intervention?
	Comparable Measurement of Outcomes?
	Appropriate Analysis
	Summary Evaluation

	Targarona, Ayuso, Bordas et al., 1996
	RCT (n=98)

Good comparability

· stratified randomization with sealed envelopes

· patient characteristics comparable


	2 out of 100 patients excluded because of incorrect randomization
	Adequate for comparison
	Outcomes were not assessed blindly

Short-term morbidity rates do not capture difference in invasiveness between treatments


	All patients retained for short-term outcomes analysis

89/93 surviving patients retained for long term outcomes analysis
	Good

	Trias, Targarona, Ros et al., 1997
	Prospective study with historical control group (n=110)

Good comparability

Patient characteristics comparable
	All patients prospectively identified as eligible enrolled
	Surgical arm may include endoscopic sphincterotomy, more intensive treatment
	Outcomes were not assessed blindly

Short-term morbidity rates do not capture difference in invasiveness between treatments
	All patients retained for short-term outcomes analysis

99/105 surviving patients retained for long term outcomes analysis
	Fair

	Hammarstom, Holmin, Stridbeck et al., 1995
	RCT (n=80)

Good comparability

· random numbers

· patient characteristics comparable


	All potential patients accounted for, few refusals
	Adequate for comparison
	Outcomes not systematically defined or enumerated
	Adequate follow up
	Poor, most results could not be tabulated


Table 6.  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

	Lai, Mok, Tan et al., 1992
	RCT (n=82)

Good comparability

· randomized by consecutive envelopes

· patient characteristics comparable
	82 of 96 patients with severe acute cholangitis enrolled
	Adequate for comparison
	Outcomes were not assessed blindly

Complication rates do not capture difference in invasiveness between treatments


	All patients retained for analysis
	Good

	Leese, Neoptolemos, Baker et al., 1986
	Retrospective observational study (n=82)

Not very comparable

Patients undergoing ERCP older, greater numbers of risk factors
	Not applicable-retrospective study
	Adequate for comparison
	Outcomes were not assessed blindly


	Analysis does not take into account difference in risk factors
	Poor


Table 6.  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

	Adamek, Maier, Jakobs et al., 1996
	Retrospective observational study (n=145)

Fair comparability

Patients comparable on all measured characteristics
	Not applicable-retrospective study
	Adequate for comparison
	Outcomes were not assessed blindly


	Simple unadjusted comparisons
	Fair/poor

	Neuhaus, Zillinger, Born et al., 1998
	RCT (n=60)

Good comparability

· randomization technique unknown

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


	All patients retained for analysis
	Good

	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
	Outcomes were not assessed blindly


	All patients retained for analysis
	Good


Table 6.  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

	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

	Mavrogiannis, Liatsos, Romanos et al., 1999


	RCT (n=153)

Good comparability

· randomization  by sealed envelopes

· Baseline characteristics similar for age, gender, presence of GB and gallstones
	No cross-overs, drop outs reported.
	Adequate for comparison.
	Adequate outcome measures used.

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

	Chopra, Peters, O’Toole et al., 1996
	RCT (n=86)

Good comparability

· Randomization by sealed envelopes

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

Adequate for comparison
	All patients analyzed for short term outcomes, 82/86 followed for long term outcomes
	good


Table 7.  Preoperative versus Postoperative ERCP in Cholecystectomy: Randomized Trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Chang, Lo, Stabile et al., 2000
	59
	59 patients with mild to moderate gallstone pancreatitis, undergoing cholecystectomy after acute pancreatitis

Mandatory preoperative ERCP (n=30) vs. selective postoperative ERCP (n=29) based on IOC findings
	Stone Removal, successful ERCP/ERCP with stones:

Preop ERCP:  12/12, 100%

Postop ERCP:   7/7 ,  100%


	
	Morbidity rates (not defined)

Preop ERCP:  10%

Postop ERCP: 10%


	n.s.
	Hospital stay: mean, median days

Preop ERCP:          11.7,9.5

Post op ERCP:         9.0  , 8

ICU days:  mean, median

Preop ERCP:             1.7, 1

Post op ERCP:          1.9 ,1

Total Costs:

Preop ERCP:  $10,210

Postop ERCP: $8,586
	.04

n.s.

.049


Table 8.  Preoperative ERCP versus Intraoperative cholangiogram and laparoscopic common bile duct exploration in patients undergoing laparoscopic cholecystectomy in patients with suspected common bile duct stones, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Cuschieri, Lezoche, Morino et al., 1999
	269
	Patients with suspected CBD stones needing cholecystectomy

Preoperative ERCP (n=136) versus IOC and laparoscopic CBD exploration (n=133) as initial strategies for removing stones


	Stone clearance:

Preop ERCP:            84%

IOC, LCBDE:          84%


	n.s.


	Conversion to open cholecystectomy:

Preop ERCP:          6%

IOC, LCBDE:       13%

Overall morbidity:

Preop ERCP:       12.8%

IOC, LCBDE:      15.8%

Mortality:

Preop ERCP:         1.5%

IOC, LCBDE:      0.75%
	.08

n.s. 

n.s.
	Hospital stay, mean days:

Preop ERCP:             9

IOC, LCBDE:            6


	<.05




Table 9.  Postoperative ERCP versus laparoscopic exploration of common bile duct in patients with common duct stones found on intraoperative cholangiography, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Rhodes, Sussman, Cohen et al., 1998
	80
	80 patients with CBD stones found on cholangiography during cholecystectomy

Laparoscopic CBD exploration (LCBDE) (n=40) versus postoperative ERCP (n=40)
	Initial clearance of CBD stones:

LCBDE:           75%

Postop ERCP:   75%

Final clearance of CBD stones:

LCBDE:                     100%

Postop ERCP:              93%


	n.s.

n.s.
	Overall Morbidity:

LCBDE:         18%

Postop ERCP: 15%
	n.s.
	Hospital stay, median days:

LCBDE:                      1

Postop ERCP:            3.5


	<.01


Overall, both arms in each of these 3 studies reported similar rates of stone clearance and morbidity, although morbidity was not well defined in two of these trials (Chang, Lo, Stabile et al., 2000; Rhodes, Sussman, Cohen et al., 1998).  Thus, the main outcome of interest is relative resource utilization for each pair of alternative strategies for stone removal.    

Mandatory Preoperative ERCP versus Selective Postoperative ERCP 

Chang, Lo, Stabile et al. (2000) randomized 59 patients undergoing cholecystectomy during recovery from acute gallstone pancreatitis.  Selective postoperative ERCP was based on findings from intraoperative cholangiogram.  Resource utilization was lower in the selective postoperative ERCP group as measured by mean total hospital stay (9.0 vs. 11.7 days, p=0.04), and total costs ($8,586 vs. $10,210, p=0.049)

Preoperative ERCP versus intraoperative cholangiogram and laparoscopic common bile duct exploration (LCBDE)

Cuschieri, Lezoche, Morino et al. (1999) randomized 300 patients undergoing laparoscopic cholecystectomy who had suspected common bile duct stones. In one treatment arm, preoperative ERCP was performed, and sphincterotomy and stone removal was attempted if stones were detected.  In the other treatment arm, LCBDE was performed if stones were detected on intraoperative cholangiogram.  Mean hospital stay was reduced in the LCBDE treatment group (6 versus 9 days, p<0.05).

LCBDE versus Postoperative ERCP

Rhodes, Sussman, Cohen et al. (1998) randomized 80 patients with common bile duct stones found on intraoperative cholangiography during laparoscopic cholecystectomy. The hospital stay was reduced in the LCBDE group (median days, 1 vs. 3.5, p<0.01)

Summary

There is insufficient evidence determine whether there is an optimal strategy for common bile duct stone removal in patients undergoing cholecystectomy. The available evidence suggests that resource utilization is lower when:

(1) selective postoperative ERCP is performed, as compared to routine ERCP prior to cholecystectomy; and 

(2) when laparoscopic common bile duct exploration is performed during laparoscopic cholecystectomy, as compared to adjunctive pre- or postoperative ERCP.

However, since success and complications of ERCP and laparoscopic cholecystectomy with LCBDE may be operator dependent, findings may not be generalizable across clinical settings.  The availability of expertise in LCBDE may be limited at present.

Review of Evidence:  ERCP Sphincterotomy alone versus Definitive Surgery for suspected common duct stones 

Patients at High Surgical Risk

One randomized, controlled trial (Targarona, Ayuso, Bordas et al., 1996) and an observational study derived from the Targarona trial (Trias, Targarona, Ros et al., 1997) addressed whether removal of common duct stones with endoscopic sphincterotomy alone has lower morbidity and mortality than approaches which also remove the gall bladder during initial treatment (Table 10 and Table 11).  The population of interest is patients at high surgical risk if subjected to cholecystectomy. For patients at high surgical risk, there may be advantages to a nonsurgical approach for removing common duct stones during acute symptomatic episodes.  However, there may be differences in long term outcome if the gall bladder is not removed.  Study quality was judged to be “Good” for the Targarona, Ayuso, Bordas et al. (1996) trial, and “Fair” for the Trias, Targarona, Ros et al. (1997) study.

The Targarona and Trias studies included high-risk surgical candidates based on age, cardiac risk, and pulmonary disease.  The technique used in the Targarona, Ayuso, Bordas et al. (1996) study may not be representative of current surgical practice as the investigators performed open cholecystectomy for the definitive surgery arm; only the observational study by Trias, Targarona, Ros et al. (1997) used laparoscopic cholecystectomy. 

Targarona, Ayuso, Bordas et al. (1996; n=98) found that both groups had similar short-term treatment failure, mortality, and morbidity, but initial postoperative length of stay favored endoscopic sphincterotomy alone (5 versus 11 days, p<0.001).  However, over the longer term, the cholecystectomy patients had fewer biliary complications (6 percent versus 21 percent, p=0.04) and fewer readmissions (4 percent versus 23 percent, p<0.01).   Eventually,15 percent of patients in the sphincterotomy group underwent cholecystectomy.

Trias and colleagues performed laparoscopic cholecystectomy with preoperative ERCP as needed in 60 high-risk patients, and compared outcomes the to endoscopic sphincterotomy arm of the Targarona, Ayuso, Bordas et al. (1996) trial.  Short-term and long-term results were similar to the Targarona trial, but initial  hospital length of stay no longer favored the endoscopic sphincterotomy group when compared to laparoscopic, rather than open, cholecystectomy.

Patients Not at High Surgical Risk

One randomized controlled trial by Hammarstrom, Holmin, Stridbeck et al. (1995) enrolled 80 patients with intact gallbladders diagnosed with common bile duct stones on ERCP (Table 12).  Patients either received sphincterotomy alone or open cholecystectomy and common bile duct exploration.  Patients were followed for 5 years.

The study does not coherently define and compare outcomes between treatment groups for the most part; rather, various post-procedure events are unsystematically enumerated, making it difficult to tabulate any overall sense of outcomes.  Total hospital stay (short term and follow up stays) was compared between the groups and was not statistically significantly different (median stay, 13 days sphincterotomy, 16 days surgery, p=ns).  Of patients who received sphincterotomy, 13 were subsequently treated with cholecystectomy, 4 urgently because of acute cholecystitis. The authors also noted that the death rate from non-biliary related causes was higher in the endoscopic sphincterotomy group (30 percent vs. 10 percent, p=0.02).  The authors conclude that the two alternatives are equally effective in the long term, but that due to the difference in heart disease mortality surgery might be the better option.

Summary

The very limited available evidence shows that definitive treatment prevents long term recurrence of biliary symptoms, hospitalization, and need for further treatment.  In high-risk patients as defined in these studies, definitive treatment can be performed with acceptable short term morbidity and equivalent mortality as sphincterotomy alone.  Not all patients develop recurrent problems, so the choice of definitive treatment versus sphincterotomy alone involves the weighing of short term morbidity of treatment, be it sphincterotomy alone, open or laparoscopic surgery, against the probability of recurrent biliary symptoms.

Table 10. Endoscopic sphincterotomy alone versus open cholecystectomy in high risk surgical patients as primary treatment for common bile duct stones, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Targarona, Ayuso, Bordas et al., 1996
	98
	Surgical high risk patients presenting with symptoms consistent with CBD stones

Endoscopic sphincterotomy only (n=50) versus open cholecystectomy and CBD exploration if necessary (n=48)
	Initial failure of treatment:

ES:           12%

Surgery:     6%

Immediate mortality:

ES:             6%

Surgery:     4%


	0.3

.5
	Immediate morbidity:

ES:            16%

Surgery:    23%

LONG TERM

Biliary complications:

ES (n=46):         21%

Surgery(n=43):    6%

Readmissions:

ES:                      23%

Surgery:              4%

Cholecystectomy:

ES:                       15%

Surgery:                 0%

Need for sphincterotomy:

ES:                          2%

Surgery:                   4%
	0.4 

.04

.01

.01

.9
	Post-treatment length of stay, mean days:

ES:               5

Surgery:       11


	.001


Table 11.  Endoscopic sphincterotomy alone versus laparoscopic cholecystectomy (with or without preoperative ERCP) in high risk surgical patients as primary treatment for common bile duct stones, observational studies

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Trias, Targarona, Ros et al., 1997
	110
	Surgical high risk patients presenting with symptoms consistent with CBD stones

Endoscopic sphincterotomy only (n=50) versus laparoscopic cholecystectomy and with preoperative ERCP if necessary (n=60)
	Initial failure of treatment:

ES:           12%

Surgery:     11%

Immediate mortality:

ES:             6%

Surgery:     3%


	n.s.

0.5


	Immediate morbidity:

ES:            16%

Surgery:    18%

LONG TERM

Biliary complications:

ES (n=46):         21%

Surgery(n=53):    4%

P

Readmissions:

ES:                      23%

Surgery:              2%

P

Need for reoperation:

ES:                          15%

Surgery:                   2%
	n.s. 

<.04

<.01

<.01
	Post-treatment length of stay, mean days:

ES:               5

Surgery:       4.4


	n.s.


Table 12. Endoscopic sphincterotomy alone versus open cholecystectomy and CBD exploration in non-high risk surgical patients as primary treatment for common bile duct stones, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Hammarstrom, Holman, Stridbeck et al., 1995
	80
	Patients presenting with CBD stones on ERCP with intact gall bladder

Endoscopic sphincterotomy only (n=39) versus open cholecystectomy and CBD exploration if necessary (n=41)
	Biliary outcomes not coherently tabulated
	
	Biliary complications not coherently tabulated

Deaths from non-biliary related disease

ES:              30%

Surgery:       10%

13 patients in ES group required cholecystectomy on follow up
	0.02
	Total hospitalization days, median

ES:               13

Surgery:        16


	NS


Review of Evidence:  ERCP versus surgery for patients with acute cholangitis

Two studies compared of ERCP treatment to open surgery for patients with acute cholangitis due to common bile duct stones (Table 13 and Table 14). Lai, Mok, Tan et al. (1992) randomized 82 patients diagnosed with common bile duct stones by ERCP to endoscopic nasobiliary drainage or open common bile duct exploration.  This study is from Hong Kong, where oriental cholangiohepatitis is a common cause of common duct stones, and may not generalize to populations with a different spectrum of disease.  Leese, Neoptolemos, Baker et al. (1986) conducted a retrospective review of 43 patients treated with endoscopic sphincterotomy to 28 contemporaneous patients undergoing surgical decompression for relief of cholangitis.

The Leese, Neoptolemos, Baker et al. (1986) study was judged to be of poor quality due to imbalance of patient characteristics between groups.

Acute severe cholangitis is a condition of very high mortality, thus the important outcome is to reduce the acute mortality rate. Both studies show that short-term mortality from acute cholangitis is lower in the ERCP-treated group compared to open surgery.  Lai, Mok, Tan et al. (1992) reported lower hospital mortality (10 percent versus 32 percent, p<0.05) in the group treated with endoscopic nasobiliary drainage.  Despite prognostic factors favoring the open surgery group, Leese, Neoptolemos, Baker et al. (1986) found that mortality at 30 days was lower in the endoscopic sphincterotomy group (5 percent versus 21 percent, p<0.02).

Review of Evidence:  Endoscopic lithotripsy vs. extracorporeal shock wave lithotripsy (ESWL) in stones not removable with standard endoscopic techniques
Two studies compared endoscopic lithotripsy techniques to extracorporeal shock wave lithotripsy (ESWL) in removing common bile duct stones that cannot be removed with standard endoscopic techniques (which includes mechanical lithotripsy) (Neuhaus, Zillinger, Born et al., 1998 and Adamek, Maier, Jakobs et al., 1996; Table 15 and Table 16). In these studies, successful removal of stones is the important outcome.

Neuhaus, Zillinger, Born et al. (1998) randomized 60 patients to ESWL or intracorporeal laser lithotripsy. Adamek, Maier, Jakobs et al. (1996) performed an observational comparison between ESWL (n=79) and intracorporeal electrohydraulic lithotripsy (n=46). 

Neuhaus, Zillinger, Born et al. (1998), found that intracorporeal laser lithotripsy was more successful than ESWL in clearing the bile duct of stones (97 percent versus 73 percent, p<0.05).  Adamek, Maier, Jakobs et al. (1996) found no significant difference between ESWL and electrohydrolic lithotripsy.  

Table 13.  Endoscopic drainage for treatment of acute cholangitis due to common bile duct stones, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Lai, Mok, Tan et al., 1992
	82
	82 patients with acute severe cholangitis due to CBD stones diagnosed with diagnostic ERCP

Nasobiliary drainage placed by ERCP (n=41) versus open CBD exploration (n=41)
	Hospital mortality rate:

ERCP:      10%

Surgery:    32%


	<.03
	Overall complication rate:

ERCP:      34%

Surgery:    66%


	>.05
	
	


Table 14.  Sphincterotomy for treatment of acute cholangitis due to common bile duct stones, observational studies

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Leese, Neoptolemos, Baker et al., 1986
	71
	Retrospective review of patients with acute cholangitis due to CBD stones

Early sphincterotomy (n=43) versus early surgery (n=28)
	30 day mortality

ERCP:      5%

Surgery:    21%


	<.02
	Total % of patients with complications:

ERCP:       28%

Surgery:     57%


	N/A
	Hospital stay, median days:

ERCP:      20 

Surgery     23 


	n.s.


Patients receiving ERCP had  greater baseline medical risk factors than patients having surgery (2 vs. 1, P<.05)

Table 15.  Intracorporeal vs. extracorporeal lithotripsy for common bile duct stones, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Neuhaus, Zillinger, Born et al. 1998
	60
	Patients with stones not removable with ERCP techniques due to impacted stones or inaccessable bile duct. 33 patients with endoscope access, 27 patients with percutaneous access

Extracorporeal shock wave lithotripsy (ESWL) (n=30) versus intracorporeal laser lithotripsy (ILL) (n=30) 
	Bile duct clearance:

ESWL:     73%

ILL:          97%


	<.05
	Not formally enumerated, appeared to be mild
	
	Treatment sessions needed, mean:

ESWL:    3.0

ILL:         1.2

Duration of treatment, mean days:

ESWL:    3.9

ILL:         0.9


	<.001

<.001


Table 16.  Intracorporeal vs. extracorporeal lithotripsy for common bile duct stones, observational studies

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Adamek, Maier, Jakobs et al., 1996
	125
	Patients with stones not removeable with ERCP techniques due to large stone size, impaction, biliary stricture, inaccessable bile duct

Extracorporeal shock wave lithotripsy (ESWL) (n=79) versus intracorporeal electrohydraulic lithotripsy (EHL) (n=46)
	Fragmentation of stones:

ESWL:     97%

EHL:        93%

Bile duct clearance:

ESWL:   79%

EHL:       74%


	n.s.

n.s.
	Not formally compared between treatments
	
	Treatment sessions needed, mean:

ESWL:    2.0

EHL:        1.1

Hospital stay, mean days:

ESWL:    13

EHL:        11


	N/A

N/A


Characteristics of patients, stone size, number of stones, stone location not statistically significantly different between treatment groups.

Review of Evidence:  Endoscopic balloon dilation versus endoscopic sphincterotomy

Two randomized controlled trials (Bergman, Rauws, Fockens et al., 1997 and Ochi, Mukawa, Kiyosawa et al., 1999) compared endoscopic balloon dilation to endoscopic sphincterotomy for removal of common bile duct stones in a total of 312 patients (Table 17). Study quality was judged as “Good” for both trials.  

Concern about possible long term effects of sphincterotomy on biliary function, plus concern about hemorrhage induced by sphincterotomy have led to consideration of dilation of the biliary sphincter as an alternative method to remove common bile duct stones.  Dilation would potentially preserve the function of the biliary sphincter.  However, concern has been raised that pancreatitis may occur more often as a complication after balloon dilation.

However, neither study assesses long term outcomes, so the only outcomes that can be assessed are success in removing common bile duct stones and early complications.  Both studies found that although balloon dilation ultimately produces equivalent stone removal rates (Bergman, Rauws, Fockens et al., 1997, balloon 89 percent success, sphincterotomy 91 percent success; Ochi, Mukawa, Kiyosawa et al., 1999, balloon 93 percent success, sphincterotomy 98 percent).  Some patients in the balloon treatment arm must either cross over or be subject to additional procedures such as mechanical lithotripsy to compensate for the lower initial success rate.  Early complications and follow-up complications were not statistically significantly different in the Bergman, Rauws, Fockens et al. (1997) study.  In the Ochi, Mukawa, Kiyosawa et al. (1999) study, early complications were not statistically different.  Late complications were reported (balloon 4 percent, sphincterotomy 15 percent), but statistical significance tests were not reported.

DiSario, Freeman, Bjorkman et al., (1998) also completed a randomized controlled trial comparing balloon dilation to sphincterotomy, but this trial had only been reported in abstract form in 1998.  The results of this study are summarized here because it is commonly cited in reviews and the findings on post-procedure pancreatitis are striking.  In this randomized controlled trial of 240 patients, stone clearance was achieved in 99 percent of patients.  However, morbidity occurred in 15 percent of balloon dilation patients and 4 percent of sphincterotomy patients (p=0.014)  Most of the morbidity in the dilation group was due to moderate or severe pancreatitis which occurred in 4 patients and resulted in 2 deaths.

Review of Evidence:  Needle-knife fistulotomy versus needle-knife precut papillotomy for the treatment of common bile duct stones in patients with difficult cannulations
Mavrogiannis, Liatsos, Romanos et al. (1999) performed a randomized, controlled trial (n=153) comparing two precutting techniques for cannulating the common bile duct when difficulty is encountered when trying to cannulate the common bile duct. (Table 18).  Needle-knife fistulotomy (NKF) has been proposed as a safer method of precutting than traditional needle-

Table 17.  Endoscopic balloon dilation versus endoscopic sphincterotomy for removal of bile duct stones, randomized trials

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Bergman, Rauws, Fockens et al., 1997
	202
	Patients referred for ERCP for removal of CBD stones, stones visualized

Balloon dilation and stone removal versus sphincterotomy and stone removal
	Stone removal in one session:

Balloon:                  89%

Sphincterotomy:     91%

*9 patients in Balloon group required sphincterotomy to remove stones
	n.s.
	Early complications:

Balloon:                   17%

Sphincterotomy:      24%

Follow-up complications:

Balloon:                   18%

Sphincterotomy:      23%


	n.s.

n.s.
	
	

	Ochi, Mukawa, Kiyosawa et al., 1999
	110
	Patients referred for ERCP for removal of CBD stones, stones visualized, < 15 mm and less than 10 stones

Balloon dilation and stone removal versus sphincterotomy and stone removal
	Stone removal, final:

Balloon:                  93%

Sphincterotomy:     98%

Stone removal after initial procedure (before lithotripsy):

Balloon:                  78%

Sphincterotomy:     94%
	.36

.02
	Early complications:

Balloon:                      2%

Sphincterotomy:         6%

Late complications:

Balloon:                      4%

Sphincterotomy:         15%
	n.s.

n/a


	
	


Table 18.  Needle-knife fistulotomy versus needle-knife precut papillotomy for the treatment of common bile duct stones

	Study
	N
	Population and Interventions
	Outcomes
	P
	Adverse effects, complications
	P
	Resource utilization
	P

	Mavrogiannis, Liatsos, Romanos et al., 1999

	153
	Consecutive patients who required  treatment  of suspected choledocholithiasis who had difficulty achieving  selective CBD cannulation were randomized to either needle-knife fistulotomy (NKF, n=74) or needle-knife precut papillotomy  (NKPP, n=79). 

All patients had biochemical cholestasis and one or more of the following: biliary pain, bile duct cannulation, and gallbladder stones.
	Cannulation success rates (overall):

NKF=90.5%             NKPP=88.6%

Successful stone extraction without lithotripsy

NKF  (40/48) = 83%

NKPP (45/46) =98%

Overall stone extraction

NKF            =100%

NKPP          =100%


	n.s.

.05

n.s.
	Comp (%):  NKF       NKPP 
Bleeding     6.75           5.06

Perforation   2.7          2.53 

Cholangitis  1.35           0       

Pancreatitis     0            7.59

Total           10.81       15.18 

Hyperamylasemia 2.7 17.72

Death                  0        1.26
	n.s.

n.s.

n.s

.05

n.s.

.01

n.s.
	
	


knife precut papillotomy (NKPP), with the potential disadvantage of a smaller opening into the bile duct which may prevent successful stone removal.

Overall success in cannulating the common bile duct (after second attempts) was equivalent between the two techniques (NKF 91 percent, NKPP 89 percent, p=n.s.)  Stone removal without use of lithotripsy was greater for NKPP than for NKF (98 percent versus 83 percent), but final stone removal rates were 100 percent for both groups.  Overall complications were not statistically significantly different (NKF 11 percent, NKPP 15 percent, p=n.s.), but NKPP had a greater pancreatitis rate (7.6 percent versus 0 percent, p<0.05) and a higher rate of hyperamylasemia (17.7 percent versus 2.7 percent, p<0.01).  Both methods appear to be similar in the management of patients with common bile duct stones.

Review of Evidence:  Endoscopic biliary endoprosthesis versus endoscopic sphincterotomy and stone extraction for common bile duct stones in high risk patients

One randomized study (Chopra, Peters, O’Toole, et al., 1996) compared biliary endoprosthesis placement to conventional endoscopic sphincterotomy and stone extraction for patients with common duct stones who were at high risk because of old age or serious debilitating disease.  It was theorized that placement of the endoprosthesis might successfully prevent biliary complications with lower short term morbidity than endoscopic sphincterotomy.

Early complications arising within 72 hours after the procedure were 3/43 in the endoprosthesis group and 7/43 in the endoscopic sphincterotomy group (p=0.18).  Among the 82 patients followed long term for a median of 16 to 20 months, 9 patients in the endoprosthesis group had 11 episodes of cholangitis, and 6 patients in the endoscopic sphincterotomy group developed cholangitis.  Overall, a higher proportion of the sphincterotomy group (86 percent) remained free of biliary complications at 20 months than the endoprosthesis group (64%, p=0.03).  Thus although endoprosthesis placement is as effective and safe as sphincterotomy over the short term, complications and cholangitis are higher over the long term.

Conclusion

Overall, a very thin literature spread out over many different comparisons of interest prevents strong conclusions about any specific treatment comparison.  Keeping in mind this thin literature base, the available evidence suggests that:

· Laparoscopic common bile duct exploration may be better than ERCP strategies to manage cholecystectomy patients with the least resource use.

· Definitive surgery prevents long term complications at acceptable short-term morbidity when compared to sphincterotomy alone in high-risk surgical patients.

· Endoscopic treatment of acute cholangitis reduces short-term mortality when compared to emergency surgery.

· Limited evidence suggests that intracorporeal and extracorporeal lithotripsy methods show similar outcomes in removing large common bile duct stones.

· Limited evidence suggests similar stone removal rates and short-term complications when comparing balloon dilation and sphincterotomy.

· Limited evidence suggests similar stone removal rates and complications when comparing needle-knife fistulotomy to needle-knife precut papillotomy.

· Limited evidence suggests that endoscopic sphincterotomy and duct stone clearance is more effective than biliary endoprosthetic placement for prevention of long term complications in patients considered to be high surgical risks.

Part I, Section 3:  Diagnostic Value of Individual Risk Factors or Predictive Models for Assessing the Likelihood of Having a Common Bile Duct Stone

Introduction

In trying to determine optimum diagnostic and treatment strategies, many investigators have analyzed individual risk factors and combinations of risk factors that may predict the presence or absence of common bile duct stones.  With information about the probability of a common bile duct stone, it may be possible to design a diagnostic and treatment strategy that minimizes patient morbidity and/or minimizes medical resource utilization.

The data reviewed here cannot be directly translated into optimum diagnostic and treatment strategies because there are many possible strategies, given the variety of methods possible to diagnose common bile duct stones (ERCP, MRCP, endoscopic ultrasound, intraoperative cholangiogram) and treat them (preoperative ERCP, laparoscopic common bile duct exploration, postoperative ERCP, expectant management).

However, a few simple principles surface.  From the perspective of the individual patient, the probability of a common duct stone is the key factor in determining which approach may be best. If the preoperative probability of a common bile duct stone is high enough, ERCP tends to become efficient and effective because both diagnosis and therapy can be carried out in a single procedure in one setting.  If the preoperative probability of a common duct stone is low enough, then it may be possible to avoid any diagnostic procedure to diagnose common duct stones and rely on expectant postoperative management with ERCP to manage any stones that were missed.  In the middle range of probability, use of diagnostic tests such as EUS, MRCP, or intraoperative cholangiogram may be efficient methods to treat patients.

All the risk factors or decision rules evaluated in this section have potentially variable cutoff thresholds, so that sensitivity or specificity can be manipulated with the expected trade-offs to produce a particular positive or negative predictive value.  However, at a particular cutoff point that produces the desired predictive value, a superior risk factor or decision rule will have higher sensitivities and specificities than other decision rules, and thus better performance in discriminating between those patients who do and do not have stones.  

For example, suppose that a probability of stone of 60 percent or greater makes preoperative ERCP the optimum strategy for that particular patient.  For example, risk factor A at a particular cutoff produces a positive predictive value of 60 percent, and risk factor B at a particular cutoff point also produces a positive predictive value of 60 percent in the same population.  However, risk factor A only identifies 40 percent of the patients with stones at that cutoff (40 percent sensitive), and risk factor B identifies 80 percent of the patients with stones at that cutoff (80 percent sensitivity).  Thus, using risk factor B, 80 percent of the patients with stones can be managed by a strategy which requires a 60 percent probability of stone to be optimal.

In sum, then, given that the particular cutoff threshold can be varied to meet desired criteria, then the exact sensitivity and specificity calculated in any single study is not important.  The critical factor differentiating any of these risk factors or decision rules is the capability to have both the highest sensitivity and specificity, or in the parlance of diagnostic decision-making, the best receiver-operator characteristic (ROC).  Then the cutoff point can be defined that produces the sensitivities and specificities that result in the desired positive predictive value.  The studies reviewed here did not in general calculate ROC curves.  A risk factor or decision rule with both high sensitivity and specificity would have the best ROC.

Evidence Base

A total of 13 studies with a total of 7,409 patients contributed to the findings reported here.  Most studies reported on several of the individual risk factors, some reported on individual risk factors and a multivariate risk prediction model.

Review of Evidence:  Univariate Risk Factors for Common Bile Duct Stones

The single risk factors commonly examined in studies included clinical jaundice or elevated bilirubin, liver function tests, and ultrasound findings of a dilated common bile duct.  Studies varied in the definitions and cutoff thresholds for the various tests

Five studies (total n=2,661) reported on clinical jaundice as a risk factor (Table 19).  Positive predictive values ranged from 29 percent to 86 percent, sensitivity from 24 percent to 56 percent, and specificity from 87 percent to 99 percent.  Clinical jaundice does not have an exact threshold cutoff value, nor is the reliability of measurement certain.  In general, though, sensitivities are low, specificities are higher, and in the situation of a low prevalence condition such as common bile duct stones, the high specificity drives the predictive values to be high.

Six studies (total n=2369) reported on bilirubin levels.  At varying cutoff levels, positive predictive values ranged from 42 percent to 95 percent, sensitivity from 31 percent to 56 percent, and specificity from 48 percent to 99 percent.  In general, sensitivities were low, specificities higher, and the resulting positive predictive values are reasonably high.

Eight studies (total n=3,551) reported on various liver function tests (Table 20).  Some studies examined more than 1 cutoff level.  There was a broad range of predictive values, sensitivities and specificities for all the different liver function tests examined.  In general, the trade off between sensitivity and specificity can be noted in all the studies.  The studies with cutoff values that produce high specificity tend to have low sensitivity, but this type of cutoff produces the highest positive predictive values.

Ten studies (total n=4,321) reported on the finding of a dilated common bile duct seen on ultrasound (Table 21).  The threshold for a dilated duct varied from 5 to 10 mm, and was undefined in a few studies.  Predictive values ranged from 28 percent to 91 percent, sensitivities from 28 percent to 94 percent, and specificities from 72 percent to 98 percent.  Studies with high sensitivity tend to have low specificity, and vice versa.

Table 19.  Jaundice or elevated bilirubin as a risk factor for CBD stone

	Study
	Population
	% prevalence of stone in population
	n
	Rule tested
	Predictive Value
	Sensitivity
	Specificity
	Comments

	Alponat, Kum, Rajnakova et al., 1997
	Patients with risk factors for CBD stones having ERCP
	32
	192
	jaundice
	67
	56
	87
	

	Barkun, Barkun, Fried et al., 1994
	Patients undergoing lap cholecystectomy who had ERCP
	48
	139
	bilirubin>1.8
	57
	48
	48
	

	Bergamaschi, Tuech, Braconier et al., 1999
	Patients undergoing lap cholecystectomy
	15
	990
	jaundice
	76
	24
	99
	

	Hauer-Jensen, Karesen, Nygaard et al., 1985
	Patients undergoing cholecystectomy
	12
	319
	jaundice

bilirubin>1.5
	29

42
	26

45
	91

91
	

	Kim, Kim, Lee et al., 1997a
	Patients undergoing lap cholecystectomy
	17
	561
	jaundice

bilirubin >2
	52

53
	36

41


	93

92
	

	Koo and Traverso 1996
	Patients undergoing lap cholecystectomy
	12
	420
	bilirubin>1.2
	47
	31
	93
	

	Menezes, Marson, Debeaux et al. 2000
	Patients undergoing lap cholecystectomy
	33
	233
	bilirubin>nl

bilirubin>2xnl
	95

92


	48

31
	98

99
	

	Santucci, Natalini, Sarpi et al., 1996
	Patients undergoing lap cholecystectomy
	9
	697
	bilirubin>3
	83
	56
	82
	

	Trondsen, Edwin, Reiertsen et al., 1995
	Patients undergoing lap cholecystectomy
	38
	599
	jaundice
	86
	46
	95
	


Table 20.  Elevated liver function tests as a risk factor for CBD stone
	Study
	Population
	% prevalence of stone in population
	n
	Rule tested
	Predictive Value
	Sensitivity
	Specificity
	Comments

	Alponat, Kum, Rajnakova et al., 1997
	Patients with risk factors for CBD stones having ERCP
	32
	192
	Any LFT>2xnl

AST > 2xnl

ALT > 2xnl

Alk phos >2xnl

GGT > 2xnl

LDH > 2xnl
	37

41

40

43

35

38
	84

89

87

84

87

68
	33

40

38

46

22

46
	Numbers for any LFT do not make sense, cannot be less sensitive

	Barkun, Barkun, Fried et al., 1994
	Patients undergoing lap cholecystectomy who had ERCP
	48
	139
	AST>120

Alk phos>300
	49

53
	81

79
	25

35
	

	Bergamaschi, Tuech, Braconier et al., 1999
	Patients undergoing lap cholecystectomy
	15
	990
	Alk phos >400 and GGT>200
	87
	58
	99
	

	Hauer-Jensen, Karesen, Nygaard et al., 1985
	Patients undergoing cholecystectomy
	12
	319
	Alk phos>250
	37
	58
	87
	

	Kim, Kim, Lee et al., 1997a
	Patients undergoing lap cholecystectomy
	17
	561
	SGOT>50

SGPT>50

Alk phos>160
	43

39

50
	65

67

75
	82

79

85
	

	Koo and Traverso 1996
	Patients undergoing lap cholecystectomy
	12
	420
	SGOT>44

Alk phos>140
	48

48
	40

31
	94

93
	

	Menezes, Marson, Debeaux et al. 2000
	Patients undergoing lap cholecystectomy
	33
	233
	SGOT>nl

SGOT>2xnl Alkphos>nl

Alkphos>2xnl
	88

93

77

97
	47

35

66

44
	97

99

90

99
	

	Santucci, Natalini, Sarpi et al., 1996

	Patients undergoing lap cholecystectomy
	9
	697
	ALT> 40

AST> 40

GGT>150 

Alk phos>300
	88

76

75

94
	94

78

80

72
	79

78

76

90
	Cutoffs established by ROC analysis, maximize sensitivity and specificity


Table 21.  Dilated CBD as a risk factor for CBD stone
	Study
	Population
	% prevalence of stone in population
	n
	Rule tested
	Predictive Value
	Sensitivity
	Specificity
	Comments

	Alponat, Kum, Rajnakova et al., 1997
	Patients with risk factors for CBD stones having ERCP
	32
	192
	Dilated CBD with stone on ultrasound

Dilated CBD without stone on ultrasound
	72

36
	42

31
	92

74
	

	Barkun, Barkun, Fried et al., 1994
	Patients undergoing lap cholecystectomy who had ERCP
	48
	139
	Dilated CBD, subjective
	64
	53
	73
	

	Bergamaschi, Tuech, Braconier et al., 1999
	Patients undergoing lap cholecystectomy
	15
	990
	CBD > 8mm
	75
	28
	98
	

	Hauer-Jensen, Karesen, Nygaard et al., 1985
	Patients undergoing cholecystectomy
	12
	319
	CBD >10 mm
	34
	63
	92
	

	Kim, Kim, Lee et al., 1997a
	Patients undergoing lap cholecystectomy
	17
	561
	CBD > 10 mm
	61
	94
	88
	

	Koo and Traverso 1996
	Patients undergoing lap cholecystectomy
	12
	420
	CBD> 5mm + 1 mm per decade over age 50
	28
	22
	92
	

	Menezes, Marson, Debeaux et al. 2000
	Patients undergoing lap cholecystectomy
	33
	233
	CBD dilated (not defined)
	91
	51
	97
	

	Santucci, Natalini, Sarpi et al., 1996

	Patients undergoing lap cholecystectomy
	9
	697
	CBD> 8 mm
	74
	59
	72
	


Table 21.  Dilated CBD as a risk factor for CBD stone (cont’d)

	Study
	Population
	% prevalence of stone in population
	n
	Rule tested
	Predictive Value
	Sensitivity
	Specificity
	Comments

	Trondsen, Edwin, Reiertsen et al., 1998
	Patients undergoing lap cholecystectomy
	15
	171
	CBD > 6 mm
	35
	64
	79
	

	Trondsen, Edwin, Reiertsen et al., 1995
	Patients undergoing lap cholecystectomy
	38
	599
	CBD dilated (not defined)
	85
	31
	96
	


In sum, although all the previously mentioned single risk factors for common duct stones have significant associations with the presence of stones, none of them have outstanding ROC characteristics.  The presence of any of these factors certainly increases the probability of the presence of a common bile duct stone, possibly high enough to change clinical decision-making.  However, changing the cutoff value to increase the positive predictive value (by increasing the specificity) usually results in poor sensitivity.

Review of Evidence:  Multivariable Predictors for Common Bile Duct Stones

Four studies (total n=1,461) examined the use of multiple risk factors for prediction of the presence of common bile duct stones (Table 22).  Many studies that simply used the criterion of “any one risk factor” as a prediction rule were not included in this evidence review, as such a criterion has been used for many years to select patients for ERCP and has a known poor specificity and low positive predictive value.

The four studies varied in the analytic technique used to develop the prediction rule.  Hawasli, Lloyd, Pozios et al. (1993) did not use any quantitative technique but defined combinations of risk factors to classify patients at high risk of stones.  Menezes, Marson, Debeaux et al. (2000) developed a logistic model based on age, sex, jaundice, presence of cholangitis, liver function tests, and ultrasound examination of the common bile duct.  Trondsen, Edwin, Reiertsen et al. (1995) used a discriminant analysis technique based on age, bilirubin, alanine aminotransferase, and gamma glutamyltransferase.  In Trondsen, Edwin, Reiertsen et al. (1998), a new rule was not developed, but the previously developed discriminant analysis rule was prospectively validated in a new population of patients.

Thus, except for Trondsen, Edwin, Reiertsen et al. (1998), the findings of the three other studies should be viewed as optimistic estimates of stone prediction, since the performance of the rules was only evaluated on the set of patients used to develop the rule.

All the studies produced decision rules in which both the sensitivity and specificity were greater than 80 percent.  However, these findings should be viewed cautiously, since there has been no independent validation. The prospective validation study by Trondsen, Edwin, Reiertsen et al. (1998) is a particularly strong finding, since the rule was derived from an independent population—the sensitivity was 94 percent and the specificity was 88 percent in an independent set of patients.  The discriminant function cutoff could be varied to increase sensitivity at the expense of specificity or vice-versa, but since both are high the actual discriminative capability of the rule compared to individual risk factors was far superior.

In conclusion, multivariable modeling of risk factors for prediction of common duct stones shows promise as a method of triage for determining appropriate treatments, given that they appear to have superior discriminatory power.  These prediction models have yet to be integrated into clinical decision models to determine optimal cutoffs.

Table 22.  Decision rules for prediction of stones

	Study
	population
	% prevalence of stone in population
	n
	Rule tested
	Predictive value
	Sensitivity
	Specificity
	Comments

	Hawasli, Lloyd, Pozios et al., 1993
	Patients undergoing lap cholecystectomy
	4
	459
	High suspicion combination


	75


	83


	99


	

	Menezes, Marson, Debeaux et al. 2000
	Patients undergoing lap cholecystectomy
	15
	211
	Score>= 2

Score>=3

Based on logistic regress
	56

67
	86

82
	66

80
	

	Trondsen, Edwin, Reiertsen et al., 1995
	Patients undergoing lap cholecystectomy
	38
	599
	Discriminant function
	91
	95
	94
	Rule applied to same data used to develop function

	Trondsen, Edwin, Reiertsen et al., 1998
	Patients undergoing lap cholecystectomy
	17
	192
	Discriminant function
	60
	94
	88
	Same 2 by 2 data as Trondsen, Edwin, Reiertsen et al., 1995, above


Review of Evidence:  Absence of Any Risk Factor as A Predictor of Common Bile Duct Stone Absence
Seven studies (total n=599) examined the prediction of absence of common duct stones (Table 23).  Usually, the absence of any of the known risk factors (all the individual factors reviewed previously) was used as the indicator.  Trondsen, Edwin, Reiertsen et al. (1995) and Trondsen, Edwin, Reiertsen et al. (1998) reviewed previously, are also included here because the discriminant function used to predict stones can also be used to predict the absence of stone.

If the prevalence of stone is low enough in some patients, then some clinicians might avoid use of any diagnostic test to diagnose common duct stones.  Such a case would be very compelling if the probability of stone is in the same range or lower as it is in the case of a negative ERCP examination.  Although ERCP is selectively performed on patients with higher risk of common duct stones, if physicians are willing to believe a negative ERCP, they should be willing to believe a prediction rule if the probabilities of stones are equally low.

The seven studies reported a probability of common duct stones in those predicted not to have stones between a range of 0.25 percent to 7 percent.  In all studies, a reasonable sensitivity for stone-free patients was shown, from 60 percent to 98 percent, and reasonable specificity, 60 percent to 96 percent.  Thus, the decision rules all can identify more than half of the patients that do not have stones.

The strongest finding is Trondsen, Edwin, Reiertsen et al. (1998), in which the same discriminant function which identifies stones can rule out stones with both high sensitivity (88 percent) and specificity (94 percent).  This study is also a validation study of an independently developed discriminant function, which further increases its validity.

These probabilities of stones compare quite favorably to the probabilities of stones in patients having a negative ERCP.  If the probability is calculated, using the equation “1-NPV” and some of the reported NPVs of the ERCP studies in the section of this report comparing ERCP to EUS, a range of stone probabilities is calculated from 0 percent to 17 percent.

In conclusion, the absence of any risk factors for stones (or a discriminant function indicating absence of stone) is a very strong predictor of the absence of stones, producing probabilities of stones that are in the same range as a negative ERCP exam in a patient with risk factors for stones.

Conclusions

The probability of a common duct stone is the key factor to determining diagnostic and treatment strategies.  When preoperative probability of a common bile duct stone is high enough, ERCP may be preferred because diagnosis and therapy can be carried out in a single procedure.   If the preoperative probability of a common duct stone is low enough, then expectant management may be preferred in order to avoid unnecessary procedures.  In the middle range of probability, use of diagnostic tests such as EUS, MRCP, or intraoperative cholangiogram may be used to further discriminate  patients with high or low probability of common bile duct stones. 

Table 23. Rules ruling out stones, absence of stone is the outcome

	Study
	population
	% prevalence of stones in population
	n
	Rule tested
	Prevalence of stone in those ruled out by rule (1 – PPV)
	Sensitivity--% of stone-free patients detected by rule
	Specificity--% of patients with stones ruled out by rule
	Comments

	Carroll, Phillips, Rosenthal et al., 1996
	Patients undergoing lap cholecystectomy
	15
	100
	Normal LFTs, CBD, past history
	4
	61
	87
	

	Hawasli, Lloyd, and Cacucci 2000
	Patients undergoing lap cholecystectomy
	5
	2834
	Normal LFTs, CBD, past history
	0.25
	89
	96
	Hawasli, Lloyd, Pozios et al. 1993 results of this same question included in these data

	Khaira, Ridings, and Gompertz 1999
	Patients undergoing lap cholecystectomy
	5
	154
	Normal LFTs,

CBD, past history
	1
	60
	88
	

	Koo and Traverso 1996
	Patients undergoing lap cholecystectomy
	12
	420
	Normal LFTs,

US, past history
	7
	78
	60
	

	Santucci, Natalini, Sarpi et al., 1996

	Patients undergoing lap cholecystectomy
	9
	697
	Normal LFTs,

US, past history
	1.4
	98
	86
	Clinical followup to detect stones in patients with no indications

	Trondsen, Edwin, Reiertsen et al., 1998
	Patients undergoing lap cholecystectomy
	17
	192
	Discriminant function value negative
	1.4
	88
	94
	Rule applied to validation set of patients

	Trondsen, Edwin, Reiertsen et al., 1995
	Patients undergoing lap cholecystectomy
	38
	599
	Discriminant function value negative
	3
	94
	95
	Rule applied to same data used to develop function


Thirteen studies with a total patient population of 7,409 patients that reported multiple findings of sensitivities and specificities of a single or combination of risk factors to predict the presence of common bile duct stones were reviewed.
The single risk factors most commonly assessed were clinical jaundice or elevated bilirubin, liver function tests, and ultrasound findings of a dilated common bile duct.  All have significant associations with the presence of common duct stones, but none have both high sensitivity and specificity.

Four studies tested prediction rules based on combinations of risk factors for the presence of stones.  All the studies produced decision rules in which both the sensitivity and specificity were greater than 80 percent.  These findings must be viewed cautiously, since only one study was a validation of an independently developed prediction rule.  Presently, multivariable modeling of risk factors for prediction of common duct stones is a promising approach.

The absence of any risk factors for stones (or a discriminant function indicating absence of stone) is a very strong predictor of the absence of stones, producing probabilities of stones that are in the same range as a negative ERCP exam in a patient with risk factors for stones (0 percent to 17 percent).
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