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Abstract
Background Detection of common bile duct (CBD) stones in patients with acute biliary pancreatitis (ABP) proves
challenging. We hypothesized that grouping clinically significant predictors would increase reliability of detection.
Methods A retrospective review was performed of 144 consecutive patients who presented to a single tertiary care
institution from 2002 to 2007 with ABP.
Results Of the 144 patients, 32 had a persistent CBD stone. Following multivariate analysis, admission CBD size on
ultrasound, gamma glutamyl transferase (GGT), alkaline phosphatase (AP), total bilirubin (TB), and direct bilirubin (DB)
significantly correlated with persistent CBD stone. Receiver operator curve analysis and linear regression were applied to
obtain optimal and equitable predictive values, and variables combined. Optimal values were: CBD≥9 mm; AP≥250 U/l;
GGT≥350 U/l; TB≥3 mg/dl; and DB≥2 mg/dl. Presence of five variables had an associated odds ratio (OR) of 53.1 (p<
0.001) and four variables an OR of 8.97 (p=0.004) for presence of persistent CBD stone. Zero variables conferred a
significantly decreased probability of CBD stone, OR 0.15 (p<0.001). Presence of one to three variables did not predict
presence of CBD stone.
Conclusion Presence of four or five variables significantly correlated with persistent CBD stone. Biliary evaluation by
endoscopic retrograde cholangiopancreatography is suggested, as initial magnetic resonance cholangiopancreatography
(MRCP) may only increase cost and delay time to intervention. In the absence of any variable, biliary evaluation by
intraoperative cholangiogram may be sufficient. Decisions regarding patients with one to three variables should occur on a
case-to-case basis. Initial biliary evaluation by MRCP is likely preferable, however, as no increased probability of CBD
stone was identified, thus not warranting risks associated with intervention.
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ERCP.MRCP. Laparoscopic cholecystectomy . Common
bile duct

Introduction

Acute biliary pancreatitis (ABP) accounts for 40% of
pancreatitis cases diagnosed worldwide.1,2 Proposed mech-
anisms for ABP pathogenesis include reflux of bile into the
pancreatic duct or transient obstruction of the ampulla of
Vater by biliary sludge or stone.2,3 The majority of biliary
stones pass spontaneously; however, risk of persistent
ampullary obstruction increases with advanced patient age
and stone size less than 5 mm.3 Complications of persistent
common bile duct (CBD) stone include sepsis, hemorrhage,
and necrotizing pancreatitis, and occur with increased
frequency when duct obstruction persists greater than
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48 h.3–6 Persistent CBD stones may also increase ABP
mortality rate. Autopsy studies demonstrate CBD stones in
up to 60% of patients with mortality secondary to ABP.5

Detection of persistent CBD stones in patients presenting
with ABP remains challenging, as no reliable predictive
parameters exist.7–9 Proper identification of ABP patients
with CBD stone is central for selective biliary evaluation,
prevention of disease progression, and assistance with
perioperative planning.10–16 The purpose of this study was
to increase reliability of CBD stone detection in patients
presenting with ABP. We hypothesized that grouping
clinically significant predictors, as opposed to individual
values, would increase reliability of detection. Identifying
the subset of patients with a high probability of persistent
stone will facilitate appropriate selection of biliary evalu-
ation modality, potentially decreasing negative imaging and
intervention.

Methods

Following approval by the Mount Sinai School of
Medicine Institutional Review Board, a retrospective
review was performed of 144 consecutive patients with
ABP who presented to The Mount Sinai Medical Center
from 2002 to 2007. Patients were identified through an
administrative database by use of ICD-9 577.0 identifica-
tion code for acute pancreatitis alone and in conjunction
with ICD-9 codes for cholecystectomy (51.2, 51.21,
51.22, 52.23, and 51.24). Clinical diagnosis of ABP was
confirmed by elevated pancreatic enzymes and ultrasound
findings of cholelithiasis at time of hospital admission.
Minors, patients with history of alcohol abuse, known
history of pancreatitis secondary to hereditary or medical
factors, patients with cholangitis, and patients with history
of cholecystectomy were excluded from the study.
Standard of care at our institution is performance of
cholecystectomy during same hospital admission for ABP
when feasible.

Patient demographics, medical, social, and surgical
history, and physical exam on admission were assessed.
Ranson’s score was determined from presentation labora-
tory values. Hospital course including laboratory values,
radiographic studies (ultrasound, computed tomography
scan, and magnetic resonance cholangiopancreatography
[MRCP]), interventions (endoscopic retrograde cholangio-
pancreatography [ERCP] and cholecystectomy), pathology
report, length of hospital stay, morbidity, and mortality
were reviewed. Laboratory values were trended daily from
admission to discharge. Decisions regarding preoperative
biliary evaluation, choice of ERCP versus MRCP for
biliary assessment, and time to laparoscopic cholecystecto-
my were determined by the individual physician.

Statistical Evaluation

Univariate analysis by unpaired Student t test with two-tail
distribution was used for quantitative variables and chi-
square test for categorical variables. Multivariate logistic
regression models were used to estimate odds ratios and an
associated 95% confidence interval. Final multivariate
models were created by elimination of non-significant
variables from univariate analysis. Once significant values
were identified, “cut-off” points were determined. Receiver
operator curves (ROC) were plotted and linear regression
applied to obtain optimum predictive values. Optimum
values were determined as data points that provided the
most favorable and equitable combination of sensitivity and
specificity between variables. Significant variables were
grouped and odds ratio with 95% confidence interval
calculated for patients based on total variables present on
admission. PRISM 2.0 software (San Diego, CA, USA;
2003) was used for all analysis and statistics were reviewed
with a statistician.

Results

From 2002 to 2007, 144 patients with ABP qualified for the
study. Analysis of initial management demonstrated 69
(48%) patients underwent biliary evaluation, 29 patients by
MRCP, and 40 ERCP. All biliary evaluation occurred
within 72 h of admission. Of the 29 patients who underwent
MRCP, 11 (38%) patients had CBD stone. Of the 11
patients with positive MRCP, 100% had CBD stone on
subsequent ERCP. One subsequent ERCP failed secondary
to anatomical difficulty and the patient required CBD
exploration. Forty patients underwent initial ERCP of
which 16 (40%) were positive for CBD stone. All ERCP
were successful. Twelve patients underwent sole sphincter-
otomy, two sole stent placement, two both sphincterotomy
and stent placed, and three patients had neither.

Of the 144 patients, 100 (69%) underwent cholecystec-
tomy on same admission. Mean time to cholecystectomy
was 7.6 days (range 4–22 days). Sixty-one (61%) patients
underwent cholangiogram at time of cholecystectomy, of
which five patients had incidental discovery of CBD stone.
All five patients did not undergo preoperative biliary
evaluation and were successfully managed by postoperative
ERCP.

A total of 32 patients (22%) were identified with a CBD
stone. Table 1 demonstrates univariate comparison of
patients with and without persistent CBD stone. Patients
were well matched by age, gender, comorbidity, history of
pancreatitis, and severity of ABP as assessed by Ranson’s
score on presentation. Following univariate analysis of
admission variables, multivariate logistic regression models
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were created by elimination of non-significant univariate
variables. Increased CBD size on admission ultrasound
(US), increased admission alkaline phosphatase (AP), total
bilirubin (TB), direct bilirubin (DB), and gamma glutamyl
transferase (GGT) significantly correlated with presence of
persistent stone. Significant variables with associated odds
ratio (OR) and 95% confidence interval (CI) are presented
in Table 2.

Receiver operator curves were plotted and linear
regression applied to determine optimum cut-off values.
Optimal values were those that maintained the most
equitable and favorable balance of sensitivity and specific-
ity between variables and are demonstrated by Fig. 1 and
Table 3. Optimal values were determined as admission
ultrasound CBD≥9 mm, AP≥250 U/l, GGT≥350 U/l, TB≥
3 mg/dl, and DB≥2 mg/dl. Selected cut-off points had
comparable sensitivity and specificity for correlation with
CBD stone, which allowed for equal weighting when
variables were grouped. Table 4 demonstrates results after
variable grouping and application to our patient population.
Patients with five clinical variables present on admission
had an OR of 53.1 (p<0.001) for presence of persistent
CBD stone. Patients with any four clinical variables had an
OR of 8.97 (p=0.004) for presence of CBD stone. No
increased correlation with persistent CBD stone was
demonstrated in patients with any combination of one to
three variables.

Parameter (+) CBD stone (−) CBD stone p value

(n=32) (n=112)

Mean age (years) 58 58 0.84

Gender

M 15 (47%) 57 (51%) 0.66

F 17 (53%) 54 (49%) 0.66

History of pancreatitis 5 (15%) 18 (16%) 0.94

Symptom duration (n=23) (n=75)

<24 h 5 (22%) 32 (43%) 0.07

24–48 h 4 (17%) 20 (26%) 0.33

>48 h 14 (61%) 23 (31%) 0.009

Admission ultrasound (n=30) (n=109)

CBD size (mm) 10.0 6.2 <0.0001

Mean admission values (n=32) (n=112)

AP (U/l) 315.3 158.9 <0.0001

GGT (U/l) 548.7 320.9 0.031

TB (mg/dl) 4.3 2.2 0.002

DB (mg/dl) 3.2 1.4 0.006

AST (U/l) 222.3 233.5 0.88

ALT (U/l) 229.4 201.4 0.61

LDH (U/l) 350.3 450.2 0.20

Amylase (U/l) 1,057.2 1,079.7 0.64

Lipase (U/l) 12,458.2 13,012.5 0.48

WBC (×103/mm3) 10.1 10.7 0.51

Admission Ranson’s score (n=22) (n=80)

0–1 16 (73%) 43 (54%) 0.11

2 4 (18%) 24 (30%) 0.27

3 2 (9%) 11 (14%) 0.56

4 0 1 (1%) 0.60

5 0 1 (1%) 0.60

Table 1 Univariate Analysis of
Patients with ABP with and
without CBD Stone

Table 2 Significant Variables Following Multivariate Analysis of
Significant Univariate Variables

Parameter OR 95%CI p value

CBD≥10.0 mm 6.6 [2.1–20.71] 0.0014

AP≥315 U/l 22.43 [5.7–88.8] <0.0001

TB≥4.3 mg/dl 5.7 [1.7–19.7] 0.0025

DB≥3.2 mg/dl 3.2 [1.1–9.0] 0.03

GGT≥548 U/l 4.3 [1.6–12] 0.003
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Retroactive application of grouped variables to the 69
patients who underwent preoperative biliary evaluation
demonstrated 78% of patients with one to three variables
had negative biliary evaluation (variables present [negative
evaluation]=0 [78%], 1 [71%], 2 [57%], 3 [63%]). For

patients with four to five variables, 92% had CBD stone on
biliary evaluation.

Discussion

Our study identified five clinical variables on hospital
presentation: CBD size on ultrasound, AP, GGT, TB, and
DB, which significantly correlated with presence of
persistent CBD stone. Several studies have also identified
individual clinical parameters that correlate with persistent
CBD stone.7–9,17 Lin et al. identified initial CBD size on
ultrasound and AST as significant predictors of CBD stone
in patients with ABP.18 A study by Chang et al.
demonstrated TB, ALT, and AP as significant clinical
variables, with hospital day 2 TB as the most accurate
predictor.7 Cohen et al. demonstrated rise in any serum
chemistry within 24–48 h of hospital admission correlated
with a persistent CBD stone in 31% of patients.8 To date,
however, no individual laboratory value or trend has proven
to reliably identify ABP patients at high risk of persistent
CBD stone. As the majority of CBD stones pass spontane-
ously within 48 h, it is not surprising that a significant
proportion of biliary evaluation in patients with abnormal
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Figure 1 ROC analysis area under the curve (AUC) calculation for
individual clinical predictors of CBD stone in patients with acute
biliary pancreatitis.

“Cut-off” Sensitivity 95% CI Specificity 95% CI

Admission CBD on ultrasound

<5 mm 5 mm 0.35 0.26–0.46 0.94 0.88–0.97

5.1–8.9 mm 9 mm 0.49 0.41–0.57 0.87 0.79–0.94

9–11 mm 11 mm 0.77 0.71–0.82 0.49 0.39–0.59

>11 mm

Admission AP

<150 U/l 150 U/l 0.36 0.30–0.43 0.96 0.92–0.98

151–250 U/l 250 U/l 0.51 0.47–0.56 0.84 0.78–0.89

251–350 U/l 350 U/l 0.71 0.68–0.74 0.49 0.4–0.56

>351 U/l

Admission GGT

<150 U/l 150 U/l 0.42 0.31–0.52 0.82 0.75–0.86

151–350 U/l 350 U/l 0.62 0.57–0.74 0.64 0.59–0.72

351–450 U/l 450 U/l 0.93 0.88–0.96 0.45 0.39–0.42

>451 U/l

Admission TB

<2 mg/dl 2 mg/dl 0.27 0.17–0.38 0.9 0.83–0.94

2.1–3 mg/dl 3 mg/dl 0.49 0.39–0.59 0.8 0.75–0.85

3.1–4 mg/dl 4 mg/dl 0.65 0.55–0.73 0.72 0.65–0.77

>4 mg/dl

Admission DB

<1 mg/dl 1 mg/dl 0.29 0.21–0.38 0.95 0.91–0.98

1.1–1.9 mg/dl 2 mg/dl 0.47 0.4–0.54 0.87 0.81–0.91

2.0–2.9 mg/dl 3 mg/dl 0.61 0.54–0.67 0.75 0.69–0.82

>3.0 mg/dl

Table 3 Determination of Opti-
mal Clinical Values Based on
Sensitivity and Specificity with
95% Confidence Interval [CI] of
Clinical “Cut-Off” Values
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liver function tests result in negative studies. We hypoth-
esized that the combined predictive ability of significant
admission clinical variables would be more reliable at
identifying patients with persistent, rather than passed,
CBD stone.

Based on this hypothesis, cut-off points with compa-
rable sensitivity and specificity were selected to allow
variables to be equally weighted and grouped. Assess-
ment of our study population demonstrated that patients
with four or five clinical variables were at significantly
increased risk for persistent CBD stone. Patients with
five variables had an OR of 53.1 (p<0.001) with 100%
PPV for presence of CBD stone and for those with four
variables, a calculated OR of 8.97 (p=0.004) with 71%
PPV. In addition, 92% of patients with four or five
variables on admission who underwent preoperative
biliary evaluation were found to have persistent CBD
stone. While the retrospective nature of this paper
precludes definitive recommendations, this finding strong-
ly supports biliary evaluation by ERCP for patients in
whom four or five variables are present, as MRCP may
only delay time to intervention. Endoscopic ultrasound
(EUS) is recommended prior to ERCP where available.
Within the past several years, EUS has emerged as a
highly sensitive and specific modality for detection of
biliary stones.19 Studies demonstrate that the use of EUS
prior to ERCP decreases negative ERCP rates in up to
75% of patients with ABP.20,21 Performance of EUS prior
to ERCP adds minimal procedural time and precludes
performance of unnecessary intervention.19–21

Patients in whom any one to three clinical variables
were present demonstrated no significantly increased
probability of persistent CBD stone. However, when
retroactively assessed, 22% of patients were found to
have persistent CBD stone on biliary evaluation. While
decisions regarding biliary evaluation for this patient
subset should occur on a case-to-case basis, preoperative
biliary imaging by MRCP is likely preferable with
subsequent ERCP in patients with positive imaging.
MRCP has a 91% sensitivity and 98% specificity for
detection of choledocholithiasis and is advantageous as

it is a non-invasive procedure with negligible complica-
tion rate.22,23 MRCP is preferential as many studies will
likely be negative, not warranting the 5–10% morbidity
rate associated with ERCP.10,15

Of note, patients with zero clinical variables were at
significantly decreased risk for persistent CBD stone. For
this subset of patients, our study suggests biliary evaluation
by cholangiogram (IOC) at time of cholecystectomy may
be sufficient. Although debated within the literature, at our
institution biliary, evaluation with IOC at time of cholecys-
tectomy in patients with ABP remains the standard of care.9

The authors strongly recommend performance of cholan-
giogram, in the absence of preoperative biliary imaging, as
a means to ensure patients with asymptomatic choledocho-
lithiasis are identified.

The necessity for improved reliability of persistent
CBD stone detection in patients with ABP is empha-
sized by the significant rate of negative MRCP and
ERCP reported within literature, varying from 50% to
80% and 40% to 70%, respectively.8,17,18,21 Our institu-
tion is no exception. Sixty-two percent of patients
underwent negative MRCP and 60% negative ERCP
which is disconcerting as biliary evaluation for ABP
patients is not standard and based on physician assess-
ment. This finding further highlights the inaccuracy of
current evaluation criteria utilized to identify persistent
CBD stones in patients with ABP. Grouping clinical
variables may facilitate appropriate selection of initial
biliary evaluation in patients presenting with ABP. While
future prospective application is necessary, this study
identified a combination of clinical variables which
significantly correlated with presence of persistent CBD
stone. In addition, we identified a subset of patients with a
significantly negligible risk. Although methodological
limitations preclude conclusive recommendations, this
study suggests that evaluation by ERCP for patients with
four or five clinical variables and cholangiogram for
patients with zero variables is appropriate. For patients
presenting with one to three variables, individual assess-
ment is necessary; however, initial evaluation by MRCP,
rather than ERCP, appears preferable.

Table 4 Combined Variables and Associated Positive Predictive Value (PPV), Odds Ratio (OR), and 95% Confidence Interval (CI)

No. of variables (+) CBD stone (n=32) (−) CBD stone (n=112) PPV OR±95% CI p value

0 18% 60% 0.09 0.15 [0.04–0.48] 0.0007

1 14% 21% 0.19 0.61 [0.16–2.4] 0.47

2 13% 6% 0.43 2.3 [0.5–11.4] 0.36

3 5% 10% 0.14 0.43 [0.1–6.4] 0.44

4 23% 3% 0.71 8.97 [1.6–50.4] 0.004

5 27% 0% 1.0 53.1 [6.8–581.2] 0.0002
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