Indian J Gastroenterol (May—June 2016) 35(3):173-178
DOI 10.1007/s12664-016-0655-y

\ OF GASTp
e\\‘“‘\ %y,
s %,
o
]

@ CrossMark

ORIGINAL ARTICLE

oy,
[ ]
[

Scoring system to preoperatively predict choledocholithiasis

Sheshang U. Kamath' - Satish B. Dharap1 - Vineet Kumar'

Received: 30 December 2015 / Accepted: 27 March 2016 /Published online: 5 May 2016

© Indian Society of Gastroenterology 2016

Abstract

Background The incidence of common bile duct (CBD) cal-
culi has been reported to be 8 % to 20 % among the patients
with cholelithiasis. Failure to detect CBD stones on the part of
the surgeon not only fails to relieve symptoms but also sub-
jects them to potentially life-threatening complications such as
cholangitis, pancreatitis or obstructive jaundice. Modalities
for detection of CBD stones have evolved over time from
CBD exploration based on clinical and operative findings to
intraoperative cholangiography (IOC), to endoscopic retro-
grade cholangiopancreaticography (ERCP) and, recently, to
magnetic resonance cholangiopancreaticography (MRCP)
and endoscopic ultrasonography (EUS). We felt a need for a
scoring system to predict a patient population having a higher
risk of choledocholithiasis so that these modern interventions
can be selectively utilized.

Setting This study was performed in a tertiary care medical
college hospital in a metropolitan city.

Design This is a prospective observational study.

Methods All patients with symptomatic cholelithiasis admit-
ted to the hospital were included. Patients were diagnosed as
having choledocholithiasis either by ultrasonography (USG),
computed tomography scan, MRCP, EUS or ERCP and were
followed up for at least 6 weeks.

Results The prevalence of choledocholithiasis among the 275
patients with symptomatic biliary colic in our study was
18.9 % (n="77). On bivariate analysis, dilated bile duct on
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USG (>6 mm), raised total bilirubin, raised alkaline phospha-
tase (ALP), raised amylase, raised SGPT and SGOT were
significantly associated with choledocholithiasis (»<0.05).
On multivariate analysis also, all these factors except amylase
and SGPT showed a significant correlation with choledocho-
lithiasis (p<0.05). These observations were used to build a
scoring system consisting of four factors: dilated bile duct on
USG (>6 mm), total bilirubin >2 mg/dL, ALP >190 IU/L and
SGOT >40 IU/L.

Conclusion A positive predictive value of 3 or more factors
was over 95 %, necessitating an endoscopic intervention. A
negative predictive value of the absence of any factor was
100 %, which ruled out CBD calculi. If only one or two factors
are positive, then further evaluation is recommended prefera-
bly using non-minimal or minimal invasive investigations like
EUS or MRCP.

Keywords Cholecystectomy - Choledocholithiasis - ERCP -
Predictive factors

Background

Common bile duct (CBD) stones constitute the main etiology
of non-malignant biliary obstructions. The quoted prevalence
of CBD stones in patients with symptomatic gallstones varies
but probably lies between 8 % and 20 % [1]. The manifesta-
tion of choledocholithiasis is variable. Patients may be asymp-
tomatic or may present with severe abdominal pain with or
without fever or jaundice and, at times, potentially life-
threatening complications. More commonly, stones obstruct
the lumen of the CBD, causing potentially life-threatening com-
plications that may include obstructive jaundice, gallstone pan-
creatitis or ascending cholangitis. Fortunately, some patients
with choledocholithiasis are spared by this degree of illness.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12664-016-0655-y&domain=pdf

174

Indian J Gastroenterol (May—June 2016) 35(3):173-178

With the advent of ultrasound, an early diagnosis of chole-
lithiasis has been possible. Today, laparoscopic cholecystecto-
my (LC) is considered as the gold standard for treatment of
cholelithiasis. However, a surgeon needs to rule out the pres-
ence of choledocholithiasis and treat the same if present.
Historically, exploration of the CBD was recommended in
patients with a history of jaundice or pancreatitis, operative
findings of multiple gallbladder stones, single-faceted stone,
dilated CBD and palpable stone in the bile duct. Observance
of these criteria for CBD exploration led to a significant pro-
portion of unnecessary CBD explorations, and a patient suf-
fered complications like prolong T-tube drainage and biliary
stricture [2].

To avoid these complications, intraoperative cholangiogra-
phy (IOC) was introduced which meant the availability of a
portable X-ray machine and increased operative time of 30
+ 10 min [3]. With the development of fibreoptic technology,
endoscopic retrograde cholangiopancreaticography (ERCP)
gradually replaced IOC as a preferred investigation for detec-
tion of choledocholithiasis [4]. The major advantage was its
therapeutic role in clearing the CBD off stone and achieving
drainage by stent insertion. However, when used as a diagnos-
tic investigation alone, the risks of complications like
pancreatitis, cholangitis and iatrogenic injuries were
unacceptable. The development of magnetic resonance
cholangiopancreaticography (MRCP) and endoscopic ultraso-
nography (EUS) has provided a safe alternative for detecting
CBD stones. However, owing to the cost and the limited avail-
ability of these investigations, we felt a need for a scoring
system to predict a patient population having a high risk of
choledocholithiasis so that these modern interventions can be
selectively utilized.

This study was designed to assess if common clinical, bio-
chemical and imaging parameters predict the presence of
CBD calculi in patients with gallstones.

Methods

The prospective observational study was conducted in a ter-
tiary care medical college hospital in Mumbai from February
2014 to November 2015 after the approval by the institutional
ethics committee. All patients admitted with a symptomatic
gallstone disease, who were willing to participate, were
screened for choledocholithiasis. Patients with incomplete da-
ta set were excluded.

All patients were initially evaluated with a detailed
history of presenting symptoms like pain and vomiting
and history of jaundice and pancreatitis, followed by de-
tailed clinical examination. A blood work up of all these
patients included complete hemogram, total and direct
bilirubin, alkaline phosphatase (ALP), SGOT and SGPT,
serum amylase and lipase, prothrombin time/international
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normalized ratio and blood urea nitrogen and creatinine.
All the patients underwent chest X-ray—PA view and ab-
domen erect—AP view, transabdominal ultrasonography
(USG) and contrast-enhanced computed tomography
(CECT) to rule out other causes of abdominal pain.
Patients with USG or CECT with oral contrast and blood
investigations suspicious of choledocholithiasis
underwent MRCP or EUS.

Choledocholithiasis was diagnosed by confirming the pres-
ence of stone in the bile duct in any of the imaging investiga-
tions (i.e. ultrasonography, CT scan, EUS or MRCP) or in
ERCP. The first-line management of choledocholithiasis was
endoscopic clearance (with or without stenting). Whenever an
endoscopic clearance was not successful, open CBD explora-
tion with T-tube drainage or biliary-enteric bypass was carried
out. Cholecystectomy was performed by an open technique
whenever a laparoscopic approach was not possible or when-
ever open bile duct exploration was conducted. All the blood
investigations done on admission were repeated 6 weeks post
intervention and compared. Six weeks post intervention, fol-
low up USG was done to evaluate the gallbladder fossa/bile
duct status/liver parenchyma and to assess for residual stones
or bile duct calculi in patients previously operated for
cholelithiasis.

Patients were grouped according to an age range of 20—
40, 41-60 and >60 years, and its association with choled-
ocholithiasis was analyzed. Gender of the patients as well
as history of pancreatitis and cholangitis were document-
ed. Blood investigations like ALP, total bilirubin and am-
ylase were dichotomised at 180 IU, 2 mg/dL and 90 IU,
respectively, based on the institutional cut-off values.
SGOT and SGPT were also dichotomised and associated
at 40 IU each, and its association with choledocholithiasis
was analyzed. Patients having a CBD size of >6 mm on
USG were considered to have a dilated CBD, and its
association with the diagnosis of choledocholithiasis was
also studied. The cohort of patients with choledocholithi-
asis was compared to the cohort of patients having gall-
bladder stones alone. The parameters/variables compared
were age, gender, history of jaundice or pancreatitis or
cholangitis, liver function tests, serum amylase and CBD
size on ultrasonography.

Categorical and nominal variables were compared using
chi-square and Fisher’s exact tests. Variables that were found
in the bivariate analyses to have a statistically significant
(p<0.05) prediction of choledocholithiasis were included in
the multiple predictors logistic regression to identify the inde-
pendent effect of these variables on the diagnosis of
choledocholithiasis.

ERCP was considered as the gold standard for diagnosing
choledocholithiasis, and all the patients of biliary colic were
followed up at 6 weeks to further undergo blood investiga-
tions and USG to diagnose any missed CBD stones.
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Results

Of the 407 patients of symptomatic gallstone disease satisfy-
ing the inclusion criteria, 77 patients were diagnosed of cho-
ledocholithiasis from a period of February 2014 to November
2015. Thus, the prevalence of choledocholithiasis was 18.9 %.
The age range was from 22 to 79 years [mean age of
40.1 years, standard deviation (SD) of 1.934, median of
39 years, interquartile range (IQR) of 32-47 years]. There
were 98 men (24 %) and 309 women (76 %).

The results of comparison of patients of gallstone disease
with and without CBD calculi are shown in Table 1.

Table 1  Characteristics of patients with and without choledocholithiasis

Variables Only cholelithiasis Choledocholithiasis p-value

N 330 77

Age
2040 112 22 NS
41-60 188 43
>60 30 12

Gender
Male 75 23 NS
Female 255 54

History of pancreatitis
Yes 2 4 NS
No 328 73

History of cholangitis
Yes 3 4 NS
No 327 73

Icterus
Yes 325 53 0.003
No 5 24

SGOT (IU)
<40 231 34 0.001
>40 99 43

SGPT (IU)
<40 247 29 0.007
>40 83 48

ALP (IU)
<190 314 4 0.001
>190 16 73

Amylase (IU)
<90 328 30 0.001
>90 2 47

Dilated CBD on USG (mm)
<6 320 17 0.000
>6 10 60

Total bilirubin (mg/dL)
<2 328 11 0.000
>2 2 66

On bivariate analysis, dilated bile duct on USG (>6 mm),
total bilirubin >2 mg/dL, amylase >90, ALP >190 IU/L and
SGPT and SGOT >40 IU/L were significantly associated
with choledocholithiasis (p <0.05) (Table 1). A multivariable
logistic regression analysis was done to negate the influence
of the above-mentioned predictors on each other, the result
of which is presented in Table 2. The accuracy of prediction
for this model was 98.3 %. The relationships between these
factors with the diagnosis of choledocholithiasis were ex-
pected as per bivariate analysis in Table 1, except amylase
and SGPT which did not show a significant correlation with
choledocholithiasis (»<0.05). The positive predictive value
(PPV) and negative predictive value (NPV) of each of these
predictors found to be positive on logistic regression are
documented in Table 3.

When considered individually, these factors had vari-
able positive and negative predictive values in diagnosing
choledocholithiasis and, hence, these observations were
used to build a scoring system consisting of four factors:
dilated bile duct on USG (>6 mm), total bilirubin >2 mg/
dL, ALP >190 IU/L and SGOT >40 IU/L. Each of these
predictors was given a score of 1. The scoring system was
applied to all patients with acute biliary pain. Based on
the number of factors found positive, each patient was
assigned a score. The utility of this scoring was studied
by assessing the positive and negative predictive values of
diagnosing choledocholithiasis of each set of scores as
shown in Table 4. Our observations suggest that the scor-
ing system is useful in predicting the presence of bile duct
stones: a score of 0 practically rules out the presence of
choledocholithiasis (NPV =100 %) whereas a score of 3
and 4 has a predictive value nearing 100 % in diagnosing
choledocholithiasis. Figure 1 shows the distribution of
patients with choledocholithiasis with respect to the scor-
ing system.

Table 2  Multivariate analysis showing odds ratio and 95 % confidence
intervals (CI) of the different variables associated with choledocholithiasis

Predictors Odds ratio 95 % CI for odds ratio
Lower Upper
SGOT 2.138 0.207 22.061
SGPT 1.398 0.254 7.685
ALP 10.956 1.265 85.044
Amylase 1.498 0.152 14.764
Dilated CBD on USG 1.946 1.134 20.206
Total bilirubin 12.321 1.145 12.901

SGOT serum glutamic-oxaloacetic transaminase, SGPT serum glutamate-
pyruvate transaminase, ALP alkaline phosphatase, CBD common bile
duct, USG ultrasonography

SGOT serum glutamic-oxaloacetic transaminase, SGPT serum glutamate-
pyruvate transaminase, ALP alkaline phosphatase, CBD common bile
duct, USG ultrasonography
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Table 3  Positive and negative predictive values of predictors

Predictors p-value PPV (%) NPV (%)
SGOT (IU) 0.001 55.8 70

ALP (IU) 0.001 82 95.2
Dilated CBD on USG (mm) 0.000 779 97

Total bilirubin (mg/dL) 0.000 87.5 99.4

SGOT serum glutamic-oxaloacetic transaminase, ALP alkaline phospha-
tase, CBD common bile duct, USG ultrasonography, PPV positive pre-
dictive value, NPV negative predictive value

Discussion

The prevalence of choledocholithiasis among the patients with
symptomatic biliary colic in our study was 18.9 %. The me-
dian age was 39 years with 76 % of choledocholithiasis pa-
tients being females. On bivariate analysis, dilated bile duct on
USG (>6 mm), total bilirubin >2 mg/dL, amylase >90, ALP
>190 IU/L and SGPT and SGOT >40 IU/L were significantly
associated with choledocholithiasis (p<0.05), whereas on
multivariable logistic regression analysis, the predictors of
choledocholithiasis include dilated bile duct on USG, total
bilirubin, ALP and SGOT.

The review of literature reveals that ALP, total bilirubin
(T Bil), SGOT, SGPT and gamma-glutamyl transpeptidase
(GGT) and dilated CBD on USG have been considered as
predictors of choledocholithiasis [1, 5-11]. However, most
of these studies were retrospectively analyzed and were
criticised to include only a subset of patients having a high
risk of choledocholithiasis. A large prospective study by
Videhult et al. analyzed these biochemical parameters in a
cohort of patients with symptomatic cholelithiasis which
found ALP and total bilirubin to predict choledocholithiasis
[7]. Our results were similar to the study conducted by
Sgourakis et al. in 2004 to evaluate predictors of choledocho-
lithiasis [11].

The positive and negative predictive values of the variables
found to be significantly associated with the diagnosis of cho-
ledocholithiasis were analyzed (Table 3). Although the

negative predictive value of these variables was high, the pos-
itive predictive values of SGOT (56 %), ALP (82 %) and
dilated CBD on USG (78 %) were low. This meant that a
significant number of patients having choledocholithiasis
would be missed if these predictors were considered indepen-
dently. This would thereby subject patients to potentially life-
threatening complications that may include obstructive jaun-
dice, gallstone pancreatitis or ascending cholangitis, owing to
the delayed diagnosis of choledocholithiasis. Thus, a need of
an accurate scoring system combining these variables arose.

Previously, Menezes et al. attempted to predict choledo-
cholithiasis preoperatively using a scoring system; however,
owing to its complexity, it was rarely used clinically [12].
Barkun et al., while predicting patients needing preoperative
ERCP, found age >55, raised total bilirubin and CBD stone
and/or CBD dilatation on USG. The predictive value ranged
from 8 % when none of these factors were present to 94 %
when all these factors were present [5].

While in the process of analysing our data on a symptom-
atic gallstone disease, we came across a scoring system to
predict bile duct calculi by Sherman et al. [13]. Our scoring
system was designed on similar grounds.

Our observations suggest that the scoring system is useful
in predicting the presence of bile duct stones: a score of 0
practically rules out the presence of choledocholithiasis, and
thus, a patient can go ahead with cholecystectomy. A score of
1 and 2 with low predictive values indicates the need for
further imaging like MRCP or EUS in patients with acute
biliary pain, while patients with a score of 3 and 4 with a
predictive value of nearly 100 % confirm the diagnosis of
choledocholithiasis, thus needing endoscopic, laparoscopic
or open surgical exploration to deal with the presence of bile
duct calculi (Fig. 1).

This scoring system would avoid the unnecessary ERCP
and thereby its complications as also expensive and time-
consuming investigations like EUS and MRCP could be used
selectively. Along with the advantage of diagnosing choledo-
cholithiasis with basic biochemical and radiologic parameters
in most of the cases, this study also intends to evade the need
of time-consuming intraoperative cholangiography.

Table 4 Performance

characteristics of the scoring Score Patients with acute Patients with documented PPV for CBD NPV for CBD
system biliary pain CBD stone stone (%) stone (%)

0 218 0 100

1 103 5 95.4

2 5 4 55.6

3 2 4 95.6

3
4 1 26 96.29

CBD common bile duct, PPV positive predictive value, NPV negative predictive value
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Symptomatic
cholelithiasis

|

USG and
biochemical tests

| D

Score 3 or 4 Score 1 or 2 Score 0

l MRCP/EUS Laparoscopic

ERCP cholecystectomy
Unsuccessful Choledocholithiasis No

‘ choledocholithiasis
v

l Successful

CBD exploration l

Laparoscopic
cholecystectomy

Fig. 1 Suggested algorithm for management of patients with
cholelithiasis and choledocholithiasis

In order to increase the frequency of detection of
CBD stone intraoperatively, few surgeons started to use intra-
operative cholangiography and laparoscopic USG. However,
because it adds to the operative time and to the risk of radia-
tion exposure, many surgeons use intraoperative cholangiog-
raphy selectively during the performance of a cholecystecto-
my. Relying only on intraoperative cholangiography can be
disappointing, with 2 % to 3 % false-negative and about 2 %
false-positive results [9]. In one of the more notable recent
experiences, Collins et al. in 2004 identified filling defects
consistent with stones in 4.6 % of patients [14]. In these pa-
tients, access was maintained for the performance of postop-
erative cholangiograms. At 48 h, 26 % of patients had a nor-
mal cholangiogram, and an additional 26 % had evidence for
passage of the stones by 6 weeks, thus highlighting its limited
role in symptomatic choledocholithiasis [14]. Noting this,
none of the patients from among the cohort of symptomatic
cholelithiasis in our study underwent cholangiography.
However, all the patients were followed up with blood inves-
tigations and liver function tests at 6 weeks to check for resid-
ual or recurrent stones in the CBD.

Also, it is now recognized that postoperative ERCP is usu-
ally successful, and as the National Institutes of Health con-
sensus noted, the overall rate of morbidity is the same as when
ERCP precedes surgery [15]. Thus, even if the scoring system
failed to detect CBD stones, post-cholecystectomy ERCP
does remain an option.

GGT which has been considered by previous studies as an
important predictor of choledocholithiasis was not assessed
which may be a limitation of this study. Also, although all

patients with symptomatic cholelithiasis were followed up
with blood work up and USG at 6 weeks, no confirmatory
tests like MRCP or EUS were done in these patients to defi-
nitely conclude that these patients did not have choledocholi-
thiasis which may be a weakness of this study. This study
needs to be followed up by a prospective study to validate this
scoring system before this system can be accepted in clinical
practice.

Surgeons have been familiar with biochemical and USG
criteria to predict the presence of CBD stones. Rapidly devel-
oping medical technologies that prompt new and costly diag-
nostic options coexist with scarce financial resources in a de-
veloping nation. The optimal allocation of these scarce re-
sources means that these technologies should be used ratio-
nally, only when they are likely to improve patient care. This
scoring system strengthens interest in low-cost non-invasive
diagnostic test for choledocholithiasis. Surgeons have long
been familiar with clinical and biochemical criteria to predict
the presence of common bile duct stones.
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