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Summary

Objective. Asses role of EUS in patients with intermedi-
ate and high risk of CBD stone before ERCP. Design. A 
retrospective analysis over one-year period of patients with 
intermediate and high probability of CBD stones based on 
ASGE guidelines 2010 that underwent EUS +/- ERCP. All 
these patients underwent EUS first, followed by ERCP if 
stones/ sludge were detected. ERCP was deferred if EUS was 
normal. These patients were followed up for six months. Re-
sults. EUS showed CBD stone/ sludge in 112 out of 170 pa-
tients (65.9%). All these 112 patients underwent ERCP in 
the same session. All patients had stone/ sludge in ERCP thus 
giving EUS a specificity of 100%. By this EUS first strategy, 
we were able to avoid ERCP for 58 patients (34.1%), 
p value < 0.001. Among those in high risk category (where 
we had excluded cholangitis), ERCP was avoided in 35% of 
patients (p < 0.026). Cost analysis showed EUS first strat-
egy to be 6.11% cheaper than direct ERCP strategy in this 
group. If we take only high-risk patients where ERCP first 
is the standard guideline, the cost comes down by 7%. If we 
also consider costs of possible ERCP complications in EUS 
negative patients (n = 58) who avoided ERCP, the predicted 
cost advantage will be more. Conclusion. EUS is a safe and 

accurate modality to detect CBD stones. A EUS first strategy 
will help to filter patients for therapeutic ERCP. This avoids 
unnecessary ERCP related complications and cost.

Key words. EUS, ERCP, cholelithiasis, choledocholithiasis, 
biliary pancreatitis.

Beneficios de la ecoendoscopía. Pri-
mera estrategia en pacientes con ries-
go intermedio y alto de coledocolitiasis

Resumen

Objetivo. Analizar el papel de la ecoendoscopía (EE) en pa-
cientes con riesgo intermedio y alto de litiasis en la vía biliar, 
antes de realizar la colangiopancreatografía retrógrada en-
doscópica (CPRE). Diseño. Análisis retrospectivo en un pe-
ríodo de un año de pacientes con probabilidad intermedia y 
alta de cálculos en la vía biliar (CVB), basado en las guías de 
la ASGE 2010, que se sometieron a EE +/- CPRE. Todos los 
pacientes fueron sometidos primero a EE, seguidos por CPRE 
si se detectaron litos y/o barro biliar. La CPRE no se realizó 
cuando la EE era normal. Se realizó seguimiento a los pa-
cientes durante seis meses. Resultados. La EE mostró CVB 
en 112 de 170 pacientes (65,9%). Los 112 pacientes fueron 
sometidos a CPRE en la misma sesión. Todos tenían litos/
barro en la CPRE, por lo que la EE tuvo una sensibilidad 
del 100%. Por esta primera estrategia de la EE, pudimos 
evitar la CPRE en 58 pacientes (34,1%, p < 0,001). Entre 
los que estaban en la categoría de alto riesgo (se había 
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transabdominal ultrasonography is that ultrasound 
transducer is into the second part of the duodenum 
and interference from digestive gas or abdominal fat is 
avoided while viewing the biliary tree. EUS can detect 
small stones/ sludge and even microlithiasis making it a 
preferred modality for preoperative diagnosis of choledo-
cholithiasis in patients with intermediate risk. EUS has 
been shown to pick up stones missed in MRCP.7 Because 
of high sensitivity, specificity and noninvasive nature 
with negligible complication rate, EUS has replaced di-
agnostic ERCP even in high-risk cases in some centers.8 
However, standard recommendations in high risk cases 
still is ERCP without additional imaging. The aim of this 
study was to evaluate the benefits of EUS before ERCP 
in patients with both intermediate and high risk for cho-
ledocholithiasis.

Material and methods

A retrospective analysis of the case records of all the 
patients who underwent EUS +/- ERCP for suspected 
or diagnosed choledocholithiasis in the time period from 
January 2013 to June 2014 was performed.

Those with cholangitis, where an emergency ERCP is 
indicated were excluded from the study. Those who had 
intermediate and high probability of having CBD stones 
based on ASGE guidelines 2010 were included for the 
study (Table 1).9

excluido la colangitis), la CPRE se evitó en el 35% de 
los pacientes (p < 0,026). El análisis de costos mostró que 
la primera estrategia de EE era 6,11% más barata que la 
estrategia de CPRE directa en este grupo. Si solo tomamos 
pacientes de alto riesgo en los que CPRE es la guía estándar, 
el costo disminuyó en un 7%. Si también consideramos los 
costos de las posibles complicaciones de la CPRE en pacientes 
EE negativos (n = 58) que evitaron la CPRE, la ventaja 
pronosticada del costo sería mayor. Conclusión. EE es un 
método seguro y preciso para detectar CBV. Una primera 
estrategia de EE ayudará a filtrar a los pacientes para CPRE 
terapéutica, y evitar complicaciones y costos innecesarios re-
lacionados con la CPRE.

Palabras claves. Ecografía, CPRE, colelitiasis, coledocoli-
tiasis, pancreatitis biliar.

Cholelithiasis is a common condition, 10-15% of 
them may have coexisting choledocholithiasis1 they may 
be asymptomatic or present with jaundice, deranged liver 
functions, cholangitis or biliary pancreatitis. Diagnosing 
choledocholithiasis preoperatively is crucial in decision 
making especially in laparoscopic era. Thus, an accurate 
and safe method to detect common bile duct (CBD) 
stones is essential. 

Generally clinical suspicion of a possible coexisting 
CBD stones gives the first clue. Initial investigations 
needed are the liver function tests (LFT) and ultrasounds 
of the abdomen which then help to risk stratify the pa-
tients. Trans abdominal ultrasonography is a cheap, wide-
ly available and noninvasive but has low sensitivity (25-
82%) and specificity (56-100%) for detection of CBD 
stones.1, 2 Various modalities like computer tomography 
(CT), magnetic resonance cholangiography (MRCP), en-
doscopic ultrasonography (EUS), diagnostic endoscopic 
retrograde cholangio-pancreatography (ERCP) and intra-
operative cholangiogram/choledocoscopy are available to 
look for CBD stones with each having its own advantages 
and drawbacks. MRCP and EUS are the two preoperative 
reliable investigations which diagnose choledocholithiasis 
with sensitivity of more than 95% and specificity of more 
than 97%.3 ERCP is another modality with a very high 
accuracy where a therapy can be performed when a diag-
nosis of CBD stones is confirmed.4 Unfortunately ERCP 
is associated with high complication rate thus making it 
less favorable for only diagnostic purposes.5

Since its introduction in 1989, EUS has established 
itself as very sensitive, specific and minimally invasive 
procedure for the diagnosis of CBD stones with least 
complication rate.6 The major advantage of EUS over 

Tabla 1. Predictors of choledocholitiasis.

Very Strong
CBD Stone on trans-abdominal US

Clinical ascending cholangitis

Bilirubin > 4mg/dl

Strong
Dilated CBD on US (> 6 mm)

Bilirubin > 1.8 - 4 mg/dl

Moderate
Abnormal Liver Biochemical test other than bilirubin

Age > 55

Clinical gallstone pancreatitis

Assessing the likelihood of choledocholithisasis
Presence of any very strong predictors	 - High

Presence of both strong predictors	 - High

No predictor present	 - Low

All other patients	 - Intermediate
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As per the institutional protocol, all these patients un-
derwent EUS first, followed by ERCP if stones/ sludge 
were detected in EUS (Table 2). ERCP was deferred if 
EUS was normal and these patients were followed up for 
a minimum of six months. Patients without a minimum 
of six months follow up were excluded from the study.

All the EUS exams were performed with Pentax ra-
dial echoendoscope EG- 3630 UR (5-20 MHz, proces-
sor Hitachi-EUB-5500). A single experienced radiologist 
trained in endoscopy did all EUS procedures. ERCP was 
done by standard methods under conscious sedation by 
experienced gastroenterologists.

Results

A total of 170 patients were included. All of them 
had either a high or an intermediate probability of hav-
ing CBD stones; 77 (45.3%) were male and 93 (54.7%) 
were female with a median age of 47.9 years (range: 18-
87) (Table 3). Sex difference was not significant.

EUS was performed in all 170 patients. There were no 
complications related to EUS. EUS showed CBD stone/

sludge in 112 patients (65.9%). All these 112 patients 
underwent ERCP in the same session. Sedations were 
administered by anesthetists without any untoward ef-
fect. All patients had stone/sludge in ERCP thus giving 
EUS a sensitivity of 100% (Table 4). The rest of the 58 
patients were not subjected to ERCP. They underwent 
cholecystectomy and were followed up for the next six 

Tabla 3. Patient characteristics.

Variable n = 170 %

Age (years) median (range) 47.9 (18-87) -

Sex Male (n) 77/170 45.3

       Female (n) 93/170 54.7

High risk (n) 60/170 35.3

Intermediate risk 110/170 64.7

  Biliary pancreatitis (n) 41/110 37.3

  Suspected stones (n) 69/110 62.7

Tabla 2. Management strategy.

Symptomatic patients with cholelithiasis

Possibility of CBD stones based on parameters in Table 1 

Low Risk  Intermediate Risk High Risk

Laparoscopic cholecystectomy
no further Imaging EUS

Stone +ve Stone -ve

ERCP Laparoscopic
cholecystectomy

Laparoscopic
cholecystectomy Follow up
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months. None of them had any complications related to 
biliary stone during this period. Considering this, EUS 
has a sensitivity of 100%. By this EUS first strategy, 
we were able to avoid ERCP for 58 patients (34.1%), 
p < 0.001, which is significant. On subgroup analysis, 
among 41 patients with biliary pancreatitis who under-
went EUS, only 13 patients required ERCP after EUS. 
Rest of 28 (68.3%) patients had normal EUS and so they 
did not require ERCP (p < 0.05). Among those in high 
risk category (where we had excluded cholangitis), ERCP 
was avoided in 35% of patients (p < 0.026). In published 
literature, this is around 10%. However, if we include 
both moderate and high-risk cases, our data is similar to 
published literature i.e. 10 to 60 percent, varying wide-
ly between studies.10, 11 We know many times the small 
stone/sludge that causes pancreatitis spontaneously pass. 
This may explain higher rate of EUS negative cases in 
our group as many cases were referred from other centers 
and EUS was delayed by 24 to 48 hours. However, time 
from onset of pancreatitis to EUS was not analyzed in 
this study but may be investigated in further studies. Also 
of note, the clinical data, laboratory data, and ultrasonog-
raphy findings correctly identified 65.9% with suspected 
CBD stones which is similar to other studies.12

Cost analysis
In our institution, we could do EUS and ERCP in 

the same sitting, and the cost of MRCP was similar to 
EUS. Hence EUS was preferred over MRCP EUS in our 
hospital costs Rs 7000 inclusive of cost of anesthesia and 
each ERCP costs Rs 25000 including admission and an-
esthesia cost. If all of our 170 patients had to undergo 
ERCP the total cost would have been Rs 42,50,000. But 
with our protocol 112 patients underwent EUS + ERCP 
and 58 patients required only EUS at the cost of Rs 

35,84,000 and Rs 4,06,000 respectively (total expendi-
ture for EUS alone and EUS+ERCP= Rs 39,90,000). We 
were able to save a total of Rs 2,60,000. If we look into 
the high-risk group only, the cost saving is Rs 105000, 
i.e. seven percent. If we also consider costs of possible 
ERCP complications in EUS negative patients (n = 58) 
who avoided ERCP, the predicted cost advantage will be 
more. However, in this study we have not looked into 
ERCP complications.

Discussion

In our series, we analyzed the role of EUS prior to 
ERCP in patients with suspected choledocholithiasis hav-
ing intermediate and high probability. EUS was 100% 
sensitive; all those who had abnormal finding in EUS 
were confirmed to have the same finding in ERCP as well. 
EUS negative patients were followed up for six months. 
None of them had any biliary complications. We consid-
ered patients as true negative if they were symptom free 
for six months. Data from Napoleon et al, who followed 
up 238 patients with suspected CBD stones but with 
normal EUS showed that all cases of missed CBD stones 
were detected within a month.13

Though EUS is observer dependent, it has been 
shown to be very useful in the study of the extrahepatic 
biliary tree. The Ultrasound probe is close to the CBD 
making detailed imaging possible. Together with its ex-
cellent safety profile and minimally invasive nature, EUS 
is an excellent method to study the biliary system. Our 
observation stating that EUS has good sensitivity and 
specificity to detect CBD stones is concordant with the 
available literature.14-17

The main purpose of our study was to assess the ben-
efits of EUS as a triage tool to select patients for thera-
peutic ERCP. By our EUS first strategy, we were able to 

Tabla 4. EUS and ERCP: results.

EUS +ve for stone EUS -ve for stone n of ERCP avoided p -value

Total n patients (n = 170) (%) 112 (66) 58 (34) 58 (34) < 0.001

High risk (n = 60) (%) 39 (65) 21 (35) 21 (35) 0.026

Intermediate risk (n = 110) 73 (66) 37 (34) 37 (34) < 0.05

Biliary pancreatitis (n = 41) (%) 13 (31.7) 28 (68.3) 28 (68.3) 0.0258

Suspected CBD stones (n = 69) (%) 60 (86.9) 9 (13.1) 9 (13.1) < 0.001

Patients divided intermediate/high probability of having CBD stones based on ASGE guidelines 2010 in Table-1, ERCP was not done in EUS-ve for stone 
patients; p-value < 0.05 is significant.
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avoid ERCP in about 1/3rd of the patients. Lee et al per-
formed a prospective randomized study to compare EUS 
first vs. ERCP first in suspected choledocholithiasis18 they 
showed the procedure related complications are much 
higher in ERCP first group and by using EUS as a triage 
tool, diagnostic ERCP and related complications could 
be avoided in nearly 75% of their patients. Similarly, 
Ang et al. prospectively analyzed the advantages of EUS 
first strategy in patients with suspected choledocholithia-
sis with a normal trans-abdominal USG. They showed 
that EUS first approach could avoid ERCP in 30% of 
cases.19 Systematic review of randomized controlled tri-
als by Petrov et al concluded that EUS can avoid ERCP 
in two-thirds of patients and application of EUS in the 
selection of patients for therapeutic ERCP significantly 
reduces the overall complication rate.20

The benefit of EUS as a triage tool is accepted in stud-
ies in low risk and intermediate risk patients.14, 21-22 In 
2010 ASGE guideline, for low risk case, direct cholecys-
tectomy is advised. In intermediate risk cases, either pre-
operative imaging with MRCP or EUS or intraoperative 
cholangiogram is advised. Those with high probability of 
CBD stones (high-risk group) can undergo direct ERCP 
with a diagnostic and therapeutic intent.23 However, 
ERCP is associated with a small but significant risk of 
morbidity and mortality, including severe complications, 
such as acute pancreatitis; bleeding; perforation; sepsis; 
and rarely, death. Though ASGE prefers direct ERCP 
for high-risk category, some of the authors have shown 
benefits with EUS first protocol in this high-risk group 
as well.8, 24 In our study, a subgroup analysis of patients 
with high risk revealed that ERCP was avoided in 35% 
of patients by doing EUS prior to ERCP (significant 
p < 0.5). We included patients with dilated CBD with 
abnormal LFT or CBD stone documented by transab-
dominal USG or those with high bilirubin (> 4 mg %) as 
high-risk category. We excluded cholangitis since studies 
have shown EUS to be unnecessarily adding to the cost 
in this patients.19

EUS is also recommended in patients where risk of 
pancreatitis and/or radiation exposure would make con-
firmatory testing desirable prior to ERCP. Examples of 
the latter include patients with gallstone pancreatitis, 
pregnant women, and those with other risk factors for 
complications from ERCP.25 EUS usually lack therapeu-
tic options if CBD stones are detected, but it can help to 
avoid unnecessary ERCPs. Also, in failed ERCP cannula-
tion, EUS guided biliary access can be attempted.26 

Biliary pancreatitis, which is considered to be an inter-
mediate risk category for the presence of CBD stones, is a 

definite indication of EUS/ MRCP/ intraoperative chol-
angiogram. CBD stones are expected to be present in 10-
50% of cases.8, 9 If residual stones are missed, this can lead 
to recurrent pancreatitis episodes or cholangitis. By our 
EUS first strategy, we found that only 1/3rd of the patients 
with biliary pancreatitis required ERCP. Our results are in 
concordance with similar studies.19, 27 A systematic review 
published in this context showed EUS to be noninvasive 
avoiding ERCP in more than 70% of cases.28

The cost effectiveness of EUS followed by ERCP had 
been studied by many authors. Alhayaf et al retrospec-
tively analyzed the cost effectiveness of EUS followed by 
ERCP if needed in moderate and high-risk category. They 
documented cost savings based on the number of ERCPs 
avoided as well the possible post ERCP complications if 
those were done.29 Ang et al analyzed the cost effective-
ness and found EUS based strategy to be costlier only in 
patients with biliary sepsis. For all other categories, there 
was no significant cost difference.19 With our policy of 
EUS first approach we were able to save a total amount of 
Rs 2,60,000 translating into Rs 1530 per patients (which 
makes EUS first strategy to be 6.11% cheaper than di-
rect ERCP strategy). If we take only high-risk patients 
where ERCP first is the standard guideline, we have saved 
Rs 1750 per patients (i.e. 7% cheaper). If we take into 
account risk of development of post-ERCP pancreatitis 
which in recent prospective studies varied between 1 and 
13.5%, the cost saving becomes much more significant. 
A separate study can be undertaken with larger number 
of patients for possible analysis of full cost benefit.

We performed all our EUS and ERCP in the same 
session. The issue which is often discussed when EUS and 
ERCP are done in the same session is sedation and its 
complications. Generally, the amount of sedation used 
is higher and so the recovery time is longer if EUS and 
ERCP are combined. Despite this fact, retrospective 
studies have shown combined EUS and ERCP to be safe 
with no additional sedation related or procedure related 
complications.30 Postponing the ERCP when it is indi-
cated could result in interval period complications like 
cholangitis/pancreatitis.31, 32 In our patients, we did not 
have any major sedation related complications (of note, 
anesthetists were present in all the cases).

Despite its overall high accuracy, the role of EUS in 
the diagnosis of CBD stones has not been firmly estab-
lished as it is relatively invasive without any therapeutic 
role. EUS carries small risks of sedation, bleeding, and 
perforation. It has the limited availability of the machine 
and trained staff compared to MRCP.33 Also intra-hepat-
ic stones is more difficult to identify at EUS.34
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Both radial and linear echoendoscopes are reliable for 
evaluation and detection of choledocholithiasis. A higher 
resolution of EUS (EUS 0.1 mm vs. MRCP of 1.5 mm), 
increase chances of detecting smaller stones and sludge. 
In EUS, images can be manipulated via magnification 
and alterations in endoscope position and US frequency 
in real time for better visualization. MRCP is done in a 
separate location, often on a separate day and is time con-
suming. A systematic review comparing EUS to MRCP 
found similar overall diagnostic performance suggesting 
that the choice between them should be based upon the 
availability of resources, experience, and costs.35

Studies found EUS before ERCP was cheaper to ei-
ther MRCP before ERCP or ERCP alone in low-to-mod-
erate–risk patients.36 EUS use for low-to-moderate–risk 
patients significantly reduced number of ERCP's, but 
decision analysis models on the value of MRCP have not 
universally demonstrated a reduction in the number of 
ERCPs performed in patients with suspected choledo-
cholithiasis or other pancreatobiliary diseases.37, 38

With our data showing advantage of EUS prior to 
ERCP in high risk patients as well, we need to conduct 
studies with MRCP prior to ERCP in this category. How-
ever available data has shown that MRCP use is associated 
with increased cost and length of stay but does not influ-
ence patient or procedural outcomes in high risk patients.39

Conclusions

In any patient with symptomatic cholelithiasis, treat-
ing surgeon should have a suspicion of coexisting choled-
ocholithiasis based on clues given by clinical, biochemical 
and radiological parameters. EUS is a minimally invasive, 
safe and accurate modality, which can be relied upon to 
detect CBD stones. A EUS first strategy will help to filter 
patients for therapeutic ERCP. This can avoid ECRPs in 
a good proportion of patients including high risk group 
thus avoiding unnecessary ERCP related complications 
and cost.
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