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Background/aims: The diagnostic value of endoscopic ultrasound in common bile duct stones is high. In this investigation, we evaluated the
feasibility of endoscopic ultrasound preceding endoscopic retrograde cholangiography in the same session and the potential benefits in increa-
sing the therapeutic endoscopic retrograde cholangiography ratio in the treatment of choledocholithiasis. Methods: One hundred and sixty-fi-
ve consecutive patients who presented with elevated ALP and bilirubin levels and were referred for endoscopic retrograde cholangiography of
biliary stones diagnosed with magnetic resonance cholangiopancreatography were evaluated. During the evaluation period (mean: 2 weeks),
50 patients with reductions in ALP and bilirubin by at least half relative to baseline values were enrolled into the study. Endoscopic ultraso-
und was performed prior to endoscopic retrograde cholangiography. Time spent to perform endoscopic ultrasound was noted. For the presen-
ce of common bile duct stone, we used retrograde cholangiography findings as the standard of reference. Results: Median endoscopic ultraso-
und time was 10.66 minutes (SD+1.52). Bile duct stones were revealed with retrograde cholangiography in 34 patients (68%). Sensitivity, spe-
cificity (with 95% confidence intervals [CIs]), positive predictive value and negative predictive value of endoscopic ultrasound were calculated.
In identifying common bile duct stones on endoscopic ultrasound, sensitivity, specificity, positive predictive value, and negative predictive va-
lue were statistically determined as 91.2% (95% CI), 88.3% (95% CI), 91%, and 81.3%, respectively. Conclusions: Our results indicate that in
the presence of local experience and availability of endoscopic ultrasound, it is feasible to perform endoscopic ultrasound prior to endoscopic
retrograde cholangiography. The sensitivity, specificity, positive predictive value, and negative predictive value for detecting choledocholithia-
sis in suspected cases are high. Endoscopic ultrasound preceding endoscopic retrograde cholangiography in the same session has the potenti-
al to decrease diagnostic endoscopic retrograde cholangiography and increase therapeutic endoscopic retrograde cholangiography. Need to per-
form magnetic resonance cholangiopancreatography in the presence of easily accessible endoscopic ultrasound should be questioned.
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Endosonografi ve endoskopik retrograd kolanjiopankreatografinin ayni
boliimde birlikte kullanimi

Amag: Ana safra kanali taglarinda endoskopik ultrasonun tanisal degeri yiiksektir. Bu arastirmada, koledokolitiyazisin tedavisinde ayni se-
ansta endoskopik retrograd kolanjiopankreatografi oncesi endoskopik ultrasonun kullanilabilirligini ve terapétik endoskopik retrograd kolan-
Jiopankreatografi oranini arttirmadaki potansiyel faydasinin degerlendirdik. Yontem: Magnetik rezonans kolanjiopankretaografide safra ta-
st tanist alan, ALP ve biliriibin diizeyinde artis ile endoskopik retrograd kolanjiopankreatografi onerilen 165 olgu degerlendirildi. Ortalama
2 haftalik degerlendirme siiresi boyunca, ALP’da azalma ve biliriitbinde normal degerlere gore en az yart deger kadar azalma olanlar ¢alis-
maya dahil edildi. Endoskopik retrograd kolanjiopankreatografi oncesi endoskopik ultrason yapildi. Endoskopik ultrason iglem siiresi kayde-
dildi. Ana safra kanali tasi varligs icin, referans standard: olarak retrograd kolanjiografi bulgular: kullanildi. Bulgular: Ortanca endosko-
pik ultrason zamant 10.66 dakika (SD+1.52). Otuzdort hastada (%68) safra kanali taslart, retrograd kolanjiografi ile tespit edildi. Endosko-
pik ultrasonun sensitivite, spesifisite (% 95 giiven araligi ile [CIs]), pozitif prediktif deger ve negatif prediktif deger hesaplandi. Endoskopik
ultrasonda ana safra kanali taslar: tanisinda, sensitivite, spesifite, pozitif prediktif deger ve negatif prediktif deger istatistiksel olarak sira-
styla %91,2 (%95 CI), %88,3 (%95 CI), %91 ve %81,3 olarak tanimlandi. Sonu¢: Calismamiz, endoskopik ultrason varligi ve deneyimi duru-
munda, endoskopik retrograd kolanjiopankreatografi éncesi endoskopik ultrason kullaniminin uygulanabilir oldugunu gostermektedir. Siip-
heli olgularda, koledokolitiyazisi tanimlamada sensitivite, spesifite, pozitif prediktif deger ve negatif prediktif deger yiiksektir. Ayni seansta
endoskopik retrograd kolanjiopankreatografi éncesi endoskopik ultrason uygulamast, tanisal endoskopik retrograd kolanjiopankreatografiyi
azaltma ve terapitik endoskopik retrograd kolanjiopankreatografiyi arttirma potansiyeline sahiptir. Magnetik rezonans kolanjiopankretaog-
rafi yapma ihtiyact, kolay ulasilabilir endoskopik ultrason varliginda, sorgulanmalidir.

Anahtar kelimeler: Endosonografi, endoskopik retrograd kolanjiopankreatografi, ana safra kanali, safra taslari
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INTRODUCTION

Small stones in the gallbladder fall into the com-
mon bile duct (CBD) on their way to the duode-
num, and they remain generally asymptomatic in
the CBD. In addition, calcium carbonate and bile
salts contained in bile cause stone formation in the
CBD by combining with fatty acid complexes.
Sixty to 80% of patients with CBD stones are
asymptomatic. Severe pain, acute biliary pancre-
atitis and/or acute cholangitis may develop in so-
me patients. For the purpose of identifying stones
in the CBD, non-invasive methods such as ultraso-
und (US), magnetic resonance cholangiopancre-
atography (MRCP), and minimally invasive met-
hods such as endoscopic ultrasonography (EUS)
are used (1). Sensitivity and specificity levels of
MRCP and EUS in identifying CBD stones are
high and comparable. Although EUS is a more in-
vasive method relative to MRCP, it can be admi-
nistered before endoscopic retrograde cholangiog-
raphy (ERC) in the same endoscopy session, and
reduce the risk of second anesthesia and labor
loss.

In this study, we aimed to examine the effective-
ness and practicality of radial EUS performed to-
gether with ERC in the same session, and deter-
mine whether combined use of both procedures is
helpful.

MATERIALS AND METHODS

This was a prospective cross-sectional single gro-
up study conducted in the gastroenterology clinic
of Izmir Atatiirk Training and Research Hospital
between August 2009 - January 2010. The annual
EUS and ERCP numbers were approximately
1800 and 1400, respectively. Biochemical values
(total bilirubin, direct bilirubin, alkaline phospha-
tase (ALP), gamma-glutamyl transferase (GGT),
amylase), white blood cell count (WBC) and upper
abdominal US were evaluated in patients with to-
tal bilirubin levels >3.0 mg/dl, with direct biliru-
bin predominance and with ALP higher than 3-
fold of normal value at presentation, followed by a
MRCP evaluation of the CBD. ERC was arranged
for those patients who were found to have filling
defect in MRCP consistent with CBD stone. One
day before the ERC procedure, biochemical tests
(total bilirubin, direct bilirubin, ALP, GGT, amy-
lase) and WBC were repeated in all patients. CBD
examination was done by means of radial EUS
(Hitachi EUB 6000 plus Pentax EG 3630 UR 270
5-10 MHz, Tokyo, Japan) in the same session be-
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fore the ERC procedure in patients who were fo-
und to have a reduction in direct bilirubin and
ALP levels by at least half relative to baseline va-
lues in biochemical examination performed before
ERC, and who were considered to have CBD sto-
ne. All patients underwent ERC according to the-
ir MRCP data, regardless of whether they were po-
sitive or negative for CBD stone on EUS. Median
waiting time between MRCP and ERC was 14
days (range: 10-21 days). Of the patients who we-
re scheduled for inclusion in the study due to obs-
tructive jaundice, those who were found to have
symptoms of benign or malignant stenosis, exter-
nal compression on CBD, acute biliary pancreati-
tis, or acute cholangitis on MRCP, those who were
pregnant, those with bleeding diathesis or chronic
liver disease, and those with surgical intervention
(Billroth II operations, total gastrectomies, etc.)
that interfered with the evaluation of CBD by me-
ans of EUS-ERC were excluded from the study.

Radial EUS was performed under sedation with 2
mg of midazolam by a physician experienced in
evaluating the pancreatobiliary system after con-
sents were obtained from patients. CBD was exa-
mined by locating in the second portion of duode-
num, bulbus and gastric antrum. Existence of
hyperechoic areas with acoustic shadowing and
sludge were considered as stone and particle. CBD
diameter, existence of stone, number of stones,
and stone diameter were assessed. In the same en-
doscopy session, after informed consent was obtai-
ned for the procedure, ERC was performed in all
patients by two physicians with ERC experience of
1400/year/10 years under anesthesia with 10
mg/kg of propofol in addition to 2 mg of midazo-
lam. Cholangiogram was obtained with contrast
agent following cannulation of the CBD. For the
presence of CBD stone, we used retrograde cholan-
giography findings as the standard of reference. In
the diagnosis of CBD stone, balloon sweeping of
the CBD during ERC was accepted as diagnostic.
Sphincterectomy followed by balloon- and basket-
aided therapeutic procedure was performed in all
patients who were found to have stone on the cho-
langiogram. After this procedure, patients were
monitored for 3 hours. EUS was performed before
ERC in the same room by a different physician
from those who performed the ERC.

Demographics, baseline and pre-ERC values, de-
tection of stone on EUS and ERC, and numbers
and diameters of detected stones were recorded
and statistically evaluated.
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Statistical calculations were done using SPSS ver-
sion 17.0 statistical software. Sensitivity, specifi-
city, and positive and negative predictive values
(PPV, NPV) were calculated in 95% confidence in-
terval (CI). Data analyses were done using chi-
square test, Fisher’s exact chi-square test and Stu-
dent’s t-test. A value of p<0.05 was considered sta-
tistically significant.

RESULTS

One hundred and sixty-five patients with obstruc-
tive jaundice were evaluated by means of MRCP to
be included in the study, and ERC was scheduled.
The assessment performed in 54 of 165 patients
before ERCP showed marked reductions in direct
bilirubin and ALP values. Of these patients, 4 pa-
tients were excluded from the study: 3 due to his-
tory of gastric surgery that could pose an impedi-
ment to EUS and ERC, and 1 due to acute cholan-
gitis. Fifty patients who were suspected to have
CBD stone were included in the study. Four of 50
patients had a history of stone removal after ERC
and endoscopic sphincterotomy (ES). Fifty EUS
procedures were performed in 50 patients. Repea-
ted EUS was not needed. Due to unsuccessful or
inadequate procedure, a second ERC was perfor-
med in 3 patients at week 1 and in 1 patient at we-
ek 3. During the 24-hour follow-up period after
ERCP, mild acute pancreatitis developed in 1 pa-
tient in whom no stone was seen on ERC, and this
patient was hospitalized for 4 days of medical tre-
atment. No complication related to EUS was ob-
served.

The mean age of the 50 patients included in the
study was 58+16 years, and 30 of them were fema-

le. There was no statistically significant difference
between biochemical values of patients who were
found to have stone on EUS and ERCP and the bi-
ochemical values of those who were not found to ha-
ve stones on both (p>0.05). There was no statisti-
cally significant difference between CBD diameters
of patients who were found to have stone on EUS
and ERC and the CBD diameters of those who we-
re not found to have stones on both (p>0.05).

All EUS procedures were successful. Median EUS
time was 10 minutes. In EUS analysis, while sto-
ne was observed in CBD in 34 (68%) of 50 patients,
no stone was observed in 16 (32%). Of the 34 pati-
ents with stone detected on EUS (Figure 1), 3 (9%)
were not found to have stone on cholangiogram ob-
tained by means of ERC. Of the 16 patients who
were not found to have stone on EUS, 3 (19%) we-
re found to have stone on cholangiogram obtained
by means of ERC (Figure 2).

Of the 31 patients who were found to have stone on
both EUS and ERC, stone diameter was >10 mm in
8, 5-10 mm in 16, and <5 mm in 7. In this group,
24 patients had more than 1 stone. In the 3 pati-
ents in whom stone was seen on EUS but not on
ERC, diameters of stones were found to be <5 mm,
and the number of stones was detected to be 1. Of
the 3 patients in whom no stone was detected on
EUS, but stones were detected on cholangiogram
obtained by means of ERC, the diameters of stones
were <6 mm in 2 and >5 mm in 1, and 1 stone was
removed from each patient (Figure 3). Two pati-
ents in whom no stone was detected in EUS, but a
stone with diameter <5 mm was moved out during
ERC, had previous history of stone removal by
ERCP and EUS. Data are shown in Table 1 and 2.

Table 1. Demographics and laboratory data of the groups

**EUS stone(+)
ERCP stone (+)

**+*EUS stone (-)
ERCP stone (-)

EUS stone (+)
ERCP stone (-)

EUS stone(-)
ERCP stone (+)

n= 31 n= 13 n=3 n=3
Age (year) 61+ 31 59+ 32 57+ 30 6127
Gender (F/M) 17/13 8/5 2/1 3/0
ALT (IU/L) 98+39 86+37 109+36 89+38
Total bilirubin (mg/dl) 6,4+3,4 7,2+2.9 5,9+3,9 5,4+3,6
Amylase (IU/L) 52+35 47+27 39+21 37+20
ALP (IU/dl) 283+128 368+146 218+67 371+159
Number of stones >2/1 (seen on ERCP) 24/ 8 0/3
Stone diameter (mm) >5 mm / <56 mm 24/7 1/2
(seen on ERCP)
CBD diameter on EUS *dilated/non dilated 20/11 8/5 2/1 2/1

*Dilated CBD =CBD diameter > 8 mm intact gallbladder, CBD diameter > 10 mm operated gallbladder **(+)= stone exists (-)= no stone
ALT: Alanine transaminase. ALP: Alkaline phosphatase. ERCP: Endoscopic retrograde cholangiopancreatography. CBD: Common bile duct. EUS: Endoscopic ultrasound.
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Table 2. Stone size

0-5 mm 5-10 mm >11 mm
EUS (n=34) 9 17 8
ERC (n=31) 7 16 8

n=number

No complication related to ERC was observed du-
ring ERCP and the 24-hour follow-up afterwards.
Only one sedation procedure using anesthesia was
performed for the two procedures in the same ses-
sion. In one patient, hypoxia and bradycardia oc-
curred during the procedure. ERC procedure was
terminated in this patient and repeated within 1
week.

In identifying CBD stones on EUS, the sensitivity,
specificity, PPV and NPV were statistically deter-
mined as 91.2% (95% CI), 88.3% (95% CI), 91%,
and 81.3%, respectively.

DISCUSSION

Endoscopic retrograde cholangiography (ERC) is
frequently used in detecting and treating CBD sto-
nes. Since ERC is an invasive method, there is
risk for the development of serious complications
during (bleeding, perforation) or after (acute pan-
creatitis, bleeding, infection) the procedure. The-
refore, highly sensitive and specific imaging met-
hods should be used, and the therapeutic ERC ra-
te should be increased while minimizing the num-
ber of diagnostic ERCs in detecting CBD stones. In
the imaging of CBD stones, US, MRCP and EUS
have become prominent as non-invasive or mini-
mally invasive methods (2). Since it can be imple-
mented easily and is non-invasive, US is used as
an initial diagnostic method. However, its sensiti-
vity in detecting CBD stones is relatively low, i.e.,
20-50% (3,4). Sensitivity and specificity levels of
MRCP are very high (5). When clinical symptoms
improve, blood biochemical parameters have nor-
malized, and MRCP shows there are no stones in
the CBD, it can be considered that the stone has
spontaneously passed and thus ERCP is not ne-
cessary (6). However, as time intervals between
the date of MRCP imaging and ERC increase, so-
me of the stones pass into CBD; thus, the sensiti-
vity and specificity of the method decrease depen-
ding on the time interval. Moreover, sensitivity
and specificity of MRCP decrease for stones < 3
mm. In our study, we assessed all patients presen-
ting with CBD stone by means of MRCP. We deci-
ded to implement ERC for patients in whom a sto-
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ne was detected. However, taking into account the
possibility of the passing of a stone, we repeated
biochemical tests before the ERC. We performed
EUS in patients who showed marked improve-
ment in their biochemical values and who showed
a possibility of having passed the stone.

Endoscopic ultrasonography (EUS) is highly accu-
rate for the diagnosis of choledocholithiasis. The
EUS learning curve is relatively short for CBD
stones (7). EUS is highly sensitive and specific in
identifying the stones <5 mm. In the study conduc-
ted by Fabbri et al. (8) to identify CBD stone by
means of ERC-confirmed EUS, the sensitivity and
specificity of EUS were determined as 100% and
98%, respectively. In the wide range study of 463
patients by Buscarini et al. (9), sensitivity and
specificity were determined as 98% and 99%, res-

Figure 1. CBD stone in EUS.

Figure 2. CBD stone in ERC.
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Figure 3. CBD stone extraction.

pectively, and EUS was seen to markedly reduce
the cost. In another study, in which 38 patients
with no stone seen in CBD on US were examined
through EUS and were verified to have CBD stone
by ERC, sensitivity of EUS was determined as
96% (10). In our study, we determined the sensiti-
vity, specificity and accuracy of EUS as 91.2%,
88.3% and 88%, respectively. In our study, sensiti-
vity and specificity were determined to be lower
than in the studies discussed above. Of the pati-
ents in whom we did not find stone on EUS, 2 we-
re the patients who had previous stone extraction
from the CBD by means of ES. One stone <5 mm
was removed from each of these patients in ERC
performed in the same session with EUS. Free air
within the organs is known to cause artifact and
reduce visibility in US examinations. We think
that because the air in the CBD due to the previo-
us ES created artifact during the CBD examinati-
on, and because stones that could not be identified
by means of EUS were <5 mm, the sensitivity of
EUS in our cases was reduced.

Sensitivity and specificity of ERC are considerably
high. In the study conducted by Stabuc et al. (11),
the sensitivity and specificity of ERC were deter-
mined as 96% and 92%, respectively. Although the
sensitivity and specificity are considerably high,
complication risk related to this procedure is also
high. Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) is a potential cause of acute pancre-
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atitis. Asymptomatic hyperamylasemia occurs in
35-70% of patients after the procedure (12). In one
patient in whom no stone was detected in EUS
and ERC, mild pancreatitis developed, which was
treated with medical therapy. It is known that in
patients with 1 stone <4 mm in dilated CBD, sen-
sitivity and specificity in cholangiogram obtained
with ERC and in post-ES screening performed
with balloon are lower compared to the patients
with non-dilated CBD (13). In our study, in 3 pati-
ents with stone monitored on EUS but not detec-
ted on ERCP, the diameters of stones were <5 mm,
and of these patients, 2 had CBD diameter >10
mm. We think that stones identified in EUS may
not be observed in ERC, thus reducing the sensiti-
vity and specificity of EUS.

One of most important differences of EUS from ot-
her diagnostic methods (US, MRCP) is that it can
be performed before ERC in the same endoscopy
session. EUS and ERCP performed in the same
session reduce patients’ labor loss, risk of second
anesthesia, pre-procedure psychic stress that may
occur in patients, and risk of complication that may
develop due to diagnostic ERC. Moreover, perfor-
ming two procedures in the same session ensures
marked cost reduction. Performing EUS in combi-
nation with ERC is thought to prolong the durati-
on of the procedure. However, there is no marked
prolongation in the duration of the procedure if the
endoscopist in charge of performing the ERC starts
the procedure with the intent of performing thera-
peutic ERC, having ruled out the other pathologies
that cause CBD obstruction and having the neces-
sary equipment available (precut sphincterotomy,
ete.) (14). Rocea et al. (15) concluded that EUS and
ERC with biliary treatment using an oblique-vie-
wing echoendoscope appeared to be feasible and sa-
fe. This technique provided an accurate diagnosis
and at the same time, an appropriate treatment of
CBD stones. The mean time for diagnosis and tre-
atment was 27 minutes. Artifon et al. (16) reported
that outcomes following EUS-guided CBD stone
retrieval were equivalent to those following ERCP.
In our study, we firstly performed radial EUS follo-
wed by ERC in the same session and in the same
room. We administered anesthesia just once, and
completed the two procedures under the same in-
duction conditions. We did not observe any compli-
cations related to radial EUS and ERC. In accor-
dance with our study protocol, we presumed MRCP
as the main guideline before ERC, and performed
ERC in all patients regardless of EUS showing
existence of stone. We performed diagnostic ERC in



38% of 50 patients and therapeutic ERC in 68%. If
we had performed ERC using EUS as guidance,
only 34 instead of 50 patients would have had
ERCP, with diagnostic ERC in 3 (8%) and thera-
peutic ERC in 31 (92%). Alhayaf et al. (17) conclu-
ded that EUS performed before ERCP resulted in a
14% reduction in diagnostic procedures for chole-
docholithiasis and was cost-effective. Pre-procedu-
re EUS evaluation is recommended in studies on
patients with suspected CBD stone (18,19).
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