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Abstract
In patients with a malignant biliary obstruction who re-
quire biliary drainage, a self-expandable metallic stent 
(SEMS) provides longer patency duration than a plastic 
stent (PS). Nevertheless, a stent occlusion by tumor 
ingrowth, tumor overgrowth and biliary sludge may 
develop. There are several methods to manage oc-
cluded SEMS. Endoscopic management is the preferred 
treatment, whereas percutaneous intervention is an 
alternative approach. Endoscopic treatment involves 
mechanical cleaning with a balloon and a second stent 
insertion as stent-in-stent with either PS or SEMS. 
Technical feasibility, patient survival and cost-effective-
ness are important factors that determine the method 
of re-drainage and stent selection.

© 2012 Baishideng. All rights reserved.

Key words: Occluded biliary metallic stent; Re-drain-
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INTRODUCTION
Many studies have shown that the outcomes of  palliative 
endoscopic biliary drainage in patients with malignant 
biliary obstruction were similar to those with surgical 
bypass with regards to technical success and functional 
biliary decompression[1-5]. However, an endoscopic ap-
proach provided lower rates of  procedure-related mor-
tality and complications, and shorter hospital stay[4,5]. 
Currently, there are two types of  stent that can be se-
lected for endoscopic palliation; plastic stent (PS) and 
self  expandable metallic stent (SEMS). Although a plas-
tic stent is less expensive than SEMS, it provides shorter 
patency duration due to its smaller diameter[6-12]. For the 
cost effectiveness purpose, many studies demonstrated 
that endoscopic placement of  SEMS is more appropri-
ate in a patient who may survive longer than 3 mo[7,8,10,11]. 
In contrast, PS insertion is recommended in a patient 
with shorter survival[7,8,10,11]. Although SEMS can provide 
longer patency duration, there are certain factors that 
may cause recurrent biliary obstruction after the inser-
tion of  SEMS[13]. Tumor ingrowth, tumor overgrowth, 
stent migration and stent occlusion by sludge or debris 
can occur. The appropriate management of  occluded 
SEMS is still unclear and controversial. We herein pres-
ent a review on the management of  SEMS occlusion 
based on our own experience and previous reports of  
this context.

World J Gastrointest Endosc  2012 May 16; 4(5): 157-161
ISSN 1948-5190 (online)

© 2012 Baishideng. All rights reserved.
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CAUSES OF BILIARY METALLIC STENT 
OCCLUSION
The occlusion of  SEMS is a major late adverse event 
of  SEMS insertion. Many retrospective series have 
demonstrated that it developed in 5%-40% of  patients 
who underwent an endoscopic palliative treatment with 
SEMS[14-19]. The causes of  occluded SEMS include tu-
mor ingrowth, overgrowth, sludge/debris formation and 
stent migration (Table 1). The most common cause of  
SEMS occlusion is tumor ingrowth, which accounted 
for 60%-90% of  all SEMS occlusion[14-19]. This compli-
cation is more common in uncovered SEMS, which has 
an open-mesh, resulting in tissue growing into the stent 
easily[20,21]. To overcome the problem of  tumor ingrowth, 
a covered stent has been introduced, a membrane made 
of  polyurethane and polyethylene designed to cover 
the mesh, and therefore tissue and tumor cannot grow 
into the SEMS lumen. As a trade off, a covered SEMS 
contains a higher risk for migration because of  a smaller 
degree of  biliary tissue embedment.

Many studies have shown that one fourth of  all 
SEMS occlusions resulted from tumor overgrowth[14-19]. 
Because tumor can grow and invade over both ends of  
the stent, covered and uncovered SEMSs have an equal 
chance to develop tumor overgrowth. Hypothetically, a 
longer SEMS may possibly decrease the risk for tumor 
overgrowth. However, no studies have been done to 
confirm this hypothesis.

Colonization or infection by bacteria can create 
materials that occlude a stent, such as bacterial clump, 
bile glycoprotein mucin and sludge[22]. Thus, recurrent 
cholangitis is an important risk developing biliary sludge. 
This process usually develops after PS insertion; unfor-
tunately, SEMS placement is not exempt. In addition, 
duodenobiliary reflux was reported as another factor for 
PS occlusion[23]. Perhaps the larger diameter of  SEMS 
may increase the risk for stent blocking from more duo-
denobiliary reflux.

To date, the standard approaches for SEMS occlusion 
are percutaneous biliary drainage, endoscopic cleaning 
with balloon, and endoscopic re-stenting (PS, uncovered 
SEMS and covered SEMS). The techniques, results and 
complications are different among those approaches.

ENDOSCOPIC MANAGEMENT
Endoscopic treatment is widely accepted as the primary 
mode of  managing occluded SEMS. Currently, there are 
three endoscopic techniques that provide re-drainage for 
SEMS occlusion: (1) mechanical cleaning with a balloon; 
(2) PS insertion; and (3) SEMS insertion[14-19].

Placing covered SEMS, uncovered SEMS or PS?
Both SEMS and PS can provide immediate biliary re-
lief  in a patient with SEMS occlusion. Stent selection 
is usually determined by the performing endoscopist. 
Level of  biliary obstruction and patient’s survival are 

important factors for stent selection. Our previous study 
demonstrated a much shorter stent patency time (50%) 
in patients with hilar block when compared to non-hilar 
block[24]. In addition, a patient with advanced liver metas-
tasis carries a significant shorter survival than a patient 
with early stage of  disease[9]. Thus, before restenting of  
the SEMS occlusion, liver metastasis status needs to be 
evaluated. For instance, placing only a PS is justified in a 
patient with pancreatic head cancer with advanced liver 
metastasis, whereas a patient with low grade hilar cholan-
giocarcinoma (Bismuth Ⅱ) without liver spread deserves 
SEMS as a second stent.

Moreover, for a country with financial constraints, 
cost-effectiveness should be the main concern since 
there is a significant difference in the cost between PS 
and SEMS. Therefore, the balance between cost and 
clinical concern, including stent patency and patient 
survival, has to be judged individually in every patient 
according to local expertise and the economic level of  
each country.

Stent patency: There are several studies that used addi-
tional stent placement as stent-in-stent for a re-drainage 
of  SEMS occlusion[14-19]. The patency times of  a second 
stent are shown in Table 2. A study by Tham et al[14] 
demonstrated that there was no significant difference in 
the duration of  second stent patency after placement of  
either SEMS or PS (75 d; 95% CI 43-107 vs 90 d; 95% 
CI 71-109). Some studies demonstrated that mechani-
cal cleaning with a balloon was less effective than plac-
ing the second stent[15,17,18]. In addition, our recent study 
reported that all patients with stent occlusion by debris 
were also found to have a concomitant tumor ingrowth. 
At first, mechanical cleaning was performed but it was 
insufficient to maintain stent patency and eventually all 
of  our patients required a placement of  second stent to 
maintain patency[18].

A covered SEMS provides a more durable patency 
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Tham et 
al 1998

Bueno 
et al  
2003

Togawa 
et al  
2008

Roga r t 
et al 
2008

Ridtitid 
et al  
2010

Cho et al 
2011

  No. of patients 152 592 95 90 154 583
  No. of patients
  with SEMS occlu
  -sion (uncovered/
   covered) 

 44 
(44/0)

 34 
(34/0)

40 
(40/0)

27 
(23/4)

32 
(22/10)

77 (30/47)

  Tumor 
  ingrowth   (%)

28 (63.6) 20 (58.8) 36 (90) 19 (70.4) 25 (78.1) 53 (68.8)

   Tumor 
   overgrowth   (%)

3 (6.8) 9 (26.5) 3 (7.5) 3 (11.1) 3 (9.4) 9 (11.7)

  Sludge/debris
  (%)

8 (18.2) 5 (14.7) 1 (2.5) 5 (18.5) 51 (15.6) 8 (10.4)

  Others Hyper-
plasia 3

- - - Migration 
4

Compres-
sion/blood 
clot/mi-
gration 7 

U n d e -
fined 2

Table 1  The causes of occluded self-expandable metallic stent

 1With tumor overgrowth.



than an uncovered SEMS as the first stent[25]
. A recent 

meta-analysis reported that a covered SEMS provided a 
longer patency than an uncovered SEMS when inserted 
as the first stent in patients with unresectable distal ma-
lignant biliary obstruction (weight mean difference 60.56 
d; 95% CI 25.96-95.17)[25]. In addition, tumor ingrowth 
was likely to occur more in patients with uncovered 
SEMS [relative risk (RR) 2.03; 95% CI: 0.08-0.67; P = 
0.01], whereas stent migration, tumor overgrowth and 
sludge formation were more likely to develop in patients 
with covered SEMS (RR 8.11; 95% CI: 1.47-44.76; P = 
0.02; RR: 2.02; 95% CI: 1.08-3.78; P = 0.03; RR: 2.89; 
95% CI: 1.27-6.55; P = 0.01, respectively)[25]. Hypo-
thetically, covered SEMS should also provide a longer 
patency duration when inserted as a second stent after 
the first SEMS becomes occluded[16,19]. This hypothesis 
has been supported by two reports[16,19]. Togawa et al[16] 
placed a covered stent in patients with occluded uncov-
ered SEMS and showed that the cumulative duration of  
the covered SEMS patency was significantly longer than 
the uncovered one (mean second stent patency = 219.6 

d; range 19-1972 d vs 141.3 d; range 6-1949 d; P = 0.04). 

Likewise, Cho et al[19] reported a similar outcome (median 
second stent patency of  covered SEMS vs uncovered 
SEMS = 360 d vs 221 d; P = 0.002). 

The level of  biliary obstruction can influence the pa-
tency duration of  the second stent. Two studies support-
ed that the level of  biliary obstruction near the hepatic 
hilum influenced the shorter duration of  a second stent 
patency[15,18]. Bueno et al[15] demonstrated that the patency 
time was longer for a stent inserted as stent-in-stent for 
distal biliary stricture as opposed to a second stent in-
serted for proximal biliary strictures. They reported that 
the median second stent patency in distal biliary stricture 
was longer than hilar stricture (128 d; range 11-393 d 
vs 61 d; range 15-263 d). Needless to say, the advantage 
of  the second SEMS for occluded stent at the hepatic 
hilum is still suboptimal and a better SEMS designed for 
this purpose is required.

Patient survival: The median survival times of  patients 
with a second intervention are shown in Table 2. The 
majority of  studies demonstrated that that the survival 
of  patients who had SEMS as a second stent was longer 
than others. There were some limitations from retro-
spective study designs and this finding may resulted in 
selection bias. A study by Tham et al[14] reported that pa-
tients’ survival has no influence on stent selection since 
both SEMS and PS provided similar duration of  stent 
patency. It speculated that patients’ survival used for 
calculation of  stent patency in that study was relatively 
short since it has been shown that the median survival 
times of  the SEMS group and the PS group were only 
70 d and 98 d, respectively[14]. In contrast, Rogart et al[17] 
who had patients with longer survival (285 d for SEMS 
group and 188 d for PS group, respectively) demonstrat-
ed the longer patency duration of  SEMS than PS (172 d 
vs 66 d, respectively). Similar results have been confirmed 
by other studies[16,18].

Cost-effectiveness: The best parameter to determine 
the cost effectiveness of  different approaches is the in-
cremental cost effectiveness ratio (ICER) that requires 
the calculation of  stent costs, number of  endoscopic 
retrograde cholangiopancreatography (ERCP) sessions 
and the cost for one ERCP. The selected intervention 
can be determined as cost effective if  its ICER is less ex-
pensive than having an additional procedure. The results 
of  the three studies on ICER of  SEMS vs ICER of  PS 
are shown in Table 3[14,17,18,26]. We assumed that the SEMS 
costs in different countries are comparable. The ICERs 
from those three studies ranged from US $ 1518 to US $ 
7015 as a result from the differences in ERCP-procedure 
cost and number of  ERCP sessions. The ERCP-proce-
dure cost is dependent on the cost of  living and health-
care reimbursement in different countries. Thus, we can 
state that SEMS placement for a patient who will survive 
long enough to require the second stent is cost-effective 
when the cost of  ERCP is at least higher than US $ 1518; 
otherwise PS placement is more cost-effective.

159 May 16, 2012|Volume 4|Issue 5|WJGE|www.wjgnet.com

Tham 
et al  
1998

Bueno 
et al  
2003

Togawa 
et al  
2008

Rogart 
et al  
2008

Ridtitid 
et al  
2010

Cho 
et al
2011

  No. of SEMS 
   occlusion 

44 34 40 27 32 77

  Type of initial
  SEMS (patients)
    Covered SEMS   0   0   0   4 10 47
    Uncovered SEMS 44 34 40 23 22 30
  Initial stent 
  patency (d): total

118a 60-150a

    Covered SEMS NA NA NA NA NA 189
    Uncovered SEMS 102 125 153 NA NA 132
  Type of second
  drainage (patients)
    Covered SEMS   0   0 26   9   4 40
    Uncovered SEMS 19   4   7   5 10 26
    Plastic stent 20 24   7 11 11 11
     Mechanical cleaning   5   6   0   2   0   0
    PTBD   0   0   0 0   7   0
  Second drainage
  patency 
  (median, d)

    

    Covered SEMS NA NA 220e 214b NA 138c

    Uncovered SEMS 75 192 141e 54 100 109
    Plastic stent 90   90 58e 66   60   88
      Mechanical cleaning 34   21 NA 43 NA NA
    PTBD NA NA NA NA 75 NA
  Survival (d)
    Covered SEMS NA NA NA 227 NA 440d

    Uncovered SEMS 70 NA NA 389 230f 243
    Plastic stent 98 NA NA 188 130 296
     Mechanical  cleaning 34 NA NA 194 NA NA
    PTBD NA NA NA NA 150 NA

Table 2  The patency time of second drainage and patient 
survival

NA: Not available; aOverall initial stent patency (d); bP < 0.05 for SEMS vs 
PS and mechanical cleaning; cP < 0.05 for covered SEMS vs PS; dP < 0.001 
for covered SEMS vs uncovered SEMS; eMean patency time (d); fP < 0.05 
for SEMS vs PS and PTBD. SEMS: Self-expandable metallic stent; PTBD: 
Percutaneous transhepatic biliary drainage; PS: Plastic stent.
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Mechanical cleaning with balloon
Generally, mechanical cleaning is performed by flush-
ing with water or saline solution and sludge/debris ex-
traction can succeed with an inflated balloon sweeping 
through the stent. Hypothetically, this method is defi-
nitely correct for an occlusion by only sludge or debris. 
Three studies compared this procedure to a second stent 
insertion as stent-in-stent after SEMS occlusion[14,15,17] 
(shown in Table 2). Bueno et al[15] suggested that me-
chanical cleaning was less effective than SEMS and PS 
stent insertions (median duration of  stent patency after 
re-intervention 21 d; range 3-263 d, 192 d; range 81-257 
d, and 90 d; range 11-393 d, respectively ). A similar 
outcome has also been shown by Rogart et al[17] (median 
days to re-intervention 43 d, 172 d and 66 d; P < 0.05 
respectively). Although, Tham et al[14] demonstrated no 
significant differences in the durations of  the biliary 
patency among the three methods, there was a trend to-
ward lower patency duration in a group who underwent 
mechanical cleaning when compared with groups who 
underwent SEMS and PS insertions (median duration 
of  second patency 34 d; 95% CI: 30-38 d, 75 d; 95% CI: 
43-107 d, 90 d; 95% CI: 71-109 d, respectively).

PERCUTANEOUS MANAGEMENT
Percutaneous transhepatic biliary drainage (PTBD) is 
effective and appropriate for both tumor ingrowth and 
overgrowth. It is an alternative intervention after failed 
endoscopic management, particularly in a patient with 
post bilateral SEMS insertion for hilar block who has 
an inaccessible desired intrahepatic duct via endoscopy. 
However, the main disadvantages of  PTBD are pain, 
inconvenience and volume/electrolyte loss[18,27]. Our 
previous study reported that PTBD for re-drainage after 
SEMS occlusion provided no difference in patency time 
when compared with PS insertion (75 d; 95% CI: 36-113 
d vs 60 d; 95% CI: 51-68 d; P > 0.05)[18]. However, its pa-
tency duration was significantly shorter than the second 
SEMS (75 d; 95% CI: 36-113 d vs 100 d; 95% CI: 72-127 d; 
P < 0.05)[18]. In addition, we found that the main cause 
of  PTBD occlusion was tube re-clogging by debris. Al-

ternatively, a percutaneous approach can provide internal 
drainage by placing SEMS either directly or under a ren-
dezvous technique[28].

CONCLUSION
In summary, the current management of  occluded SEMS 
includes a second stent insertion (covered SEMS, uncov-
ered SEMS or PS), mechanical cleaning and percutaneous 
drainage. Mechanical cleaning with a balloon is less effec-
tive in a patient with concomitant tumor ingrowth. En-
doscopic insertion of  SEMS or PS is equally effective for 
SEMS occlusion in a patient with short survival. In a pa-
tient with longer survival and where the cost of  ERCP in 
that institution is higher than US $ 1518, another SEMS 
insertion is preferred. PTBD is an alternative method 
when an endoscopic approach is impossible.
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Abstract
Endoscopic submucosal dissection (ESD) is currently 
accepted as the major treatment modality for 
superficial neoplasms in the gastrointestinal tract 
including the esophagus. An important advantage of 
ESD is its effectiveness in resecting lesions regardless 
of their size and severity of fibrosis. Based on excellent 
outcomes for esophageal neoplasms with a small 
likelihood of lymph node metastasis, the number of 
ESD candidates has increased. On the other hand, ESD 
still requires highly skilled endoscopists due to technical 
difficulties. To avoid unnecessary complications 
including perforation and postoperative stricture, the 
indications for ESD require careful consideration and a 
full understanding of this modality. This article, in the 
highlight topic series, provides detailed information 
on the indication, procedure, outcome, complications 
and their prevention in ESD of superficial esophageal 
neoplasms.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic submucosal dissection (ESD), which was 
developed for stomach neoplasms[1-3], has also been ac-
cepted as an established procedure for superficial neo-
plasms of  the esophagus. The most important advantage 
of  ESD is its effectiveness in resecting large-sized lesions 
in an en bloc fashion, as conventional endoscopic mucosal 
resection (EMR) sometimes results in piece-meal resec-
tion followed by a high rate of  local recurrence[4]. ESD 
theoretically enables the resection of  lesions regardless 
of  their size and severity of  fibrosis. Based on previously 
reported excellent outcomes, the number of  ESD candi-
dates with esophageal neoplasms have increased similar 
to those with stomach neoplasms undergoing ESD[5,6]. In 
this review, an outline of  the current status of  ESD for 
esophageal neoplasms is described.

INDICATIONS
As with candidates suffering from other gastrointestinal 
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tract diseases, patients scheduled for esophageal ESD are 
determined by two factors: a small likelihood of  lymph 
node metastasis and technical resectability.

The former was determined by a large number of  
surgical resection cases with extensive histological inves-
tigations[7,8]. These studies showed that high-grade in-
traepithelial neoplasms (HGINs), including noninvasive 
squamous cell carcinomas (SCCs) (carcinoma in situ, m1) 
and intramucosal invasive SCCs limited to the lamina 
propria mucosae (m2) without vessel infiltration have no 
lymph node or distant metastases. Accordingly, in the 
national guideline of  the Japan Esophageal Society (JES), 
these are allocated to absolute indication of  endoscopic 
local resection including ESD[9]. Deeper lesions of  200 
μm in the submucosa (m3 and sm1) are allocated to rela-
tive indication because they have a probability of  lymph 
node metastasis of  10%-15% (Figure 1).

The latter depends principally on circumferential 
extension. In the JES guideline, absolute indication is 
limited to lesions of  less than two-thirds of  the circum-
ferential extension. Lesions of  more than two-thirds of  
the circumferential extension are allocated to relative 
indication. Circumferential extension not only affects 
technical resectability but also the risk of  postoperative 
stricture after ESD, as mentioned below[10,11]. In this re-
gard, ESD can minimize the risk of  unnecessary postop-
erative stricture by precisely controlling the resected area. 
This is another advantage of  ESD in avoiding excessive 
resection compared with conventional EMR.

Therefore, considering the above factors, we decided 
that in patients with lesions allocated to relative indication 
general status and comorbidities should be considered. 

On the other hand, the indication for ESD of  esoph-
ageal adenocarcinoma is still controversial because the 
incidence of  esophageal adenocarcinoma is extremely 
low in Japan where ESD is widely performed. However, 
Hirasawa et al[12] reported a promising long-term out-

come after ESD for differentiated adenocarcinoma of  
the esophagogastric junction limited to a depth of  inva-
sion of  500 μm in the submucosa. In this regard, ESD 
for esophageal adenocarcinoma might also be acceptable 
although further research data is mandatory especially in 
Western countries.

PROCEDURES
ESD requires special electrosurgical knives, such as 
the insulated-tipped (IT) knife, the flex knife, the hook 
knife, the triangle-tip (TT) knife, and the dual knife[2,13,14]. 
The results obtained using each of  these electrosurgi-
cal knives are similar to those in patients with stomach 
neoplasms. Therefore, selection of  these knives depends 
mainly on operator preference and expertise. Of  these 
knives, we mostly use the dual knife (KD-650L, Olym-
pus) for ESD of  the esophagus. The knife is fixed at a 
length of  2 mm during procedures.

We mainly use a slim, single-channel, high-definition 
endoscope with a water-jet system (GIF-Q260J; Olym-
pus, Tokyo, Japan) and a high frequency generator 
(VIO300; ERBE Elektromedizin, Tübingen, Germany) 
with a special cutting mode and coagulation current, as 
mentioned below. The transparent attachment is fitted to 
the top of  the endoscope to maintain a constant endo-
scopic view and to create counter-traction on connective 
tissue during dissection.

In our recent ESD procedures, patients underwent 
ESD under conscious sedation using periodic intrave-
nous administration of  diazepam (in total, 0.1-0.5 mg/
kg body weight) and pentazocine (in total, 0.3-0.7 mg/kg 
body weight) or under general anesthesia with careful 
consideration of  the estimated operation time, location 
of  the lesion, and general status of  the patient. Prophy-
lactic antibiotics are not administered routinely as there 
is no evidence for their use during the periendoscopic 
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Absolute indications

HGIN or m2 lesions not 
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the cicumference
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of lymph node metastasis, or 
HGIN or m2 lesions exceed two-
thirds of the cicumference

Investigation stage
sm2 or deeper lesions 
targeted for local control

Clinical and histopathological evaluation

Determination of radicality

Additional treatments
(radical surgery, radiotherapy, chemotherapy)

Follow-up observation

Figure 1  Indication for endoscopic resection in the Japan Esophageal Society guideline.



period. Second-generation cephalosporins are only ad-
ministered during a few days of  fasting in cases with 
perforation.

ESD procedures in the esophagus are principally the 
same as those in other areas of  the gastrointestinal tract. 
They consist of  four steps; marking, lifting, incision and 
dissection (Figure 2). For marking around the lesion, 
dots are placed about 5 mm outside the lesion using soft 
coagulation mode (effect 5, output 50 W). To demarcate 
the lesion margin, narrow band imaging with magnifying 
endoscopy and Lugol staining are very useful. In lifting, 
we mainly use 0.4% hyaluronic acid preparation (Mu-
coUp; Johnson and Johnson KK, Tokyo, Japan) double 
diluted with normal saline for submucosal injection to 
lift the lesion up from the muscular layer. Approximately 
2 mL solution is injected into the submucosa, and the 
injection is repeated several times until the mucosa is 
lifted to an acceptable level. An incision in the mucosa 
around the lesion is made using cutting mode (Endocut 
I, effect 3, duration 3, interval 3). The anal half  of  the 
incision which is horseshoe-shaped is completed first, 
followed by the oral half. Incision from the left-wall side 
is preferable with consideration of  gravity as submerg-
ing the lesion in the collection of  fluid can disturb the 
endoscopic view. Dissection of  the submucosa is begun 
from the oral end to the anal end using swift coagula-
tion mode (effect 4, output 40 W). It is also mandatory 
to control minor bleeding because this can also disturb 

the endoscopic view. To control bleeding, hemostastic 
forceps are used in soft coagulation mode (effect 5, 50 W). 
The water-jet system is also useful to maintain a clear 
view and to treat visible bleeding vessels.

OUTCOMES AND COMPLICATIONS
Outstanding en bloc resection rates (90%-100%), cura-
tive resection rates (88%-97%), and low rates of  major 
complications (perforation, 0-6%; bleeding, 0%) have 
been reported as shown in Table 1[14-18]. In a previous 
comparative study of  conventional EMR and ESD, ESD 
was reported to be more reliable in achieving curative 
resection due to the higher local recurrence rate after 
conventional EMR[4]. Although perforation can be a sub-
stantial risk, our experience has shown that cases of  mi-
nor perforation can recover well following conservative 
treatment if  noticed as soon as it occurs. With regard to 
long-term outcomes, the cause-specific survival rates at 
5 years for patients with HGINs/m2 SCCs and m3/sm 
SCCs are reported to be 100% and 85%, respectively[18]. 
These survival rates are consistent with the findings of  
a comparative study of  conventional EMR and surgical 
resection[19]. Considering the higher comorbidities of  
esophagoectomy and the higher incidence of  incomplete 
resection by conventional EMR[4,20], ESD is accepted as a 
superior treatment option for esophageal squamous cell 
neoplasms.
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Figure 2  Endoscopic submucosal dissection of an esophageal neoplasm. A: The reddish mucosa in the anterior wall of the middle thoracic esophagus shown 
by conventional endoscopy with white light; B: The brownish mucosa in one-third of the circumferential extension shown by endoscopy with narrow band imaging; C: 
Marking around the lesion under chromoendoscopy with iodine staining to demarcate the lesion; D: Mucosal incision at the anal side (yellow line 1-2), followed by inci-
sion at the oral side (yellow line 3-4). Incision is made from the lower side to lift it up from the collection of fluid taking gravity into consideration. After circumferential 
incision, dissection of the submucosa is begun from the oral end to the anal end (blue line 5); E: Artificial ulcer after removal of the lesion; F: Resected specimen in an 
en bloc fashion.
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On the other hand, postoperative stricture has arisen 
as a major concern during long-term follow-up because 
postoperative stricture can compromise patient qual-
ity of  life. Almost all semicircular resections can cause 
postoperative stricture shortly after ESD[10,18]. Although 
various effective preventive treatments have been re-
ported including balloon dilatation, and local injection 
or systemic administration of  steroids[21-24], there is still 
no solid protocol for preventive treatment. In addition, 
perforation during dilatation for esophageal stricture is 
reported to be another risk[25].

FUTURE PERSPECTIVES
ESD has been proved to be a promising technique for 
esophageal neoplasms. Although there is a substantial 
risk of  perforation and postoperative stricture, these are 
preventable complications. However, ESD techniques 
still require highly skilled endoscopists. To prevent se-
vere complications and to popularize ESD as a safe and 
easy treatment, further advances in the technique and 
protocol during the periendoscopic period is mandatory.

In terms of  the prevention of  perforation, effective 
use of  ESD and conventional EMR is important to min-
imize unnecessary perforation. Ishihara et al[17] reported 
that no significant differences were found between en bloc 
and curative resection rates in EMR using a transparent 
cap (EMR-C) and ESD in lesions less than 15 mm. They 
also proposed that ESD may be the best method for le-
sions more than 20 mm. In other words, EMR-C might 
be an effective substitute for treating lesions less than 15 
mm, depending on the general status of  the patient and 
skill-level of  the endoscopist.

In terms of  the prevention of  postoperative stricture, 
more evidence is needed to identify high-risk patients 
and to treat them appropriately. In this regard, a predic-
tive flowchart which we previously proposed might be 
an option in coping with this problem[11]. In addition, 
new technologies, such as a biodegradable stent or an 
autologous mucosal epithelial sheet, may be a break-
through in overcoming postoperative stricture[26,27].

Undoubtedly, the final goal of  ESD for esopha-
geal neoplasms is not to resect the lesions in an en bloc 
fashion, but to prevent the patient dying of  esophageal 
cancer without unnecessary risks. To achieve this goal, 
standardization of  ESD procedures including preventive 

protocols for complications during the periendoscopic 
period should be established as soon as possible.
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  Author Yr Electrosurgical 
knife

En bloc  
resection rate

Local
recurrence rate

Perforation

  Oyama[14] 2005 Hook knife 95% (95/102) 0% (0/102) 6% (6/102)
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  Ono[18] 2009 Flex knife or 

Splash needle
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1% (1/87) 4% (4/107)

  Repici[16] 2010 Hook knife 90% (18/20) 0% (0/20) 10% (2/20)
  Ishii[15] 2010 Flex knife or

Hook knife
100% (37/37) 0% (0/37)   0% (0/37)

Table 1  Recent outcomes for endoscopic submucosal dissec-
tion of esophageal neoplasms
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Abstract
Since therapeutic endoscopic retrograde cholangiopan-
creatography replaced surgery as the first approach in 
cases of choledocolithiasis, a plethora of endoscopic 
techniques and devices appeared in order to facilitate 
rapid, safe and effective bile duct stones extraction. 
Nowadays, endoscopic sphincterotomy combined with 
balloon catheters and/or baskets is the routine en-
doscopic technique for stone extraction in the great 
majority of patients. Large common bile duct stones 
are treated conventionally with mechanical lithotripsy, 
while the most serious complication of the procedure 
is “basket and stone impaction” that is predominately 
resolved surgically. In cases of difficult, impacted, 
multiple or intrahepatic stones, more sophisticated 
procedures have been used. Electrohydraulic lithotripsy 
and laser lithotripsy are performed using conventional 
mother-baby scope systems, ultra-thin cholangio-

scopes, thin endoscopes and ultimately using the novel 
single use, single operator SpyGlass Direct Visualiza-
tion System, in order to deliver intracorporeal shock 
wave energy to fragment the targeted stone, with very 
good outcomes. Recently, large balloon dilation after 
endoscopic sphincterotomy confirmed its effectiveness 
in the extraction of large stones in a plethora of trials. 
When compared with mechanical lithotripsy or with 
balloon dilation alone, it proved to be superior. More-
over, dilation is an ideal alternative in cases of altered 
anatomy where access to the papilla is problematic. 
Endoscopic sphincterotomy followed by large balloon 
dilation represents the onset of a new era in large bile 
duct stone extraction and the management of “impac-
tion” because it seems that is an effective, inexpensive, 
less traumatic, safe and easy method that does not 
require sophisticated apparatus and can be performed 
widely by skillful endoscopists. When complete extrac-
tion of large stones is unsuccessful, the drainage of 
the common bile duct is mandatory either for bridging 
to the final therapy or as a curative therapy for very 
elderly patients with short life expectancy. Placing of 
more than one plastic endoprostheses is better while 
the administration of Ursodiol is ineffective. The great 
majority of patients with large stones can be treated 
endoscopically. In cases of unsuccessful stone extrac-
tion using balloons, baskets, mechanical lithotripsy, 
electrohydraulic or laser lithotripsy and large balloon 
dilation, the patient should be referred for extracorpo-
real shock wave lithotripsy or a percutaneous approach 
and finally surgery.
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INTRODUCTION
Bile duct stone management has changed dramatically 
in the last two decades when open surgery has been re-
placed by per-oral endoscopic procedures. Nowadays, 
therapeutic endoscopic retrograde cholangiopancrea-
tography (ERCP) is performed worldwide as the first 
approach in the management of  extrahepatic bile duct 
stones and is superior to surgical or percutaneous ap-
proaches, although it can be challenging in some cases[1]. 
Endoscopic therapy involves stone extraction using 
conventional methods after performing endoscopic bili-
ary sphincterotomy. The routine devices used for stone 
retrieval are balloon catheters, Dormia baskets and 
mechanical lithotripters. Alternatively, other therapeutic 
options such as intra or extracorporeal shock wave litho-
tripsy may offer adjuvant therapy in selected patients or 
in particularly challenging cases. In the last thirty years, 
endoscopic biliary sphincterotomy (EST) is considered 
the established method for bile duct stone extraction 
and it is well known that the great majority of  the stones 
can be successfully removed by using conventional 
techniques. However, stone removal can be difficult and 
unsuccessful in less than 10% of  cases, when managing 
large, barrel-shaped, piston-like, multiple stones, stric-
tured common bile duct (CBD) or in cases of  altered 
anatomy[2].

In this article, we try to approach the large stone is-
sue, reviewing the current literature and searching for 
alternatives.

LARGE BILE DUCT STONES
The main problem that has to be solved regarding endo-
scopic extraction of  large bile duct stones is extraction 
of  something larger than the orifice through which ac-
cess has been achieved. This is obtained by either enlarg-
ing the ampulla of  vater (cutting, dilation) or reducing 
the size of  the stone that has to be extracted (fragmen-
tation, crushing) using adequate devices[3]. The second 
problem is the size of  the stone itself.

It is not clear and there is no consensus in the litera-
ture of  the definition of  “large stone”. Some authors 
use the term “difficult stone” when referring to a large 
stone size, although actually “difficult” could mean mul-
tiple, intrahepatic, barrel-shaped, impacted stones or the 
presence of  another comorbidity. Stricture below the 
stone, stenosis of  the intrapancreatic CBD or difficult 

anatomic access to the papilla caused by duodenal diver-
ticuli are conditions which increase the rate of  unsuc-
cessful stone retrieval[3]. Overall, only a small number of  
“difficult stones” are “large stones”[4]. Regardless of  the 
chosen endoscopic procedure, the large stone issue is 
still a concern due to high failure rates, even for experi-
enced endoscopists.

Many authors define a stone larger than 10-15 mm 
in diameter as “large”. Others support that a stone with 
a diameter equal to the CBD diameter is large[3]. Sharma 
et al[5], in a recent letter to the Editor of  the World Jour-
nal of  Gastroenterology, tried to redefine the “large stone”, 
analyzing retrospectively three hundred and four pa-
tients with CBD calculi. Patients were enrolled in two 
groups. The first group comprised of  patients with a 
median stone diameter of  15.5 mm and a median lower 
CBD diameter of  16 mm, while the second group en-
rolled patients with a median CBD stone diameter of  8 
mm and a median lower CBD diameter of  3 mm. In the 
second group, the stones were not extracted success-
fully as the size was disproportionate to the lower CBD 
diameter. Therefore, definition of  a large stone should 
include the lower CBD diameter so that any stone ex-
ceeding that should be called “large”, regardless of  the 
stone size.

ENDOSCOPIC SPHINCTEROTOMY: “FIRST 
STEP ON THE MOON”
In 1974, Kawai et al[6] first described EST, currently con-
sidered worldwide as the established method, as the first 
step for CBD stone clearance. The size of  the EST has 
to be adapted to the CBD and papilla size. Treated with 
conventional EST followed by conventional balloons 
and baskets, up to 90% of  CBD stones can be extracted. 
On the other hand, EST alone for the removal of  large 
stones (over 15 mm in diameter) is usually unsuccessful.

Lauri et al[7] reported successful large stone removal 
in only 12% of  cases using EST alone. Sphincterotomy 
is a technically complex endoscopic procedure used ei-
ther in cases of  surgically altered anatomy or of  a small 
papilla where there is not enough intraluminal room for 
a safe complete muscular fiber incision. The current, in 
combination with mechanical damage, may develop well 
known complications (bleeding, pancreatitis, cholangitis, 
perforation). As a consequence, limitation of  EST to 
provide successful removal of  large CBD stones and 
the reported complications ranging from 5% to 10%[8] 

requires alternative endoscopic options in order to over-
come these restrictions.

ENDOSCOPIC PAPILLARY BALLOON 
DILATION
The original attractive concept was to achieve bile duct 
clearance while maintaining an intact biliary sphincter. 
As an alternative to EST, in 1982, Staritz et al[9] published 
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the first trial about the possible role of  endoscopic 
papillary balloon dilation (BD) in the management of  
CBD stones. BD is easily performed with the wire-
guided method using a small diameter balloon catheter 
(usually 8-10 mm), dilating the papilla while intact for 
45-60 s prior to EST. Some authors strongly supported 
that dilating the papilla without cutting it meant that 
papillary functions are preserved and complication rates 
decreased when compared to EST[10,11].

A prospective randomized trial from East Asia tried 
to determine whether a longer duration of  dilation (five 
minutes vs the conventional one minute) can expand the 
papilla in order to permit stone extraction and reduce 
the rates of  pancreatitis. Compared with the convention-
al one minute, five minutes of  BD seemed to improve 
the efficacy of  stone extraction and reduce the risk of  
pancreatitis[12].

BD without prior EST became a popular method of  
stone extraction, mainly in Asia, and many studies tried 
to compare the two techniques, supporting the safety 
and effectiveness of  BD without EST and reporting low 
complication and mortality rates at the same time[13-15].

A current East Asian study analyzed large stone 
removal (mean stone size 16.4 mm) in a large series of  
patients that underwent BD from 10 mm to 20 mm (mean 
size of  dilating balloon 13.2 mm), with the duration of  the 
dilation ranging from 2 to 6 min. The authors reported a 
remarkable success rate of  81.8% of  complete retrieval 
within the first session; however, the stone recurrence 
rate after six months of  follow-up was considerable with 
the minimum of  complications[16].

Previously, a Japanese group published a well de-
signed controlled prospective trial enrolling two hundred 
and eighty-two patients with choledocolithiasis from 
eleven national institutions. Patients were randomized in 
an EST group and a BD without prior EST group. The 
authors compared the two techniques and reported that 
they are approximately equal regarding successful stone 
extraction and complication rate, so they suggest BD 
without prior EST as an alternative option to EST[17].

Studies from Western countries revealed completely 
opposite results. In a randomized controlled multicenter 
trial, Disario et al[18] compared primary BD with EST in 
patients with choledocolithiasis. The reported outcome 
was that BD was associated with increased short term 
morbidity, while two deaths were reported due to severe 
pancreatitis. This study was stopped at the first analysis, 
suggesting that BD for stone extraction should be avoid-
ed in every day clinical practice.

An American group, searching the Cochrane Library, 
Medline, Embase and reviewing fifteen randomized trials 
which included one thousand, seven hundred and sixty-
eight patients, reported that primary BD is less success-
ful and more risky, presenting higher rates of  pancreati-
tis when compared with EST[19].

Thus, guidelines for the management of  CBD stones 
published in the “Gut” in 2008 suggested that BD should 
be avoided due to a high risk of  severe pancreatitis. With 
a lot of  skepticism, it could be an alternative in a special 

group of  patients with coagulopathy, altered anatomy or 
the presence of  duodenal diverticuli[20].

ENDOSCOPIC SPHINCTEROTOMY 
FOLLOWED BY LARGE BALLOON 
DILATION
In the case of  large stones, a promising endoscopic tech-
nique is EST followed by large balloon dilation (ESLBD). 
In patients who underwent a prior sphincterotomy, dila-
tion with large balloons to increase the diameter of  the 
distal CBD opening into the duodenal lumen, instead of  
extending the already existing sphincterotomy, was found 
to be very safe. Based on this evidence, some endosco-
pists tried to do it in the same session and it also proved 
to be very safe. Ersoz et al[21] first reported the use of  
ESLBD as an alternative technique for the management 
of  difficult bile duct stones with a very good outcome.

Recently, Maydeo and Bhandari[22] reported their 
analysis regarding ESLBD for large stone extraction, 
enrolling sixty patients with large CBD stones (stone 
diameter from 12 mm to 20 mm). They performed 
“maximum” ESLBD using a controlled radial expansion 
(CRE) balloon from Boston Scientific (Natick, MA) with 
a diameter range of  12 mm to 15 mm, inflated gradu-
ally up to 15 mm. The procedure with the fully inflated 
balloon duration lasted 30 s. After performing ESLBD, 
three attempts of  stone removal were made using bal-
loons or Dormia baskets. In the case of  failure after the 
third attempt, they performed ML with an Olympus 
BML-3Q or a Microvasive Trapezoid lithotriptor. Post-
procedure, the stones were extracted in 95% of  the pa-
tients. In 5% of  the patients, ML was required, while the 
most common complication was bleeding in 8.3% of  the 
cases. The trial supported the idea of  ESLBD in cases 
of  large stones as an effective, technically easy and safe 
technique.

Heo et al [23] also randomized patients with large 
stones (over 15 mm in diameter) in an ESLBD group 
(12 mm to 20 mm balloon diameter, dilation time 60 
s) and in an EST group. When EST was performed 
alone, it was completed to its full length (major EST), 
whereas combined with dilation it stopped after reaching 
one third of  the full length that could be theoretically 
reached (minor EST). The reported successful stone 
removal was 94.4% for the ESLBD group and 96.7% 
for the EST group, while complication rates were similar 
between the 2 groups (5% vs 7% respectively). Pancre-
atitis and cholangitis appeared in the same proportion 
(4% and 1% respectively). ML for stone extraction after 
failure of  the conventional methods was required in 
8% of  the ESLBD group and in 9% of  the EST group. 
Based on the similar rates of  successful stone removal 
and complications, the analysis suggested ESLBD as an 
alternative option in large stone endoscopic treatment.

In another series, Minami et al[24] enrolled eighty-eight 
patients with large (over 12 mm in diameter) and/or 
multiple stones that underwent EST “with small inci-
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sion” combined with large dilation using a 20 mm × 5 
cm balloon from Boston Scientific (Watertown, MA). 
Complete stone removal was achieved in 99% of  the 
patients, while the procedure-related complications were 
bleeding (1%), pancreatitis (1%) and cholangitis (1%). 
Moreover, the stone extraction procedure was less time 
consuming compared to EST and BD alone.

In a multi center retrospective trial involving patients 
with a median stone size of  13 mm, Attasaranya et al[25] 
evaluated the efficacy and complications of  the method. 
Five ERCP referral centers and one hundred and three 
patients were enrolled in that analysis from 1999 to 2007. 
Complete stone removal was accomplished in 95% of  the 
procedures with the first attempt, while ML was required 
in 27% of  the cases due to failure of  stone extraction 
after ESLBD. Procedure-related complications developed 
in 5.4% of  the patients, with one case of  severe bleeding 
and one case of  cystic duct perforation reported.

In a retrospective Indian trial, ESLBD was performed 
in cases of  large (up to 25 mm in diameter) or difficult 
stones that could not be extracted with routine methods. 
ML was required in 10% of  cases, 32% of  the patients 
presented minor self-limiting bleeding, and mild pancre-
atitis occurred in 8% of  them[26].

Draganov et al[27] evaluated the efficacy and safety 
of  ESLBD in patients with difficult stones who had 
failed stone extraction with standard techniques after 
full length EST. Successful complete stone removal was 
achieved in 95% of  the patients, while in 84% the stone 
clearance was accomplished without additional ML. Mild 
complications occurred in 6% of  the cases.

In another retrospective analysis, Itoi et al[28] random-
ized one hundred and one patients in an ESLBD group 
and an EST group, comparing outcome, complica-
tions, procedural and fluoroscopy time between the two 
groups. The successful stone removal in the first session 
was 96% vs 85% respectively, higher for the ESLBD 
group but not statistically significant. ML was required 
more often (statistically significant) in the EST group 
than in the ESLBD group (25% vs 6%). Total procedure 
time and total fluoroscopy time in the ESLBD group 
were significantly shorter (32 min vs 40 min and 13 min 
vs 22 min respectively).

Investigating a large series of  patients, a Korean 
group tried to manage the question of  whether a small 
EST followed by large balloon dilation can reduce the 
use of  ML in patients with large stones. Complete 
stone removal from the first session was accomplished 
in 87.5% of  the patients in the ESLBD group vs 74% 
in the EST group. ML for large stones was required in 
17.9% for the ESLBD group and 45.8% for the EST 
group. The study suggested that ESLBD could reduce 
the need for ML in the case of  large stones[29]. A Korean 
series analyzing patients with large stones reported simi-
lar conclusions for both techniques[30].

The majority of  published series regarding ESLBD 
for large stones report a success rate of  83% to 99% 

using balloons with a diameter of  12 mm to 20 mm, di-
lating up to 60 s (Table 1). Although there are plenty of  
trials in the literature on the dilation issue, few of  them 
are well designed, randomized and prospective.

Our group reported a prospective randomized con-
trolled trial, the first in the literature that compared 
ESLBD with EST followed by ML, in order to evalu-
ate the therapeutic benefits and complications between 
the two options in the management of  large stones. 
Ninety patients with large CBD stones (diameter from 
12 mm to 20 mm) were randomized in ESLBD and ML 
groups. Both groups of  patients underwent a complete 
EST. ESLBD was performed with a CRE balloon with 
diameter from 15 mm to 20 mm and the duration of  
dilation after disappearance of  the waist of  the balloon 
was 10-12 s. For the ML group, an Olympus BML 4Q, 
Lithocrush 201 or 202Q was used in order to fragment 
large stones. Complete stone clearance was achieved in 
97.7% in the ESLBD group, while it was lower (91.1%) 
in the ML group. Complications were observed in 4.4% 
in the ESLBD group compared with 20% in ML group. 
The major complication when ML was performed was 
cholangitis. In one patient from the ESLBD group, a 
tiny perforation occurred that was treated conservatively 
with a stent placement. None of  our patients died. Our 
analysis concluded that the two techniques are similar 
in effectiveness but ESLBD is followed by fewer com-
plications compared to ML. A significant observation 
was that in patients from the ESLBD group to whom a 
plastic stent was placed due to residual stone fragments, 
the CBD was found to be completely clean during the 
second ERCP that was done to retrieve the stent. In pa-
tients from ML group, residual stone material had to be 
extracted after stent retrieval in that second ERCP[31]

.

Khan et al[32], analyzing eighteen retrospective and 
prospective studies including more than one thousand, 
three hundred patients, published a systematic review re-
garding ESLBD for large stones. The stone size was up 
to 35 mm; the EST performed was reported as “limited” 
in nine, “moderate” in four and “large” in four studies. 
The balloon dilation ranged from 10-20 mm in diameter 
and the maximum dilation time lasted from 20 s to 60 s. 
Overall, 0-33% of  the patients required complementary 
ML when successful stone removal with the first ERCP 
was achieved in 72%-97% of  the patients. The compli-
cations were pancreatitis (0-9.6%), bleeding (0-12%) and 
perforation (0-1%).

Recently, a Japanese group reported their first ex-
perience with a new prototype large diameter balloon-
equipped sphincterotome in a small number of  patients. 
The new device is a combination of  a dilating balloon 
and a sphincterotome and was made by the manufactur-
ers apparently because of  the tremendous expansion of  
this new technique among ERCP units worldwide and 
the potential commercial need for such a device. In this 
study, bile duct clearance was accomplished in 94% of  
the patients when ML was required in 22% of  them[33].
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MECHANICAL LITHOTRIPSY: “THE 
CLASSIC”
For more than two decades, ML was the unique endo-
scopic approach for large stone removal after failure of  
conventional techniques. ML is a relatively inexpensive 
option and should be available in all ERCP units. The 
procedure requires capturing the stone within the litho-
tripter basket into the strong metallic wire mesh, using 
the same technique as for conventional stone retrieval. 
After advancement of  the sheath onto the basket with 
the entrapped stone, the handle of  the cranking device 
should be turned slowly in order to reduce the risk of  
basket break down, to crush the stone and extract it 
in smaller fragments[34]. The main complication during 
ML is “basket and stone impaction” that could occur 
even during a routine stone extraction or in cases of  a 
small diameter stone and is observed in up to 6% of  
the cases[35,36]. A usual cause of  failure is lack of  enough 
space for the basket to open. That makes capturing of  
the stone unsuccessful.

Two main types of  mechanical lithotripters are com-
mercially available: through-the-scope lithotripsy baskets 
with a reusable cranking handle (integrated device) and 
another type that is used after removal of  the duodeno-
scope over the basket wires under fluoroscopy (salvage 
device).

Emergency lithotripsy over the basket is required 
when the standard basket with the captured stone is 
impacted. All ERCP units should have the appropriate 
devices to perform this procedure because the removal 
of  the impacted basket is essential. Although impaction 
could be managed surgically, nonsurgical endoscopic 
maneuvers should be attempted by experienced endos-
copists in order to avoid it. A comprehensive retrospec-
tive study that involved seven American referral centers 

showed that impaction was resolved by using alternative 
options like extending prior EST, performing elec-
trohydraulic lithotripsy, by using a per-oral Soehendra 
lithotripter, performing intracorporeal or extracorporeal 
lithotripsy, inserting biliary stents and finally surgery. 
The study concluded that extension of  EST and electro-
hydraulic lithotripsy was the most popular approaches 
among endoscopists[37].

The most widely used mechanical lithotripters and 
some of  their characteristics are presented in Table 2. 
ML was first described by Riemann et al[38] in 1982. In 
1988, Schneider et al[36] published one of  the first stud-
ies referring to ML using self-constructed mechanical 
lithotripters in a large series of  two hundred and nine 
patients with a median stone diameter of  18 mm, while 
more than 30% of  the enrolled patients had stones over 
20 mm in diameter. Authors reported successful litho-
tripsy in 87.6% of  the patients but in cases of  very large 
stones (over 25 mm in diameter), successful lithotripsy 
decreased to 67.6%.

In a large series that enrolled three hundred and four 
patients with large stones (over 15 mm in diameter), ML 
was performed using the Olympus BML-4Q lithotripter. 
The reported success rate for the first session was 70% 
and the overall rate of  successful stone removal after 
multiple sessions of  ML was 90%. When ML was unsuc-
cessful, patients were referred for surgery. The reported 
post-procedure complication rates after the first ML ses-
sion was 3.3% for pancreatitis and 1.4% for cholangitis, 
while no perforation was reported[39].

Α previous American multi center prospective trial 
that enrolled one hundred and sixteen patients from nine 
medical institutions, reported that stones with a size of  
less than 20 mm were associated with high rate of  suc-
cessful removal (90%-100%), while for very large stones, 
the success rate ranged from 68% to 83%.

The complication rates for pancreatitis and bleeding 
were not greater than that occurring after EST[40].

Garg et al[41] reported the Indian experience of  ML 
using an Olympus mechanical lithotripter and an ex-
traendoscopic lithotripter in cases of  impaction in order 
to remove large stones (over 15 mm in diameter). The 
overall success rate was 79.3%. Biliary drainage by na-
sobiliary catheter or stent placement was performed in 
cases of  unsuccessful attempts of  stone removal and 
subsequently the patients were referred for surgical in-
tervention. The study concluded that the impaction, size, 
shape and composition of  the stone could represent 
some valuable predictive factors for unsuccessful ML.

In another series from Italy, the rate of  successful 
removal of  very large stones (over 28 mm in diameter) 
was 68%, while for smaller stones (less than 10 mm in 
diameter) it was over 90%. Due to low rates of  stone re-
moval in patients with very large stones, surgery or other 
alternative non-surgical procedures such as extracorpo-
real shock wave lithotripsy or long term biliary stenting 
could be a better option[42].

A recent study analyzed five hundred and ninety-two 
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  Author Nr. Balloon 
size (mm)

Success 
rate  (%)

Need of 
ML (%)

Complications 
(%)

   Ersoz 
   et al[21] 2003

 58  12-20 83 7 16

   Maydeo 
   et al[22] 2007

 62  12-15 92 5 8

   Minami 
   et al[24] 2007

 88 Up to 20 99 1 6

   Heo et al[23]   

    2007
200 12-20 97 8 5

  Attasaranya  
  et al[25] 2008

107  12-18 95 27 6

  Misra et al[26] 

  2008
 55 15-20 90 10 8

  Kim et al[30] 

  2009
 55 15-18 85 33 None

  Draganov 
  et al[27] 2009

 44 - 95 11 6

  Kim et al[29] 

  2011
149 Up to 20 87 20 -

Table 1  Endoscopic sphincterotomy plus large balloon dila-
tion in the management of large bile duct stones: outcome, 
complications
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patients with choledocholithiasis. Failure to extract dif-
ficult or large stones was reported in about 12% of  them, 
while stone impaction happened in 5% of  the patients. 
The stone extraction rate in patients with impaction was 
96% and in patients with non-impacted stones it was 
97%. The success rate was 96% for stones smaller than 
20 mm and 100% for stones more than 20 mm. The 
procedure was successful in the first session in 81% of  
the patients while in 19% of  them multiple ERCPs were 
required in order for CBD clearance to be accomplished. 
Basket impaction occurred in 5.7% of  the patients that 
underwent ML. The impaction was resolved using a sec-
ond mechanical lithotriptor. Pancreatitis, cholangitis and 
bleeding rates were lower compared with the non-ML 
group[43].

ELECTROHYDRAULIC LITHOTRIPSY-
LASER LITHOTRIPSY: “THE 
ALTERNATIVES”
Electrohydraulic lithotripsy (EHL) is a not a widely 
available technique because it is a second line method 
of  stone therapy. When available, it is used in cases of  
large stones, in cases of  stones above a strictured CBD 
segment or in cases of  stones impacted within the cys-
tic duct, but it can be applied in cases of  failure of  the 
conventional techniques. Initially it was used by urolo-
gists for the treatment of  urinary tract lithiasis. An EHL 

probe consists of  a coaxial bipolar probe and a separate 
charge unit. A shock wave is generated and an electric 
spark created, causing an explosive formation of  plasma 
channel and vaporization of  the water surrounding the 
electrode. Continuous saline irrigation is required to 
provide a media for shock wave energy transmission, to 
ensure visualization and to clear the debris. Therefore, 
a nasobiliary catheter is sometimes necessary to irrigate 
alongside the probe. EHL is usually performed under di-
rect cholangioscopy with the aid of  an EHL probe that 
is inserted in the common bile duct through the working 
channel of  a cholangioscope. The best option is for the 
procedure to be performed under direct cholangioscopy 
in order to avoid application of  shock waves directly on 
the duct wall, causing bleeding or perforation.

When direct cholangioscopic control is not avail-
able, an EHL probe can be inserted through a modified 
balloon catheter that centers the probe onto the stone 
under fluoroscopic guidance. The tip of  the EHL probe 
looks directly at the stone and is positioned 5 mm from 
the tip of  the scope and 1-2 mm from the stone[44]. 
Shock waves can be delivered in brief  pulses that range 
from a single discharge to continuous discharging by a 
foot switch device according to manufacturers’ recom-
mendations, until the stone is fragmented[45].

In a retrospective multicenter Canadian study, effi-
cacy and safety of  EHL was assessed in ninety-four pa-
tients with difficult stones, eighty-one of  them present-
ing with large ones (over 20 mm in diameter) referred 
for endoscopic therapy. EHL was performed under di-
rect cholangioscopy using a “mother-baby” system with 
the Nortech probe and a Northgate SD-100 generator. 
Overall, successful stone fragmentation was achieved in 
96% of  the patients. In 66% of  the patients, the frag-
mentation was complete while in 30% it was partial. The 
great majority of  the patients required one session only 
for successful stone fragmentation while a small amount 
of  patients underwent additional ML or Extracorporeal 
Shock Wave Lithotripsy (ESWL). Overall, 18% of  the 
patients presented with post-procedural complications, 
the most common being recurrent jaundice and/or chol-
angitis. Rare complications were hemobilia and pancre-
atitis, while one patient developed a biliary leak that was 
resolved with stent placement[46].

The currently available mother-baby cholangioscopes 
are not widely used nowadays due to several disadvantag-
es (high cost, requirement of  two skillful endoscopists, 
difficult maneuverability and fragility, as a baby scope 
can be easily damaged at the level of  the duodenoscope 
elevator). However, several new choledocoscopes offer 
therapeutic options for interventions for large stones. 
One of  the novel ultra-slim choledocoscopes with a 2 
mm working channel dedicated to EHL and laser litho-
tripsy is under research. One of  the limitations of  the ul-
tra slim cholangioscopes is that direct insertion through 
the ampulla is technically difficult and not always suc-
cessful[47,48].

SpyGlass Direct Visualization System (DVS) (Boston 
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  Device (integrated) Assembly 
required

Contrast injection 
capability

Minimum
accessory channel

  Microvasive Endoscopy, 
  Boston Scientific Corp
  Monolith No Yes 3.2 mm
  Trapezoid Rx Yes Yes 3.2 mm
  Alliance Ⅱ handle -        -            -
  Olympus America 
  Corp,LithoCrush V
  BML-3Q Yes Yes 4.2 mm
  BML-4Q Yes No 3.2 mm
  BML – 202Q-204Q Yes Yes 4.2 mm
  BML – V242QR – 30 Yes No 4.2 mm
  BML – V237QR – 30 Yes No 3.7 mm
  BML – V232QR – 30 Yes No 3.2 mm
  BML – V232QR – 26 Yes No 3.2 mm
  BML – V442QR – 30 Yes No 4.2 mm
  Xeon medical
   Xemex crusher catheter - No 2.8-3.2 mm
  (salvage)
  Olympus
  BML – 110A-1 Yes No 3.2-4.2 mm 
  MAJ – 403 (sheath) Yes No Remove scope
  Cook Endoscopy
  Conquest TTC 
  Lithotriptor Cable
  TTCL – 1 (sheath) Yes No 3.2 mm
  TTCL – 10 (sheath) Yes No 3.7 mm
  SLH – 1 - - -

Table 2  Mechanical lithotripters-basic characteristics

Stefanidis G et al . Endoscopic extraction of large stones



Scientific, Natick, MA) is a new tool that enables direct 
examination of  bile ducts, optically-guided tissue sam-
pling and therapeutic interventions. It is a novel single-
operator endoscope. The system uses the SpyScope, a 
10Fr single-use catheter-cholangioscope that offers four-
way maneuverability, one channel for an optical probe 
and separate irrigation channels and one working chan-
nel that permits direct biopsy and EHL or Holmium 
Laser probes to pass through into the bile ducts. It is re-
ported that is a safe and effective method of  lithotripsy 
for large stone fragmentation[49].

Chen and Pleskow[50] first published the initial experi-
ence, evaluating the use of  SpyGlass DVS for diagnostic 
and therapeutic reasons. They reported EHL in a few 
cases with very good results.

Recently it has been reported that complete stone 
therapy was achieved in 68% of  patients with difficult 
stones, while the complication rate was comparable to 
that of  conventional ERCP, with cholangitis being the 
most common adverse event[51].

An American group performed SpyGlass and EHL 
in twenty-six patients with large CBD stones. EHL was 
used in thirty-eight patients, while in five cases the probe 
could not be advanced up to the tip of  the SpyScope 
and in seven cases it could not target the stone. How-
ever, it is reported that EHL was effective and most of  
the patients did not require complementary sessions of  
therapy[52].

Laser lithotripsy (LL) works with the same principle 
as EHL and the two methods share the same indications. 
LL focuses a laser light of  a high power density onto the 
stone and a plasma of  a gaseous collection of  ions and 
free electrons is created. This plasma bubble induces 
cavitation with tensile and compressive waves that con-
duces stone fragmentation. The laser light wavelength is 
in the near-infrared spectrum and delivers high energy 
pulses of  about 500 to 1000 mJ[53]. The procedure is usu-
ally performed under direct visualization of  the stone. 
The ideal procedure is performed under direct visualiza-
tion of  the stone in order to prevent ductal trauma or 
perforation. However, when direct cholangioscopy is 
not available, the LL fiber probe can be inserted through 
centering balloons under fluoroscopic guidance. The LL 
units are portable and smaller than a classic endoscope 
processor tower. The main LL systems are the Holmium:
YAG and the frequency-double pulse neodymium:YAG 
(FREDDY). Subsequently, other “smart” lasers have 
been designed in order to limit ductal injury, recognizing 
the difference between soft tissue and stone. Flashlamp 
Pulse Dye Laser uses Coumarin dye to produce selec-
tively absorbable pigments by 504 nm light. Another sys-
tem uses Rhodamine 6G dye in order to create a 595 nm 
wavelength that delivers energy strictly to the targeted 
stone[54].

The LL probe passes through the working channel 
of  several choledocoscopes. The classic “mother-baby” 
endoscopic system, the newer ultra-slim upper endo-
scopes (nasal endoscopes with a 4.9-5 mm diameter and 

a working channel of  2 mm) and ultimately the SpyGlass 
DVS are compatible with laser fiber probes.

The disadvantages of  LL could be the multiple ses-
sions that are usually required, the fragility of  the probe, 
the expensive equipment and the requirement of  two 
skillful endoscopists.

More than two hundred patients were enrolled in an 
analysis of  the effective fragmentation of  difficult stones 
with pulsed Dye Laser. In 92% of  the patients, the pro-
cedure was successful and in the majority fragmentation 
was achieved in one session[55]. Complications of  LL in-
clude bleeding and cholangitis and are reported in 7% of  
the patients[56].

Compared with LL, the stone fragments resulting 
after EHL are usually larger and occasionally have sharp 
edges. The main advantage of  the LL compared with 
EHL is that the ultra thin laser probe can be inserted 
through working channels of  mini scopes or 5Fr cath-
eters. Both techniques have been reported to be safe and 
effective[57,58] but they are not widely used in every day 
clinical practice.

In a recent prospective international cohort from 
fifteen centers in Europe and the United States, authors 
evaluated the efficacy and safety of  SpyGlass DVS in 
the treatment of  large or difficult stones by performing 
EHL and LL. All patients had one month of  follow-up 
after cholangioscopy. The mean diameter of  the largest 
stone was 18 mm and in 63% of  cases, the stones were 
impacted. EHL and LL was performed in 69% and con-
ventional methods in 31% of  cases. The reported proce-
dural success for the EHL and LL group was 91% and 
93% in the conventional group. The adverse events were 
minimum and resolved without sequel[59].

BILE DUCT STONE DISSOLUTION
Stone dissolution was investigated in the 1980s as an 
alternative option in elderly patients with co-morbidities, 
in poor candidates for stone extraction or in cases of  
failure of  stone clearance with other traumatic tech-
niques. We refer herein to the dissolution option, al-
though it does not represent an endoscopic technique 
of  large stone extraction because the placement of  a 
nasobiliary tube via ERCP is required. The tip of  the na-
sobiliary catheter has to be placed above the stone in or-
der to provide continuous infusion of  adequate chemical 
agents. Several dissolution agents have been proposed 
but no particular agent has shown its efficacy. Mono-
octanoin with an infusion rate of  3-5lt/h is the most 
studied agent. It is reported that it can dissolve choles-
terol stones “in vitro” and “in vivo”. With Methyl tert-
butyl ether (MTBE), there is less experience and data 
for bile duct stones is limited, while EDTA/bile acid 
solution can dissolve calcium-containing stones. Dissolu-
tion agents rarely lead to complete stone disappearance, 
even although they can shorten and change the stone 
form, volume and consistency in order to be extracted 
by routine techniques[60]. The results of  these particular 
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studies were disappointing, with low success rates. Data 
regarding the use of  Mono-octanoin infusion for 4-7 d 
in a large series of  patients indicated complete or partial 
stone dissolution in 46% of  patients, with the major side 
effect of  diarrhea[61]. MTBE in a limited number of  pa-
tients had a poor outcome and caused side effects such 
as duodenitis and altered hepatic biochemistry[62].

Therefore, the dissolution option is a rather aban-
doned method of  CBD stone clearance with no applica-
tion in every day clinical practice.

ENDOPROSTHESES: “ALWAYS DRAIN”
Biliary endoprosthesis (stenting) has been proposed as 
an alternative for bridging or curative therapy, in the 
elderly or in cases of  co-morbidities in patients who are 
unlikely to tolerate prolonged endoscopic attempts or 
surgery[63]. In every day clinical practice, biliary stenting 
is required on a temporary basis in cases of  large, dif-
ficult to retrieve stones in order to establish continuous 
bile drainage, to “keep the route open”, to prevent stone 
enlargement or impaction and, finally, to avoid complete 
ductal occlusion. The proximal end of  the stent has 
to be placed above the stone and the distal end pro-
trudes through the papilla into the duodenum. Usually 
7Fr double pig-tail polyethylene stents are used, while 
10-11.5Fr straight stents are usually preferred in cases 
of  large stones associated with CBD stricture. Routine 
replacement is not required since it appears to obstruct 
the stent and cause cholangitis[34]. Stent insertion usually 
is safe and easy, although can be challenging in cases of  
stenosis of  the distal CBD or in altered anatomy where 
there is no straight access to the papilla.

Some authors support that after biliary stenting for 
3-6 mo, some large stones disappear and some other de-
crease in size or may fragment. That could be an effec-
tive adjuvant method to clear large or difficult stones[64].

Jain et al[65], in a prospective trial, studied patients with 
large or difficult to extract stones after the placement of  
a 7Fr pig-tail stent, repeating ERCP after six months. In 
20% of  the patients, the stones fragmented spontane-
ously and the stone clearance was achieved with balloon, 
while in 35% of  patients, the duct was found without 
stones.

Hong et al[66], in a recent trial, reported that EST plus 
biliary stent placement without performing stone ex-
traction as primary therapy in the treatment of  large or 
multiple stones is a safe and effective method. Following 
the patients for a median of  120 d after the stent place-
ment, the mean CBD diameter and the stone diameter 
decreased significantly since pancreatitis occurred in 1.9%. 
Although it is not sufficiently studied thus far, the proce-
dure when performed using one plastic stent is associated 
with high rates of  stent occlusion and cholangitis within 
the first 6-36 mo[67,68]. Therefore, multiple double pig-tail 
stents seem to contribute to a reduction in stone size, es-
pecially in cases of  large CBD diameter[69].

In another Japanese series, patients with large and/or 

multiple stones had placement of  a 7Fr double pig-tail 
plastic stent without stone extraction at the initial ERCP. 
Two months later in the follow-up ERCP, it was seen that 
larger stones decreased and smaller ones disappeared; 
however, complication rates after the second ERCP were 
13% for cholangitis and 5% for pancreatitis[70]. 

ALTERED ANATOMY: “THE CHALLENGE”
Therapeutic ERCP for large stone extraction in patients 
with Billroth Ⅱ gastrectomy, Roux-en-Y reconstruction 
or Mirizzi syndrome is very challenging and in some 
cases unsuccessful.

Namely, for the Billroth Ⅱ anastomosis, the crucial 
part of  the procedure is to reach the papilla positioned 
in the afferent loop. Another problem is what type of  
endoscope to chose. According to patient’s anatomy 
status, availability and group experience, side-viewing, 
forward-viewing, single/double balloon or spiral endo-
scopes can be used. 

In most of  Billroth Ⅱ patients, the papilla can be 
easily found in the afferent loop by side-viewing regular 
duodenoscopes, but in patients with Roux-en-Y it is really 
difficult and time-consuming[63]. Many endoscopists pre-
fer to use forward-viewing endoscopes in patients with a 
prior surgery[71]. The main disadvantage of  the forward-
viewing scopes is the lack of  elevator that makes cannula-
tion of  an intact papilla difficult as advanced maneuvers 
are limited due to lack of  steerability. Moreover, the 
working channels of  the conventional forward-viewing 
endoscopes do not permit the use of  ML.

EST in patients who underwent gastrectomy is more 
challenging and difficult. The most popular sphincterot-
omy technique in Billroth Ⅱ gastrectomy is cutting with 
a needle-knife over a plastic stent that has been placed 
beforehand for this reason and is removed immediately 
after the completion of  the sphincterotomy[72].

Although EST or ESLBD have been performed for 
removal of  bile duct stones in patients with Billroth Ⅱ 
gastrectomy, the reported results are not completely 
satisfactory. In a recent trial, a Korean group performed 
stone extraction after limited EST followed by dilation 
up to 15 mm. ML was required in 11.5% of  the cases, 
while in all cases stones were successfully removed in a 
maximum of  three consecutive sessions without signifi-
cant complications (bleeding, pancreatitis or perfora-
tion). The authors consider ESLBD as an effective and 
safe method of  stone removal in patients with Billroth II 
gastrectomy[73].

Similar outcomes were reported in a Japanese study. 
The median stone diameter was 13.5 mm, while in 18% 
of  the cases, complementary ML was needed with no 
serious complications[74].

BD without a prior EST has also been investigated as 
an easy method with a theoretically lower risk of  bleed-
ing. However, the technique showed limited outcomes 
because dilating the opening of  the biliary sphincter up 
to 10 mm is not large enough to provide stone extrac-
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tion, especially in cases of  large stones[75].
Mirizzi syndrome (MS) is a serious complication 

of  gallstone disease. Open surgery remains the classic 
therapy, while a laparoscopic approach is contraindicated 
in selected patients due to increased rates of  mortality[76]. 
MS is defined as a chronic extrinsic compression of  the 
common hepatic duct due to cholecystitis and large or 
impacted gallstones in Hartman’s pouch with or with-
out formation of  a fistula. It seems that capturing large 
stones in the common hepatic duct with conventional 
baskets is difficult. Thus, intracorporeal shock wave 
techniques for stone fragmentation are needed in order 
to provide stone bile duct clearance[63].

Per-oral cholangioscopy-guided lithotripsy has been 
successfully performed in patients with Mirizzi syn-
drome[77].

In an older large series of  patients who underwent 
endoscopic therapy for Mirizzi syndrome using ML, long-
term stenting and extracorporeal shock wave lithotripsy, 
stone clearance was achieved in 56% of  the patients[78].

CONCLUSION
Endoscopic extraction of  large stones can be problem-
atic, even for experienced endoscopists in selected cases. 
In such cases, after failure to provide stone therapy with 
conventional balloons and baskets, the ERCP team has 
to choose a “Plan B” that has to be effective, not time-
consuming and less damaging for the patient’s biliary tree.

The reports regarding ESLBD are promising because 
it seems to be a safe and effective alternative technique 
for large stone therapy. A prior competent sphincter-
otomy is the first step before large balloon dilation and it 
is an absolute requirement since many authors reported 
lower complication rates when compared with dilation 
alone. Moreover, it could be an effective alternative op-
tion in cases of  “basket and stone impaction”. We be-
lieve that the effectiveness of  this technique to extract 
biliary stones is attributed, not only to the radial dilation, 
but to the straightening of  the distal CBD as well, thus 
the term “sphincteroplasty” is more appropriate and 
precise.

To date, there are many trials supporting ESLBD 
but it has not yet become a part of  the everyday practice 
in ERCP units worldwide. More comparative studies 
with bigger numbers of  patients are probably needed. 
Katsinelos et al, in a letter to the Editor of  Endoscopy in 
2008, approached the stone impaction issue under the 
prism of  dilation when strategies in case of  impaction 
were the use of  a salvage mechanical lithotripter, EHL, 
LL and a percutaneous or surgical approach.

One of  the limitations of  ESLBD is the lack of  a 
completely established technique yet. The usual queries 
are whether we perform “limited” or “maximum” ESΤ, 
how long we dilate and what balloon size is required. 
Especially in case of  periampullary diverticulum, altered 
anatomy (Billroth Ⅱ gastrectomy) or small papilla, our 
impression is that “minor” EST should be performed 

prior to large balloon dilation due to lower rates of  
bleeding and perforation. That hypothesis has to be 
proved by randomized, comparative, well-designed trials. 

The duration of  the dilation ranges in some tri-
als from 10 s to 60 s to 2 min to 6 min. Our opinion 
from our analysis is “less dilation time, lower complica-
tion rates”[31]. Keeping the balloon inflated for a longer 
time (60 s) is common practice when dilating bile duct 
strictures of  fibrotic nature[79]. However, in the setting 
of  post-EST dilation where we are dilating a dissected 
sphincter and not a fibrotic tissue, theoretically a pro-
longed dilation time should not be needed and probably 
would provoke side effects.

Regarding the size of  the dilating balloon, it has to 
be proportionate to the CBD and stone diameter and 
potential comorbidity has to be considered.

In an animal experiment, researchers studied the his-
tological consequence of  ESLBD that was performed 
using balloons up to 15 mm and up to 20 mm in porcine 
specimens and tissue sections were assessed for mor-
phological changes. Macroscopic disruption and perfora-
tion of  the ductal wall increased proportionally to the 
balloon diameter. Thus, large balloon dilation caused a 
potential impairment of  sphincter function[80].

Primary BD remains unpopular in Western coun-
tries[3,19] and is not a routine technique worldwide. David 
Carr-Locke believes that, for unclear reasons, there are 
considerable differences in the post-procedure complica-
tions comparing ESLBD and BD among East and West. 
In China, Korea or Japan, primary BD of  the papilla 
for the removal of  stones has success and complication 
rates similar to those of  EST, with the exception of  
bleeding, although there is an increased need for ML[4,81]. 
When balloon dilation is performed in the West, it pres-
ents a high risk of  pancreatitis that makes it rather an 
abandoned technique in everyday clinical practice. 

Pancreatitis resulting after BD alone could be ex-
plained theoretically by the edematous change of  the 
papilla due to forced sphincter rupture, trauma and 
finally, the resulting obstruction of  the pancreatic duct 
that discharges the inflammatory cascade leading to 
acute inflammation of  the pancreas. The risk of  pancre-
atitis after ESLBD is less than after BD alone, probably 
because after EST, the mechanical trauma caused by bal-
loon expansion is directed predominantly towards the 
biliary part of  the sphincter that is already dissected than 
towards the pancreatic duct[82].

The majority of  endoscopists remove convention-
ally large stones by performing EST followed by ML. 
To date, there are no trials in the literature analyzing the 
efficacy of  ESLBD after failure of  ML to provide large 
CBD stone retrieval. However, ML is an established 
but quite challenging technique[83,84], since capturing the 
stone inside the lithotripter is difficult, time consuming 
and traumatic. ML seems to be effective in very large 
stones (over 20-25 mm in diameter). Thus, very large 
stones should be treated with ML by default, since bal-
loon dilators of  a diameter greater than 20 mm are not 
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commercially available.
In cases of  failure, we have to think about alterna-

tive non-operable options. LL or EHL could be the ideal 
alternative for elderly patients with an increased surgical 
risk.

EHL and LL yield similar success rates and may be 
used complementarily in referral centers. LL using smart 
laser systems that recognize the stone and protect the 
ductal tissue seems to be the best option. Dye Laser 
and the FREDDY system can simplify the large stone 
fragmentation whereas EHL is rarely used nowadays be-
cause of  its higher potential of  complications (bleeding, 
perforation)[53]. On the other hand, EHL under direct 
cholangioscopy or under fluoroscopy presents high rates 
of  successful clearance in large stones (over 90%) when 
performed by skilled endoscopists. Smaller cohorts re-
ported similar outcomes for EHL, reporting stone frag-
mentation rates ranging from 77%-100%[4,85,86].

In conclusion, ESLBD could be used as the first line 
therapy when balloons and baskets are unable to provide 
stone therapy and before ML[31], with an acceptable com-
plication profile and good outcome[32]. Its role in patients 
with coagulopathy or other risks for bleeding remains to 
be evaluated[25,26,30,31,87]. When the stone diameter exceeds 
20 mm, the most convenient technique seems to be 
ML. Alternatively, intracorporeal lithotripsy techniques 
should be attempted locally if  expertise is available or in 
a referral center[2,20].

Biliary stenting is a short-term therapy, gaining some 
time since a permanent treatment is applied. In contrast, 
stenting as a long-term therapy can be accepted only in 
cases of  very elderly patients with limited life expectancy 
as it represents the most conservative option[20]. Sche-
matically, a management model or a strategy for endo-

scopic extraction of  large bile duct stones is proposed in 
Figure 1. However, the availability of  each method, the 
cost-effectiveness, the experience of  the team, the ap-
praisal of  comorbidities and probably the patient’s pref-
erence should be considered.

By using all these alternatives, almost all patients 
with large stones could be treated endoscopically. In 
cases of  failure despite using advanced technology, the 
patient should be referred for extracorporeal shock wave 
lithotripsy or a percutaneous approach or surgery. The 
advantages and disadvantages of  the therapeutic options 
need to be discussed with the patient and his family in 
order to proceed with the appropriate therapeutic option 
for the best outcome. 
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Abstract
AIM: To assess the efficacy and safety of endoscopic 
papillary large balloon dilation after biliary sphincter-
otomy for difficult bile duct stones retrieval.

METHODS: Retrospective review of consecutive pa-
tients submitted to the technique during 18 mo. The 
main outcomes considered were: efficacy of the proce-
dure (complete stone clearance; number of sessions; 
need of lithotripsy) and complications.

RESULTS: A total of 30 patients with a mean age of 
68 ± 10 years, 23 female (77%) and 7 male (23%) 
were enrolled. In 10 patients, a single stone was found 
in the common bile duct (33%) and in 20 patients mul-
tiple stones (67%) were found. The median diameter 
of the stones was 17 mm (12-30 mm). Dilations were 
performed with progressive diameter Through-The-
Scope balloons (up to 12, 15) or 18 mm. Complete re-
trieval of stones was achieved in a single session in 25 
patients (84%) and in two sessions in 4 patients (13%). 
Failure occurred in 1 case (6%). Mechanical lithotripsy 

was performed in 6 cases (20%). No severe compli-
cations occurred. One patient (3%) had mild-grade 
post-endoscopic retrograde cholangiopancreatography 
(ERCP) pancreatitis.

CONCLUSION: Endoscopic balloon dilatation with a 
large balloon after endoscopic sphincterotomy is a safe 
and effective technique that could be considered an 
alternative choice in therapeutic ERCP.

© 2012 Baishideng. All rights reserved.

Key words: Balloon dilation; Cholelithiasis; Endoscopic 
retrograde cholangiopancreatography; Lithotripsy; Sphinc-
terotomy 
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INTRODUCTION
The basic principle of  common bile duct stone extrac-
tion involves destruction or dilation of  the bile duct ori-
fice. Endoscopic sphincterotomy (EST) has been accept-
ed as the standard management for stone removal from 
the bile duct since its first description in 1974[1], how-
ever, it is associated with complications such as haemor-
rhage, pancreatitis, perforation, and recurrent infection 
of  the biliary tree; it also causes permanent functional 
loss of  the sphincter of  Oddi[1-3]. Endoscopic papillary 
balloon dilation (PBD) was introduced by Staritz et al[4] 
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in 1983 and has been advocated as an alternative to EST 
in selected patients with bile duct stones, despite a few 
reports of  an unacceptably high risk of  pancreatitis[4-10]. 
The main advantage of  this technique is that it does not 
involve cutting the biliary sphincter. Therefore, acute 
complications, such as haemorrhage or perforation may 
be less likely, and the function of  the biliary sphincter 
may be preserved. Regardless of  the theoretical merits 
of  conventional PBD, one of  the major limitations is 
the difficulty of  removing larger stones because the bili-
ary opening is not enlarged to the same degree as with 
EST[11]. To overcome these limitations, Ersoz et al[12] in 
2003, introduced PBD with a large balloon after EST for 
the removal of  large (≥ 15 mm) bile duct stones that are 
often difficult to remove with standard methods. They 
reported that PBD after limited EST was more effective 
for the retrieval of  large stones and that it shortened the 
procedure time. This technique combines the advantages 
of  EST and PBD by increasing the efficacy of  stone 
extraction while minimizing complications of  both EST 
and PBD alone[13].

In our study, we performed dilation of  the sphincter 
with large Through-The-Scope (TTS) balloons (12-18 
mm diameter) after limited EST. We analysed the effi-
cacy, considering as primary endpoint the success rate of  
complete removal of  stones in a single endoscopic ret-
rograde cholangiopancreatography (ERCP) session, and 
as secondary endpoints the number of  ERCP sessions 
required for complete stone removal and the frequency 
of  use of  mechanical lithotripsy. Safety was evaluated by 
assessing the complications of  the procedure.

MATERIALS AND METHODS
Patients
From March 2009 to November 2010, a total of  30 
patients were enrolled. All patients met the following 
selection criteria: (1) referral for ERCP by symptoms re-
lated to bile duct stones; (2) 18 years of  age or older; (3) 
informed consent obtained before ERCP; (4) difficult 
bile duct stones visualized at ERCP (considered when 
≥ 15 mm in diameter and/or when multiple); and (5) 
deep cannulation of  the bile duct achieved without pre-
cut. Exclusion criteria included: acute pancreatitis (severe 
epigastric pain combined with serum amylase more than 
three times the upper normal limit), acute cholecystitis 
(localized pain in the right upper abdomen, fever, and a 
thickened gallbladder wall on ultrasonography), which 
could compromise the assessment of  procedure-related 
complications, or a history of  previous biliary surgery 
(except cholecystectomy), haemostatic disorders, intra-
hepatic stone diseases, concomitant pancreatic or biliary 
malignant disorders.

Endoscopic procedures
All the exams were performed with Olympus® TJF 160 
VR and TJF 145 side-viewing endoscopes. Patients were 
under conscious sedation, performed by an anaesthesi-

ologist. Prophylactic antibiotics were not routinely given. 
To decrease duodenal peristalsis, 20 mg butylscopol-
amine was administered intravenously when needed. The 
major papilla was located and the bile duct was deeply 
cannulated preferentially with a sphincterotome (Papil-
lotomy knife, wire guided type, Olympus®). A diagnostic 
cholangiogram was obtained by injection of  a diluted 
contrast medium. EST was performed over a 0.035 in 
guide wire (Hydra Jag wire TM guide wire, Boston Sci-
entific Corp.®). After that, a 12 mm to 18 mm TTS bal-
loon catheter for oesophageal/pyloric dilation (CRETM 
wire-guided balloon dilatation catheter, Boston Scientific 
Microvasive®) was passed over the guide wire and po-
sitioned across the papilla. Each balloon was gradually 
expanded to 12-18 mm with the instillation of  diluted 
contrast medium, depending on the maximal diameter 
of  the CBD, measured by cholangiography. The sphinc-
ter was considered adequately dilated when the waist in 
the balloon had disappeared completely. The fully ex-
panded balloon was maintained in position for 60 s and 
then deflated and removed (Figure 1). After EBD, the 
stones were retrieved using a Dormia basket (WebTM 
extraction basket, Wilson-Cook Medical Inc.®) and/or 
a retrieval balloon catheter (System single use triple lu-
men stone extraction balloon, Olympus®). When strictly 
necessary, mechanical lithotripsy (BML-4Q, Olympus; 
Fusion Lithotripsy Basket, Wilson-Cook Medical®) was 
performed to fragment the stones prior to extraction 
from the bile duct. Complete stone removal was docu-
mented with a final cholangiogram (Figure 2). If  stones 
were still present, a biliary plastic double pigtail stent was 
placed and a second ERCP was planned within 4-6 wk.

Outcome measures
Stone size and number were documented on the initial 
cholangiogram during ERCP. Stone size was assessed by 
comparing the largest stone diameter with the diameter 
of  the endoscope, measured on the X-ray image.

The primary endpoint was the success rate of  com-
plete removal of  stones in the initial ERCP session. The 
secondary endpoints included the number of  ERCPs 
until achievement of  complete stone extraction, fre-
quency of  mechanical lithotripsy and complications such 
as bleeding, pancreatitis, cholangitis, and perforation. To 
assess these complications, blood samples for complete 
blood count, liver function test, amylase and lipase con-
centrations and C-reactive protein level were taken 24 h 
after the procedure. Post-ERCP pancreatitis was defined 
as persistent abdominal pain of  more than 24 h duration 
associated with elevation of  serum amylase more than 
three times the upper normal limit. Bleeding complica-
tions were considered when a decrease in haemoglobin 
concentration of  > 2 g/dL was seen or evidence of  
clinical bleeding after the procedure, such as melena or 
hematemesis. Cholangitis was defined as a fever accom-
panied by jaundice and right upper quadrant pain. All 
complications were classified and graded according to 
the 1991 consensus guidelines[14]. After removal of  the 
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stones, ductal clearance was confirmed with a balloon 
catheter cholangiogram at the end of  the procedure.

For statistical analysis we used the SPSS for Mac 
software (version 18.0). Data are presented as the mean 
± SD or median with range. Categorical parameters were 
compared using χ2 or Fisher’s exact tests, while continu-
ous variables were analysed by Student’s t test. P < 0.05 
was considered statistically significant.

RESULTS
As described in Table 1, between March/2009 and Sep-
tember/2010, a total of  30 patients with a mean age of  
68 ± 10 years, 23 female (77%) and 7 male (23%) were 
enrolled in the study.

Twenty-six patients (86%) were submitted to EST 
followed by PBD, 2 required enlargement of  previous 
EST and PBD (7%) and in 2 only PBD (7%) was per-
formed since these patients had a previous EST with 
adequate dimensions. 

In 10 patients a single stone in the CBD (33%) was 
found and in 20 patients multiple stones (67%) were 
found. The median diameter of  the stones was 17 mm 
(range 12-30 mm). In 7 cases (23%), the papilla was peri-
diverticular, although accessible.

The dilations were performed with progressive diam-

eter TTS balloons: 8 up to 12 mm (27%), 9 up to 13.5 
mm (30%), 10 up to 15 mm (33%), 2 up to 16.5 mm (7%) 
and 1 up to 18 mm (3%).

Treatment outcomes
In 29 patients (97%), endoscopic balloon dilation (EBD) 
of  the biliary sphincter was successful and complete 
retrieval of  bile duct stones was achieved. Failure oc-
curred in 1 case (6%) due to impossibility in removing 
or capturing a 25 mm stone, even with a lithotripsy 
basket. Successful stone removal in one ERCP session 
was accomplished in 25 patients (84%). In 4 patients 
(13%) complete stone removal was possible in a second 
procedure performed within 4-6 wk. The stone removal 
rate according to stone size and number is described 
in Table 2. Mechanical lithotripsy was necessary in six 
patients (20%), allowing complete stone removal in the 
same procedure. The use of  mechanical lithotripsy ac-
cording to stone size and number is described in Table 3.

Complications
In our study group, only one patient developed mild-
grade post-ERCP pancreatitis that resolved with conser-
vative treatment in 72 h. Haemorrhage did not occur in 
any of  the patients. In 3 cases, minor oozing that spon-
taneously stopped during the procedure was noted. Fatal 
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Figure 1  Endoscopic view of papillary large balloon (18 mm) dilation after limited sphincterotomy in a patient with a single large bile duct stone (30 mm, 
egg shaped).

Figure 2  Fluoroscopy sequence showing a dilated common bile duct with a large single stone inside. Balloon inflation until the notch on the waist disappears; 
clearance of the common bile duct with a Dormia basket.
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complications such as perforation or severe pancreatitis 
did not occur. An asymptomatic elevation of  serum 
amylase/lipase was noted in 27% (8/30) of  the patients 
and isolated abdominal pain occurred in 3 patients (10%). 
The elevated serum amylase/lipase usually normalized 
within 24-48 h after the procedure and did not affect the 
clinical course of  the patients.

DISCUSSION
EBD has been reported to be an effective and safe 
method to access the bile duct for retrieval of  common 
bile duct stones[13,15-17]. Specifically, EBD is recommend-
ed in patients with coagulation defects[13]. However, the 
use of  conventional EBD is restricted to patients with 
small stones (less than 10 mm in diameter) since bal-
loon dilation does not enlarge the sphincter to the same 
extent as EST. Concerns surrounding EBD are primarily 
due to the diameter of  the balloon catheter and the as-
sociated risk of  pancreatitis. EST is the most commonly 
used technique to access the bile duct in order to treat 
biliary stones. However, a large EST is associated with 
complications that in a few cases can be serious, such as 
perforation or severe haemorrhage[5,15]. Additionally, in 
difficult bile stones, EST alone does not allow complete 
stone extraction in some cases. In fact, in difficult cases 
complete stone extraction is only possible after the use 
of  mechanical lithotripsy and, usually, involving multiple 
procedures.

To obviate these problems, Ersoz, in 2003, described 
the combined EST+EBD technique. This was the 
method performed in our study. The sphincterotomy 
performed previous to EBD allowed us to control the 
choledochal direction during dilation, straightening the 
distal part of  the CBD. With this modified EBD proce-
dure, we achieved greater access to the bile duct (12-18 
mm) compared to conventional EBD of  around 10 mm 

in diameter. The combination of  these techniques cre-
ates a large orifice facilitating removal of  large or mul-
tiple stones with less chance of  impaction in the distal 
bile duct[15]. In our study, the overall technical success of  
bile duct stone retrieval was 97%, and the success rate of  
complete stone retrieval in a single ERCP session (83%) 
was comparable to previous reports which ranged from 
80% to 100%[10-15]. Considering that the average diameter 
of  the bile duct stones was 17 mm, this outcome is clini-
cally acceptable. In addition, mechanical lithotripsy was 
required in only 6 cases (20%), all of  which had stones 
> 15 mm in diameter. 

When assessing the relationship between efficacy, the 
number of  bile duct stones and their median diameter, 
only the size (larger stones, mean diameter 23 mm) was 
associated with incomplete removal or failure (P = 0.001); 
the number of  stones (single versus multiple) did not in-
fluence the success of  the technique (Table 2). Accord-
ing to the literature, the use of  lithotripsy alone (without 
balloon dilation) is required in up to 25% of  cases of  
difficult CBD stones[16,17]. In our series, mechanical litho-
tripsy was required in only 20% of  patients who under-
went large PBD after EST and it was required in only 
a few cases of  single stones (10%; P = 0.02) (Table 3). 
However, these points of  discussion should be validated 
with larger sized subgroups.

With respect to the complications normally associ-
ated with EBD, post-procedural pancreatitis is highly 
disputed. Even though Disario et al[8,9] reported that 
post-EBD pancreatitis developed in 14% of  their pa-
tients with 2 fatal cases, other studies have reported that 
the post-EBD risk of  pancreatitis is comparable to the 
risk associated with conventional EST. In theory, the 
risk of  pancreatitis with EBD seems to be related to the 
pressure load on the orifice of  the main pancreatic duct 
during balloon dilation. That is why EST prior to EBD 
could prevent pressure overload on the main pancreatic 
duct and consequently prevent post-EBD pancreatitis. 
In this study, we performed EST of  the bile duct to 
control the choledochal direction of  balloon dilation 
and prevent pressure overload on the orifice of  the main 
pancreatic duct and we reported only one case of  mild-
grade post-ERCP pancreatitis. However, it is still not 
clear how large the sphincterotomy performed must be 
in order to achieve the apparent reduction in pancre-
atitis risk with large balloon dilation[15,17]. Regarding the 
risk of  haemorrhage, this sequential technique has been 
shown to be as safe as conventional EBD. As in other 
series[13,15-19], in ours, we did not have any cases of  im-
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  Mean age (yr) 68 ± 10
  Gender (M/F) 7/23
  Stones 
    Single 10 (33%)
    Multiple 20 (67%)
  Median diameter (mm) 17(12-30)
  Periampullary diverticulum  7 (23%)

Table 1  Baseline characteristics of the patients

Complete removal
(with one ERCP)

Incomplete removal/
failure

P

  Stones Single   9 (90%) 1 (10%) NS
Multiple 16 (80%) 4 (20%)

  Median diameter (mm)          15            23 0.001

Table 2  Stone removal after endoscopic balloon dilatation 
according to stone size and number

ERCP: Endoscopic retrograde cholangiopancreatography; NS: Not signifi-
cant.

Use of lithotripsy P
Yes No

  Stones Single 1 (10%) 9 (90%) 0.02
Multiple 5 (25%) 15 (75%)

  Median diameter (mm)     16      17 NS

Table 3  Use of lithotripsy according to stone size and number

NS: Not significant.
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portant haemorrhage. Another issue to consider during 
EBD with a large balloon is the risk of  perforation of  
the duodenum. However, this risk is controlled, as dur-
ing the ballooning, the endoscopist is able to monitor the 
dilation status of  the ampulla, both endoscopically and 
by using fluoroscopy. Additionally, the EST performed 
previously has the capacity to orientate the correct direc-
tion of  the dilation and control the impact of  its radial 
force. Hence, the theoretical risk of  perforation is very 
low[13-18]. Again, we had no cases of  this complication. 

Unlike balloon dilation as a substitute for sphinc-
terotomy, endoscopic papillary large balloon dilation is 
rapidly catching on as a useful technique for large or dif-
ficult bile duct stones in patients with dilated bile ducts, 
when performed complementary to limited EST.

In conclusion, as reported by other authors[15-19], our 
study showed that endoscopic papillary large balloon 
dilation appears to be a safe and effective technique for 
the removal of  large bile duct stones and should be con-
sidered in the management of  difficult bile duct stones.
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Abstract
AIM: To investigate the role of capsule endoscopy in 
patients with persistent perianal disease and negative 
conventional work up for Crohn’s disease (CD).

METHODS: Patients with perianal disease (abscesses, 
fistulas, recurrent fissures) were evaluated for underly-
ing CD. Patients who had a negative work up, defined 
as a negative colonoscopy with a normal ileoscopy or a 
normal small bowel series or a normal CT/MR enterog-
raphy, underwent a Pillcam study of the small bowel 
after signing informed consent. Patients using nonste-
roidal anti-inflammatory drugs or who had a history of 
inflammatory bowel disease or rheumatic disease were 
excluded.

RESULTS: We recruited 26 patients aged 21-61 years 
(average 35.6 years), 17 males and 9 females. One 
case could not be evaluated since the capsule did not 
leave the stomach. In 6 of 25 (24%) patients with a 
negative standard work up for Crohn's disease, capsule 

endoscopy (CE) findings were consistent with Crohn's 
disease of the small bowel. Family history of CD, white 
blood cell, hemoglobin, erythrocyte sedimentation rate 
or C-reactive protein did not predict a diagnosis of CD. 
Capsule endoscopy findings led to a change in treat-
ment.

CONCLUSION: In patients with perianal disease and 
a negative conventional work up to exclude CD, CE 
leads to incremental diagnostic yield of 24%.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disease 
that may manifest itself  throughout the gastrointestinal 
tract or by extra intestinal symptoms. The primary pre-
sentation of  CD may be perianal disease (PD). This pre-
sentation is not infrequent. The prevalence of  PD in CD 
ranges between 4% and 80%[1,2]. The large discrepancies 
in prevalence may be due to the variable defining criteria. 
In up to 36% of  patients, PD precedes the overt intes-
tinal disease, but in the majority of  patients, PD occurs 
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either concurrently or after the diagnosis of  small bowel 
CD[1,3]. Mild manifestations of  PD include fissures, skin 
tags and hemorrhoids, whereas perianal abscesses, rec-
tocutaneous or rectovaginal fistulas, cavitating ulcers 
and/or anorectal dense strictures are defined as severe 
PD. Severe PD usually carries a poor prognosis. Many 
of  these patients ultimately will require a proctectomy 
and a permanent stoma[4]. For many years, PD was con-
sidered to be a variant of  penetrating CD. According to 
the Vienna Classification of  CD[5], PD at any time in the 
course of  the disease is defined as penetrating disease. 
This categorization has been challenged and is defined 
separately in the Montreal classification[6].

Recent studies have shown that perianal CD may be 
a distinct phenotype, possibly associated with specific 
susceptibility genes and/or environmental factors, and 
not related to the “classic” penetrating disease[7-9].

Capsule endoscopy (CE) was introduced in early 2000 
and became a very powerful and patient friendly tool to 
investigate the small bowel. Meta analysis has shown that 
CE has a significantly higher diagnostic yield for small 
bowel lesions compared to small bowel follow through 
exams or CT enterography in patients with either sus-
pected or known CD[10].

The aim of  our 3 center study was to investigate 
whether CE provided any additional diagnostic benefit 
to patients with PD and a negative standard work-up for 
CD.

MATERIALS AND METHODS
We recruited patients with “severe” PD, i.e., perianal 
fistula or rectal abscess, aged 10-80 years in our study. 
All of  these patients had to have had a normal gastroin-
testinal investigation within the prior 3 mo to qualify for 
inclusion in this study. A normal gastrointestinal investi-
gation was defined as a normal ileo-colonoscopy, normal 
colonoscopy and normal small bowel follow through 
examination or a normal colonoscopy and a normal CT 
enterography. We excluded patients with a history of  es-
tablished CD or those with nonsteroidal anti-inflamma-
tory drugs (NSAIDs) usage. All patients signed a written 
informed consent and the study was approved by the 

local IRBs of  the participating hospitals.
The patients were on a clear liquid diet for 24 h and a 

12 h fast prior to capsule ingestion (PillCam SB2, Given 
Imaging, Yoqneam, Israel). They were allowed to drink 
clear liquids 2 h after ingestion and to eat a light meal 
4 h post ingestion. The data recorder 2 was removed 
when the capsule ceased to transmit images and data was 
processed by Rapid 6 software and read by 3 investiga-
tors (SA, RE, ES). Complete blood count, sedimentation 
rate, C reactive protein and inflammatory bowel disease 
(IBD) serology were recorded from patients’ files.

RESULTS
Twenty six patients aged 21-61 years were recruited to 
this study (mean 35.6 years), 17 males and 9 females. 
One patient was excluded from the study because of  
gastric capsule retention. 

Capsule examination of  the small bowel revealed 
findings compatible with small bowel CD (apthous ul-
cerations, linear ulcers, circumferential ulcers) in six of  
the remaining 25 patients (24%) (Figures 1 and 2).

No serious adverse events and no small bowel cap-
sule retention occurred. The observed findings at CE 
led to change in treatment in all six patients. Statistical 
analysis of  laboratory findings such as CBC, CRP, ESR 
or family history of  IBD, did not reveal any association 
with CE findings (Table 1).

DISCUSSION
Perianal disease may be the primary manifestation of  
small bowel CD in up to 36% of  cases, or be associated 
with clinically active small bowel CD[1-3]. The spectrum 
of  PD is wide. The mild form of  PD includes fissures, 
skin tags and hemorrhoids, whereas perianal abscesses, 
external or rectovaginal fistulas, and/or anorectal stric-
tures are the severe manifestations of  PD. Physicians 
treating patients with PD often order a small bowel fol-
low through examination, an entero-CT or a magnetic 
resonance enterography or perform an ileo-colonoscopy 
for the investigation of  possible small bowel CD.

CE has gained an important role in the investiga-
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Figure 1  Capsule endoscopy findings in a patient presenting with Perianal disease. A: Apthous ulcer; B: Serpiginous ulcer.



tion of  small bowel disease in general and in suspected 
Crohn’s disease specifically[11]. Many studies comparing 
CE to other radiographic procedures have been per-
formed over the past ten years. A recent meta-analysis 
found CE to have a significantly higher diagnostic yield 
for small bowel pathologies compatible with CD than 
small bowel follow through examinations, entero CT and 
even ileo-colonoscopy[10]. Moreover, many studies using 
CE have found proximal small bowel lesions in up to 
50% of  patients, lesions that were not detected by other 
modalities[12,13]. Thus, it is logical to assume that in pa-
tients with PD and negative conventional investigations, 
the addition of  a CE examination would increase the di-
agnostic yield, as demonstrated in the present study. The 
specificity of  the capsule findings can be challenged. 
To avoid the most frequent imitators, we excluded pa-
tients who were on NSAIDs or patients who had taken 
NSAIDs in the 2 mo prior to capsule ingestion. In fact, 
studies in patients who were not taking NSAIDs for 
longer than 1 mo did not show any small bowel pathol-
ogy[14]. Thus, we think our finding truly reflect small 
bowel CD.

In summary, CE can make the diagnosis of  small 
bowel CD in an additional one quarter of  patients pre-
senting with severe PD and who had a negative conven-
tional work up to exclude CD. Future studies are needed 
to determine whether in fact CE should be the primary 
investigational tool in such patients. 
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Figure 2  Capsule endoscopy findings (apthous and serpiginous ulcer) in a patient presenting with perianal fistula.
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Abstract
AIM: To study the anesthetic management of patients 
undergoing small bowel enteroscopy in the World Gas-
troenterology Organization (WGO) Endoscopy Training 
Center in Thailand.

METHODS: Patients who underwent small bowel en-
teroscopy during the period of March 2005 to March 
2011 in Siriraj Gastrointestinal Endoscopy Center were 
retrospectively analyzed. The patients’ characteris-
tics, pre-anesthetic problems, anesthetic techniques, 
anesthetic agents, anesthetic time, type and route of 
procedure and anesthesia-related complications were 
assessed.

RESULTS: One hundred and forty-four patients un-
derwent this procedure during the study period. The 
mean age of the patients was 57.6 ± 17.2 years, and 

most were American Society of Anesthesiologists 
(ASA) class Ⅱ (53.2%). Indications for this procedure 
were gastrointestinal bleeding (59.7%), chronic diar-
rhea (14.3%), protein losing enteropathy (2.6%) and 
others (23.4%). Hematologic disease, hypertension, 
heart disease and electrolyte imbalance were the most 
common pre-anesthetic problems. General anesthesia 
with endotracheal tube was the anesthetic technique 
mainly employed (50.6%). The main anesthetic agents 
administered were fentanyl, propofol and midazolam. 
The mean anesthetic time was 94.0 ± 50.5 min. Single 
balloon and oral (antegrade) intubation was the most 
common type and route of enteroscopy. The anesthe-
sia-related complication rate was relatively high. The 
overall and cardiovascular-related complication rates 
including hypotension in the older patient group (aged 
≥ 60 years old) were significantly higher than those in 
the younger group.

CONCLUSION: During anesthetic management for 
small bowel enteroscopy, special techniques and drugs 
are not routinely required. However, for safety reasons 
anesthetic personnel need to optimize the patient’s 
condition.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The small intestine is a difficult area to examine due to 
its anatomy, location and relative tortuosity. Examination 
beyond the duodenum is of  importance in a number of  
small bowel disorders. A major breakthrough in imaging 
of  the small bowel came with capsule endoscopy and 
enteroscopy. However, capsule endoscopy has several 
limitations such as inability to evaluate a lesion in a to-
and fro-manner, inability to provide endoscopic inter-
vention, and inability to obtain tissue for diagnosis[1,2]. 
Enteroscopy is now the preferred method to examine 
the small bowel in most situations.

Enteroscopy describes endoscopic examination of  
the small bowel, extending into the jejunum and/or the 
ileum. All enteroscopy procedures can be carried out 
with the processing unit used for standard endoscopy[3]. 
Many methods such as push enteroscopy, balloon-
assisted enteroscopy, and intraoperative enteroscopy 
have now made observations of  the entire small bowel 
possible. However, enteroscopy is an invasive procedure 
requiring sedation and/or anesthesia. It usually carries 
a risk of  high morbidity during and in the early post-
anesthetic period. The type of  anesthesia used is decided 
according to the patient’s medical condition and the 
anesthesiologist’s preference. Intravenous sedation (IVS) 
can be used, but to ensure better patient and endosco-
pist comfort during this complicated procedure, general 
anesthesia (GA) is preferred.

We conducted a retrospective study to report and 
evaluate the choices and techniques of  anesthesia, drug 
usage and complications in enteroscopy patients during 
the period of  March, 2005 to March, 2011 in the World 
Gastroenterology Organization (WGO) Endoscopy 
Training Center in Thailand. This study was also per-
formed in order to adapt and store the data for further 
research in the near future.

MATERIALS AND METHODS
This was a retrospective study. Data from anesthetic, 
procedure records and history charts of  patients who un-
derwent enteroscopy procedures in Siriraj gastrointestinal 
Endoscopy Center, World Gastroenterology Organiza-
tion Endoscopy Training Center, Thailand from March 
2005 to March 2011 were reviewed. The general data 
included sex, age, American Society of  Anesthesiologists 
(ASA) physical status, body weight and indications for en-
doscopy as well as the type and route of  intubation. The 
anesthetic data encompassed pre-anesthetic problems, 
anesthetic technique, variety of  drugs used, monitoring, 
anesthetic time, agent and complications which evolved 
during and immediately after the procedure.

Patients
All patients who underwent small bowel enteroscopy 
procedures during the study period were enrolled. In-
clusion criteria were patients aged ≥ 17 years old and 
procedures performed in the endoscopy unit. Exclusion 
criteria were patients younger than 17 years and proce-
dures performed in the intensive care units and operat-
ing rooms.

Enteroscopy procedure
Enteroscopy procedures were performed by senior endos-
copists. All procedures were carried out using an Olympus 
video endoscope compatible with the enteroscopy proce-
dure. After completion of  the procedure, all patients were 
observed in the recovery room for at least two hours prior 
to discharge. All patients were admitted to the hospital for 
at least one day. Patients were observed for both anesthe-
sia and/or procedure-related complications. Procedure-
related complications were defined as in the guidelines of  
the British Society of  Gastroenterology[4].

Anesthesia-related procedure
The anesthetic agents used depended on the patient’s 
medical condition and the familiarity of  the anesthesi-
ologist with the particular case. All anesthetized patients 
were intubated. A balanced anesthesia technique includ-
ing analgesic agent, muscle relaxant and inhalation agent 
was used in the GA group. All sedated patients were 
given supplemental oxygenation via a nasal cannula and 
were sedated to a deep sedation level, according to the 
guidelines of  the American Society of  Anesthesiolo-
gists[5] and the American Society for Gastrointestinal En-
doscopy[6]. All patients were anesthetized and/or sedated 
by well trained anesthetic personnel directly supervised 
by a staff  anesthesiologist in the endoscopy room. Anes-
thetic personnel included residents in anesthesiology and 
anesthetic nurses who were well trained in the use of  the 
IVS technique and airway management.

Anesthesia-related complications were recorded. 
Complications were defined as follows: hypertension or 
hypotension (increase or decrease in blood pressure by 
20% from baseline); tachycardia or bradycardia (increase 
or decrease in heart rate by 20% from baseline); any car-
diac arrhythmias; hypoxia (oxygen desaturation, SpO2 < 
90%); airway obstruction. Serious anesthesia-related com-
plications were defined as cardiac arrest and prolonged 
desaturation or apnea with duration more than 30 s.

Statistical analysis
Results were expressed as mean ± SD or percentage (%), 
when appropriate. Comparisons of  anesthesia-related 
complications between the patients aged < 60 years and 
≥ 60 years were performed using Chi-square tests (for 
categorical variables). The statistical software package 
SPSS for Windows Version 11 (SPSS Inc., Chicago, IL, 
United States) was used to analyze the data. All statisti-
cal comparisons were made at the two-sided 5% level of  
significance.
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RESULTS
There were 154 enteroscopy procedures performed dur-
ing the study period. The majority of  the patients were 
female, with a mean age of  57.6 ± 17.2 years, and ASA 
physical status Ⅱ-Ⅲ. Mean anesthetic time was 94.0 
± 50.5 min. GA with endotracheal tube was the main 
anesthetic technique employed. The indications for this 
procedure are shown in Table 1.

Table 2 shows the endoscopy characteristics and pre-
anesthetic problems. Single balloon enteroscopy and an-
tegrade intubation was the most common type and route 
of  procedure. There were 346 pre-anesthetic problems 
in 154 procedures. They involved mainly hematologic 
disease; anemia, hypertension and heart disease; coro-
nary artery disease.

Clinical monitoring observed by the anesthetic per-
sonnel consisted of  non-invasive blood pressure, heart 
rate, pulse oximetry and electrocardiography. Anesthetic 
personnel were anesthesiology residents and anesthetic 
nurses. They sedated and/or anesthetized patients in the 
endoscopy room outside the operating room directly 
supervised by a staff  anesthesiologist. The anesthetic 
personnel did not routinely use end-tidal carbon dioxide 
monitoring. In sedated patients, we did not use end-tidal 
carbon dioxide monitoring. In comparison, end-tidal 
carbon dioxide monitoring was used in the majority of  
intubated patients. Details of  the sedative and analgesic 
agents, inhalation agents and muscle relaxants used are 
shown in Table 3.

Table 4 demonstrates anesthesia-related complica-
tions categorized by age. There was a relatively high 
complication rate. The most frequent anesthesia-related 
complication was hypotension which was promptly cor-
rected by the administration of  vasopressor and fluid 
loading. The authors noted that hypotension commonly 
occurred in the propofol-balanced sedation group after 
rapid propofol injection. Overall and cardiovascular-

related complications including hypotension in the 
group of  patients aged ≥ 60 years were significantly 
higher than those in the younger group. One patient 
who underwent IVS developed cardiac arrest during the 
procedure due to unresolved airway management. How-
ever, the patient was successfully resuscitated. According 
to ASA physical status, overall and cardiovascular-related 
complications including hypotension in patients who 
had ASA physical status Ⅲ-Ⅳ were significantly higher 
than in patients who had ASA physical status Ⅰ-Ⅱ. 
However, anesthesia-related complications between gen-
der, anesthetic time (60 min vs > 60 min), and anesthetic 
technique were not significantly different.

DISCUSSION
Enteroscopy is an effective technique for the diagnosis 
and treatment of  small bowel abnormalities with few 
complications. All enteroscopy procedures require seda-
tion and/or anesthesia except capsule enteroscopy. The 
most common indication for all enteroscopy procedures 
is diagnosis and/or therapy of  acute or chronic gastroin-
testinal bleeding. Other indications include Crohn’s dis-
ease, stricture, ulcer, polyposis syndrome, mass, foreign 
body, chronic diarrhea, malabsorption, lymphoma and 
imaging abnormalities[1,7].

All enteroscopes used in our endoscopy unit were 
Olympus video endoscopes. Therefore, double balloon 
enteroscopy procedures were not performed. Two spiral 
enteroscopy procedures were carried out by an expert 
endoscopist during a workshop demonstration. In addi-
tion, our endoscopists were familiar with the single bal-
loon enteroscope. Anesthesiologists had limited experi-
ence with this procedure. However, anesthesia for small 
bowel enteroscopy procedures was relatively safe and 
effective. No serious adverse events occurred. The au-
thors have used the small bowel enteroscopy procedure 
since 2005 which has reduced the number of  operations, 
the risk of  prolonged anesthesia, and special anesthetic 
techniques. However, the present study was limited by 
time, thus the treatment given in certain cases was not 
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  Variables Results (n  = 154)
  Age (yr) (mean, SD; min-max) 57.6 (17.2); 17–92
  Gender (male/female; n %) 75/79 (48.7/51.3)
  Weight (kg) (mean, SD) 56.3 (11.0); 30-96
  ASA physical status (Ⅰ, Ⅱ, Ⅲ, Ⅳ; n %) 15/82/56/1 (9.7/53.2/36.4/0.6)
  Anesthetic time (min) (mean, SD; min-max) 94.0 (50.5); 30-290
  Anesthetic technique
    GA with endotracheal tube 78 (50.6)
     Topical pharyngeal anesthesia and IVS 38 (24.7)
    IVS 38 (24.7)
  Indications (n %)
    Gastrointestinal bleeding 92 (59.7)
    Chronic diarrhea 22 (14.3)
    Protein losing enteropathy   4 (2.6)
    Others 36 (23.4)

Table 1  Patients’ characteristics, anesthetic time and tech-
nique, and indications for procedure

IVS: Intravenous sedation; GA: General anesthesia; ASA: American Soci-
ety of Anesthesiologists.

n  (%)
  Type of enteroscopy
     Single balloon 105 (68.2)
     Push   47 (30.5)
     Spiral     2 (1.3)
  Route of intubation
     Oral (antegrade) 125 (81.2)
     Anal (retrograde)   29 (18.8)
  Pre-anesthetic problems
     Hematologic disease 114 (74.0)
     Hypertension   54 (35.1)
     Heart disease   48 (31.2)
     Electrolyte imbalance   46 (29.9)
     Renal disease   23 (14.9)
     Diabetes mellitus   18 (11.7)
     Others   43 (27.9)

Table 2  Endoscopy characteristics and pre-anesthetic problems
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completed and further therapy is expected to continue.
There are two basic choices of  anesthesia for the 

enteroscopy procedure, these are the IVS and GA tech-
niques, which have advantages and disadvantages. With 
the IVS technique, anesthetic agents can be reduced and 
patients have a rapid recovery, however, control of  res-
piration and the cardiovascular system are more difficult. 
In addition, there is a high number of  procedure- and 
sedation-related respiratory complications. With the GA 
technique, the control of  respiration and the cardiovas-
cular systems is more reliable. In our center, IVS in the 
retrograde intubation technique is commonly used due 
to the reasons given in conjunction with anesthesiologist 
preference. In comparison, the authors normally use GA 
with endotracheal tube in antegrade intubation.

Because our center is a tertiary care teaching hospi-
tal, more difficult patients are referred for enteroscopy 
under GA. Additionally, more therapeutic enteroscopy 
procedures are performed in patients under GA, and 
these patients have more interventions at the same time 
compared to patients with IVS[8]. In our hospital, the 
experience of  the endoscopists is not taken into account 
in the indication to perform enteroscopy under GA. 
However, it is tempting to speculate that these patients 
in particular may benefit from the GA technique with 
less experienced endoscopists. Moreover, cardiopulmo-
nary and other diseases which are more frequent in older 
patients have been regarded as the major risk factors for 
complications associated with endoscopy or sedation[9-11]. 
Old age as an important risk factor for endoscopy, but is 
not an indication for providing GA more frequently for 
enteroscopy at our institution. However, this depends on 
the experience of  the anesthesiologists themselves.

The benefits of  the higher efficacy and success rate 
of  small bowel enteroscopy under GA compared to IVS 
were not confirmed in the present study. However, it 
has been reported that additional time for preparation is 
required for enteroscopy under GA, with induction of  
anesthesia and intubation of  the patient[12]. In addition, 
15-30 min of  surveillance in a post-anesthesia care unit 
need to be added to the additional time required for en-

teroscopy under GA.
At our center, the most common enteroscopy proce-

dures are single balloon and push enteroscopies. These 
are normally performed in the left lateral position. When 
the supine position is preferred to improve visualiza-
tion in difficult cases, insufficient airway protection may 
occur during IVS. GA is, therefore, often used at our 
center to protect the airways during time consuming en-
doscopy procedures in the supine position.

Propofol is widely used for anesthesia outside the 
operating room, and has a good safety and efficacy 
profile due to its quick onset of  action, rapid metabo-
lism, significantly shorter recovery time and it has some 
anti-emetic effects[13,14]. Midazolam is also widely used 
because of  its more rapid onset of  action and shorter 
duration of  effect compared with diazepam[15]. Fentanyl 
has a short half-life and rapid onset of  action, and may 
have an advantage over pethidine in elderly patients. We 
usually use propofol, midazolam and fentanyl for endo-
scopic procedures including small bowel enteroscopy. A 
low dose of  midazolam, combined with low dose fen-
tanyl and propofol, was safe and effective, and did not 
prolong recovery time even in elderly patients[10,11,16,17]. In 
GA, short-acting muscle relaxants (atracurium and cis-
atracurium) and short-acting inhalation agents (isoflu-
rane, sevoflurane and desflurane) are commonly used for 
short procedures[18].

The present study had a relatively high overall rate 
of  anesthesia-related complications. This rate was higher 
than that commonly reported, and there may be several 
explanations for this. We used the following criteria to 
define complications: hypo/hypertension and brady/
tachycardia measured as the changes of  blood pressure 
and heart rate of  more than 20% of  baseline values. 
Hypoxia was defined as oxygen saturation < 90%. More-
over, if  only serious complications were assessed, the 
complication rate was only 0.6%, which corresponds to 
previously published studies[19]. In our study, one serious 
complication related to IVS was observed.

Small bowel enteroscopy is an invasive endoscopy 
procedure. This procedure requires not only endosco-
pists but also anesthetic personnel to observe and take 
care of  the patients. Clinical signs should be carefully 
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n  (%)
  Sedative and analgesic agents
     Propofol                      139 (90.3)
     Thiopental 15 (9.7)
     Midazolam                        88 (57.1)
     Fentanyl                      150 (97.4)
  Muscle relaxation
     Succinyl choline 76 (49.4)
     Atracurium 53 (34.4)
     Cis-atracurium 21 (13.6)
     Rocuronium 5 (3.2)
     Vecuronium 4 (2.6)
  Inhalation agents
     Isoflurane 43 (27.9)
     Sevoflurane 34 (22.1)
     Desflurane 5 (3.2)

Table 3  Anesthetic agents used (n , %)

  Adverse events <60 yr (n = 75) ≥ 60 yr (n = 79) P  value
  Overall 29 (38.7) 47 (59.5) 0.0101

  Cardiovascular 25 (33.3) 43 (54.4) 0.0081

    Hypotension 21 (28.0) 41 (51.9) 0.0031

    Bradycardia 3 (4.0) 1 (1.3)   0.286
    Arrhythmia           0 1 (1.3)   0.328
    Cardiac arrest 1 (1.3)           0   0.303
  Respiratory 4 (5.3) 4 (5.1)   0.94
    Hypoxia (SpO2 < 90%)           0 1 (1.3)   0.328
    Upper airway obstruction 4 (5.3) 3 (3.8)   0.647

Table 4  Anesthesia-related complications categorized by age 
(n , %)

1Considered to be statistically significant.
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observed because the occurrence of  complications has 
more significance in elderly patients. However, there was 
no need for special techniques or drugs in anesthesia in 
this study. For safety reasons anesthetic personnel need 
to optimize the patients’ condition and should be aware 
of  complications.
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Abstract
Churg-Strauss syndrome (CSS) is a systemic vascular 
disorder characterized by severe bronchial asthma, 
hypereosinophilia, and allergic rhinitis. Small intestinal 
ulcers associated with CSS are a relatively rare mani-
festation that causes gastrointestinal bleeding. Multiple 
deep ulcers with an irregular shape are characteristic 
of small intestinal involvement of CSS. Video-capsule-
endoscopy (VCE), double-balloon endoscopy (DBE) 
and Spirus assisted enteroscopy have been developed 
recently and enabled observation of the small intestine. 
In this case report, we have described a patient with 
CSS who had multiple deep ulcers in the jejunum de-
tected by oral DBE. Since severe gastrointestinal (GI) 
involvement has been identified as an independent fac-
tor associated with poor outcome, the careful investiga-
tion of GI tract must be needed for CSS patients with 
GI symptoms. We describe the usefulness of DBE for 
diagnosis of small intestinal ulcers in patient with CSS.
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Key words: Churg-Strauss syndrome; Small intestinal 
ulcers; Double-balloon endoscopy

Peer reviewers: Reena Sidhu, MRCP, MD, Department of 
Gastroenterology, Royal Hallamshire Hospital, 15 Barncliffe 
Road, Fulwood, Sheffield S10 4DF, United Kingdom; Sherman 
M Chamberlain, Associate Professor of Medicine, Section of 
Gastroenterology, BBR-2538, Medical College of Georgia, 
Augusta, GA 30912, United States; Sheng-Lei Yan, MD, 
Division of Gastroenterology, Department of Internal Medicine, 
Chang Bing Show Chwan Memorial Hospital, No.6, Lugong 
Rd., Lugang Township, Changhua County 505, Taiwan, China

Suzuki T, Matsushima M, Arase Y, Fujisawa M, Okita I, Igarashi 
M, Koike J, Mine T. Double-balloon endoscopy-diagnosed mul-
tiple small intestinal ulcers in a Churg-Strauss syndrome patient. 
World J Gastrointest Endosc 2012; 4(5): 194-196  Available 
from: URL: http://www.wjgnet.com/1948-5190/full/v4/i5/1
94.htm  DOI: http://dx.doi.org/10.4253/wjge.v4.i5.194

INTRODUCTION
Churg-Strauss syndrome (CSS), also known as allergic 
granulomatous angiitis, is a relatively rare systemic vascu-
lar disorder. The organ most often affected is the lung, 
followed by the skin. The gastrointestinal (GI) tract may 
be involved in approximately 20%-50% of  the patients 
with CSS[1]. The main GI tract symptoms are abdominal 
pain, diarrhea, and bleeding. However, the involvement 
of  the small intestine is a rare complication, often de-
tected during an emergent operation for treatment of  in-
testinal perforation[2-4]. Previous reports of  CSS provided 
only a few details regarding small intestinal ulcerations. 

Double-balloon endoscopy (DBE) is a relatively new 
endoscopic device designed to visualize the entire small 
intestine[5]. Observation of  the entire small intestine can 
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be performed using an oral and/or anal DBE approach. 
Endoscopic interventions, such as biopsy, clipping, argon 
plasma coagulation, balloon dilatation, and endoscopic 
mucosal resection, can also be performed by DBE. In 
Japan, DBE is mainly used to find the origin of  obscure 
GI bleeding in cases where the bleeding cause cannot be 
revealed by the usual methods, such as esophagogastro-
duodenoscopy, colonoscopy, or radiologic evaluation of  
small intestine[6].

We report a case of  CSS with multiple small intesti-
nal ulcers that were successfully detected by DBE with-
out a surgical procedure.

CASE REPORT
A 79 year-old man with a 2 year history of  severe CSS 
that had been treated by corticosteroids was admitted 
to Tokai University Hospital because of  a 3 d history 
of  tarry stool, edema of  the lower extremities and facial 
swelling. His medical records showed that he had a 7 
year history of  bronchial asthma and a 2 year history of  
chronic renal failure. A physical examination revealed 
severe anemia, facial swelling, and edema of  the lower 
limbs. His blood pressure was 130/60 mmHg, his pulse 
was 90/min and regular, and his body temperature was 
36.3 ℃. No tenderness on palpation of  the abdomen 
was observed; bowel sounds were noted. Digital exami-
nation revealed tarry stool. Neurological examination 
revealed sensory and motor disturbance of  both legs, 
which is compatible with mononeuritis multiplex. Labo-
ratory analyses included the following: white blood cell 
count, 6400/mm3 (4000-8000/mm3) with 0.2% eosino-
phils (1%-4%); hemoglobin, 4.6 g/dL (13.5-17.5 g/dL); 
platelet count, 127 000/mm3 (140 000-400 000/ mm3); 
erythrocyte sedimentation rate, 10 mm/h (1- 10 mm/h); 
C-reactive protein, 0.2 mg/dL (-0.3 mg/dL); IgE, 504 
U/mL (-500 U/mL); myeloperoxidase-antineutrophil 
cytoplasmic antibodies (p-ANCA), 226 EU (< -20 EU). 
A computed tomographic scan of  the abdomen showed 
no abnormalities. Emergency esophagogastroduodenos-
copy showed that there was no bleeding source in the 
esophagus, duodenum, or stomach, but that gastritis was 
present. Since 1st DBE consensus meeting in Japan had 

recommended that DBE with oral approach had been 
indicated in the cases with overt ongoing bleeding, oral 
DBE (EN-450T5/20; Fujinon Co, Ltd, Saitama City, Ja-
pan) was performed on the 2nd day after his admission; 
“punched-out” multiple ulcers without visible vessels at 
the ulcer floor were observed (Figure 1) in the upper je-
junum. There were no procedure-related complications. 
It is quite difficult to diagnose a possible pathological 
condition from the findings of  small intestinal ulcers, 
because small intestinal ulcers are observed in a num-
ber of  pathological conditions, such as Crohn’s disease, 
mesenteric ischemia, lymphoma, ulcerated cancer, drug-
related injuries, vasculitides, connective tissue disorders, 
and infections[7]. In this case, biopsy specimens obtained 
from the ulcerative lesions on DBE did not reveal any 
specific findings such as eosinophilic infiltration, isch-
emic change, or malignancy. Because his medical history 
documented that he had not recently received any medi-
cation involving non-steroidal anti-inflammatory drugs 
or antibiotics, drug-related small intestinal injuries were 
excluded. Developing tarry stool, edema and mononeuri-
tis multiplex suggested that his condition should be con-
sidered a relapse of  his CSS. Therefore, prednisolone (30 
mg daily) was delivered intravenously for 20 d; the tarry 
stool improved and gradually tapered off  without relapse.

DISCUSSION
CSS is classified as a systemic vasculitis that affects 
small- to medium- sized vessels associated with bron-
chial asthma, hypereosinophilia, and allergic rhinitis. 
The American College of  Rheumatology has proposed 
the following six criteria for defining CSS: asthma; eo-
sinophilia greater than 10% on differential white blood 
cell count; paranasal sinus abnormality; migratory or 
transient pulmonary infiltrates detected radiographically; 
mononeuropathy (including multiplex) or polyneuropa-
thy; and biopsy containing a blood vessel showing the 
accumulation of  eosinophils in extravascular areas. The 
presence of  four or more of  these criteria yields a sensi-
tivity of  85% and a specificity of  99.7% for CSS[8]. In the 
present case, the diagnosis was arrived at by the presence 
of  five of  these six criteria, paranasal sinusitis being the 
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Figure 1  Double- balloon endoscopic examination, showing multiple “punched-out” ulcers in the jejunum.



exception, when he was 77 years old. At that time, a skin 
biopsy was performed on his left lower extremity, and 
the section showed marked infiltration of  eosinophils at 
the perivascular and peri-adnexal regions in the dermis.

The clinical elements of  CSS occur in three sequen-
tial phases: prodromal, eosinophilic, and vasculitic. The 
prodromal phase is characterized by atopic disease, al-
lergic rhinitis, and asthma. Features of  the eosinophilic 
phase include peripheral blood eosinophilia and eosino-
philic infiltration of  multiple organs, especially of  the 
lung and GI tract. In the vasculitic phase, a life-threaten-
ing systemic vasculitis of  the medium and small vessels 
frequently occurs. The vasculitic phase may be heralded 
by disparate nonspecific signs and symptoms related 
to the cardiovascular, gastrointestinal, epidermal, renal, 
musculoskeletal, and nervous systems. This patient was 
in the vasculitic phase; he had variety of  symptoms, such 
as GI bleeding, weight loss, malaise, sensory and motor 
disturbance of  both legs, and dyspnea resulting from 
chronic cardiac failure. A long-term follow-up study 
conducted by Guillevin et al[9] revealed that the presence 
of  renal insufficiency, proteinuria (> 1 g/d), central ner-
vous system or cardiac involvement, and GI disease are 
indicators of  poor prognosis. When the patient in the 
present case was admitted to our hospital, he already had 
all these clinical factors, suggesting that his five-year sur-
vival rate was approximately 54%.

Among the GI signs reported in a study by Lanham 
et al[10] abdominal pain occurred in 59%, diarrhea in 
33%, and bleeding in 18% of  patients with CSS. Ulcer-
ation, perforation, and stenosis of  the GI tract are as-
sumed to be the results of  ischemia caused by vasculitis. 
Although the stomach, duodenum, or colon is often 
involved in those lesions in patients, the small intestine 
is rarely involved. A recent report showed video-capsule-
endoscopy (VCE) to be a useful tool for diagnosis of  GI 
involvement, especially in the small intestine in a patient 
with CSS[11]. However this procedure has limitations, 
such as the unavailability of  taking biopsy specimens 
and of  performing therapeutic intervention. There has 
been no report on an image of  small intestinal ulcers 
associated with CSS detected by balloon-endoscopy. To 
the best of  our knowledge, this is the first report using 
DBE to show an image of  multiple ulcers in the small 
intestine in a case of  CSS. Since typical histological find-
ings such as vasculitis or granuloma could be obtained 
in approximately one fourth of  CSS patients by taking a 

biopsy from gastrointestinal tissue and therapeutic inter-
vention could subsequently be performed, DBE could 
represent an important diagnostic and therapeutic tool 
for small intestinal involvement. In conclusion, DBE in 
combination with VCE might become a complimentary 
procedure to diagnose the small intestinal involvement 
in patients with CSS.
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Abstract
A phytobezoar is one of the intraluminal causes of 
gastric outlet obstruction, especially in patients with 
previous gastric surgery and/or gastric motility disor-
ders. Before the proton pump inhibitor era, vagotomy, 
pyloroplasty, gastrectomy and gastrojejunostomy 
were commonly performed procedures in peptic ulcer 
patients. One of the sequelae of gastrojejunostomy 
is phytobezoar formation. However, a bezoar causing 
gastric outlet obstruction is rare even with giant gastric 
bezoars. We report a rare case of gastric outlet ob-
struction due to a phytobezoar obstructing the efferent 
limb of the gastrojejunostomy site. This phytobezoar 
which consisted of a whole piece of okra (lady finger 
vegetable) was successfully removed by endoscopic 
snare. To the best of our knowledge, this is the first 
case of okra bezoar-related gastrojejunostomy efferent 
limb obstruction reported in the literature.
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INTRODUCTION
Gastric bezoars are a form of  concretion resulting from 
the accumulation of  ingested materials. They are rela-
tively rare and are found in less than 1% of  patients un-
dergoing gastroscopy[1]. The nature of  the contents clas-
sifies gastric bezoars into many types. Common bezoars 
are phytobezoars, trichobezoars and pharmacobezoars. 
Among the various types of  bezoars, the most common 
type is the phytobezoars, which are composed mainly of  
undigested vegetable materials.

Generally, gastric phytobezoars are common in pa-
tients with dentition problems, impaired digestion, de-
creased gastric motility and previous gastric surgery[2,3]. 
They usually have a wide range of  clinical presentations 
from abdominal discomfort and weight loss to small 
bowel obstruction[4]. Gastric outlet obstruction is an 
uncommon presentation of  gastric bezoars even when 
they occupy the whole stomach. We report a patient who 
previously underwent gastrectomy and gastrojejunostomy 
for duodenal ulcer and who presented with signs and 
symptoms of  partial gastric outlet obstruction due to a 
phytobezoar obstructing the gastrojejunostomy efferent 
limb.
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CASE REPORT
A 67-year-old gentleman presented with intermittent 
epigastic pain of  one month duration. He was suffering 
from pain associated with vomiting. His vomitus con-
tained old food particles and some bile. He had a history 
of  gastrectomy and gastrojejunostomy for peptic ulcer 
disease in the previous 30 years. Clinically, he had a dis-
tended stomach with a positive succession splash. There 
was some tooth loss which caused mastication problems. 
Gastroscopy revealed a distended stomach containing 
undigested food particles mixed with bile and mucus. 
The gastrojejunostomy site appeared adequate and no 
signs of  ulceration or stricture were noted. The afferent 
limb was patent with free flowing bile during intubation. 
A golf  ball-sized phytobezoar was found obstructing the 
efferent limb area of  the gastrojejunostomy (Figure 1). It 
was successfully removed using an endoscopic snare. Ex-
amination of  the bezoar after removal revealed an inner 
core formed from a whole piece of  okra (Figure 2). The 
patient was well following removal of  the phytobezoar, 
and was given appropriate dietary advice upon discharge 
to prevent recurrence.

DISCUSSION
Gastric bezoars are formed due to the accumulation of  
ingested materials in the form of  concretions. They are 
rare and found in less than 1% of  patients who undergo 
gastroscopy[1]. The commonest type of  bezoar is a phy-
tobezoar which is composed of  vegetable material[5]. 
In our case, the centre of  the bezoar was formed by a 
whole piece of  okra; lady finger vegetable. Trichobe-
zoars are composed of  swallowed hairs in patients with 
psychiatric disorders. High fibre persimmon fruits can 
cause diospyrobezoars, and pharmacobezoars are com-
posed of  ingested medications.

The pathogenesis of  bezoar formation is usually in-
tricate. It involves many factors such as improper masti-
cation, dentition problems, alterations in the production 
of  acid, pepsin and mucus, previous gastric surgery and 
impairments in gastric motility[6,7]. Robles et al[8] pointed 

out that 20% of  patients have mastication and dentition 
problems, 70%-94% have had previous gastric surgery 
and 40% have a history of  excessive dietary fibre intake. 
Most adults with phytobezoars are men between the 
ages of  40 and 50 years, however, trichobezoars usually 
occur in young women with psychiatric problems[4,9].

Patients with gastric bezoars may remain asymptom-
atic for many years. Common symptoms usually include 
abdominal pain, nausea, vomiting, early satiety, anorexia 
and weight loss. Some patients present with gastrointes-
tinal bleeding from gastric ulcer formation due to be-
zoar-induced pressure necrosis[4]. However, gastric outlet 
obstruction is an uncommon presentation in patients 
with gastric bezoars, even though some are large enough 
to fill the whole stomach. Leung et al[10] reported a case 
of  bezoar-induced gastric outlet obstruction in a patient 
who had a previous gastrojejunostomy for peptic ulcer 
disease in whom they found a stricture at the anasto-
motic site. In another study, a large bezoar was found to 
occlude the afferent loop of  the gastrojejunostomy, this 
patient also had afferent loop syndrome which was diag-
nosed by ultrasound and computed tomography (CT)[11]. 
In our report, the patient vomited old food indicating a 
gastric outlet obstruction; however, the presence of  bile 
meant that the afferent loop of  the gastrojejunostomy 
was still patent. Gastric outlet obstruction was due to 
occlusion of  the efferent limb by a whole okra phytobe-
zoar.

Gastric bezoars are usually discovered incidentally in 
patients with non-specific abdominal symptoms. Abdom-
inal X rays, ultrasound and CT scan can reveal mass or 
filling defects[12,13]. The current gold standard for diagno-
sis of  a gastric bezoar is upper gastrointestinal endosco-
py. It provides not only direct visualization of  the bezoar 
but also allows simultaneous therapeutic intervention.

Many studies have shown successful dissolution of  
gastric bezoars using agents such as Coca-cola, acetyl-
cystine, cellulase, meat tenderizer and hydrogen perox-
ide[5,14-19]. However, all available studies are uncontrolled 
trials and there are no prospective studies evaluating the 
medical treatment of  phytobezoars in the literature.

The majority of  gastric bezoars can be removed 
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Figure 1  Endoscopic view: Phytobezoar obstructing the efferent limb of 
gastrojejunostomy.

Figure 2  Whole piece of okra (lady finger vegetable) formed the centre of 
the phytobezoar.



endoscopically. Endoscopic removal involves fragment-
ing the bezoar with a water jet, direct suction, forceps 
and snares[20]. A variety of  other methods have been 
described in case reports such as Nd:YAG laser, endo-
scopic drills, and  mechanical, electrohydraulic, extracor-
poreal lithotriopsy and intra-phytozoal Coca-Cola injec-
tion[21-26]. Bruzzese et al[27] pointed out that any fragments 
more than one centimetre in size must be extracted after 
fragmentation to prevent intestinal obstruction.

Surgical removal should be considered in patients 
who fail conservative therapy, have large bezoars which 
hinder endoscopic removal or have complications such 
as obstruction with underlying mechanical problems, as 
seen in Edmund Leung’s study, and associated peptic 
ulcer bleeding[10]. Laparoscopic removal is a promising 
option for the removal of  gastric as well as intestinal be-
zoars to avoid conventional surgery which is associated 
with higher postoperative morbidity[28].

The reported recurrence rate after removal of  a gas-
tric bezoar is 14% in some studies, however, this will be 
higher if  underlying risk factors are not corrected[29]. For 
prevention, it is necessary to educate high risk patients 
to chew properly, take more fluid and avoid a stringy 
fibrous diet. Patients with trichobezoars may need to 
seek psychiatric evaluation to avoid further occurrence. 
Patients with underlying motility problems also need to 
be identified and treated as necessary.

Phytobezoars are a rare cause of  gastric outlet ob-
struction, especially in patients with previous gastrojen-
unostomy. Currently, gastroscopy is the best method for 
detecting and managing gastric bezoars by endoscopic 
removal. Some cases require surgical removal, especially 
those associated with complications. The most important 
points in the management of  a bezoar are identification 
of  the causative factor and prevention of  recurrence by 
counselling. 
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1948-5190office/, or by telephone: +86-10-59080038. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly 
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; 
(2) drafting the article or revising it critically for important intel-
lectual content; and (3) final approval of  the version to be pub
lished. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of  institution, city, province and postcode. For exam-
ple, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, for 
example, George Sgourakis, Department of  General, Visceral, and 
Transplantation Surgery, Essen 45122, Germany; George Sgourakis, 
2nd Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: Au-
thor contributions: Wang CL and Liang L contributed equally to 
this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM 
designed the research; Wang CL, Zou CC, Hong F and Wu XM 
performed the research; Xue JZ and Lu JR contributed new rea-
gents/analytic tools; Wang CL, Liang L and Fu JF analyzed the data; 
and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039  Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJGE, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 

accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communica-
tion and case reports, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-5190/g_info_20100316080002.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than  
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1 Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolutionfigures for the printed and 
E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
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0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree of  
freedom as υ (in Greek), sample number as n (in italics), and pro-
bability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pre-
ssure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 
h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and qu-
antums can be found at: http://www.wjgnet.com/wjg/help/15.doc.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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