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for malignant hilar biliary obstruction
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Abstract

Background: Although endoscopic bilateral stent-in-stent (SIS) placement of self-expandable
metallic stents (SEMS) is one of the major palliative treatments for unresectable malignant
hilar biliary obstruction, post-endoscopic retrograde cholangiopancreatography (ERCP)
cholangitis can occur frequently due to inadequate drainage, especially after contrast
injection into the biliary tree. The aim of this study is to evaluate the efficacy and safety of air

cholangiography-assisted stenting.

Methods: This study included 47 patients with malignant hilar biliary obstruction who
underwent endoscopic bilateral SEMS placement using the SIS technique. They were divided
into two groups, air (n = 23] or iodine contrast (n = 24) cholangiography. We retrospectively
compared comprehensive clinical and laboratory data of both groups.

Results: There were no significant differences found between the two groups with respect
to technical success (87% versus 87.5%, air versus contrast group, respectively), functional
success (95% versus 95.2%), 30-day mortality (8.3% versus 8.7%) and stent patency. Post-
ERCP adverse events occurred in 5 (21.7%) of the patients in the air group and 8 (33.3%) of the
patients in the contrast group. Among these, the rate of cholangitis was significantly lower
in the air group (4.8% versus 29.2%, p = 0.048). In multivariate analysis, air cholangiography,
technical success and a shorter procedure time were significantly associated with a lower

incidence of post-ERCP cholanagitis.

Conclusions: Air cholangiography-assisted stenting can be a safe and effective method
for endoscopic bilateral SIS placement of SEMS in patients with malignant hilar biliary

obstruction.

Keywords: air cholangiography, malignant hilar biliary obstruction, self-expandable metallic

stent, stent-in-stent

Introduction

Endoscopic biliary drainage is the palliative treat-
ment of choice for unresectable malignant hilar
biliary obstruction. Although the choice of unilat-
eral or bilateral drainage is still controversial
[Chang et al. 1998; De Palma et al. 2001], bilat-
eral drainage theoretically provides a more nor-
mal and physiological biliary flow through the
biliary ductal system than does unilateral drain-
age [Polydorou er al. 1991; Sherman, 2001]. In
addition, recent studies have reported that at least
50% drainage of the liver volume is associated

with a sufficient drainage effectiveness or longer
survival in patients with malignant hilar obstruc-
tion [Vienne ez al. 2010; Bulajic ez al. 2012].

Endoscopic bilateral drainage using a self-
expandable metallic stent (SEMS) can be per-
formed wusing one of two techniques: the
side-by-side technique or the stent-in-stent (SIS)
technique [Dumonceau ez al. 2011]. Among
these, the SIS technique is an alternative endo-
scopic procedure that allows the deployment of a
Y-configuration for bilateral metallic stenting.
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This technique has a lower complication rate and
similar stent patency to the side-by-side tech-
nique [Naitoh ez al. 2012]. Despite recent innova-
tions in endoscopic technology, endoscopic
bilateral SEMS placement using the SIS tech-
nique is still considered more technically difficult
with a higher risk of adverse events compared
with unilateral stenting [Chang er al. 1998; De
Palma ez al. 2001; Naitoh ez al. 2009].

Post-endoscopic retrograde cholangiopancrea-
tography (ERCP) cholangitis can occur fre-
quently due to inadequate drainage, especially
after contrast injection into the biliary tree. To
prevent post-ERCP cholangitis, some strategies
such as a contrast-free method [Singh ez al. 2004],
magnetic resonance cholangiopancreatography
(MRCP) and/or computed tomography (CT)-
guided drainage [Hintze ez al. 2001; Freeman and
Overby, 2003], air cholangiography [Pisello ez al.
2009; Singh ez al. 2010; Sud ez al. 2010] and CO,
cholangiography [Zhang ez al. 2013] have recently
been introduced. Among these, air cholangio-
graphy has been shown to be a safe and effective
method for unilateral stenting in malignant hilar
biliary obstruction in previous studies, which
showed a low incidence of post-ERCP cholangitis
[Pisello er al. 2009; Singh er al. 2010; Sud et al.
2010]. However, there has been no study to date
evaluating the clinical outcomes of air cholangio-
graphy for bilateral metallic stenting, especially
the SIS technique.

Therefore, the aim of this study is to evaluate the
efficacy and safety of air cholangiography in endo-
scopic bilateral SIS placement of SEMS for
malignant hilar biliary obstruction.

Methods

Patients

This retrospective study initially included all
patients (z = 70) who underwent endoscopic
bilateral SEMS placement using the SIS tech-
nique for unresectable malignant hilar biliary
obstruction at Seoul National TUniversity
Hospital between January 2011 and December
2013. At our institution, iodine contrast cholan-
giography had been performed as a primary
method for endoscopic bilateral SIS placement
of SEMS from January 2011 to June 2012.
However, based on the evidence from a previous
report showing favorable efficacy of air cholan-
giography [Sud ez al. 2010], air instead of iodine

contrast has been used as an initial cholangio-
graphy at our institution since July 2012. Patients
were excluded for the following reasons: under-
went percutaneous transhepatic biliary drainage
(PTBD) before the procedure (n = 7); cholangi-
tis before the procedure (z = 13); and loss to
follow-up within 6 months following stent inser-
tion (n = 3). A flow chart showing the patient
selection for the current study is seen in Figure
1. Finally, a total of 47 patients were included in
the analysis and divided into two groups, air
(n = 23) or iodine contrast (z = 24) cholangio-
graphy. The diagnosis was principally made on
the basis of ultrasound, CT and magnetic reso-
nance imaging. MRCPs were performed to iden-
tify the Bismuth classification of hilar biliary
obstruction. The histological and/or cytological
confirmation of malignancy for all patients was
established by endoscopic tissue sampling and/
or brushing. Follow-ups continued from the
stent insertion for 1 month or until the death of
the patient. The study protocol was approved by
the Institutional Review Board of the Seoul
National University Hospital (IRB No.
H-1402-037-556).

Procedure and techniques

The technique of endoscopic bilateral SIS place-
ment using SEMS was carried out as follows. The
decision to perform bilateral stent insertion was
based on imaging studies before the initial ERCP.
Patients were sedated with intravenous mida-
zolam (0.05 mg/kg) and pethidine under appro-
priate  cardiopulmonary monitoring. The
duodenoscopes used for this procedure were
TJF-240 or 260V (Olympus Optical Co. Ltd.,
Tokyo, Japan) with large working channels
(4.2 mm). After deep cannulation was achieved, a
guidewire (Jag-Wire, Boston Scientific, Natick,
Mass; VisiGlide, Olympus Optical Co. Ltd,
Tokyo, Japan) was inserted through the malig-
nant stenosis into a preselected duct. An ERCP
catheter was then passed over the guidewire
across the stenosis until bile was aspirated to con-
firm the position and to decrease the intraductal
pressure. Air cholangiography was then obtained
by injecting 10-15 ml of air into the targeted
intrahepatic duct, and the opacified ductal system
was compared with the intended segment for
drainage on MRCP. After visualizing both intra-
hepatic ducts, guidewires were inserted into both
intrahepatic ducts, respectively. The first stent
was then inserted and slowly deployed into the
left or right intrahepatic duct over the guidewire.
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70 patients with unresectable malignant hilar biliary obstruction who
underwent endoscopic bilateral SEMS placement using SIS technique

Underwent PTBD before procedure n=17
?| Cholangitis before procedure n=13

Loss to follow up (transfer to another center) n=3

A

47 patients were eligible for analysis

N

23 patients who underwent
air cholangiography

24 patients who underwent
contrast cholangiography

Figure 1. Flow chart of patient selection for the study.

PTBD, percutaneous transhepatic biliary drainage; SEMS, self-expandable metallic stent; SIS, stent-in-stent.

After deployment of the first stent across the hilar
biliary obstruction, the remaining guidewire
across the first stent was carefully withdrawn
using an ERCP catheter without pulling it back
completely. It was then inserted under fluoro-
scopic guidance into the undrained intrahepatic
duct through the central portion of the first stent.
The second stent was deployed through the mesh
of the first stent, so that the two stents overlapped
in the common hepatic duct and branched into
the hepatic ducts, forming a Y-shape. The SEMS
used in this study was a small cell-sized stent
(BONASTENT M-Hilar; Standard Sci Tech
Inc., Seoul, South Korea) or large cell-sized stent
(Niti-S large cell D-type biliary stent; Taewoong
Medical Co. Ltd, Seoul, South Korea). The same
cell-sized stent was bilaterally inserted in each
patient (Figure 2).

Definition of events

Technical success (successful stent insertion) was
defined as the passage of the stent across the stric-
ture, along with the flow of contrast medium and/
or bile through the stent. Functional success (suc-
cessful drainage) was defined as a decrease in the
total bilirubin level to less than 50% of the pre-
treatment value within the first month. The defi-
nitions of post-ERCP adverse events were defined
according to the criteria of Cotton and colleagues
[Cotton ez al. 1991] and Freeman and colleagues
[Freeman er al. 1996]. Cholangitis was defined as

a new onset of fever (temperature =38°C) with-
out sources of infection outside the biliary tract
and persisting for longer than 24 hours after
ERCP. Pancreatitis was defined as persistent sig-
nificant abdominal pain for longer than 24 hours
with an elevation of serum amylase and/or lipase
more than 3 times the upper limit of normal after
ERCP. Significant bleeding was indicated by a
decrease in the serum hemoglobin level =2 mg/dl
with a requirement for a blood transfusion or
hemostatic interventions. Perforation included
retroperitoneal or bowel wall perforation docu-
mented by any radiographic technique. Stent
occlusion was defined as the recurrence of jaun-
dice, an increase in total bilirubin level and dilata-
tion of the intrahepatic bile duct as revealed by
imaging. Stent patency was defined as the period
after stent insertion until stent occlusion or until
the patient’s death. A 30-day mortality was
defined as death occurring within 30 days of the
first attempt at endoscopic stent insertion,
whether successful or unsuccessful.

Study outcomes

The primary outcomes were short-term clinical
outcomes including the rate of technical or func-
tional success, post-ERCP adverse events and
stent patency. The secondary outcome was to
identify the risk factors for post-ERCP cholangitis
in endoscopic bilateral SIS placement of SEMS
for malignant hilar biliary obstruction.
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Figure 2. Procedure of air cholangiography and endoscopic bilateral SIS placement of SEMS. (A] Air
cholangiography through a papillotome. (B] The first stent was inserted into the left hepatic duct. (C) The
guidewire was placed in the right hepatic duct through the stent mesh and the second stent was then inserted.
(D) Bilateral metallic stenting was performed using the SIS technique.

SEMS, self-expandable metallic stent; SIS, stent-in-stent.

Statistical analyses

Data are shown as the number (%) for categorical
variables, and as median [interquartile range
(IQR)] for continuous variables and stent patency
period. In univariate analyses, the Mann—Whitney
test and the Chi-square test with Fisher’s exact
test were used for comparison of continuous or
categorical variables, respectively. The Wilcoxon
signed rank test was used for the comparison of
the total bilirubin level between the baseline and
1 month after the procedure. The cumulative
stent patency was estimated by Kaplan—Meier
analysis and the curves were compared by the log-
rank test. A logistic regression test analysis was
used for the multivariate analysis. Age, gender

and all variables with a p value <0.1 in the uni-
variate analysis were entered into the multivariate
analysis; p < 0.05 for two-sided tests was consid-
ered statistically significant. In this study, the
odds ratio (OR) is reported together with their
95% confidence intervals (CIs). All statistical
analyses were performed using SPSS 20.0 (SPSS
Inc., Chicago, IL, USA).

Results
Clinical characteristics of patients

The demographic and clinical characteristics of
all 47 patients who underwent an endoscopic
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bilateral SIS placement of SEMS for malignant
hilar biliary obstruction are summarized in
Table 1. The median patient age was 69 years
(IQR 59-77). The causes of malignant hilar
biliary obstruction were cholangiocarcinoma
(n = 24), gallbladder cancer (z = 18) and meta-
static cancer (z = 5). According to the Bismuth
classification, hilar obstructions were type II in
10 patients, type III in 10 and type IV in 27. A
total of 38 patients (80.9%) received intravenous
antibiotics 1 hour prior to the procedure. There
were no significant differences in age, gender,
symptoms, diagnosis, Bismuth classification,
TNM staging, SEMS type, antibiotic prophy-
laxis, precut sphincterotomy or laboratory find-
ings between the two groups.

Primary outcomes

The clinical outcomes according to the method of
cholangiography are summarized in Table 2.
Technical success was achieved in 20 of the
23 patients (87%) in the air group and 21 of the
24 patients (87.5%) in the contrast group (p >
0.99). The main reason for unsuccessful stent
insertion was that the guidewire could not pass
through the malignant hilar biliary obstruction.
All patients with a failed procedure were then
successfully treated by PTBD. Functional suc-
cess rate in the air group and contrast group was
95% and 95.2%, respectively (p > 0.99). The
median total bilirubin level was significantly
reduced from 8.5 mg/dl (IQR 5.2-13.4) to 1.1
mg/dl IQR 0.8-1.8) in the air group (p < 0.001)

Table 1. Baseline characteristics of patients with malignant hilar biliary obstruction according to the method
of cholangiography.
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Table 2. Clinical outcomes of patients with malignant hilar biliary obstruction according to the method of
cholangiography.

and from 5.2 mg/dl IQR 3.8-11.4) to 1.0 mg/dl
(IQR 0.6-1.5) in the contrast group (p = 0.003).

Post-ERCP adverse events were observed in
5 patients (21.7%) in the air group and 8 patients
(33.3%) in the contrast group (p = 0.517), which
were successfully treated with conservative treat-
ments. The rate of cholangitis in the air group was
significantly lower than that in the contrast group
(4.3% wversus 29.2%, p = 0.048). With respect to
pancreatitis and perforation, there were no signifi-
cant differences between the two groups and other
adverse events were not found. In the air group,
periampullary perforation occurred in one patient
who underwent a precut sphincterotomy using a
needle-knife as a result of difficult biliary cannula-
tion. This patient was successfully treated with
conservative treatment. A stent occlusion within
30 days following the procedure occurred in
2 (9.1%) of the patients in the air group and in
1 (4.8%) of the patients in the contrast group
(p > 0.99). The causes of stent occlusion were
tumor ingrowth in all patients. A reintervention
was successfully performed by PTBD in all
patients with stent occlusion. A total of 2 patients
(8.3%) in the air group and 2 patients (8.7%) in
the contrast group died of disease progression
within 30 days after the procedure (p > 0.99).

There were no differences in the cumulative stent
patency between the two groups (p = 0.533)
(Figure 3). The median stent patency period was
172 days (IQR 54-327) in the air group and
138 days (IQR 62-235) in the contrast group.

Secondary outcomes

A total of 47 patients with malignant hilar biliary
obstruction were analyzed to determine the risk
factors for post-ERCP cholangitis after endo-
scopic bilateral SIS placement of SEMS. Post-
ERCP cholangitis occurred in 8 (17%) patients.
Univariate analysis identified that air cholangio-
graphy was the only variable showing significant
(p < 0.05) association with post-ERCP cholangi-
tis. Multivariate analysis showed that air cholan-
giography, technical success and a shorter
procedure time were significantly associated with
a lower incidence of post-ERCP cholangitis
(Table 3).

Discussion

Post-ERCP cholangitis is a major problem in
endoscopic biliary drainage for patients with
malignant hilar biliary obstruction, which occurs
in 4-57% of cases [Deviere et al. 1988; Figueras
et al. 1998]. Inadequate drainage is one of the
major causes of post-ERCP cholangitis, especially
following contrast injection. Therefore, post-
ERCP cholangitis may occur frequently in endo-
scopic bilateral SIS placement of SEMS for
malignant hilar biliary obstruction. For this rea-
son, air cholangiography has been recently inves-
tigated as a strategy to prevent post-ERCP
cholangitis [Pisello ez al. 2009; Singh er al. 2010;
Sud ez al. 2010]. However, there has been no
study to evaluate the clinical outcomes of air
cholangiography alone for bilateral metallic stent-
ing, especially the SIS technique for malignant
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Figure 3. Cumulative stent patency curve by Kaplan-
Meier analysis showing no differences between the
air and contrast groups (p = 0.533).

hilar biliary obstruction. The present study shows
that air cholangiography-assisted stenting was sig-
nificantly associated with a lower incidence of
post-ERCP cholangitis in endoscopic bilateral
SIS placement of SEMS for malignant hilar bil-
iary obstruction.

De Palma and colleagues reported that the rate of
post-ERCP cholangitis may be reduced by several
factors: minimal injection of contrast media that
avoids filling the undrained ducts; adequate anti-
biotics coverage; single SEMS placement with
minimal interventions; and duration of procedure
[De Palma ez al. 2001]. In addition, they found
that bilateral drainage has a significantly higher
rate of early cholangitis than does unilateral drain-
age (16.6% versus 8.8%, p = 0.013) [De Palma
et al. 2001]. A recent prospective pilot study dem-
onstrated the feasibility and safety of air cholan-
giography for unilateral metallic stenting in
17 patients with type II and III malignant hilar
obstruction [Sud et al. 2010]. Therefore, we
hypothesized that air cholangiography may be
applicable in bilateral metallic stenting for malig-
nant hilar biliary obstruction. Our results show no

significant differences in short-term clinical out-
comes and stent patency between the air and con-
trast groups, with the exception of post-ERCP
cholangitis. Despite technical difficulties of bilat-
eral metallic stenting, these findings are consist-
ent with previous studies related to air
cholangiography for unilateral stenting [Pisello
et al. 2009; Singh ez al. 2010; Sud ez al. 2010].

In the current study, the rate of post-ERCP chol-
angitis was 4.3% in the air group and 29.2% in
the contrast group (p = 0.048). This significant
difference may be explained by factors associated
with pathogenesis of cholangitis. Post-ERCP
cholangitis mainly occurred in the presence of
contaminated contrast media in the obstructed
biliary tract. Despite bilateral metallic stenting,
some contrast media may be injected into the
undrained biliary tract, which can raise the ductal
pressure. The elevation of intrabiliary pressure
leads to disruption of the tight junctions between
hepatocytes, impaired Kupffer cell function, and
lack of clearance of contaminants that occurs with
normal bile flow [Sung ez al. 1992]. According to
the hydrostatic law, the pressure in the system is
directly proportional to the density in the system,
and the density of contrast media at room tem-
perature is higher than that of air. Therefore, the
use of air as a contrast can lead to a lower eleva-
tion of the pressure inside the undrained biliary
tract compared with conventional contrast media.

Hintze and colleagues reported a high successful
drainage (86%) and a low post-ERCP cholangitis
(6%) in 35 patients with type III and IV malig-
nant hilar obstruction who underwent MRCP-
guided unilateral stenting with minimal contrast
injection above the stricture [Hintze er al. 2001].
In addition, Freeman and Overby found that
MRCP and/or CT-guided wunilateral metallic
stenting in 35 patients with malignant hilar biliary
obstruction provided safe and effective palliation
in most patients [Freeman and Overby, 2003].
Therefore, air cholangiography-assisted stenting
could be more effective and safer with the help of
MRCP as a preliminary imaging study to obtain
the biliary anatomy before ERCP, which is con-
sistent with our findings.

The present study showed that the incidence of
cholangitis in the contrast group was relatively
high compared with recent reports of bilateral
stenting for malignant hilar biliary obstruction
[Park Do er al. 2009; Lee er al. 2013; Kogure
et al. 2014]. This finding can be explained by the
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Table 3. Univariate and multivariate analyses of risk factors for post-ERCP cholangitis in patients with
malignant hilar biliary obstruction who underwent endoscopic bilateral SIS placement of SEMS.

difference in baseline characteristics. Our
patients had less Bismuth type II and more
Bismuth type IV than the patients of previous
studies [Park Do er al. 2009; Lee er al. 2013;
Kogure er al. 2014]. Because Bismuth type IV
had severe biliary separation, cholangitis could
occur frequently due to inadequate drainage,
especially after intentional contrast injection
into the biliary tree [Pisello ez al. 2009; Lee er al.
2015]. In addition, unlike previous studies [Park
Do et al. 2009; Lee er al. 2013; Kogure er al
2014; Lee er al. 2015], our study included
patients with technical failure in the analysis.

Among seven patients with post-ERCP cholan-
gitis in the contrast group, there was technical
failure in three patients.

In the current study, air embolism was not
observed as a complication in the air group.
However, air embolism is a rare but lethal com-
plication of air insufflations in the bile duct dur-
ing ERCP, which may bring concerns about the
use of air cholangiography. For this reason, Zhang
and colleagues reported the safety of CO, cholan-
giography in endoscopic biliary drainage for
malignant hilar biliary obstruction [Zhang ez al.
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2013]. Thus, further work needs to be carried out
to evaluate the efficacy and safety of CO, cholan-
giography-assisted stenting.

Our study has some limitations. Firstly, it was
conducted in a nonrandomized retrospective
manner, without a predefined follow-up protocol.
Secondly, the study was conducted in a highly
experienced single center with a high prevalence
of malignant hilar biliary obstruction; technical
and functional success rates may differ in nonspe-
cialist centers. Therefore, a further prospective
multicenter randomized study is needed to con-
firm the current observations.

Conclusion

Air cholangiography-assisted stenting can be a
safe and effective method for endoscopic bilateral
SIS placement of SEMS in patients with malig-
nant hilar biliary obstruction. To the best of our
knowledge, our work is the first study identifying
the clinical usefulness of air cholangiography for
endoscopic bilateral SIS placement of SEMS.
These results may be helpful to other endoscopists
who are concerned about post-ERCP cholangitis
in bilateral metallic stenting.
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