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INTRODUCTION

Since its introduction in the 1980s, endoscopic stent place-
ment has been used to treat patients with jaundice associated 
with distal malignant biliary obstructions that occur in cases 
of pancreatic and biliary tract cancer and to help maintain an 
effective quality of life.1-4 A longer time to recurrent biliary ob-

struction (TRBO), lower rates of complications, and a reduced 
need for re-interventions with a self-expandable metallic stent 
(SEMS) compared to a plastic stent (PS) have been reported 
in recent meta-analyses.5 A randomized controlled trial6 and 
a meta-analysis7 comparing covered and uncovered SEMS 
(CSEMS, USEMS) have also shown the superior TRBO of 
CSEMSs compared to USEMSs, which explains why CSEMSs 
have been used more frequently in recent times. However, a 
3.5%–12% incidence of postoperative cholecystitis has been 
reported in patients with CSEMS placement.8-12 Cholecysti-
tis causes abdominal pain and delays the time to scheduled 
chemotherapy, which negatively affects patient therapeutic 
strategies, and consequently, their vital prognosis. Therefore, it 
is imperative to identify the risk factors for cholecystitis associ-
ated with CSEMS placement.

Some of the previously reported risk factors for cholecystitis 
following CSEMS placement are tumor involvement in the 
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orifice of cystic duct (OCD),8-13 high axial force (AF) SEMS,10 
SEMS length ≤60 mm,10 and tumor invasion to the arteries 
feeding the gallbladder.8 However, the retrospective nature of 
these studies and the use of gastroenterologists to assess tumor 
invasion to the arteries feeding the gallbladder are weaknesses 
of these works. Therefore, in this retrospective study, radiolo-
gists who had no access to patient data independently deter-
mined the presence of tumor invasion to the arteries feeding 
the gallbladder to investigate the risk factors for cholecystitis 
development following CSEMS placement.

MATERIALS AND METHODS

Study design
We performed a retrospective study using endoscopic ret-

rograde cholangiopancreatography (ERCP) registry data of 
Kitasato University Hospital. The study adhered to the prin-
ciples of the Declaration of Helsinki. Our study was reviewed 
and approved by our institutional ethics committee (approval 
number: B18–113). The study is registered with the University 
Hospital Medical Information Network (UMIN) Center of 
Japan (Clinical trial registration number: UMIN000040028).

Patients
Our analysis included 160 consecutive patients who under-

went SEMS placement for distal malignant biliary obstructions 
at the Kitasato University Hospital between January 1, 2015, 
and April 30, 2019. Informed consent was obtained from all 
individual participants included in the study. Patients who had 
a history of cholecystectomy, could not be followed-up after 
SEMS placement due to transfer to other hospitals, underwent 
USEMS and preparatory or concurrent gallbladder drainage 
placement, and were not assessed by multidetector computed 
tomography (MDCT) before SEMS placement were excluded 
from the analysis.

Procedures
The following parameters were investigated in the present 

study: age, sex, primary disease, previous biliary duct drainage 
using PS before SEMS placement, pre-SEMS papillary treat-
ment, flow of contrast agent into the gallbladder (including the 
cystic duct) during the SEMS placement, type of SEMS used 
(SEMS length and braided or laser-cut type), location of the 
placed SEMS (above or across the papilla), tumor involvement 
to the OCD, tumor invasion to the arteries feeding the gall-
bladder, gallstones presence, TRBO and survival time during 
the observation period, and incidence of cholecystitis. Medical 
data for the period from SEMS placement to the last day of 
observation (August 31, 2019) were collected from electronic 

charts.
The flow of the contrast agent to the gallbladder was deter-

mined as positive when it was visible on fluoroscopic images 
(Fig. 1). Consensus was reached through a discussion between 
two Board Certified Trainers of the Japan Gastroenterologi-
cal Endoscopy Society (JGES). Tumor invasion on the artery 
feeding the gallbladder and its origin artery was determined 
by MDCT performed before SEMS placement using the 
method described by Sogabe et al.8 by observation of “tumor 
extension around the artery and irregular shape of the artery 
by MDCT prior to SEMS placement”. The latter was discussed 
over a discussion between two Board Certified Fellows of 
the Japan Radiological Society (JRS) who had no access to 
patient data (Fig. 2). OCD involvement was defined when 
the tumor extended around the OCD on MDCT/magnetic 
resonance cholangiopancreatography (MRCP)/intraductal 
ultrasonography (IDUS) or when the cystic duct was derived 
from irregular biliary narrowing using endoscopic retrograde 
cholangiography (ERC). MDCT and MRCP were assessed by 
two JRS Board Certified Fellows who had no access to patient 
data. Consensus was reached through discussion. Assessments 
of ERC and IDUS results were made by two JGES Board Cer-
tified Trainers. Positive findings in any of the aforementioned 
modalities were indicative of tumor involvement to the OCD 
(Fig. 3). The evaluation of OCD involvement by IDUS and 
ERC was assessed during the same test session immediately 
before SEMS placement. Definitions and severity grading of 
cholecystitis conformed to the TOKYO criteria 2014 for trans-
papillary biliary stenting.14

Fig. 1.  Flow of contrast agent into the gallbladder. Flow of the contrast 
agent into the gallbladder was deemed positive when the contrast agent was 
observed flowing into the gallbladder or cystic duct on fluoroscopic imaging in 
endoscopic retrograde cholangiopancreatography.
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Stent insertion
The operating physician determined whether a papillary 

treatment was performed before SEMS placement. SEMS 
length and type were selected by the operating physician to 
achieve adequate coverage of the stricture as imaged on ERC. 
The CSEMSs used in this study were the BONA STENT® 
(Sewoon Medical Co., Ltd., Seoul, Korea), Evolution® (COOK 
Medical, Bloomington, IN, USA), M-intraductal stent® (Sci-
Tech Inc., Seoul, Korea), HANARO STENT® (MI-Tech, Seoul, 
Korea), X-suit NIR® (Olympus Medical Systems, Tokyo, 
Japan), and WallFlex® (Boston Scientific Co., Natick, MA, 
USA).

Statistical analyses
TRBO was estimated using the Kaplan-Meier method and 

was compared between the groups using the log-rank test. A 
logistic regression model was used for univariate and multi-
variate analyses of independent factors for cholecystitis. All 
factors with p<0.10 in the univariate analysis were further 
assessed using multivariate analysis. Statistical analyses were 
performed using SPSS Base 17.0 (SPSS Inc., Chicago, IL, USA) 
and R version 3.2.4 statistical packages (R Foundation for Sta-
tistical Computing, Vienna, Austria). The statistically signifi-
cant level was set at p<0.05. 

RESULTS

Patients
Of the 160 consecutive patients, 17, 9, 8, 4, and 4 patients 

who had cholecystectomy history, could not be followed-up, 
underwent USEMS placement, had previous or concurrent 
gallbladder drainage for SEMS placement, and were not as-
sessed by MDCT before SEMS placement, respectively, were 
excluded. Thus, 118 patients (median age, 72 years [range, 

22–92 years]; sex, 72 men [61.0%] and 46 women [39.0%]) 
were finally enrolled. Table 1 shows the patients’ background 
characteristics. Flow of the contrast agent in the gallbladder 
was observed in 35/118 (29.7%) patients, and tumor involve-
ment at the OCD was also observed in the same number of 
patients. In 12/118 patients (10.2%), both contrast agent in 
the gallbladder and tumor involvement at the OCD were ob-
served. The direct gall bladder-feeding artery was identified as 
the cystic artery in 114/118 (96.6%) patients and was indistin-
guishable in four (3.4%) patients. The most common origin of 
the cystic artery was the right hepatic artery in 95/118 (80.5%) 
patients. The tumor invaded the cystic artery and its origin in 
3/118 (2.5%) and 10/118 (8.5%) patients, respectively. The tu-
mor had invaded both of the cystic artery and its origin in one 
(0.8%) patient.

Incidence of cholecystitis
During the observation period (median, 179 days [range, 

17–1,231 days]), cholecystitis occurred in 18 (15.3%) pa-
tients after a median of 13 days (range, 1–269 days) following 
CSEMS placement. Thirteen patients developed early chole-
cystitis (72.2%) within 30 days of CSEMS placement.

The cholecystitis was mild, moderate, and severe in 1 (5.6%), 
16 (88.9%), and 1 (5.6%) patients, respectively. The first treat-
ment performed for cholecystitis was percutaneous transhe-
patic gallbladder aspiration (PTGBA) only in seven patients, 
PTGBA plus CSEMS removal in four, percutaneous transhe-
patic gallbladder drainage (PTGBD) only in four, watchful 
waiting with antibiotic therapy in two, and CSEMS removal 
plus endoscopic nasogallbladder drainage in one patient (Table 
2). Four patients who underwent PTGBA experienced only 
recurrent cholecystitis. However, all cases of recurrent chole-
cystitis were treated with PTGBA, PTGBD, CSEMS removal, 
or cholecystectomy.

Fig. 2.  Tumor invasion to the cystic artery. Tumor invasion to 
the cystic artery (arrow) was visible on multidetector computed 
tomography.

Fig. 3.  Tumor involvement to the orifice of cystic duct. Multidetector computed tomography (A) 
shows cholangiocarcinoma of the common bile duct (*) and contrast enhancement at the cystic 
duct (arrow). Infiltration of the tumor from the bile to the cystic duct was visible on intraductal 
ultrasonography (arrowheads) (B). 

A B
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Time to recurrent biliary obstruction of self-
expanding metallic stents

The TRBO was 291 days (range, 0–1,159 days), and there 
was no significant difference between patients who developed 
cholecystitis (median, 285 days [range, 7–530 days]) and 
those who did not (median, 291 days [range, 0–1,159 days]) 
(p=0.797). The median overall survival was 260 days (range, 
17–1,231 days), with no significant differences between those 
who developed cholecystitis (median, 197 days [range, 35–696 
days]) and those who did not (median, 260 days [range, 17–
1,231 days]) (p=0.162).

Analysis of cholecystitis
The univariate and multivariate analyses revealed that the 

contrast agent flow into the gallbladder (univariate: odds ra-
tio [OR], 3.750; 95% confidence interval [CI], 1.333–10.546; 
p=0.012, multivariate: OR, 3.496; 95% CI, 1.184–10.322; 
p=0.023) and the OCD tumor involvement (univariate: 
OR, 4.976; 95% CI, 1.736–14.262; p=0.003, multivariate: 
OR, 4.702; 95% CI, 1.591–13.895; p=0.005) were significant 
risk factors associated with cholecystitis (Table 3). In 12/118 
patients (10.2%), both contrast agent in the gallbladder and 
tumor involvement at the OCD were observed. Seven of 12 
patients (58.3%) had developed cholecystitis. Of the seven 
cholecystitis cases, five occurred in the early stage and two oc-
curred in the late stage.

Table 1.  Patient Characteristics (n=118)

n (%)

Median age, yr [range] 72 [22–92]

Sex, male/female 72 (61.0)/46 (39.0)

Etiology of malignant biliary obstruction

   Pancreatic cancer 98 (83.1)

   Biliary tract cancer 15 (12.7)

   Other malignancies 5 (4.2)

Previous biliary duct drainage using plastic stent 78 (66.1)

Papillary treatment

   EST 104 (88.1)

   EPBD 2 (1.7)

   None 12 (10.2)

Flow of contrast agent into gallbladder 35 (29.7)

Median stent length

   >60 mm/≤60 mm 65 (55.1)/53 (44.9)

Location of the SEMS placement

   Across/above the papilla 107 (90.7)/11 (9.3)

Tumor involvement to OCD 35 (29.7)

Artery feeding the gallbladder 

   Cystic artery 114 (96.6)

   Unidentifiable 4 (3.4)

Origin of the cystic artery

   RHA 95 (80.5)

   Replaced RHA 10 (8.5)

   GDA 4 (3.4)

   PHA 2 (1.7)

   LHA 1 (0.8)

   SMA 1 (0.8)

   Unidentifiable 5 (4.2)

Tumor invasion to the cystic artery 3 (2.5)

Tumor invasion to the origin of the cystic artery 10 (8.5)

Gallbladder stones 17 (14.4)

EPBD, endoscopic papillary balloon dilation; EST, endoscopic 
sphincterotomy; GDA, gastroduodenal artery; LHA, left hepatic 
artery; OCD, orifice of cystic duct; PHA, proper hepatic artery; 
RHA, right hepatic artery; SEMS, self-expandable metallic stent; 
SMA, superior mesenteric artery.

Table 2.  Incidence of Cholecystitis (n=18)

n (%)

Severity grading of cholecystitis after stent placement
  Mild
  Moderate
  Severe

1 (5.6)
16 (88.9)

1 (5.6)

Initial therapy for cholecystitis
  PTGBA only
  PTGBA plus CSEMS removal
  PTGBD only
  Watchful waiting with antibiotics
  CSEMS removal plus ENGBD

7 (38.9)
4 (22.2)
4 (22.2)
2 (11.1)
1 (5.6)

CSEMS, covered self-expandable metallic stent; ENGBD, endo-
scopic nasogallbladder drainage; PTGBA, percutaneous transhe-
patic gallbladder aspiration; PTGBD, percutaneous transhepatic 
gallbladder drainage.



593

Watanabe M et al. Cholecystitis Following Stents for Obstructions

DISCUSSION

Nakai et al. conducted a multicenter retrospective investiga-
tion to identify the risk factors for post-SEMS cholecystitis and 

reported that OCD tumor involvement (OR, 5.4; p<0.001), 
SEMS with high AF (OR, 5.33; p=0.002), and SEMS length 
≤60 mm (OR, 3.19; p=0.010) were risk factors.10 They pro-
posed that the compression of the OCD, which has lost elas-

Table 3.  Analysis of Risk Factors Related to Cholecystitis

Univariate analysis Multivariate analysis

Patients p-value OR (95% CI) p-value

Sex
  Male
  Female

12/72
6/46

0.594

Causative disease
  Pancreatic and biliary cancer
  Others

18/113
0/5

n.c.

Previous biliary duct drainage using plastic stent 
  Yes
  No

13/78
5/40

0.553

Flow of contrast agent into gallbladder
  Yes
  No

10/35
8/83

0.012 3.496 (1.184–10.322) 0.023

Median stent length
  >60 mm
  ≤60 mm

12/65
6/53

0.287

Location of SEMS placement 
  Across the papilla
  Above the papilla

15/107
3/11

0.255

Tumor involvement at the OCD
  Yes
  No

11/35
7/83

0.003 4.702 (1.591–13.895) 0.005

Tumor invasion to cystic artery*
  Yes
  No

0/3
18/111

n.c.

Tumor invasion to the origin of cystic artery**
  Yes
  No

1/10
17/103

0.596

Gallbladder stones
  Yes
  No

3/17
14/101

0.767

Structure of SEMS
  Braded
  Laser-cut

17/115
1/3

0.398

CI, confidence interval; n.c., not calculated; OCD, orifice of cystic duct; OR, odds ratio; SEMS, self-expandable metallic stent.
*Four patients were excluded because of non-evaluability.
**Five patients were excluded because of non-evaluability.
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ticity due to the tumor invasion by the high AF SEMS, leads 
to impaired bile efflux, thereby inducing cholecystitis. They 
explained that an SEMS length ≤60 mm was attributed to a 
shorter distance from the stent ends to the stricture, which 
characterizes a short SEMS and increases AF.15 We also found 
that 11 (31.4%) of 35 patients with tumor involvement to the 
OCD had cholecystitis, which corroborated with previous 
studies8-13; hence, OCD tumor involvement was identified as a 
significant risk for cholecystitis onset. These data may suggest 
that transpapillary biliary drainage (BD) using CSEMS should 
be avoided in patients in whom OCD tumor involvement has 
been identified preoperatively. 

Isayama et al. reported that endoscopic ultrasound-guided 
BD (EUS-BD) should be considered for patients in high risk, 
including those with OCD tumor involvement to prevent cho-
lecystitis after SEMS placement.16 With the recent increase in 
reports of therapeutic outcomes of EUS-BD, new meta-anal-
yses have reported comparable outcomes for ERCP and EUS-
BD.17 There are two major issues that should be examined in 
future studies: (1) Whether a route for EUS-BD or the trans-
papillary approach is beneficial for preventing cholecystitis 
and (2) whether this route will produce the same TRBO as 
transpapillary BD with SEMS for cases in which OCD tumor 
involvement is known before SEMS placement.

In this study, flow of the contrast agent into the gallbladder 
was also identified as a significant risk factor for cholecystitis. 
In a recent study evaluating endoscopic biliary stenting, in-
cluding the use of PSs in patients with malignant extrahepatic 
bile duct obstruction, Kim et al. previously evaluated contrast 
agent injection into the gallbladder as an important predictive 
factor for cholecystitis and suggested that it may potentially 
be associated with the location of cancer because if the cancer 
is in the vicinity of the OCD, there may be retention of the 
contrast agent.18 Klimczak et al. made cultures of bile harvest-
ed from the initial drainage of patients with jaundice caused 
by malignant biliary stricture without signs of infection and 
found that the culture was positive in 56% of them.19 Further-
more, it is known that post-endoscopic sphincterotomy bile 
is often colonized by enteric bacteria.20 Cholangiography is 
performed to make an accurate assessment of the location and 
extent of stricture for SEMS placement. We can assume that 
the contrast agent flow beyond the cystic duct indicates that 
a substantial amount of bile containing bacteria flows inside 
the gallbladder during the cholangiography procedure, and 
that the subsequent SEMS placement triggers bile flow distur-
bance. Of note, in this study, there were 12 cases of positive 
cystic duct infiltration and contrast agent inflow into the cystic 
duct. Partial obstruction of the cystic duct opening was highly 
likely in these 12 cases, and of these, 7 (58.3%) exhibited cho-

lecystitis. If both factors are positive, this may increase the risk 
of cholecystitis development. As this might be the mechanism 
of cholecystitis onset, it may be prudent to avoid injection of 
large amounts of the contrast agent before SEMS placement, 
and aspirate and remove the highest possible amount of bile 
from the biliary duct before cholangiography, as preventive 
measures.

Tumor invasion to the arteries feeding the gallbladder, 
which was raised as a significant risk factor of cholecystitis 
onset by Sogabe et al.,8 was not identified as a risk factor in the 
present investigation. This difference may be caused by the 
rate of tumor invasion to the feeding artery, which was lower 
than that reported by Sogabe et al. (22.4%), and the differences 
in the characteristics of the populations studied.8 Thus, a large-
scale prospective trial is needed to investigate whether tumor 
invasion to the arteries feeding the gallbladder is a risk factor.

There were several limitations to the present study. First, 
it was a single-center retrospective study and there might 
have been some bias in patient selection. Second, it was 
difficult to measure the AF. Thus, an AF unknown for the 
majority of SEMS was used in the present investigation, and 
consequently, we could not investigate the risk factors asso-
ciated with different AFs. Nakai et al.10 suggested that low 
AF SEMS might reduce the incidence of cholecystitis; thus, 
in the future, we should perform a prospective study using 
low AF SEMS. Third, the flow of the contrast agent into the 
gallbladder was determined visually on fluoroscopic images, 
which is a non-quantitative method; thus, it was not possible 
to determine the relationship between the specific amount 
of bile containing contrast agent that entered the gallbladder 
and the onset of cholecystitis. Fourth, it is expected that the 
causes of early and late cholecystitis may differ. Ainley et al.21 
suggested that early cholecystitis may be due to the occlusion 
of the OCD by the stent, while late cholecystitis may be due to 
tumor growth, causing cystic duct compression. Thus, if the 
proportion of the contrast agent injected into the gallbladder 
and cystic duct tumor invasion differs between the early and 
late cholecystitis groups, this may provide a suitable explana-
tion for the mechanism involved in cholecystitis. However, the 
proportion of the contrast agent injected into the gallbladder 
and cystic duct tumor invasion did not differ between the ear-
ly and late cholecystitis groups in this study. Therefore, further 
investigation is needed in a larger sample population.

In conclusion, the present study suggested that the contrast 
agent flow into the gallbladder and the tumor involvement to 
the OCD were risk factors for cholecystitis development fol-
lowing CSEMS placement. A prospective investigation is war-
ranted to validate the effectiveness of EUS-BD for the preven-
tion of cholecystitis in patients with OCD tumor involvement.
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