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Abstract

Purpose: Endoscopic nasobiliary drainage (ENBD) is a widely utilized primary approach for

preoperative endoscopic biliary drainage (PEBD) for malignant hilar biliary obstruction (MHBO),

although the utility of inside stenting (IS) remains unknown. This study aimed to compare clinical

outcomes between IS and ENBD as the initial PEBD.

Methods: This retrospective, single-center study included patients with MHBO who underwent IS or

ENBD as the initial PEBD and before laparotomy for radical surgical resection in the study institution.

The primary outcome was the clinical success rate with the initial PEBD method.

Results: The study included 28 and 38 patients undergoing IS and ENBD for initial PEBD,

respectively. Clinical success rates were 78.6%and97.4% in patients undergoing IS and ENBD,

respectively(P=0.04). Clinical failure was more frequent in patients with jaundice undergoing IS

(42.9%) than in those without jaundice undergoing IS and those with/without jaundice undergoing

ENBD (0%—4.2%;P<0.01). The rates of cholangitis and PEBD-related adverse events, the cumulative

PEBD dysfunction incidence, and postoperative survival did not significantly differ between the

patients undergoing IS and ENBD.

Conclusions: Clinical failure of initial PEBD was more frequent in patients with jaundice undergoing

IS compared to those undergoing ENBD during the initial preoperative period of workup and drainage.
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Introduction

The treatment of malignant hilar biliary obstruction (MHBO) remains challenging, and surgical

resection is the only curative treatment for primary MHBO secondary to cholangiocarcinoma and

gallbladder carcinoma [1, 2]. In patients with MHBO, endoscopic retrograde cholangiography (ERC)

followed by preoperative endoscopic biliary drainage (PEBD) is widely utilized for histopathologic

diagnosis, assessment of resectability, biliary decompression, and management of cholangitis [3]. In

Japan, endoscopic nasobiliary drainage (ENBD) is the mainstream PEBD approach because of the low

incidence of cholangitis [4, 5]. However, ENBD is not patient-friendly due to nasal discomfort and the

need for bile replacement for nutrition and enterohepatic circulation [6], a major issue in preoperative

patient management. Recent studies reveal comparable cumulative stent/nasobiliary tube dysfunction

rates between ENBD and endoscopic biliary stenting (EBS) as PEBD at the stage determined by the

cancer board [3, 7]. Conventional EBS indicates the placement of plastic stents across the ampulla of

Vater, whereas the recently developed inside stenting (IS) approach is based on the placement of plastic

stents in the bile duct, above the ampulla of Vater. Several studies reported that IS was associated with

a lower incidence of stent dysfunction in patients with severe bile duct tears [3] and reduced rates of

complications and number of preoperative ERC procedures [8], compared with the conventional EBS.

However, most of the studies investigating IS as the final planned PEBD approach have evaluated the

utility of IS in patients in specific cancer stages determined by the cancer board, and the utility of IS

as the initial PEBD approach has not been fully investigated. In many Japanese centers, ENBD is the



initial PEBD approach due to the low incidence of short-term cholangitis and often converted to IS in

patients with jaundice and reduced levels in hepatobiliary enzymes [9-11]. The comparison between

IS and ENBD, which is the most common initial PEBD approach in Japan, has not been extensively

investigated. In our institution, ENBD was utilized as the first-line initial PEBD approach until

December 2019 and was replaced with IS thereafter. This study aimed to compare clinical outcomes

between IS and ENBD as the initial PEBD approach in patients with MHBO.

Methods

Study design

This retrospective, observational cohort study was conducted in Hokkaido University Hospital

between February 1, 2011 and August 31, 2024 and included consecutive patients with planned

laparotomy for radical surgical resection of primary MHBO, who underwent initial PEBD with IS or

ENBD following preoperative workup. In the present study, MHBO was defined as a main biliary

stricture located within 2 cm from the hepatic hilum. Patients who underwent initial PEBD in another

institution were excluded from the study, to control for institutional differences in initial ERC

management, such as the drainage method, number of stents/nasobiliary tubes, intraductal

ultrasonography, and mapping biopsy. Electronic medical records were used to identify patients who

fulfilled the following inclusion criteria: 1) histopathologic diagnosis of cholangiocarcinoma or

gallbladder carcinoma based on specimens collected with biopsy forceps or surgical resection and 2)



available consent for study enrollment using the optout form, provided by the patient or their family.

The exclusion criteria were as follows: 1) patients with only temporary stent/nasobiliary tube

placement during initial ERC, 2) combined PEBD approaches (IS with ENBD, IS with conventional

EBS, or ENBD with conventional EBS), and 3) percutaneous or endoscopic ultrasonography-guided

biliary drainage prior to initial PEBD. Eligible patients were followed until death or the end of the

follow-up period (December 31, 2024), whichever came first.

The current study cohort included some of the study participants included in a previous

retrospective single-center study, which aimed to identify the risk factors for cumulative dysfunction

associated with EBS and ENBD as the initial PEBD approach in patients with MHBO who achieved

clinical success [12]. Among those, three patients who underwent IS in other institutions and were

included in the previous study were not included in the current study. Conversely, some of the patients

who underwent ENBD in our hospital and were included in the previous study were also included in

the current study.

The study protocol was approved by the Institutional Review Board of Hokkaido University

Hospital (approval number: 024-0138) and conducted in accordance with the Declaration of Helsinki

revised in 2013. Written informed consent was waived because of the retrospective observational

design, and informed consent was obtained using an optout form.

ERC and PEBD procedures



ERC was performed with a therapeutic duodenoscope (TJF-240, JF-260V, TJF-260V, or TJIF-Q290V;

Olympus Medical Systems, Tokyo, Japan) in patients under conscious sedation with fentanyl and

midazolam. Following transpapillary bile duct cannulation, the bile duct was filled with the contrast

medium. Following ERC, intraductal ultrasonography and multiple transpapillary biopsies of the

primary lesion as well as normal-appearing regions were performed to assess malignancy and

horizontal tumor progression. Finally, plastic stents or nasobiliary tubes were inserted into the bile duct

of the future remnant liver lobes, which were determined before the procedure with computed

tomography and magnetic resonance cholangiopancreatography in consultation with the surgeon.

Drainage stents/nasobiliary tubes were placed in the right bile duct for left hemihepatectomy, left bile

duct for right hemihepatectomy, right posterior segmental bile duct for left trisectionectomy, and lateral

segmental bile duct for right trisectionectomy. In principle, a single stent or nasobiliary tube was used,

although multiple stents or nasobiliary tubes were occasionally placed for sufficient drainage of the

future remnant liver lobes. In general, plastic stents with a 7-Fr diameter and nasobiliary tubes with a

6-Fr diameter were used for IS and ENBD, respectively. IS was performed in cases where the distal

end of the stricture was more than 2 cm away from the ampulla of Vater. Endoscopic sphincterotomy,

which was not routinely performed, was utilized in select cases at the discretion of the endoscopist.

The first-line initial PEBD approach was ENBD until December 2019 and IS thereafter.

Definitions



Clinical success was defined as any of the following criteria: a decrease in serum total bilirubin (T-

BIL) from >2.0 to <2.0 mg/dL within 14 days, a decrease of >25% within 7 days or >50% within 14

days in the level of serum T-BIL in patients with a serum T-BIL level of >2.0 mg/dL, or a sufficient

reduction or normalization of target hepatobiliary enzyme within 14 days in patients with a serum T-

BIL level of <2.0 mg/dL. Conversely, clinical failure was defined as failure to meet any of the criteria

for clinical success. Furthermore, clinical failure was classified as stent/nasobiliary tube occlusion or

dislocation, according to the 2024 Tokyo criteria [13]. Short-term cholangitis was defined as

cholangitis developing within 14 days after PEBD. The definitions of contralateral and ipsilateral

segmental cholangitis and PEBD dysfunction were previously described [3, 12]. Briefly, contralateral

segmental cholangitis was defined as cholangitis occurring in in an area without drainage whereas

ipsilateral segmental cholangitis was defined as cholangitis occurring in the lobe with good drainage,

which improved with conservative treatment. PEBD dysfunction was defined as acute cholangitis in

combination with the elevation of serum levels of hepatobiliary enzymes, either of which improved

after the exchange of the stent/nasobiliary tube. Unplanned PEBD was defined as PEBD for clinical

failure of PEBD, cholangitis, PEBD dysfunction, stent/tube dislocation, or PEBD-related adverse

event, with reference to a previous study [14]. The presence of cholangitis and cholecystitis was

defined according to the 2018 Tokyo guidelines [15, 16]. Pancreatitis, bleeding, and liver abscess

associated with ERC followed by PEBD were defined according to the American Society for

Gastrointestinal Endoscopy guidelines [17]. Postoperative complications were defined according to



the extended Clavien—Dindo classification [18] and the International Study Group for Liver Surgery

[19]. Particularly, for the assessment of individual postoperative complications, surgical site infection

of grade IIla and worse and liver failure and bile leakage of grades B and C were defined as relevant

postoperative complications.

Outcome measures

The primary outcome was the rate of clinical success with initial PEBD. The secondary outcomes were

the rates of cholangitis and PEBD-related adverse events, the cumulative incidence of PEBD

dysfunction, postoperative complications, and postoperative overall survival.

Statistical analysis

All statistical analyses were performed using EZR (version 1.54) (Saitama Medical Center, Jichi

Medical University, Saitama, Japan) [20]. Data were presented as percentages for categorical variables

and medians with interquartile ranges for nonparametric variables. Categorical and nonparametric

variables were compared using Fisher’s exact and the Wilcoxon signed-rank sum tests, respectively.

The cumulative incidence of PEBD dysfunction and the incidence of postoperative survival were

estimated using the Kaplan—Meier method, and between-group differences were evaluated using the

log-rank test. Only patients with clinical success were included in the evaluation of the cumulative

incidence of PEBD dysfunction, and patients fulfilling the following conditions were censored:



laparotomy for radical surgical resection, re-biopsy, change in the drainage method, and reintervention

due to contralateral segmental cholangitis or PEBD-related adverse events. The evaluation of

postoperative survival included only patients who underwent curative surgical resection, and survival

was determined from the day of radical surgical resection to the time of death due to any cause. A P

value of <0.05 was considered statistically significant for all analyses.

Results

Among a total of 76 patients identified during the study period, 66 eligible patients who fulfilled the

inclusion and exclusion criteria, including 28 and 38 patients who underwent IS and ENBD as initial

PEBD, respectively, were included in the final analysis (Figure 1).

Baseline patient characteristics

The final study cohort included 48 male and 18 female patients, with a median age of 71 (65—75) years.

Table 1 shows the baseline patient characteristics. The final diagnoses were cholangiocarcinoma and

gallbladder cancer in 57 and 9 patients, respectively. In the overall cohort, 17, 16, 15, 8 and 10 patients

had Bismuth—Corlette grade I, II, IIla, IIIb, and IV, respectively. The distal end of the biliary stricture

was more than 2 cm away from the ampulla of Vater in all patients. Age, sex, final diagnosis, Bismuth—

Corlette grade, and serum T-BIL levels before initial PEBD were not significantly different between

the patients who underwent IS and those who underwent ENBD. All patients had no cholangitis before
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the initial PEBD, and C-reactive protein levels before the initial PEBD were not statistically different

between the patients who underwent IS and those who underwent ENBD (median 0.23 vs. 0.28 mg/dL,

P=0.74).

Details of ERC and PEBD as the initial approach

Table 2 shows the details of ERC and PEBD. One stent or nasobiliary tube was used in most of the

patients who underwent IS and ENBD, and 7-Fr stents and 6-Fr nasobiliary tubes were used in 23 and

25 patients who underwent IS and ENBD, respectively. Endoscopic sphincterotomy was performed in

2 and 14 patients who underwent IS and ENBD, respectively, with a significantly lower rate of

endoscopic sphincterotomy performed in patients who underwent IS than in those who underwent

ENBD (P < 0.01). All patients were not evaluated by peroral cholangioscopy during the initial ERC

and PEBD.

Clinical success with initial PEBD

Clinical success with initial PEBD was achieved in 22 (78.6%) and 37 (97.4%) patients who underwent

IS and ENBD, respectively, with a significantly lower rate of clinical success observed in patients who

underwent IS than in those who underwent ENBD (P = 0.04) (Table 3). Among the 6 patients who

experienced clinical failure after IS, the cause was stent occlusion in 5 patients and stent dislocation in

1 patient. The cause was nasobiliary tube occlusion in the only patient who experienced clinical failure
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after ENBD. Six of the seven patients who did not achieve clinical success had a nasobiliary tube

inserted and achieved clinical success. The remaining one patient with Bismuth-Corlette grade I who

previously underwent IS had a 7-Fr stent and a 6-Fr nasobiliary tube inserted in parallel, followed by

clinical success and finally removal of only the nasobiliary tube.

We also evaluated clinical success according to the presence of jaundice, defined as a serum T-

BIL level of >2 mg/dL. The rates of clinical success with initial PEBD were 57.1% (8/14) and 100%

(14/14) in patients with and without jaundice, respectively, among those undergoing IS (Figure 2).

Conversely, the rates of clinical success with initial PEBD were 95.8% (23/24) and 100% (14/14) in

patients with and without jaundice, respectively, among those undergoing ENBD. Clinical failure was

more frequent in patients with jaundice who underwent IS (42.9%) than in all other patient groups

(0%—4.2%) (P < 0.01). Specifically, limited to Bismuth-Corlette grade I, the clinical success rate in

patients with jaundice undergoing IS was 66.7% (4/6).

Finally, we evaluated clinical success according to the use of endoscopic sphincterotomy. Clinical

success with initial PEBD was achieved with and without endoscopic sphincterotomy in 15 (93.8%)

and 44 (88.0%) patients, respectively, without a significant difference between the two groups (P = 1).

Cholangitis, camulative PEBD dysfunction, PEBD-related adverse events, and number of PEBD

procedure

In the overall cohort, the median duration between the initial PEBD and laparotomy for radical surgical
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resection was 55.5 (39-81) days. Median preoperative waiting durations in patients undergoing IS and

ENBD were 57 (43-81) days and 54 (36-66) days, respectively, with no significantly difference

between the two groups (P = 0.70).

Short-term cholangitis within 14 days after PEBD occurred in 10 (35.7%) and 6 (15.8%) patients

who underwent IS and ENBD, respectively, without a significant difference between the groups (P =

0.08). The rates of short-term contralateral and ipsilateral segmental cholangitis were not significantly

different between the patients who underwent IS and ENBD. During the entire preoperative waiting

period, the incidence of cholangitis did not significantly differ between the patients who underwent IS

and ENBD (50.0% vs. 55.3%, P = 0.80).

The cumulative incidence of PEBD dysfunction was assessed in 59 patients who achieved clinical

success with initial PEBD. PEBD dysfunction occurred in 5 patients who underwent IS and 5 patients

who underwent ENBD. As shown in Figure 3a, the incidence rates of PEBD dysfunction were 12.7%

and 29.1% at 30 and 60 days, respectively, in the overall cohort, and the cumulative incidence of PEBD

dysfunction was not significantly different between the patients undergoing IS and ENBD (P = 0.81)

(Figure 3b).

The rates of PEBD-related adverse events during the initial PEBD were 25.0% and 28.9% in

patients who underwent IS and ENBD, respectively, with no significant difference between the two

groups (P = 0.79). No significant differences in the rates of individual adverse event were noted

between the patients undergoing IS and ENBD. During the entire preoperative waiting period, the rates
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of PEBD-related adverse events were 25.0% and 36.8% in patients who underwent IS and ENBD,

respectively, with no significant difference between the two groups (P = 0.42). The number of adverse

events was 1 in 7 patients in the IS group, 2 in 2 patients and 1 in 12 patients in the ENBD group, and

the number of adverse events did not differ significantly between the two groups (median 0 vs. 0 times,

P =0.27). Moreover, the incidence of cholangitis and/or PEBD-related adverse event during the entire

preoperative waiting period did not significantly differ between the patients who underwent IS and

ENBD (53.6% vs. 73.7%, P =0.12).

The median numbers of PEBD before laparotomy including the initial PEBD were 1 (1-3) and 2

(2-3) in patients who underwent IS and ENBD, respectively, with no significant difference between

the two groups (P = 0.06). Moreover, the median numbers of unplanned PEBD before laparotomy

were 0 (0-2) and 1 (0-2) in patients who underwent IS and ENBD as the initial PEBD, respectively,

with no significantly difference between the two groups (P = 0.47). Stents initially used as IS and

nasobiliary tubes initially used as ENBD were retained until the day of laparotomy in 15 and 9 patients,

respectively.

Surgical procedures and postoperative outcomes

Preoperative chemotherapy was performed in 3 and 2 patients undergoing IS and ENBD, respectively.

These were all triple combination chemotherapy with gemcitabine, cisplatin, and S-1, with 1 receiving

13 courses and 2 receiving 3 in the IS group and 1 receiving 14 courses and 1 receiving 3 in the ENBD

14



group. Curative surgical resection was intraoperatively aborted in 9 patients, including 6 patients with

distant metastases and 3 patients with previously unknown local invasion. Therefore, the surgical

procedures and postoperative survival were assessed in the remaining 57 patients. Hemihepatectomy

with caudate lobectomy and hilar bile duct resection were performed in most patients, including 20

and 17 patients who underwent left and right hemihepatectomy, respectively (Table 4).

The distribution of specific surgical procedures was not significantly different between the patients

who underwent IS and ENBD as the initial PEBD approach. Clavien—Dindo grade III or worse

complications occurred in 58.3% and 57.6% of the patients who underwent IS and ENBD, respectively

(P =1). The distribution of postoperative complications was not significant between the patients who

underwent IS and ENBD (P = 0.42) (Table 5). The incidence of grade Illa and worse surgical site

infections in patients undergoing IS and ENBD were 8.3% and 18.2%, respectively (P = 0.45). The

incidence of grade B and C bile leakage in patients undergoing IS and ENBD were 29.2% and 30.3%,

respectively (P = 1). The incidence of grade B and C liver failure in patients undergoing IS and ENBD

were 8.3% and 27.3%, respectively (P = 0.10). On the other hand, the median postoperative hospital

stay durations in patients undergoing IS and ENBD were 27 (21-74) days and 56 (32-67) days,

respectively, with a significantly shorter postoperative hospital stay duration in patients undergoing IS

than in those undergoing ENBD (P = 0.04).

In the overall cohort, the median postoperative survival was 30.1 months (95% confidence interval,

22.6-49.2 months) (Figure 4a). The postoperative survival was not significantly different between the
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patients undergoing IS and ENBD as initial PEBD (P = 0.70) (Figure 4b).

In addition, we examined the use of postoperative chemotherapy. Adjuvant chemotherapy was

used in 54.2% (13/24) of patients who underwent IS and in 9.1% (3/33) of patients who underwent

ENBD, with a significantly higher proportion of adjuvant chemotherapy in patients undergoing IS than

in those undergoing ENBD (P <0.01). The median postoperative survivals in patients with and without

adjuvant chemotherapy were 49.2 and 28.6 months, respectively, with no significant difference

between the two groups (P = 0.67). Palliative chemotherapy was used in 50.0% (12/24) of patients

who underwent IS and in 48.5% (16/33) of patients who underwent ENBD, with a no significant

difference between the two groups (P = 1).

Discussion

This is the first study demonstrating that IS as initial PEBD for preoperative MHBO with obstructive

jaundice could result in clinical failure. An important cause of clinical failure of IS as the initial

PEBD approach would be an increase in bile viscosity in some patients with jaundice. Additionally,

histopathologic diagnosis and the assessment of resectability are very important in the initial phase of

PEBD. The diagnostic sensitivity of evaluation with biopsy forceps is insufficient [21], and the

assessment of three or more tissue samples is recommended for the definitive diagnosis of malignant

biliary strictures [22]. Multiple biopsies can cause bleeding, resulting in the formation of coagulum.

In ENBD, bile with high viscosity and coagulum is aspirated by negative pressure and the tube can
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be flushed using saline, when necessary, whereas negative pressure is not applied and the stent might

be occluded in IS.

The clinical success with IS was high in patients without jaundice and comparable to that in

patients with or without jaundice who underwent ENBD, indicating that IS might be considered as

the first-line PEBD approach in patients without jaundice, in whom the monitoring of bile output and

cholangiography via nasobiliary tube are not necessary. Whereas, in patients with jaundice, the

clinical success rate with IS was relatively low, as shown in this study, in which case ENBD would

be the primary drainage approach and IS is appropriate as a bridging approach, as previously

reported [9—11].

Previously, some studies have investigated cumulative PEBD dysfunction rates by comparing IS

with ENBD in patients with preoperative MHBO, and reported that IS had a lower dysfunction rate

than ENBD [9, 23]. However, there were limitations such as a single center, a small number of cases,

and ENBD was the first PEBD, whereas IS was mostly the second PEBD and compared different

phases in those studies. In the present study, the incidence of cholangitis during the preoperative

waiting period and the cumulative incidence of PEBD dysfunction were not significantly different

between the patients who underwent IS and ENBD as initial PEBD, in agreement with the findings

of recent multicenter studies investigating PEBD according to the stage determined by the cancer

board [3, 7]. Altogether, these findings indicate that the efficacy of IS as PEBD is comparable to that

of ENBD if clinical failure does not occur in the acute postoperative stage. The advantage of IS is
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maintenance of nutrition and enterohepatic circulation without nasopharyngeal discomfort, whereas

the disadvantages of this method are the inability to monitor bile quality and flow and the inability to

perform cholangiography through a drainage tube. The advantages and disadvantages of ENBD are

the opposite of IS. At the early stage of initial PEBD, either PEBD approach can be chosen

depending on the purpose at the treatment center. In cases where ENBD is selected as the initial

PEBD approach, conversion to IS should be considered because of nasal discomfort and negative

effects of nutrition and enterohepatic circulation [6], especially in cases where the preoperative

waiting period is long.

In this study, ENBD was used primarily for clinical failure of initial PEBD. The purpose was to

achieve reliable biliary drainage by applying negative pressure and monitoring bile flow, and ENBD

seemed to be very useful in those cases.

Among postoperative outcomes, the present study showed that there were no significant

differences between patients who underwent IS and those who underwent ENBD as the initial PEBD

in severe complications rate, the frequency of individual PEBD-related complications, or

postoperative survival. On the other hand, postoperative hospital stay duration was significantly

shorter in patients who underwent IS than in those who underwent ENBD. This might contribute to

the lower need for in-hospital treatment with IS as the first PEBD than with ENBD, but differences

in detection and management of surgical complications by the period of treatment were thought to be

the main factor. In this study, ENBD was utilized as the first-line initial PEBD approach until 2019
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and was replaced with IS thereafter. A previous study from Japan involving a large cohort of 574

patients has reported that the postoperative hospital stay for hilar cholangiocarcinoma varies

according to the period of treatment, and the newer the period, the shorter the postoperative hospital

stay [24] as well as distal cholangiocarcinoma [25]. This means that complications have decreased

with early detection and aggressive management as time has progressed.

The present study has several limitations. First, this was a retrospective study with a small

cohort size conducted in a single-center. Patients who underwent the initial PEBD in another

institution and those who were scheduled for PEBD but did not undergo the procedure were

excluded, which might have affected the results. Therefore, our findings should be validated in

multicenter studies. Second, identifying the risk factors for clinical failure of IS, which were not

evaluated by a multivariate analysis in the present study, would allow more flexibility in selecting the

appropriate PEBD approach. Third, the present study lacked analysis of long-term outcome, although

potentially affected by multifactor [26, 27].

In conclusion, clinical failure of initial PEBD was more frequent in patients with obstructive

jaundice who underwent IS compared to those who underwent ENBD during the initial preoperative

period of workup and drainage. Conversely, IS is a useful PEBD approach as a fist-line procedure in

patients with MHBO without jaundice.
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Figure legends

Figure 1. Study flow chart

ENBD, endoscopic nasobiliary drainage; IS, inside stenting

Figure 2. Rates of clinical success with IS and ENBD as initial preoperative endoscopic biliary

drainage (PEBD) in patients categorized according to the presence of jaundice

Figure 3. Cumulative incidence of dysfunction after initial PEBD in the overall cohort (a) and in

patients categorized according to the initial PEBD method

Figure 4. Postoperative survival in the overall cohort (a) and in patients categorized according to the

initial PEBD method

HR, hazard ratio; CI confidence interval
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Search of the database
between February 2011 and August 2024

Assessed for eligibility (n = 76)

Exclusion (n = 10)
Stent placement across the papilla (n = 5)

Temporary stent/tube placement (n = 3)
Combined PEBD treatment (n = 2)

Analyzed (n = 66)
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Table 1. Baseline characteristics

IS (n=28) ENBD (n = 38) P value
Age, median (IQR), year 71 (62-76) 71 (65-75) 0.87
Male sex, n (%) 20(71.4) 28 (73.7) 1
Final diagnosis, n (%) 1
Cholangiocarcinoma 24 (85.7) 33 (86.8)
Gallbladder cancer 4 (14.3) 5(13.2)
Bismuth-Corlette grade, n (%) 0.15
I 11 (39.3) 6 (15.8)
I 7 (25.0) 9(23.7)
IIla 5(17.9) 10 (26.3)
IIIb 1(3.6) 7(18.4)
v 4 (14.3) 6 (15.8)
Serum T-BIL before PEBD, median (IQR), mg/dL
3.8 (1.0-12.9) 2.9 (1.1-8.9) 0.98
Jaundice (T-BIL > 2 mg/dL), n (%) 14 (50.0) 24 (63.2) 0.32
C-reactive protein before PEBD, median (IQR), mg/dL
0.23 (0.10-1.04)  0.28 (0.10-1.15) 0.74

ENBD, endoscopic nasobiliary drainage; IQR, interquartile range; IS, inside stenting; PEBD,

preoperative biliary drainage; T-BIL, total bilirubin



Table 2. Details of the initial PEBD

IS (n=28) ENBD (n = 38) P value

Number of stents/tubes, n (%) 1

One 23 (82.1) 31 (81.6)

Two 5(17.9) 7 (18.4)
Size of the tube/stent <0.01

5_Fr 0 13 (34.2)

6-Fr 0 25 (65.8)

7-Fr 23 (82.1) 0

8.5-Fr 5(17.9) 0
Endoscopic sphincterotomy, n (%) 2(7.1) 14 (36.8) <0.01

ENBD, endoscopic nasobiliary drainage; IS, inside stenting; PEBD, preoperative biliary drainage



Table 3. Details of clinical success, cholangitis, and adverse event

IS (n=28) ENBD (n = 38) P value

Clinical success, n (%) 22 (78.6) 37(97.4) 0.04
Details of clinical failure

Stent/tube obstruction 5 1

Stent/tube dislocation 1 0
Short-term cholangitis, n (%) 10 (35.7) 6 (15.8) 0.08
Details of short-term cholangitis, n (%)

Cholangitis with clinical failure 6(21.4) 1(2.6) 0.04

Contralateral segmental cholangitis 0 3(7.9) 0.26

Ipsilateral segmental cholangitis 4(14.3) 2(5.3) 0.39
Cholangitis before laparotomy, n (%) 14 (50.0) 21 (55.3) 0.80
Adverse event during the initial PEBD, n (%) 7 (25.0) 11 (28.9) 0.79
Details of adverse event during the initial PEBD, n (%) (overlap)

Pancreatitis 6(21.4) 8 (21.1) 1

Cholecystitis 1(3.6) 2(5.3) 1

Bleeding 0 2(5.3) 0.50

Liver abscess 0 1(2.6) 1
Adverse event before laparotomy, n (%) 7 (25.0) 14 (36.8) 0.42
Cholangitis and/or adverse event before laparotomy, n (%)

15 (53.6) 28 (73.7) 0.12




Table 4. Details of surgical procedure

IS (n=24) ENBD (n=33) P value
Surgical procedure, n (%) 0.22

Left hemihepatectomy + hilar resection 9(37.5) 11 (33.3)

Left trisectionectomy + hilar resection 2 (8.3) 2(6.1)

Right hemihepatectomy + hilar resection 5(20.8) 12 (36.4)

Right trisectionectomy + hilar resection 0 2(6.1)

Left hepatectomy + pancreatoduodenectomy 1(4.2) 0

Left trisectionectomy + pancreatoduodenectomy 0 1(3.0)

Right hepatectomy + pancreatoduodenectomy 2 (8.3) 2(6.1)

Hilar resection + pancreatoduodenectomy 5(20.8) 1(3.0)

Extrahepatic bile duct resection only 0 2(6.1)




Table 5. Details of postoperative complication

IS (n=24) ENBD (n=33) P value

Complications Clavien-Dindo, n (%) 0.42

<III 10 (41.7) 14 (42.4)

1A 12 (50.0) 13 (39.4)

111B 0 2(6.1)

IVA 2(8.3) 1(3.0)

IVB 0 3(9.1)
Surgical site infection (> IIIA) *, n (%) 2 (8.3) 6 (18.2) 0.45
Bile leakage (B or C) **, n (%) 7(29.2) 10 (30.3) 1
Liver failure (B or C) **, n (%) 2 (8.3) 9(27.3) 0.10
Postoperative hospital stay, median (IQR), days 27 (21-74) 56 (31-67) 0.04

IQR, interquartile range

* According to the Clavien—Dindo classification

** According to the International Study Group for Liver Surgery
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