
Introduction
In Japan, preoperative drainage is reported to be useful for pa-
tients who require extended hepatectomy because this proce-
dure reduces mortality and morbidity rates in patients with
perihilar cholangiocarcinoma [1–5]. Although it has been re-

ported that external drainage by percutaneous transhepatic
biliary drainage (PTBD) is more suitable for preventing infec-
tious complications than internal drainage by endoscopic bili-
ary stenting (EBS) [6], PTBD catheter tract recurrence has
been detected in 5.2% of patients with cholangiocarcinoma
who undergo surgical resection [7], and it was reported that
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ABSTRACT

Background and study aims To decrease complications

associated with preoperative endoscopic nasobiliary drain-

age (ENBD) for perihilar cholangiocarcinoma patients, we

developed a modified 6-Fr ENBD catheter with multiple

side holes (m-ENBD). The aim of this retrospective study

was to compare the m-ENBD catheter with a conventional

7-Fr ENBD catheter (c-ENBD).

Patients and methods This study involved 371 patients

with suspected perihilar cholangiocarcinoma who under-

went ENBD using a c-ENBD catheter or an m-ENBD catheter.

The effectiveness of each catheter and the incidence of

complications were evaluated. Univariate and multivariate

analyses followed by propensity score matching were per-

formed.

Results In 145 patients with total bilirubin levels ≥2.0mg/

dL prior to drainage, these levels decreased to <2.0mg/dL

after ENBD in 81.1% of the c-ENBD patients and in 74.0%

of the m-ENBD patients (P=0.325). Post-ENBD cholangitis

occurred in 24.9% of the c-ENBD patients and in 12.4% of

the m-ENBD patients (P=0.006). After propensity score

matching, the rate of post-ENBD cholangitis (P=0.007)

and the number of patients requiring subsequent or addi-

tional drainage (P=0.030) were significantly lower in the

m-ENBD group.

Conclusion The modified 6-Fr ENBD catheter was associat-

ed with a lower incidence of post-ENBD cholangitis than the

conventional 7-Fr ENBD catheter, and the incidence of sub-

sequent or additional drainage procedures was also de-

creased.
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PTBD was oncologically inferior to endoscopic nasobiliary
drainage (ENBD) [8, 9]. These results suggest that EBS and
PTBD should be avoided in patients with biliary carcinoma.
Thus, placing an ENBD in the future remnant lobe(s) is a feasible
method for preoperative drainage in patients with perihilar
cholangiocarcinoma [5, 10–12].

We previously reported the effectiveness of ENBD and the
risk factors for complications associated with ENBD in preo-
perative perihilar cholangiocarcinoma patients [5]. In that
study, rates of post-ENBD cholangitis and pancreatitis were
28.8% and 20.1%, respectively. To reduce the incidence of
these complications, we developed a modified pigtail-shaped
6-Fr ENBD catheter (m-ENBD; ENBD Catheter [GADELIUS MEDI-
CAL K.K., Tokyo, Japan], ▶Fig. 1) with multiple side holes and a
dull bending pigtail-shaped tip, because the conventional 7-Fr
ENBD catheter (c-ENBD; Nasal Biliary Drainage Catheter [COOK
Medical, Winston-Salem, North Carolina, United States]), which
is widely used in Japan, has a sharp bending pigtail-shaped tip
that tended to become wedged in the thin biliary branch, lead-

ing to poor drainage and post-ENBD cholangitis. Furthermore,
the 6-Fr catheter, which is thinner than the 7-Fr catheter, might
reduce incidence of post-ENBD pancreatitis [13].

We conducted this retrospective single-center study to ex-
amine the effectiveness of m-ENBD compared with c-ENBD
among patients with preoperative suspected perihilar cholan-
giocarcinoma, many of whom met the Bismuth-Corlette crite-
ria (B-C) for type III-IV tumours [14], using a propensity score
matching analysis.

Patients and methods
Patients

Preoperative biliary drainage was performed in 517 consecutive
patients with suspected operable perihilar cholangiocarcinoma
based on multidetector-row computed tomography (MDCT)
findings [15, 16] at Nagoya University Hospital between Janu-
ary 2007 and March 2016. Of these patients, this retrospective
study included the patients who underwent successful ENBD
(i.e., an ENBD catheter was inserted into the bile duct of the fu-
ture remnant lobe) using a c-ENBD catheter or an m-ENBD
catheter for comparison of these catheters. The following pa-
tients were excluded from this study: 113 patients (21.9%)
who underwent drainage using a 5-Fr ENBD catheter because
two branches required drainage (76 patients) or the stricture
site was too thin (37 patients), making the insertion of a 6-Fr
or 7-Fr catheter difficult; 10 patients (1.9%) who underwent
drainage using another type of catheter; 1 patient (0.2%) who
was unable to undergo endoscopic retrograde cholangiography
(ERC); and 22 patients (4.3%) who could not have an ENBD
catheter inserted into the future remnant lobe(s). These 23 pa-
tients who could not undergo ENBD catheter placement under-
went PTBD. Overall, 371 patients were included in this retro-
spective study (c-ENBD group: 242 patients; m-ENBD group:
129 patients). Of these patients, 148 (39.9%) were naïve pa-
tients (i. e., without previous drainage or endoscopic sphincter-
otomy [EST]), and the remaining 223 patients had previously
undergone biliary drainage, EST, or both (150 EBS patients, 65
ENBD patients, and 125 EST patients) (▶Fig. 2). The tumors
were classified as B-C types I (n =39), II (n = 50), IIIa (n =110),
IIIb (n =47), and IV (n=125) based on the MDCT findings. A
total of 145 (39.1%) patients had a total serum bilirubin (TB)
value≥2mg/dL prior to receiving ENBD at our institution
(▶Table1).

Methods

After the optimal surgical plan was formulated based on the
MDCT findings, selective ERC of the future remnant lobe(s)
was performed. When we could not decide the appropriate
type of surgical procedure, we inserted two 5-Fr ENBD cathe-
ters into two branches. For patients who had not undergone
biliary drainage at a previous hospital, preoperative ENBD was
indicated when the intrahepatic bile duct of the future remnant
lobe was dilated, regardless of presence of jaundice. When a
patient had previously undergone effective drainage, ERC was
performed to confirm the feasibility of the planned surgical
procedure using a biliary forceps biopsy for confirmation that

▶ Fig. 1 Newly developed catheter for endoscopic nasobiliary
drainage. The catheter diameter is 6-Fr, and the multiple side
holes are spiral-shaped with a dull bending pigtail-shaped tip.
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there was no surface extension that could not be diagnosed by
imaging studies; the ENBD catheter was then reinserted into
the bile duct of the future remnant lobe. A c-ENBD catheter
was primarily used from January 2007 to March 2012, and the
m-ENBD catheter was primarily used from April 2012 to March
2016. To ensure that all of the side holes of the catheter were
upstream of the stricture site, the m-ENBD catheter was inser-
ted upstream of the bile duct (▶Fig. 3). However, no difference
was observed between the c-ENBD and m-ENBD groups with re-
gard to methods of catheter insertion. Catheter insertion was
performed without an EST after assessing for malignancy and
the longitudinal and lateral tumor progression via intraductal

ultrasonography (IDUS) [17] and a biliary forceps biopsy [18].
The ENBD catheters were inserted into the left bile duct for a
right hepatectomy, into the right bile duct for a left hepatect-
omy, into the left lateral sectional bile duct for a right hepatic
trisectionectomy, and into the right posterior sectional bile
duct for a left hepatic trisectionectomy [19]. Preoperative bile
replacement was performed during the external drainage, as
previously reported [20]. In all patients with previous EBS (in-
serted into future remnant lobe in 65 patients; inserted into a
lobe that was not the future remnant lobe in 66 patients; and
inserted into both lobes in 19 patients), the stents were re-
moved, and the ENBD catheters were inserted. In the patients
whose first unilateral ENBD was not sufficient, a subsequent
ENBD or PTBD was performed. In the patients with segmental
cholangitis who did not improve with conservative treatment
within 12 hours, the ENBD catheter was replaced or an addi-
tional ENBD or PTBD was inserted into the undrained bile duct.
When patients were diagnosed as inoperable, the ENBD cathe-
ters were removed and internal drainage using a plastic stent or
a self-expandable metal stent was performed.

The endoscopes used were a JF 260V and a TJF 260V (Olym-
pus Medical, Tokyo, Japan), and the guide wires used were Jag-
wire Plus (Boston Scientific, Natick, Massachusetts, United
States), VisiGlide (Olympus Medical, Tokyo, Japan) and RADIFO-
CUS (Terumo, Tokyo, Japan).

This study was approved by the Nagoya University Hospital
institutional review board (No. 2016-0032) and was performed
in accordance with the Declaration of Helsinki.

Definitions

In patients with a TB value ≥2mg/dL prior to receiving ENBD at
our institution, an effective first ENBD was defined as a TB value
that decreased to <2.0mg/dL without additional drainage. The
final diagnosis was obtained either from the surgical specimen
or after more than 3 months of follow-up.

Catheter dislocation was defined as a decrease in the
amount of bile, which was monitored every 6 hours, due to dis-
location of the tip of the catheter downstream of the stricture
site. Catheter impaction was defined as a decrease in the
amount of bile due to impaction of the catheter tip into a thin
branch (▶Fig. 3b). Cholangitis was defined according to the
2013 Tokyo Guidelines’ diagnostic criteria (satisfied with the
suspected diagnosis criteria) [21]. Post-ENBD pancreatitis was
defined according to the 2012 revision of the Atlanta classifica-
tion and definitions [22].

Statistical analyses

Statistical calculations were performed using SPSS 24.0 (SPSS,
Chicago, Illinois, United States). The analyses were performed
using the Mann-Whitney U test for continuous variables and
the chi-square test and Fisher’s exact test for categorical vari-
ables. Continuous parameters were presented as medians
(ranges). Factors with P values < 0.1 in the univariate analysis
were included in a multiple logistic regression analysis.

After comparing the clinical data between the c-ENBD and
m-ENBD groups, adjustments for significant differences in
baseline characteristics between the 2 groups were performed

Suspected perihilar cholangiocarcinoma (n = 517)

Successful ENBD using c-ENBD or m-ENBD catheter 
(n = 371)

c-ENBD group (n = 242)
▪ naive papilla (n = 91)
▪ post EST or EBD 
 (n = 151)

m-ENBD group (n = 129)
▪ naive papilla (n = 57)
▪ post EST or EBD 
 (n = 72)

Clinical outcome
▪ surgical operation
 (n = 164)
 L2 (n = 30), 
 L2 + PD (n = 4)
 L3 (n = 35),
 L3 + PD (n = 4)
 R2 (n = 47), 
 R2 + PD (n = 17)
 R3 (n = 13), 
 R3 + PD (n = 3)
 others (n = 11)
▪ inoperable (n = 72)
▪ benignancy (n = 6)

Clinical outcome
▪ surgical operation
 (n = 94)
 L2 (n = 17), 
 L2 + PD (n = 6)
 L3 (n = 20),
 L3 + PD (n = 2)
 R2 (n = 25), 
 R2 + PD (n = 12)
 R3 (n = 7), 
 R3 + PD (n = 0)
 others (n = 5)
▪ inoperable (n = 32)
▪ benignancy (n = 3)

Excluded patients (n = 146)
▪ using 5-Fr ENBD catheter (n = 113)
▪ using another type of catheter (n = 10)
▪ ERC failure (n = 1)
▪ insertion into not FRL branch (n = 22)

▶ Fig. 2 Flow chart of patients. This retrospective study included
patients who underwent successful ENBD (i. e., an ENBD catheter
was inserted into the bile duct of the future remnant lobe) using a
c-ENBD or an m-ENBD catheter for comparison of these catheters.
Six patients with benign disease underwent surgery. ENBD, endo-
scopic nasobiliary drainage; ERC, endoscopic retrograde cholan-
giography; FRL, future remnant lobe(s); c-ENBD, conventional-
ENBD; m-ENBD, modified ENBD; EST, endoscopic sphincterotomy;
EBD, endoscopic biliary drainage; L2, left hepatectomy; L3, left
hepatic trisectionectomy; R2, right hepatectomy; R3, right hepa-
tic trisectionectomy; PD, pancreatoduodenectomy
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▶ Table 1 Clinical features according to the type of drainage catheter (including all 371 patients).

c-ENBD (7-Fr) m-ENBD (6-Fr)

Variables (n=242) (n=129) P value

Age, y (range) 0.756

69 (34– 83) 68 (35–90)

Gender (%) 0.100

▪ Male 148 (61.2) 90 (69.8)

▪ Female 94 (38.8) 39 (30.2)

Bismuth-Corlette criteria, n (%) 0.040

▪ I, II 50 (20.7) 39 (28.1)

▪ III, IV 192 (79.3) 90 (69.8)

Pre-ENBD cholangitis (%) 0.512

▪ With 34 (14.0) 15 (11.6)

▪ Without 208 (86.0) 114 (88.4)

Pre-ENBD total serum bilirubin (%) 0.926

▪ ≥2mg/dL 95 (39.3) 50 (38.8)

▪ <2mg/dL 147 (60.7) 79 (61.2)

Previous EBS (%) 0.356

▪ With 102 (42.1) 48 (37.2)

▪ Without 140 (57.9) 81 (62.8)

Previous ENBD (%) 0.863

▪ With 43 (17.8) 22 (17.1)

▪ Without 199 (82.2) 107 (82.9)

Previous EST (%) 0.570

▪ With 84 (34.7) 41 (31.8)

▪ Without 158 (65.3) 88 (68.2)

Pancreatography (%) 0.029

▪ Present 91 (37.6) 34 (26.4)

▪ Absent 151 (62.4) 95 (73.6)

Duration of ENBD, d (range) 0.039

29 (2–96) 33 (3 –144)

Catheter dislocation (%) 0.073

▪ Occurred 6 (2.5) 8 (6.2)

▪ Not occurred 236 (97.5) 121 (93.8)

Catheter impaction (%) 0.071

▪ Occurred 19 (7.9) 4 (3.1)

▪ Not occurred 223 (92.1) 125 (96.9)

Subsequent and/or additional drainage 0.123

▪ Required 58 (24.0) 22 (17.1)

▪ Not required 184 (76.0) 107 (82.9)
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with a propensity score matching analysis [23–25]. Propensity
scores were estimated using a multivariate logistic regression
analysis, and the following six variables that might have affec-
ted incidence of post-ENBD complications were used in the
model: gender, B-C type (I-II/ III-IV), with/without pre-ENBD
cholangitis, previous EST, previous transpapillary drainage
(EBS or ENBD) and presence/absence of pancreatography. Sub-
sequently, a one-to-one match between the two groups was
performed using the nearest-neighbor matching method
within 0.05 standard deviations. A P value <0.05 was consid-
ered significant.

Results
Effectiveness of ENBD

Median duration of ENBD placement was 29 days (2–96 days)
in the c-ENBD group and 33 days (3–144 days) in the m-ENBD
group; this difference was significant (P=0.039). Catheter dis-
location occurred in six patients in the c-ENBD group and nine
patients in the m-ENBD group; this difference was not signifi-
cant (P=0.071). Catheter impaction occurred in 19 patients in
the c-ENBD group and four patients in the m-ENBD group; this
difference was not significant (P=0.071; ▶Table 1). A final di-
agnosis of malignant disease was reached in 356 patients (302
patients with perihilar cholangiocarcinoma, 52 patients with
gallbladder carcinoma and two patients with hepatocellular
carcinoma), and a benign diagnosis was reached in 15 patients.

▶ Table 1 (Continuation)

c-ENBD (7-Fr) m-ENBD (6-Fr)

Variables (n=242) (n=129) P value

Post-ENBD cholangitis (%) 0.006

▪ With 59 (24.4) 16 (12.4)

▪ Without 183 (75.6) 113 (87.6)

Post-ENBD pancreatitis (%) 0.968

▪ With 39 (16.1) 21 (16.3)

▪ Without 203 (83.9) 108 (83.7)

ENBD, endoscopic nasobiliary drainage; c-ENBD, conventional ENBD catheter; m-ENBD, modified ENBD catheter; EBS, endoscopic biliary stenting; EST, endoscopic
sphincterotomy

▶ Fig. 3 Endoscopic nasobiliary drainage (ENBD) for perihilar cholangiocarcinoma. a The endoscopic retrograde cholangiography findings
showed a Bismuth-Corlette type IIIa perihilar cholangiocarcinoma. Because the optimal surgical plan involved a right trisectionectomy, a
conventional 7-Fr ENBD catheter was inserted into the left lateral sectional bile duct. b After 20 days, the amount of bile flow from the ENBD
catheter was decreased. Cholangiography via the ENBD catheter showed that the catheter tip was impacted in the thin side branch (arrow
head).c A modified 6-Fr ENBD catheter was inserted upstream of the bile duct so that all of the side holes were upstream of the stricture site
(arrows).
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Finally, a hemihepatectomy or a more extended resection was
performed in 258 patients. The remaining 98 patients with ma-
lignancies who did not undergo hepatectomy underwent che-
moradiotherapy, chemotherapy, or supportive care.

Of the 145 patients with TB values≥2.0mg/dL prior to drain-
age, the first unilateral ENBD using a c-ENBD catheter was ef-
fective in 77 /95 (81.1%) patients, and the m-ENBD catheter
was effective in 37/50 (74.0%) patients; this difference was

not significant (P=0.325). The significant negative predictive
factors for ENBD effectiveness according to the multivariate a-
nalysis included an elevated TB level prior to ENBD (P <0.001,
odds ratio [95% CIs] =1.11 [1.05–1.18]) and lack of portal
vein embolization (PVE) (P=0.001, odds ratio [95% CIs] =4.60
[1.82–11.6]) (▶Table2). Duration of ENBD was significantly
longer in the effective ENBD group in univariate analysis. It
was thought that this results was affected by inoperable pa-

▶ Table 2 Univariate and multivariate analyses of predictive factors of ENBD effectiveness.

ENBD effectiveness Univariate Multivariate

Variables Presence (n=114) Absence (n=31) P OR (95% CI) P

Age, y (range) 0.324

68 (34–89) 70 (50–90)

Gender 0.535

▪ Male 78 23

▪ Female 36 8

Bismuth-Corlette criteria, n 0.245

▪ I, II 21 3

▪ III, IV 93 28

Pre-ENBD cholangitis 0.301

▪ With 20 8

▪ Without 94 23

Pre-ENBD total serum bilirubin value (range) (mg/dL) < 0.001 1.11 (1.05–1.18) < 0.001

3.9 (1.9–32.1) 13.75 (3.1–33.1)

Previous EBS 0.993

▪ With 33 9

▪ Without 81 22

Previous EST 0.09 0.107

▪ With 36 5

▪ Without 78 26

Post ENBD cholangitis 0.233

▪ With 25 10

▪ Without 89 21

ENBD catheter 0.325

▪ c-ENBD (7Fr) 77 18

▪ m-ENBD (6Fr) 37 13

Duration of ENBD, d (range) 0.033 0.120

37 (3 –144) 24 (3– 96)

PVE <0.001 0.001

▪ With 77 10 1

▪ Without 37 21 4.60 (1.82–11.6)

ENBD, endoscopic nasobiliary drainage; EBS,endoscopic biliary stenting; EST, endoscopic sphincterotomy; c-ENBD, conventional ENBD catheter; m-ENBD, modified
ENBD catheter: PVE, portal vein embolization
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tients who were switched to another drainage method before
ENBD was effective.

Complication rate and risk factors

Post-ENBD cholangitis occurred in 59/242 (24.9%) patients in
the c-ENBD group and in 16/129 (12.4%) patients in the m-
ENBD group; this difference was significant (P=0.006; ▶Ta-
ble 1). According to multivariate analysis, significant risk fac-
tors for post-ENBD cholangitis were previous ENBD cholangitis
(P=0.003, odds ratio [95% CIs] =2.77 [1.40–5.46]; ▶Table 3),

previous EST (P=0.002, odds ratio [95% CIs] =2.31 [1.35–
3.95]; ▶Table3), use of a c-ENBD catheter (P=0.002, odds ra-
tio [95% CIs] =2.76 [1.45–5.26]; ▶Table3) and a longer dura-
tion of ENBD (P=0.002, odds ratio [95% CIs] = 1.02 [1.01–
1.03]; ▶Table 3).

There was no significant difference (P=0.968) in the occur-
rence rate for post-ENBD pancreatitis between the c-ENBD
group (39/242 [16.1%]; mild: 33 patients; moderate: four pa-
tients; and severe: two patients) and the m-ENBD group (21/
129 [16.3%]; mild: 20 patients and moderate: one patient). All

▶ Table 3 Univariate and multivariate analyses of post-ENBD cholangitis.

Cholangitis Univariate Multivariate

Variables With (n=75) Without (n=296) P OR (95% CI) P

Age, y (range) 0.611

68.0 (34–83) 68.5 (35–90)

Gender 0.029 0.057

▪ Male 40 198

▪ Female 35 98

Bismuth-Corlette criteria 0.016 0.082

▪ I, II 10 79

▪ III, IV 65 217

Pre-ENBD cholangitis 0.002 0.003

▪ With 18 31 2.77 (1.40–5.46)

▪ Without 57 265 1

Pre-ENBD total serum bilirubin 0.132

▪ ≥2mg/dL 35 110

▪ <2mg/dL 40 186

Previous EBS 0.005 0.175

▪ With 41 109

▪ Without 34 187

Previous EST <0.001 0.002

▪ With 38 87 2.31 (1.35–3.95)

▪ Without 37 209 1

Pancreatography 0.636

▪ Present 27 98

▪ Absent 48 198

ENBD 0.006 0.002

▪ c-ENBD (7-Fr) 59 183 2.76 (1.45–5.26)

▪ m-ENBD (6-Fr) 16 113 1

Duration of ENBD, d (range) 0.007 1.02 (1.01–1.03) 0.002

36 (5 –96) 29 (2–144)

ENBD, endoscopic nasobiliary drainage; EBS, endoscopic biliary stenting; EST, endoscopic sphincterotomy; c-ENBD, conventional ENBD catheter; m-ENBD, modified
ENBD catheter
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of the patients with post-ENBD pancreatitis were cured using
conservative treatment (i. e., fasting, transfusions, and antibio-
tics). According to multivariate analysis, significant risk factors
for post-ENBD pancreatitis included undergoing pancreatogra-
phy (P <0.001, odds ratio [95% CIs] =9 [2.04–7.43]; ▶Table 4)
and absence of previous EBS or ENBD (P<0.001, odds ratio [95%
CIs] =3.90 [3.88–20.9]; ▶Table 4).

Replacement of the ENBD catheter and additional ENBD or
PTBD procedures due to poor drainage, cholangitis, or both
were required in 58/242 patients (24.0%) in the c-ENBD group
and in 22/129 patients (17.1%) in the m-ENBD group; however,
this difference was not significant (P=0.123; ▶Table1). Signif-
icant risk factors for required subsequent and/or additional

drainage in the multivariate analysis were longer duration of
ENBD (P=0.001, odds ratio [95% CIs] = 1.021 [1.009–1.033])
and pre-ENBD cholangitis (P=0.002, odds ratio [95% CIs] =
2.810 [1.451–5.439]).

Overall, only a single endoscopic session achieved effective
drainage in 179/242 patients (74.0%) in the c-ENBD group and
98/129 patients (76.0%) in the m-ENBD group without mod-
erate or severe pancreatitis, cholangitis requiring subsequent/
additional drainage, or both. This difference was not significant
(P=0.673).

▶ Table 4 Univariate and multivariate analyses of post-ENBD pancreatitis.

Pancreatitis Univariate Multivariate

Variables With (n =60) Without (n=311) P OR (95% CI) P

Age, y (range) 0.083 0.101

70.5 (50–84) 68 (34–90)

Gender 0.885

▪ Male 38 200

▪ Female 22 111

Bismuth-Corlette criteria 0.429

▪ I, II 12 77

▪ III, IV 48 234

Pre-ENBD cholangitis

▪ With 4 45

▪ Without 56 266

Pre-ENBD total serum bilirubin 0.198

▪ ≥2mg/dL 19 126

▪ <2mg/dL 41 185

Previous EBS or ENBD <0.001 <0.001

▪ With 7 196 1

▪ Without 53 115 9.00 (3.88 –20.9)

Previous EST < 0.001 0.095

▪ With 5 120

▪ Without 55 191

Pancreatography < 0.001 <0.001

▪ Present 42 83 3.90 (2.04 –7.43)

▪ Absent 18 228 1

ENBD 0.968

▪ c-ENBD (7-Fr) 39 203

▪ m-ENBD (6-Fr) 21 108

ENBD, endoscopic nasobiliary drainage; EBS, endoscopic biliary stenting; EST, endoscopic sphincterotomy; c-ENBD, conventional ENBD catheter; m-ENBD, modified
ENBD catheter
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▶ Table 5 Clinical features according to type of drainage catheter after propensity score matching (including 118 patients in each group).

c-ENBD (7-Fr) m-ENBD (6-Fr)

Variables (n=118) (n=118) P

Age, y (range) 0.773

69 (45–83) 69.5 (35–90)

Gender (%) 1.000

▪ Male 81 (68.6) 81 (68.6)

▪ Female 37 (31.4) 37 (31.4)

Bismuth-Corlette criteria, n (%) 1.000

▪ I, II 31 (26.3) 31 (26.3)

▪ III, IV 87 (73.7) 87 (73.7)

Pre-ENBD cholangitis (%) 1.000

▪ With 10 (8.5) 10 (8.5)

▪ Without 108 (91.5) 108 (91.5)

Pre-ENBD total serum bilirubin (%) 0.894

▪ ≥2mg/dL 47 (39.8) 41 (34.7)

▪ <2mg/dL 71 (60.2) 77 (65.3)

Previous EBS (%) 0.684

▪ With 44 (37.3) 41 (34.7)

▪ Without 74 (62.7) 77 (65.3)

Previous ENBD (%) 0.717

▪ With 17 (14.4) 19 (16.1)

▪ Without 101 (85.6) 99 (83.9)

Previous EST (%) 1.000

▪ With 34 (28.8) 34 (28.8)

▪ Without 84 (71.2) 84 (71.2)

Pancreatography (%) 1.000

▪ Present 33 (28.0) 33 (28.0)

▪ Absent 85 (72.0) 85 (72.0)

Duration of ENBD, d (range) 0.183

29 (2 –95) 33 (3 –144)

Catheter dislocation (%) 0.308

▪ Occurred 3 (2.5) 6 (5.1)

▪ Not occurred 115 (97.5) 112 (94.9)

Catheter impaction (%) 0.098

▪ Occurred 10 (8.5) 4 (3.4)

▪ Not occurred 108 (91.5) 114 (96.6)

Subsequent and/or additional drainage (%) 0.030

▪ Required 34 (28.8) 20 (16.9)

▪ Not required 84 (71.2) 98 (83.1)
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Propensity score matching analysis

Baseline characteristics of the new cohort after matching (118
patients in each group) were similar between the two groups
(▶Table 5). In the new cohort, the post-ENBD cholangitis rate
(P=0.007) and subsequent and/or additional drainage rate (P
=0.030) were significantly lower in the m-ENBD group. The
rate of catheter impaction tended to be lower in the m-ENBD
group, but this difference was not significant (P=0.098).

Discussion
Due to recent advances in perioperative management, surgical
outcomes in patients with perihilar cholangiocarcinoma have
improved [26, 27]. Biliary drainage and PVE [28] play pivotal
roles as preoperative intervention procedures. Preoperative
biliary drainage is performed to promote early bile duct decom-
pression in future remnant lobe(s), improve liver function and
prevent cholangitis. Because conservative therapy cannot im-
prove obstructive jaundice, drainage procedures should be per-
formed as soon as possible.

ENBD is advantageous because drainage and diagnosis can
both be achieved in a single session, and ENBD catheters were
successfully inserted in the targeted bile ducts of > 90% of pa-
tients, including many with B-C type III-IV tumors. In cases in
which the catheter was successfully inserted in the future rem-
nant lobe(s), a drainage effect was achieved in approximately
80% of patients using unilateral ENBD [5]. However, ENBD has
several disadvantages, such as post-procedural cholangitis
and/or pancreatitis and patient discomfort. Though ENBD
sometimes causes electrolyte imbalances due to body fluid
loss, no patients had electrolyte imbalances in this study, be-
cause preoperative bile replacement was performed during
the external drainage in our hospital.

Catheter diameter most likely affects the effectiveness of
drainage as well as complication rates and patients’ comfort. It
has been reported that the rate of decreases in bilirubin was
significantly higher when a 7-Fr ENBD catheter was used than
when a 5-Fr ENBD catheter was used, but patient discomfort
was significantly greater when a 7-Fr ENBD catheter was used

[29]. On the other hand, in a comparison study of 4-Fr versus
6-Fr ENBD catheters, there was no significant difference in
ENBD effectiveness [13]. ENBD catheters with thinner diame-
ters might induce less effective drainage. In the current study,
no significant difference in effectiveness of drainage between
the c-ENBD (7-Fr in a diameter) and m-ENBD (6-Fr in a diame-
ter) groups was observed. The multiple side holes in the m-
ENBD catheter most likely contributed to effective drainage.
The dull bending pigtail-shaped tip of the m-ENBD catheter
also decreased the occurrence of catheter impaction that caus-
es poor drainage and post-ENBD cholangitis. The rate of post-
ENBD cholangitis was significantly lower in the m-ENBD group,
and the incidence of catheter impaction tended to be lower in
the m-ENBD group according to the propensity score matching
analysis. On the other hand, the dull bending tip tended to in-
crease incidence of catheter dislocation but not to a significant
degree. These results suggest that the requirement for subse-
quent/additional drainage could be significantly lower when
using the m-ENBD catheter.

It has been reported that prevalence of post-ENBD pancrea-
titis was significantly lower when a 4-Fr ENBD catheter was used
than when a 6-Fr catheter was used [13]. Although the 6-Fr
catheter was expected to reduce incidence of post-ENBD pan-
creatitis in this study, no significant differences were found
with regard to incidence of post-ENBD pancreatitis between
the c-ENBD and m-ENBD groups, and the only significant risk
factor for post-ENBD pancreatitis that could be avoided was
presence of pancreatography. Although prevalence of post-
ENBD pancreatitis was high (approximately 16%) in this study,
there was fortunately only one patient (in the c-ENBD group
with severe post-ENBD pancreatitis) who could not undergo ra-
dical surgery due to pancreatitis. In addition, no patients in the
m-ENBD group had severe post-ENBD pancreatitis. The thinner
diameter of the ENBD catheter might reduce severity of post-
ENBD pancreatitis. However, post-ENBD pancreatitis is the
most common complication to be avoided, and additional devi-
ces should be evaluated to reduce incidence of post-ENBD pan-
creatitis. Although EST is often added to prevent post-ENBD
pancreatitis, this procedure was an independent risk factor for
post-ENBD cholangitis and was not a significant risk factor for

▶ Table 5 (Continuation)

c-ENBD (7-Fr) m-ENBD (6-Fr)

Variables (n=118) (n=118) P

Post-ENBD cholangitis (%) 0.007

▪ With 30 (25.4) 14 (11.9)

▪ Without 88 (74.6) 104 (88.1)

Post-ENBD pancreatitis (%) 1.000

▪ With 19 (16.1) 19 (16.1)

▪ Without 99 (83.9) 99 (83.9)

ENBD, endoscopic nasobiliary drainage; c-ENBD, conventional ENBD catheter; m-ENBD, modified ENBD catheter; EBS, endoscopic biliary stenting; EST, endoscopic
sphincterotomy
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post-ENBD pancreatitis in this study. These results corroborate
the findings from our previous study [5]. Therefore, EST should
be avoided to prevent post-ENBD cholangitis when ENBD is ad-
ministered for perihilar cholangiocarcinoma because preopera-
tive cholangitis is a potential cause of post-hepatectomy liver
failure [30]. The current study has three limitations: retrospec-
tive design; the difference among the periods when the ENBD
catheter was primarily used; and inclusion of many patients
with a TB value <2.0mg/dL. These limitations may have affec-
ted the results.

Conclusion
In conclusion, use of a modified 6-Fr ENBD catheter with multi-
ple side holes and a dull bending pigtail-shaped tip was asso-
ciated with a lower incidence of post-ENBD cholangitis than
use of a 7-Fr ENBD catheter, and use of this catheter could de-
crease the subsequent incidence of and need for additional
drainage procedures.
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