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A B S T R A C T

Background and aims: Biliary thermal injury caused by microwave ablation (MWA) for a hepatocellular carcinoma
(HCC) close to the central bile ducts always results in severe complications and leads to mortality. Some studies
have demonstrated that intraductal cooling of the biliary tract with chilled saline during thermal ablation can
successfully prevent these complications. In this study, we present a novel bile duct cooling technique through a
percutaneous transhepatic cholangial drainage (PTCD) tube for preventing biliary thermal injury caused by MWA,
and compare the feasibility and safety of the intraductal cooling technique when performed with a PTCD tube and
with an endoscopic nasobiliary drainage (ENBD) tube.
Methods: Participants were randomly assigned to undergo MWA of HCC with intraductal chilled saline perfusion
through a PTCD tube or an ENBD tube. The main study outcomes were bile duct complications related to MWA
and local tumor recurrence. p value< 0.05 was considered to indicate a statistically significant difference.
Results: A total of 23 patients with an HCC (23 nodules) close to a central bile duct were enrolled in this study. Of
these patients, 12 had a PTCD tube and 11 had an ENBD tube placed into the hepatic duct close to the lesions.
There were no PTCD- and ENBD-related mortality cases. There was no complication related to the PTCD pro-
cedure; however, 3 patients (27.27%) developed acute pancreatitis and 1 patient (9.09%) had hemorrhage in the
ENBD group (p¼ 0.037). One patient (8.33%) in the PTCD group had bile leakage and 2 patients (18.18%) in the
ENBD group developed a biloma. Within 5 years, 1 patient in the PTCD group and 2 patients in the ENBD group
had local recurrence. There was no significant difference in local recurrence, nonlocal hepatic recurrence, mor-
tality rate, or median cumulative overall survival between the 2 groups.
Conclusions: The intraductal cooling technique using a PTCD tube is a feasible and effective method for preventing
bile duct thermal injury caused by MWA for an HCC close to the central bile ducts. It does not increase local
recurrence and may be safer than intraductal cooling through an ENBD tube.
Introduction

Hepatocellular carcinoma (HCC) is one of the most aggressive ma-
lignancies and is the second and sixth most frequent cause of cancer-
related death in men and women, respectively.1 In well-selected candi-
dates, curative treatments such as resection, transplantation, and local
ablation can be applied with good outcomes.2–4 However, most patients
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with HCC have background chronic liver diseases, especially cirrhosis,
and a substantial proportion of them are not eligible for surgical resection
or transplantation because of impaired liver function, hazardous tumor
location, or multinodularity.3,5 Thus, the minimally invasive local abla-
tion therapy has recently gained wide acceptance as a safe and effective
curative treatment for primary and secondary liver cancers.6–8

Microwave ablation (MWA) is one of the local thermal ablation
Yang).
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techniques that have rapidly developed over the past 3 decades in the
treatment of malignant liver lesions.6,9,10 However, MWA also has a few
drawbacks. One of the complications of the procedure is stenosis of the
bile duct due to thermal injury.11,12 This sometimes causes serious
problems, especially in patients with a tumor near the hepatic hilum.11,13

Moreover, the risk of bile duct injury is increased for tumorous lesions
located�5mm from the main bile duct.14 Therefore, there have been
several attempts to prevent heat damage to the bile duct by inserting
anendoscopic nasobiliary drainage (ENBD) tube preoperatively and then
applying radiofrequency ablation (RFA) with intraductal chilled saline
perfusion (ICSP).13,15,16 However, several complications associated with
endoscopic procedures, including cholangiolitis and pancreatitis, have
been reported.16 In this study, we attempted to place a percutaneous
transhepatic cholangial drainage (PTCD) tube in selected patients before
MWA, and compared the feasibility and safety of ICSP through a PTCD
tube and ICSP through an ENBD tube during MWA. To our knowledge,
this is the first report to describe this technique.

Materials and methods

Design and participants

A single-center, single-blind, randomized, 2-group controlled study
was performed to compare the feasibility and safety of an intraductal
cooling technique through a PTCD tube versus that through an ENBD
tube in preventing biliary thermal injury caused by MWA for periductal
HCC. The inclusion criteria for MWA with ICSP were (i) HCC diagnosed
before treatment according to elevated serum levels of α-fetoprotein
(AFP) and des-γ-carboxy-prothrombin, and based on the presence of
typical imaging features of HCC(2, 3); (ii) no more than 5mm distance
between the tumor edge and a central bile duct, as revealed by computed
tomography (CT), magnetic resonance imaging (MRI), or ultrasound
(US)(the central bile ducts were defined as follows: on the left side, the
primary duct up to the origin of segment 3; on the right side, the primary
duct and its 2 secondary branches)13,17; (iii) no tumor invasions in major
nonlocal hepatic vessels or bile ducts; (iv) largest tumor diameter-
�50mmand<3 lesions; and (v)willingness and capability to comply with
the study procedures, as well as provision of written informed consent to
participate in the study. The exclusion criteria were(i)a history of pre-
vious surgery or other anticancer treatment; (ii) liver metastases or
recurrent HCC; (iii) Child-Pugh class C; (iv) severe chronic respiratory,
heart, or renal disease, or other diseases that precludes undergoing the
ICSP or MWA procedure; and (v) unwillingness to undergo the procedure
or lack of authorization and signed informed consent.

The patients were randomly allocated in a 1:1 ratio into 2 groups:
patients undergoing ICSP with a PTCD tube and those undergoing ICSP
with an ENBD tube. Randomization was carried out through pre-
numeration of the medical files that will be assigned to eligible pa-
tients. The center for randomization in this study was the Departmental
Unit of Interventional Radiology of Eastern Hepatobiliary Surgery Hos-
pital. Hundreds of sealed envelopes were prepared, containing a sheet
indicating whether the patient will receive a PTCD tube or an ENBD tube.
For each patient who fulfilled the inclusion criteria, a number equivalent
to that of a numbered sealed envelope was extracted from a bag. Once
opened, the envelopes were all kept in the center for randomization,
which maintained records of the patient's ID number, the name of the
center in which MWA with ICSP was performed, and any other available
data. This study was approved by the ethics committee of Eastern Hep-
atobiliary Surgery Hospital.

PTCD procedure

The PTCD procedure was performed under fluoroscopic and US
guidance. The patients received local anesthesia and were administered
with intravenous prophylactic second-generation cephalosporin
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antibiotics before all procedures. First, the gallbladder was punctured
using an18 G EV needle (Hakko, Nagano, Japan) under US guidance, a
0.035-inchangled-tip hydrophilic guidewire (Terumo, Tokyo, Japan) was
carefully advanced into the gallbladder, and a 5-Fr angiographic catheter
(Hanaco, Tianjin, China) was implanted. Second, iodine contrast medium
(GE, Ireland, UK) was injected to dilate the nonlocal hepatic bile duct
under US, to allow performing PTCD successfully (Fig. 1A, Fig. 2a).
Third, a standard PTCD procedure was performed and a 6-Fr external
drainage tube (UreSil, Skokie, IL, USA)was placed in the targeted bile
duct (Figs. 1B and 2a). The angiographic catheter was removed 1 day
after the PTCD procedure, and the PTCD tube was removed 2 weeks after
the last MWA.

Endoscopic procedure

ENBD was performed using an Olympus TJF-260 side-viewing
endoscope (Olympus, Tokyo, Japan). The patients received general
anesthesia with propofol. After a sphincterotomywas performed using an
Olympus Clevercut sphincterotome, a diagnostic cholangiogram was
obtained (Fig. 2c). Then, a 7.5-Fr ENBD tube (Wilson-Cook, Winston-
Salem, NC, USA) was inserted. The tip of the ENBD tube was inserted
deep into the peripheral branch of the target bile duct close to the tumor
(Fig. 2d). Upon confirming the absence of severe adverse effects after
MWA, the ENBD tube was removed 2 days after the last ablation.

MWA with bile duct cooling through a PTCD/ENBD tube

All enrolled patients were hospitalized and received good medical
care. In the PTCD group, MWA was directly performed after a successful
PTCD procedure. In the ENBD group, MWA was performed after con-
firming that there were no severe adverse events after the ENBD pro-
cedure, such as bellyache, pancreatitis, or cholangitis. Fluoroscopy was
performed before MWA to confirm the accuracy of placement of the
PTCD or ENBD tube to ensure effective protection for the bile duct.
Finally, MWA with ICSP was performed.

First, local anesthesia was induced with 2% lidocaine injected at the
selected puncture points followed by skin incision with a scalpel blade.
Second, under US guidance, cooled-shaft antennae (KY-2450A/KY-
2450B; Kangyou, Nanjing, China) were percutaneously inserted into the
tumors. At each insertion, the tip of the needle was placed in the deepest
part of the tumor. For tumors <2.0 cm, 1 antenna was inserted; for tu-
mors �2.0 cm, 2 antennae were inserted with an inter-antenna distance
of no more than 2.5 cm. If necessary because of the tumor size, multiple
overlapping ablations were performed to envelope the entire tumor with
a safety margin. Third, 4 �C saline solution was constantly infused into
the PTCD/ENBD tube, and the bag of saline solution was applied with
constant pressure by using an inflatable infuser (Edwards, Irvine, CA,
USA). Fourth, MWA was started and the region of ablation was moni-
tored under US. The applied power (60–80W) and the total time
(2–15min) of MWA were set following the manufacturer-recommended
protocol for the microwave generator (KY-2000, Kangyou. Nanjing.
China). Finally, after antenna withdrawal, track ablation was performed
to avoid implantation metastasis in the pathway of the probe.

After the MWA session, contrast-enhanced CT or MRI was performed
the next day to check for residual lesions. If complete necrosis of the HCC
was confirmed, the PTCD tube was removed 2 weeks after MWA and the
ENBD tube was removed the next day. Otherwise, additional MWA with
ICSP was performed on the next day. MWA was repeatedly performed
until complete necrosis of the HCC was confirmed on contrast-enhanced
CT or MRI, and the PTCD or ENBD tube was kept in place until the MWA
series was completed.

Follow-up

Routine contrast-enhanced CT or MRI and serial monitoring of liver



Fig. 1. (A) The gallbladder was punctured and contrast medium was injected to dilate the nonlocal hepatic bile duct. (B) A percutaneous transhepatic cholangial
drainage tube was inserted into the right hepatic bile duct.

Fig. 2. (a) The gallbladder was punctured and contrast medium was injected to dilate the nonlocal hepatic bile duct. (b) A percutaneous transhepatic cholangial
drainage tube was inserted into the right hepatic bile duct.(c) Contrast medium was injected to reveal the bile duct.(d) An endoscopic nasobiliary drainage tube was
inserted into the right hepatic bile duct.
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function and AFP level were repeated at 1 month after MWA and then at
3-month intervals to assess the tumor response to MWA in all patients.
The therapeutic response was considered complete when contrast-
enhanced CT or MRI showed no lesion enhancement.18 After a success-
ful ablation (at >4 weeks), local recurrence was defined as evidence of a
viable tumor at or within 1.0 cm of a previously successfully ablated site
on multi-slice multi-phase dynamic imaging. Nonlocal hepatic recur-
rence was defined as the evidence of a viable intrahepatic tumor>1.0 cm
from any prior ablation site at any time interval after ablation.7,9
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Statistical analysis

Numerical data were expressed as number and median (interquartile
range). The Mann-Whitney U test was used for comparison of continuous
variables, and Fisher's exact test was used for comparison of categorical
variables. Disease-free survival and overall survival were analyzed using
the Kaplan-Meier method and log-rank test and stratified by group (PTCD
group vs. ENBD group). All tests were 2-sided, and p< 0.05 was
considered to indicate a significant difference. All statistical analyses



Table 2
Complications after MWA.

PTCD group ENBD group p

Complications related to intraductal cooling 0 4 0.037
Pancreatitis 0 3

Hemobilia 0 1
Complications related to MWA 1 2 0.59
Bile leakage 1 0
Biloma 0 2

PTCD, percutaneous transhepatic cholangial drainage; ENBD, endoscopic naso-
biliary drainage; MWA, microwave ablation; NS, not significant.
Statistical analysis was performed using Fisher's exact test.
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were performed using the SPSS Statistics software (version 19.0; IBM
Corporation, Armonk, NY, USA).

Results

Clinical characteristics of patients with HCC

From September 2013 to March 2019, a total of 24 patients with HCC
(24 lesions close to the central bile ducts) were equally and randomly
assigned to either the PTCD group or the ENBD group. However, 1 pa-
tient (1 lesion) was excluded from the analysis because the ENBD tube
could not be successfully placed in the targeted bile duct close to the
tumor. There were no significant differences between the 2 groups in
background characteristics such as sex, age, tumor size, distance of the
tumor from the central bile duct, blood test results, Child-Pugh class, and
Barcelona Clinic Liver Cancer stage. The clinical characteristics of the
treatment groups were well balanced (Table 1).

Technical feasibility of MWA with ICSP through a PTCD tube or an ENBD
tube

The technical success rate of MWA with PTCD was 100% and that
with ENBD was 95.83%. In the PTCD group, 9 PTCD tubes were suc-
cessfully inserted into the right bile duct and 3 tubes into the left bile
duct. In the ENBD group, 9 ENBD tubes were successfully inserted into
right bile duct and 2 tubes into the left bile duct (Table 1). The mean
procedure time of MWAwas 9.09min (6–15min) in the PTCD group and
7.04min (3–15min) in the ENBD group (Table 1).

Procedure-related complications

There were no complications related to ICSP in the PTCD group;
however, complications occurred in 4 patients (36.36%) in the ENBD
Table 1
Clinical characteristics of patients with hepatocellular carcinoma in this study.

Characteristics PTCD
group(n¼ 12)

ENBD group
(n¼ 11)

p

Age (years) 54.42(32–68) 53.36(44–67) 0.82
Sex 0.59
Male 10 9
Female 1 2

Hepatitis B virus 0.48
Yes 10 11
No 2 0

Site of tube placement 1
Right primary duct 9 9
Left primary duct 3 2

Size of tumor (mm) 31.92(13–46) 33.18(20–50) 0.92
Distance of tumor to bile
duct(mm)

1.92(0–5) 2.18(0–5) 0.66

Total time of MWA(min) 9.09(6–15) 7.04(3–15) 0.69
Total bilirubin (mg/dL) 23.76(8.10–50.8) 19.94(8.5–52.1) 0.39
Albumin (g/dL) 38.88(29.1–47.00) 43.81(35.00–64.70) 0.27
Alanine
aminotransferase(U/L)

58.08(18–221) 33.91(7–66) 1

Prothrombin time(s) 12.89(10.9–15.3) 12.1(10.3–13.6) 0.24
Platelets(�109/L) 112.92(54–206) 139.91(41–183) 0.22
Child-Pugh class 1
A 9 8
B 3 3

BCLC stage 0.68
0 9 7
A 3 4

Values are expressed as number of patients or median (range).
PTCD, percutaneous transhepatic cholangial drainage; ENBD, endoscopic naso-
biliary drainage; MWA, microwave ablation; BCLC, Barcelona Clinic Liver Can-
cer; NS, not significant.
Statistical analysis was performed using either the Mann-Whitney U test or
Fisher's exact test.
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group (p¼ 0.037, Table 2), including 1 case of melena and 3 cases of
post-endoscopic retrograde cholangiopancreatography (ERCP) pancrea-
titis. After the MWA procedure, 1 patient (8.33%) in the PTCD group
experienced bile leakage after the second MWA with ICSP. Meanwhile, 2
patients (18.18%) in the ENBD group developed a biloma. There was no
significant difference in complications related to the MWA procedure
between the 2 groups (p¼ 0.59, Table 2).
Recurrence and survival

The median follow-up period after MWA was nearly 5 years (range
43–66months). Local recurrence occurred in 1 patient in the ENBD group
and in 2 patients in the PTCD group (Table 3). The remaining patients
had complete tumor necrosis without local recurrence (Fig. 3). Nonlocal
hepatic recurrence of HCC was observed in 5 patients in the PTCD group
and in 6 patients in the ENBD group after MWA (Table 3). There were 6
mortalities (1 due to obstructive jaundice, 1 due to asthenia universal is,
and 4 due to hepatic failure) in the PTCD group and 4 mortalities (1 due
to infection, 1 due to obstructive jaundice, and 2 due to hepatic failure) in
the ENBD group after MWA. There were no significant differences in the
local recurrence, nonlocal hepatic recurrence, or mortality rate between
the 2 groups (p¼ 0.936, 0.842 and 0.812, respectively)(Table 3). The
median cumulative disease-free survival was 35 months in the PTCD
group and 37 months in the ENBD group (p¼ 0.741) (Fig. 4a). There was
no significant difference in the cumulative overall survival between the
two groups (p¼ 0.560, Fig. 4b).

Discussion

The emergence of effective reproducible minimally invasive percu-
taneous treatments such as RFA and MWA has profoundly changed the
management of malignant liver tumors.10,19 Percutaneous maneuvers
have shown many advantages such as ease of performance, safety, and
the feasibility of repeated procedures.19,20 Although MWA is a safe
procedure with low morbidity, there have been several reports of a va-
riety of complications related to the procedure.12,21 Two
multi-institutional studies have demonstrated that the complication rate
associated with MWAwas 2.9%–4.6%, and all biliary complications were
due to heat damage.6,11 In fact, there are also several reports demon-
strating a higher incidence of biliary complications after MWA for hilar
tumors and a 39%–46% incidence of bile duct injury following RFA of
HCCs within 5mm of a central bile duct.13,16 Subsequent stenosis of
Table 3
Recurrence and mortality.

PTCD group ENBD group p

Local recurrence 2 1 0.936
Nonlocal hepatic recurrence 5 6 0.842
Mortality 6 4 0.812

PTCD, percutaneous transhepatic cholangial drainage; ENBD, endoscopic naso-
biliary drainage; NS, not significant.
Statistical analysis was performed using Fisher's exact test.



Fig. 3. Representative images from the percutaneous transhepatic cholangial drainage tube group: (a) a hepatocellular carcinoma close to the central bile ducts; (b)
complete necrosis of the hepatocellular carcinoma. Representative images from the endoscopic nasobiliary drainage tube group; (c) a hepatocellular carcinoma close to
the central bile ducts; (d) complete necrosis of the hepatocellular carcinoma.

Fig. 4. (a) Kaplan-Meier curves of cumulative disease-free survival (months) of the 2 groups; (b) Kaplan-Meier curves of overall survival estimation for the 2 groups.
ENBD, endoscopic nasobiliary drainage; PTCD, percutaneous transhepatic cholangial drainage.
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major bile ducts caused by thermal damage and the progression of bile
duct dilatation are significantly associated with cholangitis, liver failure,
death, and recurrence.11,22 The maneuvers are associated with a theo-
retically increased risk of biliary complications, and balance between
safety and efficacy must be carefully considered for the optimal ablation
of these hilar tumors.

The intraductal cooling technique has been attempted to reduce
thermal damage to the bile ducts during local ablation. Elias et al. were
the first to report that ISCP through a catheter inserted via an open
intraoperative choledochotomy can effectively prevent biliary injury
during MWA of hilar tumors.23 Subsequent studies demonstrated similar
results and demonstrated that intraductal cooling could prevent bile duct
injury during RFA.17,24,25 A porcine model study reported that cooling of
the bile ducts during RFA significantly kept the intraductal temperature
low and protected the nonlocal hepatic bile duct from thermal injury
during RFA.26 Other studies have also demonstrated that ICSP of the bile
ducts during RFA is associated with a significant reduction in the number
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of biliary lesions on histology.14,27,28 However, as RFA was performed
under open laparotomy with choledochotomy or cholecystectomy in
these studies, the procedure caused substantial trauma, especially in
patients with cirrhosis and liver dysfunction. The ICSP technique through
an ENBD tube for preventing bile duct thermal damage during RFA was
first reported by Lieberman et al.15 Ohnishi et al.13 performed RFA with
ICSP through an ENBD tube and reported a reduction in the incidence of
bile duct injury from 46% to 2.5%. Similarly, Ogawa et al.16 reported that
the rate of biliary complications was significantly lower in the cooling
through an ENBD tube group than in the non-cooling group (0% vs.
39%). However, several complications associated with endoscopic pro-
cedures, such as cholangiolitis and pancreatitis, have been reported.13,16

In this study, we attempted to evaluate the feasibility and safety of
intraductal cooling through a PTCD tube to protect the bile duct during
MWA. Intraductal cooling through a PTCD tube has 3 major advantages
over intraductal cooling via intraoperative choledochotomy, cholecys-
tectomy, or an ENBD tube. First, there is little invasion in the absence of
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alaparotomy or sphincterotomy. Second, the PTCD procedure is more
tolerable than other intraductal cooling techniques. Finally, the cooling
effect is better than that with other techniques, because there is no tube
in the common bile ducts that will obstruct the flow of the cooling so-
lution into the duodenum. To illustrate the satisfactory result, only 1
patient experienced bile leakage after the second MWA with intraductal
cooling in the PTCD group. After percutaneous peritoneal drainage, the
bile leakage was cured and the patient was discharged from the hospital 2
weeks later. Two patients developed a biloma in the ENBD group, one of
whom did not show any symptoms and did not need treatment. However,
the other patient had coexisting liver infarction and died 2 months after
MWA. Therefore, ICSP was associated with a significant reduction in the
number of biliary lesions after MWA of an HCC adjacent to a central bile
duct.

Post-ERCP-related pancreatitis occurred in 3 cases in the ENBD group,
consistent with previous studies.13,16 The ENBD tube may obstruct the
pancreatic duct, and the pressured irrigating cooling solution mixed with
bile may flow into the pancreatic duct and induce pancreatitis. One pa-
tient developed hemobilia after the ENBD procedure, with active
bleeding in the papilla on ERCP. The precut sphincterotomy in ENBD
procedure has been considered to increase risk of post-ERCP complica-
tions, particularly pancreatitis and hemobilia.29,30 Accordingly, it is
imperative to avoid these complications during MWA with intraductal
cooling through an ENBD tube. Although it is not convenient for patients
to carry a PTCD tube for a month and the 2 puncture procedures with
local anesthesia may cause pain, they may avoid severe complications
related to the ENBD procedure. Thus, we considered that ICSP through a
PTCD tube may be safer than ICSP through an ENBD tube in MWA.

The effect of hepatic blood flow with a cooling property on tumor
ablation is commonly termed the “heat sink effect”. Many researchers
attribute tumor recurrence after ablation to the heat sink phenomenon.31

In 2 studies, the majority of pathologic sections exhibited no or minimal
effect by “heat sink” on MWA.31,32 Local recurrence occurred in only 2
patients in the ENBD group and in 1 patient in the PTCD group in our
study. There was no significant difference from the study by Ryan et al.,6

in which local recurrence developed in 50 of the 839 completely ablated
lesions after MWA of HCCs (x2¼ 0.91, p¼ 0.34). Given that MWA has an
active heating mechanism, it is less affected by intraductal cooling
perfusion, allowing for more uniform and larger tumor necrosis.33

Therefore, MWA for periductal HCC may be less affected by the “heat
sink” caused by ICSP, and ICSP would not increase the rate of local
recurrence.

This study has several limitations. First, puncturing the dilated bile
duct may be difficult for many physicians. Second, this study is retro-
spective in design and had a small sample size. Further investigations in
larger groups of patients and randomized clinical trials would provide a
better understanding of the effectiveness of ICSP.

Conclusions

The intraductal cooling technique through a PTCD tube is a techni-
cally feasible and effective method for preventing bile duct thermal
injury induced by MWA of HCCs close to central bile ducts. This pro-
cedure does not increase local recurrence and may be safer than the ICSP
technique with an ENBD tube. However, further studies are needed to
confirm the efficacy of the intraductal cooling technique through a PTCD
tube.
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