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Case Report

Intraoperative Bile Duct Disruption Treated Using Intrahepatic
Biliary Ablation with Ethanol: A Report of Two Cases
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Abstract
We report two cases of intraoperative bile duct disruption. In case 1, an isolated bile duct in the remnant of

the anterosuperior liver segment after right hepatic lobectomy for cholangiocarcinoma caused bile leakage. In

case 2, bile leakage continued from a disrupted accessory hepatic duct during pancreaticoduodenectomy for

pancreatic carcinoma. In both patients, a mixture of ethanol and iodized oil at a 10:1 ratio was injected into

the disrupted bile duct under balloon occlusion. In case 1, the mixture was injected through a balloon cathe-

ter under balloon occlusion overnight. No severe complications developed in either case. Bile leakage stopped

postoperatively and did not recur until the patients’ death from tumor progression 14 and 16 months after

surgery, respectively.
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Introduction

Bile duct injury is a major complication of hepatobiliary

and pancreatic surgeries, with a reported frequency of up to

15.6% [1-3]. Percutaneous, endoscopic, and/or surgical in-

terventions are often required, but they occasionally fail to

improve bile leakage. If the leaking bile duct communicates

with the common bile duct (CBD), endoscopic biliary drain-

age can be performed first. However, for a leaking bile duct

without a fistula communicating it to the CBD, such as a

disrupted bile duct, percutaneous interventions are mainly

performed [2]. Although a standard treatment for the dis-

rupted bile duct has not been established, usefulness of in-

trahepatic biliary ablation with ethanol for refractory bile

leakage has been reported [4, 5]. We encountered two cases

of bile leakage due to intraoperative bile duct disruption

successfully treated with intrahepatic biliary ablation. Our

experience is described in this case report.

Case report

Case 1

An 82-year-old woman was referred to our hospital for

the treatment of cholangiocarcinoma of the hepatic hilum.

The right hepatic lobe and extrahepatic bile duct were re-

sected, and left hepatic duct was anastomosed with the ele-

vated jejunum. The postoperative clinical course was un-

eventful, but bile continued to flow from the peritoneal

drainage tube at a rate of 30-130 mL/day. Computed to-

mography (CT) performed 16 days after surgery showed re-

sidual liver tissue of the anterosuperior segment (S8) behind

the middle hepatic vein (Fig. 1a). The isolated biliary tree in

S8 was also opacified on fistulography via the drainage tube

performed 30 days after surgery (Fig. 1b). Bile leakage con-

tinued; therefore, we decided to attempt intrahepatic biliary

ablation with ethanol. Informed consent was obtained from
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Figure　1.　
a. Contrast-enhanced computed tomography performed 16 days after surgery shows residual liver 
tissue of the anterosuperior segment (S8) (arrow) behind the middle hepatic vein (arrowhead). The 
asterisk indicates the peritoneal drainage catheter.
b. Fistulography via the drainage tube performed 30 days after surgery demonstrates the isolated 
bile duct in the liver remnant through the fistula. The other drainage catheter placed in the left he-
patic duct is also seen.
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Figure　2.　
a. On day 43 after surgery, intrahepatic biliary ablation was performed. First, a 5-F J-shaped angio-
graphic catheter was inserted into the fistula (arrow). The arrowhead indicates the safety wire.
b. A 5.2-F balloon catheter was advanced into the bile duct, and a mixture of ethanol and iodized oil 
at a 10:1 ratio was injected twice into the bile duct under balloon occlusion for 20 minutes. Subse-
quently, the mixture was injected under balloon occlusion overnight. A 10.2-F drainage catheter was 
also placed in the fistula side-by-side (arrow).
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the patient.

Intrahepatic biliary ablation was performed 43 days after

surgery (Fig. 2). After the insertion of a 0.035-inch

guidewire (Coons interventional guidewire, Cook, Bloom-

ington, IN, USA) via the drainage tube, the tube was ex-

changed to a 9-F sheath (Medikit, Tokyo, Japan). The

guidewire was left in place as a safety wire, and a 5-F J-

shaped angiographic catheter (Terumo, Tokyo, Japan) was

inserted into the fistula using another 0.035-inch hydrophilic

guidewire (Radifocus, Terumo) through the sheath. The an-

giographic catheter was navigated into the isolated bile duct

with the hydrophilic guidewire and then the catheter was ex-

changed to a 5.2-F occlusion balloon catheter (9 mm in di-

ameter) (Selecon MP catheter II, Terumo Clinical Supply,

Kakamigahara, Japan) over the guidewire. Ethanol and io-

dized oil (Lipiodol 480, Guerbet Japan, Tokyo, Japan) were
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Figure　3.　
a. Unenhanced computed tomography performed 12 days after intrahepatic biliary ablation shows 
iodized oil accumulation in the liver remnant.
b. Contrast-enhanced computed tomography performed 11 months after surgery shows atrophy of 
the liver remnant.
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mixed at a 10:1 ratio to render the mixture radiopaque, and

the mixture was slowly injected under balloon occlusion un-

til all branches of the isolated bile duct were opacified.

Thus, 2 mL of the mixture was injected into the bile duct,

and the catheter was clamped for 20 minutes. After aspira-

tion of the mixture, 1.4 mL of the mixture was re-injected

for 20 minutes. Subsequently, the hydrophilic guidewire was

advanced into the catheter, and both the catheter and sheath

were withdrawn. The balloon catheter was re-advanced into

the bile duct over the hydrophilic guidewire, and a 10.2-F

drainage catheter (Ultrathane, Cook) was placed in the fis-

tula side-by-side using the safety wire to prevent the dis-

lodgement of the balloon catheter by pushing it to the fistula

wall and drain the fluid retained in the fistula. Subsequently,

1.4 mL of the mixture was injected through the balloon

catheter under balloon occlusion overnight. The balloon

catheter was withdrawn on the next day, and bile leakage

was found to have markedly decreased after the procedure.

A low-grade fever (37.5℃) was recorded the day after the

procedure without any treatment. Fistulography performed

48 days after surgery showed the disappearance of the bile

duct. The drainage catheter was withdrawn 55 days after

surgery, and the patient was discharged after 63 postopera-

tive days. The clinical course after intrahepatic biliary abla-

tion was uneventful (Fig. 3); however, the tumor recurred 9

months after surgery, and the patient died from tumor pro-

gression 14 months postoperatively without recurrence of

bile leakage.

Case 2

A 69-year-old man was referred to our hospital for the

treatment of carcinoma of the pancreatic head, and we per-

formed subtotal stomach-preserving pancreaticoduodenec-

tomy. The patient’s postoperative course was uneventful, but

bile continued to flow from the peritoneal drainage tube at a

rate of 20-60 mL/day. On CT performed 7 days after sur-

gery, the presence of an accessory hepatic duct was sus-

pected (Fig. 4a). Retrospectively, gadoxetate disodium-

enhanced magnetic resonance imaging performed before sur-

gery also showed that the bile duct of the anteroinferior

liver segment (B5) directly communicated with the common

hepatic duct (Fig. 4b). Fistulography through the drainage

tube performed 18 days after surgery depicted the accessory

hepatic duct (Fig. 5a). We selected percutaneous interven-

tion to stop bile leakage, and informed consent was obtained

from the patient.

On day 21 after surgery, percutaneous transhepatic biliary

drainage (PTBD) of B5 was performed under sonographic

guidance. Cholangiography showed extravasation of the con-

trast material at the hepatic hilum, and a 7.2-F drainage

catheter (Medico’s Hirata, Osaka, Japan) was left in place at

B5 (Fig. 5b). Bile leakage continued at a rate of 40-210

mL/day through the PTBD catheter. First, we planned the

puncture of the elevated jejunum via B5 using a hand-made

metal canula and 21-G needle (Hakko, Chikuma, Japan);

however, we considered that puncture of the jejunum

through B5 might be impossible because of difficulty in

controlling the puncture direction. Therefore, intrahepatic

biliary ablation was performed via the PTBD route 29 days

after surgery. The drainage catheter was exchanged with a 7-

F sheath (Terumo) over a 0.035-inch guidewire (Cook), and

a 1.7-F-tip microballoon catheter (5 mm in diameter) (Lo-

gos, Piolax, Yokohama, Japan) was navigated into the bile

duct using a 0.016-inch microwire (Meister, Asahi Intecc,

Seto, Japan). The balloon was inflated to occlude the bile

leak and 2 mL of a mixture of ethanol and iodized oil at a

10:1 ratio was injected for 10 minutes through the side arm

of the 7-F sheath. After aspiration of the mixture, 3 mL of
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Figure　4.　
a. Contrast-enhanced computed tomography performed 7 days after surgery shows that the bile duct 
in the anteroinferior liver segment (B5) is slightly dilated (arrow).
b. Coronal gadoxetate disodium-enhanced magnetic resonance imaging performed before surgery 
shows that B5 (arrow) directly communicates with the common hepatic duct.
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Figure　5.　
a. Fistulography through the drainage tube performed 18 days after surgery depicts the disrupted 
accessory hepatic duct (arrow).
b. On day 21 after surgery, percutaneous transhepatic biliary drainage of B5 was performed under 
sonographic guidance, and extravasation of the contrast material at the hepatic hilum was con-
firmed.
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the mixture was re-injected for 10 minutes to distribute it

into the distal biliary branches. However, a small amount of

the mixture overflowed along the sheath (Fig. 6a). There-

fore, after aspiration of the mixture, the microballoon cathe-

ter was advanced into the distal biliary duct beyond the

sheath while turning back at the hepatic hilum and 1 mL of

the mixture was injected through the microballoon catheter

under balloon occlusion for 10 minutes (Fig. 6b). After re-

moval of the mixture, the microballoon catheter was with-

drawn, and sheath was exchanged with a 7.2-F drainage

catheter (Medico’s Hirata). No complications occurred dur-

ing or after the procedure. Bile leakage resolved the day af-

ter biliary ablation, and the drainage tube and PTBD cathe-

ter were removed 37 days after surgery. The clinical course

after intrahepatic biliary ablation was uneventful, and the pa-

tient was discharged after 45 postoperative days; however,

the tumor recurred 14 months after surgery, and the patient

died from tumor progression 16 months postoperatively

without recurrence of bile leakage (Fig. 7).
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Figure　6.　
a. On day 29 after surgery, intrahepatic biliary ablation was performed. First, the fistula was oc-
cluded with a microballoon catheter, and a mixture of ethanol and iodized oil at a 10:1 ratio was in-
jected twice through the side arm of the 7-F sheath. However, a small amount of the mixture over-
flowed through the sheath (arrow).
b. Therefore, the microballoon catheter was advanced into the distal biliary duct beyond the sheath 
while turning back at the hepatic hilum and a mixture of ethanol and iodized oil was injected 
through the microballoon catheter under balloon occlusion. The arrow indicates the balloon.
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Figure　7.　
a. Unenhanced computed tomography performed 5 days after intrahepatic biliary ablation shows io-
dized oil accumulation in liver segment 5 (S5). The arrow indicates the percutaneous transhepatic 
biliary drainage catheter.
b. Contrast-enhanced computed tomography performed 1 year after surgery shows shrinkage of S5 
(arrow) and B5 (arrowhead). Marked fatty infiltration in the liver is also seen.

aa bb

Discussion

The cause of an intraoperative bile duct injury can be

anatomical, inflammatory, or technical [3]. Among these

causes, an accessory hepatic duct, defined as an intrahepatic

bile duct that directly joins the main extrahepatic bile duct,

exhibits an incidence rate of 2%-10.8% [6, 7] and is a sig-

nificant risk factor for intraoperative bile duct injury [6].

Therefore, making a precise preoperative diagnosis is re-

quired to prevent intraoperative bile duct injuries, although

we missed it on preoperative imaging in case 2.

Failure or delay in early recognition or inappropriate

management of bile duct injury leads to catastrophic conse-

quences. Surgical, endoscopic, or percutaneous interventions

should be promptly performed according to the type of bile
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duct injury and patient condition [2]. Reoperation after he-

patic resection is associated with a high mortality rate of

39.3% [8], and a wait-and-see approach, with a success rate

of 69-94%, usually requires a long treatment duration [5];

therefore, percutaneous interventions, such as placement of a

drainage catheter and intrahepatic biliary ablation, are first-

line treatments for an intraoperative disrupted bile duct.

Absolute ethanol has generally been used as an injected

agent percutaneously or angiographically to treat various tu-

mors or vascular lesions owing to its highly destructive

properties, leading to cell death through cell membrane lysis

and protein denaturation [9]. Ethanol also destroys the bili-

ary epithelium and surrounding liver parenchyma when it is

injected into the biliary tree. As a result, bile leakage can be

stopped; however, repeated ethanol injections are usually re-

quired. In previous reports, 1-4 ethanol injections were ad-

ministered in one session, and 4-19 sessions were performed

at 1-3-day intervals [4, 5]. We continuously injected ethanol

thrice, and bile leakage could be stopped in a single session.

We consider that the therapeutic effects of ethanol may be

influenced by the liver volume drained by the disrupted bile

duct. In patients with a larger liver volume, more frequent

ethanol injections may be required, and occasionally, bile

leakage cannot be controlled with ethanol injections alone.

In such a case, combination with portal vein embolization is

the next step to stop bile leakage [10].

There are no standard techniques for intrahepatic biliary

ablation. It is clear that a balloon catheter should be used to

prevent outflow of ethanol. In a report by Ito et al. [5], how-

ever, ethanol was also injected through a 21-gauge needle

after a percutaneous direct puncture of the target bile duct in

three of 31 patients when a drainage catheter could not be

advanced into it. The inflation time of the balloon has not

been standardized and varies from 5 minutes to 24 hours [4,

5]. We performed overnight inflation in case 1; however, it

remains uncertain whether or not this is effective. Moreover,

the optimal volume of ethanol for efficacious and safe abla-

tion is unknown. The quantity of ethanol filling into the en-

tire branches of the isolated bile duct is generally considered

the optimal volume. Since ethanol is not radiopaque, it is

impossible to observe its distribution directly. Therefore, a

test injection of the contrast material is required to deter-

mine the optimal ethanol volume [4, 5]. We mixed iodized

oil with ethanol to render the mixture radiopaque. As a re-

sult, distribution of ethanol could be monitored under fluo-

roscopy, and the endpoint of the ethanol injection could be

easily determined. As for the approach route, we performed

PTBD in case 2. However, it might be unnecessary if intra-

hepatic biliary ablation was initially planned because the mi-

croballoon catheter might be successfully advanced into the

disrupted accessory hepatic duct through the fistula. There-

fore, further studies are required to establish an appropriate

standard technique for intrahepatic biliary ablation.

The side effects of intrahepatic biliary ablation are usually

mild. We experienced no severe complications, except for a

low-grade fever in one patient. In a report of a large cohort

[5], transient fever developed in 27 of 31 patients, mild pain

in 13, flushing in two, and liver abscess in two. An ethanol

injection into the intraoperative disrupted bile duct may not

cause severe pain, although a preoperative ethanol injection

into the portal vein or hepatic artery usually causes severe

pain. Although the exact reason is unknown, it is speculated

that denervation of the autonomic nerve in hepatobiliary re-

section with skeletonization of the hepatoduodenal ligament

is a possible cause [5]. However, the use of excessive vol-

ume of ethanol may cause a liver abscess; therefore, we be-

lieve that adding a small amount of iodized oil into ethanol

is helpful not only to control the injection volume of ethanol

under fluoroscopy but also to prevent complications.

In conclusion, we encountered two cases of refractory bile

leakage due to an intraoperative bile duct injury treated suc-

cessfully with intrahepatic biliary ablation with a mixture of

ethanol and iodized oil. This technique is effective in select

patients with refractory bile leakage after surgery.

Disclaimer: Shiro Miyayama is one of the Editorial Board mem-

bers of Interventional Radiology. This author was not involved in the

peer-review or decision-making process for this paper.
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