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Hepatic artery complications after liver transplantation include hepatic artery thrombosis, ste-
nosis, pseudoaneurysm (PA), and others. Among these complications, hepatic artery PA is re-
ported to have a low incidence, but it is associated with a devastating and often fatal outcome 
and a high risk of rupture. Herein, we present the case of a 56-year-old male patient who un-
derwent living-donor liver transplantation because of alcoholic liver cirrhosis. A silent PA of the 
hepatic artery proper was detected incidentally on computed tomography scan during routine 
follow-up 15 days after surgery, and was successfully excluded by implantation of a coronary 
balloon-expandable stent-graft using ‘conical remodeling’ by two-step ballooning. This tech-
nique can be effectively used for PA of visceral arteries with tapering-small diameter, in which 
flow preservation is critical to patient care.
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Hepatic artery pseudoaneurysm (PA) following liver transplantation (LT) is rare, with a re-
ported incidence of 0.3–2.5%, but it can have devastating and often fatal consequences, with 
a high risk of rupture (1, 2). Important contributing factors associated with extrahepatic PA 
include local infection (likely related to immunosuppression), biloma, biliary tract infection, 
and others (1, 2). An extrahepatic PA is usually detected near the hepatic arterial anastomosis 
(1, 2). The common clinical presentation of PA is rupture with massive hemorrhage. It may 
rupture into the peritoneum freely, the gastrointestinal tract, or the biliary tract. PA can lead 
to shock, gastrointestinal bleeding, hemobilia, decreased hemoglobin level, and abnormal 
liver function test results. The mortality rate associated with PA rupture has been document-
ed to be as high as 78% (1, 2). 

Conventional treatment includes surgery, such as resection with re-anastomosis, recon-
struction, and replantation; these techniques are technically difficult and are associated with 
morbidity and mortality. Recently, several reports have documented successful endovascular 
treatment, including coil embolization, stent, and stent-graft for PA following LT (3, 4). Here-
in, we present a case of PA that developed within 1 month after living-donor LT, which was 
successfully treated using a coronary stent- graft with ‘conical remodeling’ by two step bal-
looning.

CASE REPORT

A 56-year-old male patient with alcoholic liver cirrhosis (Child-Pugh class B, with esopha-
geal varix and refractory ascites) presented to our institution for living-donor LT. Laboratory 
values for liver function tests including serum bilirubin, aspartate transaminase (AST) and 
alanine transaminase (ALT) levels, were within the normal ranges. Intraoperatively, severe 
atherosclerotic changes of the recipient right hepatic artery were identified; thus, the recipi-
ent left hepatic artery was chosen for anastomosis of the donor right hepatic artery and the 
recipient right hepatic artery was ligated, leaving a short stump. 

On postoperative day 15, a hepatic artery PA measuring approximately 1.7 cm in length, 
with a small amount of fluid collection along the hepatic resection margin, was incidentally 
detected during routine follow-up computed tomography (CT) (Fig. 1A). The PA was located 
on the posterior aspect of the proper hepatic artery, proximal to the anastomosis. The patient 
was asymptomatic and showed no signs of infection. Laboratory tests demonstrated a nor-
mal white blood cell count (8300/µL), no change in the hemoglobin level (8.4 g/dL), and nor-
mal levels of AST (16 U/L) and ALT (30 U/L). Hepatic angiography performed to determine the 
risk of potential rupture failed to identify the PA that was visualized on CT; thus, the patient 
was treated conservatively.

On postoperative day 23, repeat follow-up CT revealed a persistent PA along the proper he-
patic artery with an enlarged fluid collection along the resection margin near the PA. Percu-
taneous catheter drainage was performed for the enlarged fluid collection to aspirate old 
blood, which showed no signs of infection. Repeat hepatic angiography with a catheter at the 
celiac trunk using a power injector showed indirect delayed contrast filling of the PA along 
the proper hepatic artery with small aneurysmal change of the ligated stump of the recipient 
right hepatic artery. Selective hepatic arteriography with the catheter at the distal proper he-
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patic artery using hand injection showed no contrast filling of the PA and failed to identify 
the rupture point (aneurysm neck) (Fig. 1B). We decided to implant a stent-graft because of 
the possibility of concealed rupture of the proper hepatic artery with minor leakage, al-
though we could not identify the exact rupture site. A 6-F Ansel guiding sheath (Cook Medi-
cal, Bloomington, IN, USA) was placed within the common hepatic artery. Then, the aneu-
rysmal stump and anastomosis site were crossed with a micro-catheter using a 0.014-inch 
guide wire (Transcend; Boston Scientific Corp., Watertown, MA, USA). During the proce-
dure, the aneurysmal stump of the recipient right hepatic artery was incidentally ruptured, 
showing subtle contrast filling of the PA. The possibility of minor leakage from the hepatic 
artery proper itself was not ruled out, because of the absence of detectable filling of the PA 
on the selective arteriogram. The target artery for stenting showed a tapering shape on CT, 
with diameters of 3.3 mm at the proper hepatic artery proximal to the PA, and 2.7 mm just 
distal to the PA on angiography. The coronary balloon-expandable stent-graft (GraftMaster, 
Abbott Vascular, Santa Clara, CA, USA), 19 mm in length and with a maximum diameter of 4 
mm, was placed over the 0.014-inch micro-guidewire from the proximal proper hepatic ar-
tery to the artery just distal to the anastomosis, covering the aneurysmal stump of the recipi-
ent right hepatic artery through the placed 6-F guiding sheath. The entire stent-graft was first 

Fig. 1. A proper hepatic artery pseudoaneurysm in a 56-year-old male patient after living-donor liver transplantation.
A. CT angiography on postoperative day 15. On axial CT images, the pseudoaneurysm (arrowhead) is located in the posteroinferior aspect of the 
hepatic artery proper (arrow). A peri-hepatic hematoma (curved arrow) is seen. 
B. On postoperative day 23, celiac arteriography shows faint visualization of the pseudoaneurysm (arrowheads). Aneurysmal change of the li-
gated right hepatic artery stump (arrow) is also seen. 
C. The entire stent-graft is first expanded to 3.33 mm (oversizing by 20% to the distal target vessel) by ballooning up to 15 atm. 
D. The deflated balloon is pulled back slightly proximal to the stent-graft, then inflated up to 19 atm, making the diameter 3.95 mm (oversizing 
by 20%) for the proximal target vessel.
E. Post-deployment celiac arteriography shows the conical remodeled stent-graft and complete exclusion of the pseudoaneurysm.
F. Maximum intensity projection image shows patent stent-graft without any evidence of pseudoaneurysm on follow-up CT angiography 17 
months later.
CT = computed tomography
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expanded to 3.33 mm (oversizing by 20% to the distal target vessel) by ballooning until 15 atm 
(Fig. 1C). Thereafter, the deflated balloon was pulled back slightly proximal to the stent-graft, 
and then inflated up to 19 atm, making the diameter 3.95 mm (oversizing by 20%) for the 
proximal target vessel (conical remodeling) (Fig. 1D). Completion angiography after success-
ful stent-graft placement showed complete exclusion of the ruptured stump of the recipient 
right hepatic artery and PA with hepatic arterial flow preservation (Fig. 1E). The patient’s 
post-procedure course was uneventful, and laboratory findings were unremarkable. Routine 
follow-up CT 17 months later demonstrated good stent-graft patency without any evidence of 
PA (Fig. 1F).

DISCUSSION

In the current case, we did not detect any evidence of infection. Our patient had a normal 
white blood cell count and no fever. The fluid draining from the resection margin appeared 
to be old blood without signs of infection. The patient underwent duct-to-duct anastomosis 
for the bile duct connection during the initial operation, and there was no evidence of bile 
duct complication or cholangitis on CT. So the accurate cause of the PA was unclear, but se-
vere atherosclerotic changes of the ligated native right hepatic artery might had caused mi-
nor arterial leak that was too slow flow with narrow breach to detect on angiography, result-
ing in false-negative findings of the PA on the first hepatic angiography. 

There are many treatment options for PA. Conventional treatment consists of surgery, such 
as ligation and/or revascularization or retransplantation; however surgical treatments carry 
risks associated with repeat surgery, including those related to postoperative inflammation 
and adhesions that must be addressed during the re-operation; high rates of morbidity and 
mortality are reported (1, 3). Since the 2000s, reports of successful endovascular treatment 
for PA have been increasing (3, 4). Coil embolization can be used for PAs having an obvious 
narrow neck, but it carries a risk of fatal complications, including hepatic artery thrombosis 
or graft ischemia due to interruption of critical arterial flow to the graft (3, 4). A PA possessing 
a defective vessel wall, which carries a risk of rupture during or after coil embolization, 
should be considered different from a true aneurysm. 

The implantation of a stent-graft for PA is considered an ideal alternative endovascular 
treatment, as a stent-graft can exclude blood flow to the PA without sacrificing blood flow to 
the graft. Additionally, in the case of a failed stent-graft, patients have additional surgical op-
tions. Elias et al. (4) reported that a stent-graft will not affect surgical treatment following de-
ployment. Also, a stent-graft might help the surgeon identify the location of the target artery 
in the adhesive fibrous tissues and prevent additional gross hemorrhage. Saad et al. (2) report-
ed a high success rate (82%) of stent-graft placement for extrahepatic PA in patients after LT. 
Our patient was asymptomatic, and the post-operative period was sufficient for the develop-
ment of adhesions; thus, we decided to use the minimal invasive endovascular technique for 
stent-graft implantation.

In visceral arteries, it is difficult to negotiate and place a guiding sheath with a large profile 
at the proper position and to deliver the stent-graft through tortuous and narrow arteries. The 
hepatic arteries frequently have small caliber, less than 4 mm, and a tapering arterial diam-
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eter, which can make the procedure difficult and technically complex. Several reports have 
proposed the use of coronary-based techniques and equipment in celiac and hepatic artery 
intervention in patients that are post-LT (5). Coronary-based stents or stent-grafts have more 
trackability and crossability for tortuous small caliber vessels. Hamby et al. (5) reported 
poor trackability with self-expandable stents and improved trackability with coronary stents 
for post-LT hepatic artery stenosis. We used a coronary balloon-expandable stent-graft be-
cause of the small diameter of the target hepatic artery. 

Additionally, careful consideration of the optimal stent-graft diameter for the given vessel 
size is necessary. The best method to determine the appropriate diameter for treating a given 
vessel has not been well investigated. In the case of a tapering target vessel, the stent-graft di-
ameter must be sized to the diameter of the larger proximal vessel, resulting in oversizing of 
the stent in relation to the diameter of the smaller distal vessel. According to the VIPER trial 
with Viabahn Endoprosthesis, the 1-year primary patency rate of stent-grafting was signifi-
cantly higher (88%) when the stent-graft was oversized by < 20% than that when the stent-
graft was oversized by > 20% (70%) (6). Undersizing of the stent-graft will create a gap be-
tween the graft and the wall, leading to inadequate apposition with the target vessel wall, 
perigraft flow (endoleak), and an increased risk of device migration. Amblard et al. (7) pro-
posed that oversizing of the stent-graft by at least 20% may help prevent type I endoleak in 
stented abdominal aortic aneurysm. Lu et al. (8) reported their successful experience using 
conical remodeling of the balloon-expendable stent-graft. In their report, hepatic artery PA 
after LT was initially treated with a balloon-expandable stent-graft, but delayed endoleak was 
detected on follow-up CT 6 days after the procedure, which was not detected at the end of the 
procedure because of underdilation of the stent-graft. They remodeled the previously de-
ployed stent-graft conically using two steps of balloon angioplasty for apposition to the target 
vessel with a tapering course, instead of deployment of an additional stent-graft. In the pres-
ent case, we planned two-step balloon remodeling of the stent-graft ahead of the procedure, 
because the target hepatic artery showed a tapering course. Also, we performed stent-graft 
implantation with oversizing by 20% to both the proximal and distal target vessels in order to 
adequately approximate the vessel wall. Determining therapeutic strategy for angiographi-
cally occult visceral artery PA (invisible PA on catheter angiography), stent-graft placement 
would be good choice, because embolization is practically impossible due to invisible target 
lesion. Some reports have also demonstrated ultrasound-guided direct thrombin injection in 
case of angiographically occult visceral artery PA with good results (9, 10). However, it could 
have challenges for hepatic artery to delineate the accurate lesion with ultrasound, because 
it would have difficulties including bowel gas shadowing in front of target interfering with le-
sion detection, close proximity to risk structures such as major blood vessels, and potential 
risk of native artery thrombosis.

The limitation of the present case is difficulty of comparing between this conical remod-
eled stent-grafting and simple cylinder shaped stent-grafting in terms of endoleak, and long-
term patency, because of contributing factors. The diameter, tortuosity of target vessel, and 
technical feasibility can influence in outcome.

In conclusion, when a stent-graft is used to treat hepatic artery PA following living-donor 
LT, technical considerations, including the small caliber of the hepatic artery, tapering arte-
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rial diameter, and vascular tortuosity should be estimated. The use of a balloon-expandable 
coronary stent-graft with conical remodeling can be effective for PA of visceral arteries with 
tapering-small diameter, in which flow preservation is critical to patient care, and can show 
good follow-up patency. Much more research about the effectiveness of conical remodeled 
stent-grafting, the appropriate size, and type of stent-graft for small visceral artery remains 
to be disclosed.
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백승대 · 강웅래* · 김영환

간이식 후 발생하는 간동맥에서의 합병증은 간동맥 혈전증, 협착, 거짓동맥류 등이 있다. 이

들 중에서 간동맥 거짓동맥류는 발생빈도는 적으나 파열 가능성이 높아 치명적인 합병증으

로 알려져 있다. 저자들은 알코올간경화로 인해 생체 부분 간이식수술을 시행한 56세 남성에

서 발생한 간동맥 가성동맥류에 대하여 두 단계 풍선확장술로 원추형 변형을 만든 심혈관용 

풍선 확장 스텐트-그라프트를 이용하여 치료한 사례를 보고하고자 한다. 
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