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Abstract

Purpose Hepatic artery pseudoaneurysms are a rare but

potentially life-threatening complication of major pancre-

aticobiliary surgery. We evaluated the safety and efficacy

of endovascular stentgraft implantation for the manage-

ment of such vascular lesions.

Materials and Methods Between May 2013 and October

2015, ten patients with postoperative hepatic artery pseu-

doaneurysm, of which eight presented with active hemor-

rhage,were treatedwith endovascular stentgraft implantation.

All patients had undergone major pancreatic or hepatic sur-

gery before (pylorus-preserving pancreaticoduodenectomy,

pancreatectomy, hemihepatectomy, extended hemihepatec-

tomy). The pseudoaneurysms were diagnosed 13–202 days

after surgery and were associated with postsurgical compli-

cations (e.g., leakage of pancreaticojejunal anastomosis).

Results In 9/10 patients, the pseudoaneurysm was com-

pletely excluded via stentgraft implantation. In 1/10

patient, the pseudoaneurysm ruptured during the procedure

and was successfully treated by immediate open surgery. In

1/10 patient, a second intervention was performed after

6 days because of rebleeding; this was successfully treated

by implantation of a second overlapping stentgraft. Mean

follow-up time is 51 days. None of the patients died due to

stentgraft- or aneurysm-related complications. Further

episodes of hemorrhage were not observed. In one patient,

clinically asymptomatic complete occlusion of the stent-

graft was discovered at follow-up imaging.

Conclusion Stentgraft implantation is a safe and effective

technique to treat hepatic artery pseudoaneurysms related

to major pancreatic or hepatic surgery, especially in the

setting of acute hemorrhage.

Keywords Hepatic artery aneurysm � Stentgraft
implantation � Postoperative complications

Introduction

Splanchnic artery aneurysms are a rare vascular pathology,

with a documented prevalence of 0.1–2 % [1]. Hepatic

artery aneurysms (HAA) are the second most common

location of splanchnic artery aneurysm, accounting for up

to 20 % of these lesions [2]. HAA can be either true

aneurysms or pseudoaneurysm. In true aneurysm, there is

an enlargement of at least 1.5 times the arterial diameter,

with all parts of the arterial wall dilated, whereas pseu-

doaneurysms present a leaking hole in the artery wall,

covered only by adventitia or by perivascular tissue.

Hepatic artery pseudoaneurysms are one of the most

dangerous complications associated with major pancreatic

or hepatic surgery [3–5]. Different factors like digestion of

the arterial wall caused by bile or pancreatic juice from

anastomotic leakage or mechanical injury during the

operation weaken the arterial wall structure, by means of

visceral inflammation, which damages the adventitia and

leads to thrombosis of the vasa vasorum, resulting in

arterial rupture or enlargement [4].

Pseudoaneurysms should always be treated, independent

of their diameter, associated symptoms or lack thereof, and
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independent of their location [6], due to the high risk of

rupture resulting in acute and potentially life-threatening

hemorrhage.

Although surgery has always been considered the gold

standard for hepatic artery pseudoaneurysms treatment,

endovascular treatment has gained ground and become the

treatment of first choice in centers that can offer such

procedures [6, 7]. Among the possible interventional

treatments, the minimal-invasive stentgraft implantation

has the advantage of excluding the aneurysm, controlling

its bleeding and preserving hepatic artery perfusion [7].

Therefore, the objective of this study is to report on our

experiences with stentgraft implantation for treatment of

postoperative pseudoaneurysms of the hepatic artery in

patients after major hepatic or pancreatic surgery.

Patients, Materials and Methods

Patients

All patients, who were referred to our department for the

minimal-invasive treatment of postoperative hepatic artery

pseudoaneurysmbetweenMay2013 andOctober 2015,were

included in this retrospective analysis. A total of ten patients

(all male, mean age 63 ± 11 years) were treated due to

postoperative hepatic pseudoaneurysm during this period

and exclusively underwent stentgraft implantation to

exclude the pseudoaneurysm. All included patients had

undergone major pancreatic or hepatic surgery (pylorus-

preserving pancreaticoduodenectomy: n = 4; pancreatec-

tomy: n = 3, one hemihepatectomy: n = 1; extended

hemihepatectomy: n = 1; pylorus-preserving pancreatico-

duodenectomy with right extended hemihepatectomy:

n = 1) to treat an oncologic or inflammatory disease (Klat-

skin tumor: n = 3; bile duct tumor: n = 1, pancreatic head

carcinoma: n = 3; pancreatic intraductal papillarymucinous

neoplasms: n = 2, necrotizing pancreatitis: n = 1). Post-

surgical complications were found in all cases; in particular,

six patients developed anastomotic leakage of pancreatico-

jejuno- or hepaticojejunostomy, and one patient developed

an abscess in the perihepatic space, for which six of them

received a CT-guided percutaneous drainage. The other

complications included abscess, abdominal hematoma and

drainage hemorrhage. Eight pseudoaneurysms were located

in the common hepatic artery, one pseudoaneurysm in the

proper hepatic artery and one pseudoaneurysm in the left

hepatic artery. For details on patients, see also Table 1.

Indications

Eight patients presented in hypovolemic shock at the

moment of the treatment due to active bleeding of the

pseudoaneurysm, as confirmed by contrast-enhanced CT.

The remaining two pseudoaneurysms were incidentally

detected during the postoperative CT follow-up, without

active hemorrhage.

All patients underwent contrast-enhanced CT imaging

before the angiographic treatment (Fig. 1).

Technique

All procedures were performed under sterile conditions and

local anesthesia. Depending on condition of the patient,

additional sedation was used during the procedure.

The right common femoral artery was chosen as access

in 9/10 cases, whereas in 1/10 case, the left common

femoral artery was punctured; in one case, the left brachial

artery was punctured in addition to the right common

femoral artery.

Via a long visceral introducer sheath (5–7 F, Cook,

Bloomington, IL, USA), the celiac trunk and the hepatic

artery were catheterized using 5-F cobra-2 catheter (Cook,

Bloomington, IL, USA), or a 4-F glide catheter (Terumo,

Tokyo, Japan), a 5-F vertebral catheter (Merit Medical,

South Jordan, UT, USA) or a 5-F Shepherd Hook catheter

(Merit Medical, South Jordan, UT, USA) depending on the

individual anatomy and access route. Thereafter, a 2.7-F

microcatheter (Progreat, Terumo, Tokyo, Japan) was used

to cross the pseudoaneurysm and place a stiff 0.018-inch

guidewire (Steelcore, Abbott vascular, Abbott GmbH,

Wiesbaden, Germany) in a peripheral branch of the hepatic

artery. Then, GORE� VIABAHN� (Gore & Associates,

Inc., Flagstaff, AZ, USA) or AdvantaTM (Atrium/Maquet

Cardiovascular, Hudson, NH, USA) polytetrafluo-

roethylene-covered stentgrafts were placed (Figs. 2, 3). For

further material details, see also Table 1.

In one patient, the aneurysm sac of the common hepatic

artery involved the origin of the gastroduodenal artery. In

this patient, the GDA was embolized with 6 microcoils

(Cook, Bloomington, IL, USA) (Fig. 3) using a retrograde

approach via the superior mesenteric artery arcade.

After successful stentgraft placement, anticoagulation

with i.v. administration of heparin (1000 I.U./h) was con-

tinued for 24 h, and dual antiplatelet therapy by clopido-

grel 75 mg/day for 6 weeks and lifelong aspirin

100 mg/day was recommended.

Follow-up

Patient underwent close follow-up by CT angiography to

check for successful exclusion of the pseudoaneurysm,

patency of the parent vessel and possible procedure- or

surgery-related complications.

Technical success was defined as the total exclusion of

the aneurysm via stentgraft placement. In symptomatic
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Fig. 1 A Contrast-enhanced CT before the procedure. Large pseu-

doaneurysm (6.5 cm) of the common hepatic artery (arrow). B Fol-

low-up contrast-enhanced CT image (5 months after stentgraft

implantation). Pseudoaneurysm was successfully treated. The stent-

graft (arrow) and the left hepatic artery (arrow head) were patent

Fig. 2 A DSA before stentgraft placement. Pseudoaneurysm of the common hepatic artery (arrow) with active bleeding. B DSA after stentgraft

implantation

Fig. 3 A DSA before Stentgraft placement. Pseudoaneurysm of the

common hepatic artery (arrow). B DSA after stentgraft implantation

(arrow). C DSA. Additional coiling of the gastroduodenal artery

(arrow) was performed to avoid retrograde perfusion of the aneurysm

sac. Arrowhead Stentgraft
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patients, i.e., patients with active hemorrhage, clinical

success was achieved in case the bleeding was successfully

stopped, with preserved patency of the hepatic artery. We

report on technical and clinical success rates, as well as

early and delayed complications.

Results

Technical success was achieved in 9/10 patients. In 1/10

patient, the aneurysm ruptured during the intervention. In

this case, 2 overlapping stents (6 9 25 and 5 9 25 mm

VIABAHN) were placed to treat a 20-mm aneurysm of the

proper hepatic artery. After the placement of the second

stentgraft, the artery ruptured distally of the edge of this

graft and the hemorrhage was controlled by means of a

5 9 20 mm balloon catheter that was immediately inflated

at the site of rupture. The reparation via stentgraft was

excluded because of the tortuous anatomy of the hepatic

artery; the patient was transferred to the operating theater

for emergency surgery, and the aneurysm was treated

surgically.

Among these 9 successfully endovascular treated

patients, the exclusion was obtained at the first interven-

tional attempt in 6/9 cases; in 1/9 patient, we did not

succeed in crossing the aneurysm during the first DSA

session, which was successfully performed a few days later

during a second attempt. In 1/9 patient, a reintervention

was necessary 6 days after stentgraft placement because of

hemodynamically significant rebleeding. The angiography

revealed a pseudoaneurysm arising from the proximal edge

of the previously placed stentgraft, which was successfully

treated with a proximally overlapping stentgraft.

In 8 symptomatic patients who underwent emergency

stentgraft placement because of acute hemorrhage of the

pseudoaneurysm, bleeding was controlled in 7/8 cases

directly after the intervention.

The mean follow-up time is 51 ± 52 days, ranging from

2 to 190 days. Three patients died at 9, 66 and 163 days

after stentgraft implantation, respectively. The first patient

died because of multiple organ failure, the second patient

died because of the progression of his oncological disease,

and the third patient died because of septic shock arising

from multiple refractory liver abscesses. In none of the

cases, mortality was attributable to or related to the pseu-

doaneurysm or the placed stentgraft.

Among the 9 patients who had been successfully treated

by endovascular stentgraft placement, the last follow-up

CT revealed patency of the stentgraft in 8/9 cases, whereas

in 1/9 patient, complete occlusion of the stentgraft was

observed at a follow-up CT 3 days after the intervention,

which, however, remained clinically asymptomatic.

Discussion

Intra-abdominal hemorrhage represents up to 38 % of the

mortality causes after pancreatic and hepatobiliary surgery

[8]. Therefore, due to the high risk of rupture and conse-

quent bleeding, pseudoaneurysm of the hepatic artery is

one of the most life-threatening complications for these

patients [4].

There are several ways, which can lead to pseudoa-

neurysm formation in patients after major abdominal sur-

gery: First of all, the tumor or the inflammation itself can

provoke vessel erosion. The mechanical manipulation,

mainly during the lymph node dissection, can directly

injure the arterial wall. Moreover, there are two predis-

posing factors for pseudoaneurysm formation which can

occur after pancreatic and hepatic surgery: anastomotic

leakage and abscess presence in the hepatic spaces. In

particular, the bile from the anastomotic insufficiency and

the infectious material of the abscess can cause irritation

and tryptic necrosis of the arterial wall [4].

In our case series, six patients presented leakage from

the pancreaticojejuno- or hepaticojejunostomy and one

patient developed an abscess in the perihepatic space and

six of them received a percutaneous drainage to handle this

complication. These data confirm the strong association

between anastomotic leakage and development of pseu-

doaneurysm of the hepatic artery.

Since up to 76 % of the pseudoaneurysms of the hepatic

artery rupture and since mortality rates of ruptured pseu-

doaneurysm of the hepatic artery range from 35 to 50 %,

an aggressive management is mandatory [9]. The rupture of

pseudoaneurysm of hepatic artery occurs commonly into

the biliary tree and can present clinically with jaundice,

biliary colic and signs of gastrointestinal hemorrhage, a

condition also known as Quincke’s triad [3, 7]. In our

experience, postoperative HAAs are most commonly a

midterm complication after abdominal surgery. In 9/10

cases, the pseudoaneurysm was diagnosed within 2 months

from the surgical procedure; in the remaining case, the

aneurysm was diagnosed 202 days after surgery.

Surgery had traditionally been advocated to represent

the treatment of first choice. Surgical management depends

on the location of the aneurysm, the presence of collateral

flow and the general medical condition of the patient [7].

Operating options include ligation, ligation with bypass,

hepatic resection and, rarely, orthotopic liver transplanta-

tion [10].

The endovascular approach is nowadays considered the

treatment of choice in centers that can offer such proce-

dures, in both elective and emergency cases. Nevertheless,

current literature is limited to case reports or case series,

mainly on coil embolization of HAAs [11–13]. For years,
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coiling has been the only endovascular treatment option in

patients with HAA. It consists of the closure of the artery

by means of coils, alone or in combination with glue, in

both the afferent and efferent vessel of the aneurysm, in

order to cut the blood supply to the aneurysm and promote

clotting. The main complications of this procedure are

delayed reperfusion of the aneurysm, coil migration, intra-

procedural aneurysm rupture and nontarget embolization

[14]. Moreover, closure of the hepatic artery reduces hep-

ato-portal blood flow and may not be tolerable in patients

who underwent major liver resection or who exhibit portal

hypertension. In any case, patency of the portal vein and

sufficient antegrade portal venous blood flow are necessary

prerequisites for both surgical ligation and coiling of

proper hepatic artery [15].

Besides embolisation and stentgraft placement, another

endovascular treatment option is the use of a flow-diverting

bare stent. This device changes the local flow patterns by

decreasing the turbulent flow in the aneurysm sac while

improving laminar flow in the main artery and collateral

branches [6, 16]. However, this technique does not allow

an immediate exclusion of the aneurysm, making it an

unsuitable option for patients with acute bleeding or for

aneurysms that are at high risk of rupture.

Exclusion of pseudoaneurysm by stentgraft placement

has several advantages when compared to other interven-

tional techniques, leading our choice to this technique. It

excludes the pseudoaneurysm immediately from perfusion;

this was considered very important for our patients, since

eight of them underwent emergency treatment due to active

bleeding. In seven of these eight cases, the stentgraft

allowed immediate control of the bleeding, making this

technique very suitable to be used in emergency conditions.

Besides, using a stentgraft preserves the antegrade

arterial flow to the liver and can therefore be offered even

in patients with limited portal venous flow or patients who

underwent major liver resection. This is another significant

point in our decision-making process, since three of our

patients had undergone major hepatic surgery (hemihepa-

tectomy or extended hemihepatectomy) for tumor resec-

tion. Therefore, preserving arterial blood supply of the liver

remnant was considered a priority to maintain liver

function.

Moreover, stentgraft implantation is associated with less

fluoroscopy time during the intervention [14].

Open surgery for the treatment of visceral aneurysms

has been shown to be associated with a morbidity rate as

high as 100 % and a mortality rate as high as 33 % [7]. In

contrast, endovascular stentgraft placement is minimally

invasive, thus substantially reducing morbidity and mor-

tality rates. In our case series, stentgraft placement was

associated with a morbidity rate of 1/10 (10 %) and a

mortality rate of 0 %.

After stentgraft implantation, an antiplatelet therapy

(clopidogrel 75 mg/day for 6 weeks and lifelong aspirin

100 mg/day) is recommended. No one of our patients

presented absolute contraindications to the double anti-

platelet therapy, and no one of them develops an anti-

platelet therapy-related complication. Another potential

complication well described in the literature is stent

infection, consequently to the contact of the gastrointesti-

nal content or the infected necrotic tissue with the stent-

graft [17]. This is very important in our context, in which

the presence of anastomotic leakage or abscesses can cause

the chronicization of such a process. In our series, no

patient presented stentgraft infection-related signs. How-

ever, a prompt drainage insertion in the site of leakage or

abscesses could be protective from this complication.

Moreover, further complications of stentgraft implanta-

tions are endoleaks and stent thrombosis [18, 19]. In our

experience, only 1/9 patient who underwent successful

stentgraft placement developed stent occlusion, which,

however, remained clinically asymptomatic. Follow-up

CTs of the remaining patients showed patency of the

implanted stentgraft. Of course, our follow-up period is

still limited, with an average of 64 days, such that we

cannot provide data on long-term results. The latter, how-

ever, will be difficult to provide anyway due to the limited

prognosis of the oncological patients in our cohort, which

reflects the lack of data in the literature regarding long-time

patency of stentgraft implantation in visceral arteries.

Moreover, there are anatomical contraindications of this

technique: short- or wide-neck aneurysm and tortuous or

small vessels, which would interfere with safe stentgraft

placement. In addition, aneurysms with clinically impor-

tant vessels originating from its sac are not amenable to

stentgraft implantation, due to the risk of splenic or hepatic

infarction and type II endoleak [6, 16].

Preinterventional CT angiography is useful to plan the

appropriate treatment strategy in each patient case because

it helps evaluating the anatomical features of the aneurysm

(dimension, neck and possible arising branches) in order to

assert its suitability for this technique.

All these advantages and disadvantages were considered

in our decision-making procedure, and during the time

lapse of our study (May 2013/October 2015), no other

interventional treatments were performed in our clinics to

handle a pseudoaneurysm of the hepatic artery.

The stentgraft approach to handling pseudoaneurysm of

visceral arteries is not well studied. Except Lü et al., who in

2013 described their experience with 8 patients treated with

stentgraft to handle a pseudoaneurysm in the hepatic artery,

the literature is limited to case reports [20]. Lü et al.

reported on the successful use of the Jostent graftmaster

coronary stent graft (Abbott Vascular, Redwood City,

California, USA), which is a balloon-expandable stainless
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steel stentgraft, that is available with a diameter up to

4.8 mm and a length up to 26 mm. However, in our

experience, we mainly used a self-expandable stentgraft,

which many interventional radiologists used and is also

available in larger dimensions. In the one patient with

major complication due to aneurysm rupture, surgical

repair of aneurysm was necessary. In this case, an inflated

balloon was used to cover the rupture site, thus minimizing

blood loss during surgery, a fact that greatly contributed to

the success of the subsequent emergency surgical proce-

dure. This underscores once more how important a close

cooperation between interventional radiologists and sur-

geons is to successfully control even critical procedural

complications.

Conclusion

According to our experience, stentgraft implantation is a

safe and effective therapy option to treat postoperative

hepatic artery pseudoaneurysms, especially if they present

with acute active bleeding. Long-term follow-up and larger

series are needed to further evaluate this technique and to

assess its indication in treatment of this vascular pathology.

A multidisciplinary team approach and close cooperation

of interventional radiologists and abdominal surgeons are

mandatory to manage possible complications like vessel

rupture.
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20. Lü PH, Zhang XC, Wang LF, Chen ZL, Shi HB. Stent graft in the

treatment of pseudoaneurysms of the hepatic arteries. Vasc

Endovascular Surg. 2013;47(7):551–4.

F. Pedersoli et al.: Stentgraft Implantation for the Treatment of Postoperative Hepatic… 581

123


	Stentgraft Implantation for the Treatment of Postoperative Hepatic Artery Pseudoaneurysm
	Abstract
	Purpose
	Materials and Methods
	Results
	Conclusion

	Introduction
	Patients, Materials and Methods
	Patients
	Indications
	Technique
	Follow-up

	Results
	Discussion
	Conclusion
	References




