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Abstract
Although arterial pseudoaneurysm is one of the most serious complications after pancreatic surgery, the best practice with 
maximum efficacy and minimum adverse effects to overcome such a serious situation has not yet been elucidated. We per-
formed endovascular micro-arterial stenting (EMAS) to manage this serious situation while preserving a sufficient hepatic 
arterial flow, and herein report the technical details and challenges of the procedure. Dilation of the stent using a balloon 
catheter to adhere to the parent artery, and embolization of the surrounding artery to prevent type I and type II endo-leaks 
are the most important points for ensuring a successful procedure. We applied this technique to 6 cases of hepatic arterial 
pseudoaneurysm, with a mean size of 6.5 ± 1.3 mm. The mean time of the procedure was 81 ± 22 min, without adverse 
events, including hepatic necrosis or arterial bleeding. EMAS may be the ideal procedure for treating pseudoaneurysm after 
pancreatic surgery while preserving the hepatic arterial inflow.
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Abbreviations
EMAS  Endovascular micro-arterial stenting
CHA  Common hepatic artery
PHA  Proper hepatic artery
GDA  Gastroduodenal artery
CT  Computed tomography
LHA  Left hepatic artery

Introduction

Ruptured arterial pseudoaneurysm is one of the most serious 
and life-threatening complications after pancreatic surgery, 
including pancreaticoduodenectomy and distal pancreatec-
tomy. The most common cause of arterial pseudoaneurysm 
is the erosion of the arterial wall by amylase-rich pancreas 
juice due to a pancreatic fistula [1, 2]. The incidence of cata-
strophic hemorrhaging from a ruptured pseudoaneurysm in 
such situations has been reported to be between 2 and 11% 
[3–5], and the mortality rate for massive arterial hemorrhag-
ing was shown to be almost 50% [6]. It has been recognized 
that surgical hemostasis for ruptured pseudoaneurysm is 
not appropriate, as difficulties locating the bleeding point in 
an eroded surgical field in such cases were associated with 
increased mortality [7]. Interventional radiologic procedures 
to embolize or coil hepatic arteries have been the treatment 
of choice despite the risk of liver necrosis, biliary necrosis 
or liver failure.

With recent advancements in endovascular devices [8, 9], 
we have been inserting endovascular micro-arterial stents 
(EMASs) using original technical refinements to prevent 
endo-leak in the treatment of arterial pseudoaneurysm after 
pancreatic surgery.
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Methods (video file 1: case #3)

Between December 2016 and April 2020, we performed 
183 pancreatectomies. EMASs were placed for all patients 
with pseudoaneurysms of the common hepatic artery 
(CHA), proper hepatic artery (PHA) and gastroduodenal 
artery (GDA) after pancreatic surgery (pancreaticoduo-
denectomy [PD, n = 5] and distal pancreatectomy [DP, 
n = 1]) for pancreatobiliary tumors (pancreatic ductal 
adenocarcinoma [n = 2], intraductal papillary mucinous 
adenoma [n = 1], ampulla of Vater adenocarcinoma [n = 2] 
and bile duct adenocarcinoma [n = 1]). This research was 
approved by the Ethics Committee of The Jikei University 
School of Medicine (27–177 [8062]).

The patient characteristics are summarized in Table 1. 
Pseudoaneurysm was diagnosed by the discovery of 
extravasation from CHA, GDA or PHA using dynamic 
contrast-enhanced computed tomography (eCT). When 
active hemorrhaging or hypovolemic shock was identified, 
the patients received adequate fluid infusion therapy or 
blood transfusion, including red blood cells, fresh-frozen 
plasma and platelets, before the endovascular intervention. 
The important point was that patients’ vital signs were 
maintained during endovascular treatments. Type I and 
type II endo-leaks were defined as the leaks from attach-
ment sites and branches without attachment site connec-
tion, respectively [10].

The blood access of the EMAS was via the right femo-
ral artery, using the  Micropucture® introducer set (Cook 
Medical, Bloomington, IN, USA) and subsequently 
inserted 6-Fr  Destination® (TERUMO Co., Ltd., Tokyo, 
Japan) or 7-Fr  Flexor® guiding sheath (Cook Medical). 
The celiac artery was selectively catheterized using a 4-Fr 
Shepherd’s hook or cobra catheter, and digital subtraction 
angiography was performed to detect the pseudoaneurysm 
(Fig. 1a: Case #4). The diameters of the pseudoaneurysm 
and the parent artery were measured to decide the size and 
length of the stent (Fig. 1b: Case #4). When the pseudoa-
neurysm was located distal of the PHA (Fig. 1e: Case #3) 
or proximal of the celiac artery (Fig. 1g: Case #1), reflux 
flow from these arteries due to their distance from the left 
hepatic artery (LHA) or dorsal pancreatic artery caused 
type II endo-leak. According to the measurement results, 
if the stent occluded these arteries, the LHA (Fig. 1f: Case 
#3) and dorsal pancreatic artery (Fig. 1h: Case #1) should 
be embolized to prevent endo-leak prior to stent inser-
tion using mechanical detachable fibered coils (Interlock; 
Boston Scientific Co., Ltd., Marlborough, MA, USA) or 
electrical detachable bare platinum coils (Target helical 
ultra; Stryker Neurovascular, Fremont, CA, USA). Stents 
with diameters of 4–6 mm  (GORE®  VIABAHN® Endo-
prosthesis with Heparin Bioactive Surface; W. L. Gore 
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& Associates, Inc., Phoenix, AZ, USA) were selected 
depending on the measured vessel diameter and length. 
The stent was placed at the center of the pseudoaneurysm 
and then deployed. The deployed stent was dilated with a 
Sterling™ balloon dilatation catheter (Boston Scientific 
Co., Ltd.) to adhere to the parent artery with as little pres-
sure as possible (Fig. 1c: Case #4). Finally, we repeatedly 

performed an angiogram and confirmed the disappearance 
of the pseudoaneurysm (Fig. 1d: Case #4). In addition, we 
checked the patency of the stent and the distal blood flow 
of the hepatic artery. If the LHA was embolized, we evalu-
ated the collateral circulation from the right hepatic lobe. 
During the endovascular procedure, 3,000 I.U of heparin 
sodium by intravenous infusion was administered. Post-
interventional anti-platelet therapy varied among patients, 
depending on the bleeding risk. The patients were fol-
lowed with CT every three months to assess recurrence.

Results

The interventional results and post-interventional clinical 
course in each patient are summarized in Table 1. The mean 
interval from pancreatic resection to pseudoaneurysms was 
49 days (range 20–122 days). The mean time of endovascular 
interventions was 81 ± 22 min. All patients had pseudoaneu-
rysm or active extravasation determined by angiography. The 
size of the pseudoaneurysms ranged from 4.8 to 9.0 mm, with 
a mean diameter of 6.6 mm. All pseudoaneurysms disappeared 
after successful stent placement. There was no change in the 
serum transaminase level after intervention in patients with-
out a ruptured pseudoaneurysms. As the hepatic arterial flow 
was maintained through the CHA stent, there was only slight 
liver damage with the interventional procedure (Case #1–3, 6). 
In contrast, patients with ruptured pseudoaneurysms showed 
elevated serum AST levels due to the shock liver that rapidly 
decreased by hepatic reperfusion (Case #4, 5).

There were no cases of re-bleeding, endo-leak, or hospital 
death among the patients who had no intervention-related 
complications during the hospital stay. Regarding the long-
term outcomes, no re-bleeding or endo-leak occurred dur-
ing the follow-up period. The median patency time was 
4.1 months (95% confidence interval 1.6–6.6 months), and 
the 1-year patency rate was 41.7%. In case #5, the stent was 
occluded after just three days. However, eCT showed the 
development of collateral circulation from the left gastric 
artery or inferior phrenic artery, and the patient had no liver-
related complications. Case #6 also had stent occlusion after 
4.1 months, but sufficient collateral circulation from the left 
gastric artery had developed by that point. In contrast, case 
#3 had stent occlusion 2.9 months after the EMAS place-
ment and subsequently developed a small liver abscess that 
was successfully treated by percutaneous drainage. There 
were no mortalities in the observed period.

Discussion

Although radiological embolization technique has been the 
main stream for controlling ruptured or impending ruptured 
hepatic arterial pseudoaneurysm due to pancreas leakage, 

Fig. 1  (a–d: Case #4) a Celiac arteriography showing a common 
hepatic artery pseudoaneurysm (black arrow). b The diameter of the 
pseudoaneurysm and the distance of the parent artery were measured. 
c Deployment of a common hepatic artery stent dilated using a bal-
loon dilation catheter (white arrow). d The pseudoaneurysm disap-
peared. (e, f Case #3) e Proper hepatic artery pseudoaneurysm (black 
arrow). f Embolization of the left hepatic artery (white arrow) and 
deployment of the stent (black arrow). (g, h: Case #1) g Common 
hepatic artery pseudoaneurysm (black arrow). The dorsal pancreatic 
artery was close to the aneurysm. h Embolization of the dorsalis pan-
creatic artery (white arrow) and deployment of the stent
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serious adverse events, including hepatic infarction with pos-
sible liver failure or biliary infarction with recurrent refrac-
tory cholangitis caused by sudden obstruction of hepatic 
arterial flow [3, 11], have been the issues to be overcome. 
A previous report showed that 33–66% of patients died due 
to liver failure after CHA embolization for CHA, GDA or 
PHA pseudoaneurysm [6, 7]. Therefore, an EMAS, which 
seals out a pseudoaneurysm while preserving the hepatic 
arterial inflow, has an advantage over simple embolization 
of the hepatic artery. Maintaining the hepatic arterial flow 
early after EMAS placement was considered to contribute to 
the reduction of complications. There have been reports of 
diverting coronary stents to hepatic arteries [12, 13], but the 
present report describes a new method using a stent special-
ized for peripheral arteries.

However, an EMAS might become occluded during long-
term follow-up, as anticoagulant therapy sometimes cannot 
be sufficiently performed after pancreatic resection and 
bleeding. As reported by Zhang et al. [14], with the admin-
istration of clopidogrel (75 mg/day) and aspirin (100 mg/
day), none of the patients with stented celiac arteries for 
spontaneous celiac artery aneurysms developed stent occlu-
sion. However, it is difficult to administer the above antico-
agulant therapy for cases of pseudoaneurysm after pancre-
atic resection because the bleeding risk differs completely 
between these patients and our series. If it is judged that 
the risk of re-bleeding is low, we performed the same anti-
platelet therapy as soon as possible. The technical points 
for ensuring the long-term patency of a stent are placing the 
stent straight without bending and selecting a stent with a 
size that matches the diameter of the artery. This is because 
a bent artery is likely to cause a thrombus due to turbulent 
flow. Similarly, selecting a stent with a diameter smaller than 
that of the artery facilitates thrombus formation. In addi-
tion, we selected stents with heparin applied to the lumen 
to prevent occlusion. Although the 1-year patency rate was 
only 41.4%, minor ischemic hepatic events were observed in 
just one case. Gradual stenosis to occlusion over time might 
have allowed more time for collateral vessels to grow with 
the EMAS. Thus, it is important to control the rupture of a 
pseudoaneurysm and gain time for collateral circulation to 
develop.

Furthermore, the EMAS has a lower incidence of arte-
rial re-rupture, a fatal consequence, than embolization 
therapy. Kalva et al. [15] reported that the 24-h and 30-day 
re-bleeding rates were 4 and 17%, respectively, with embo-
lization therapy with particulate materials, coils, N-acetyl 
cyanoacrylate, or their combination, and mortality occurred 
in just three cases. When placing an EMAS, the key point for 
preventing recurrent arterial rupture is to prevent endo-leak 
after stenting. Cui et al. [16] reported type I endo-leak after 
hepatic arterial stent for arterial pseudoaneurysm in just 6% 
of cases. We developed two approaches to achieve similar 

good outcomes. First, the EMAS was pressed to the arterial 
vascular wall using a balloon catheter after its deployment 
to prevent type I endo-leak. Second, we embolized the sur-
rounding arteries, such as the dorsalis pancreatic artery or 
LHA, to prevent type II endo-leak. These methods helped 
to prevent endo-leak, re-bleeding, morbidity and mortality.

However, there are several limitations associated with this 
method. Since the stent is inserted through a 6-Fr sheath, 
the stent cannot be delivered if the CHA is 6 Fr or smaller 
in diameter. Furthermore, if the hepatic artery is bent or 
twisted, an EMAS is not suitable. In addition, because both 
ends of the stent must adhere to normal arteries, there is no 
indication if the arterial wall around the pseudoaneurysm 
is ruptured.

In conclusion, the EMAS may be a suitable first-line 
treatment for pseudoaneurysm after pancreatic surgery in 
terms of maintaining the hepatic arterial inflow and prevent-
ing re-rupture of the pseudoaneurysm due to endo-leak.
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