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Introduction

Haemorrhagic complications are commonly re-
ported in the course of acute pancreatitis (AP)  
among other serious problems such as necrosis or 
large fluid collections forming in the retroperito-
neal space [1]. The most dangerous are pseudoan-
eurysms secondary to wall erosion of the vessels 
crossing the inflammation area [2–4]. They require 
immediate intervention as retroperitoneal, peritone-
al and gastrointestinal bleeding pose a life-threaten-
ing condition leading to hypotension and shock [5, 
6]. Due to many problems associated with open sur-
gical treatment, interventional radiology procedures 

are being applied more widely although with high 
care [7–15]. 

Aim

The aim of this study was to evaluate the efficacy 
of different embolisation techniques of visceral ves-
sel pseudoaneurysms secondary to AP.

Material and methods

The treatment outcomes of 10 patients with 
pseudo aneurysms secondary to clinically and labora-
tory-confirmed AP were analysed. The interventional 
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A b s t r a c t

Introduction: Haemorrhagic complications are commonly reported in the course of acute pancreatitis (AP). The most 
dangerous are pseudoaneurysms secondary to wall erosion of the vessels crossing the inflammation area.
Aim: To evaluate the efficacy of different embolisation techniques of pseudoaneurysms secondary to AP.
Material and methods: The treatment outcomes in 10 AP patients were analysed in a follow-up period of 1 to 10 
months (most frequently: splenic or gastroduodenal artery aneurysms). A total of 12 endovascular procedures were 
performed (thrombin embolisation, coil embolisation or combined). The efficacy of aneurysm sac exclusion and the 
patency of the treated vessel were compared.
Results: The follow-up examination on postprocedural day 7 revealed aneurysm refilling in 3 out of 11 cases. Three 
patients showed an occlusion of the aneurysm-parent vessel. One month after the procedures, involving 10 patients, 
a vessel occlusion was confirmed in 3 and aneurysm sac refilling in another 2 patients. Taking into consideration the 
type of the procedure performed, treatment failure in the form of sac refilling was observed in half of thrombin-based 
procedures, 25% of coil embolisations and 33% of sandwich technique procedures. Similar failure distribution was 
noted for vessel occlusion.
Conclusions: It seems that thrombin injection was least successful, whereas thrombin injection into the sac and 
implantation of coils into the aneurysm neck seems to be the optimal procedure, in respect to both the cost-effec-
tiveness of the procedure and late outcomes.
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procedures were performed in the Department of Ra-
diology-Diagnostic Imaging of the Medical University 
of Lodz in 2006–2013. The patient group consisted of 
2 women and 8 men aged 31 to 66 years old, in whom 
it was possible to perform follow-up examinations 
within 1 month after the procedure. The pseudoan-
eurysms were diagnosed by computed tomography 
(CT) and Doppler ultrasound (USG-CD). Six patients 
had both imaging modalities performed. The CT-an-
giography was performed in 7 out of 10 patients. The 
formation of a pseudoaneurysm was a complication 
of the first episode of AP in 6 patients, whereas it was 
diagnosed in 4 other patients after exacerbation of 
the earlier pathological process concerning the pan-
creas. The most commonly affected vessels were the 
splenic artery (5/10 cases) and gastroduodenal ar-
tery (3/10). The CT-based evaluation of aneurysm di-
ameter showed that it ranged from 28 mm to 70 mm  
(including the mural thrombus).

Once the diagnosis was established, each patient 
had angiography and an endovascular intervention 
planned. A  total of 12 procedures were performed  
(4 coil embolisations, 4 thrombin injections, 3 sandwich 
technique procedures involving thrombin injection 
and coil embolisation, and 1 covered stent implanta-
tion). The type of procedure was determined by the 
availability of embolisation material and the ability to 
perform selective catheterisation of the aneurysm- 
parent vessel. The operator aimed at excluding the 
aneurysm using as few embolisation coils as possible 

(a sandwich technique was preferred) and maintain-
ing the patency of the vessel itself, especially large 
vessels such as the superior mesenteric artery or the 
aorta, whereas the occlusion of the splenic artery 
was accepted. The routine follow-up included US-CD 
on postprocedural day 7 and/or CT performed one 
month after the procedure. The evaluated parame-
ters included the refilling of the aneurysm sac and 
the patency of the aneurysm-parent vessel. Table I  
presents the detailed epidemiological data.

Results

The follow-up examination on postprocedural day  
7 revealed aneurysm refilling in 3 out of 11 cases 
(2 thrombin injections and 1 sandwich procedure). 
Therefore, 2 supplementary embolisation interven-
tions were performed (Photos 1 A–D). Three patients 
showed an occlusion of the aneurysm-parent vessel 
(2 splenic arteries and 1 gastroduodenal artery). One 
month after the procedures, involving 10 patients  
(2 re-embolisation cases performed after the first 
follow-up examination were excluded), a vessel oc-
clusion was confirmed in 3 and aneurysm sac refill-
ing in another 2 patients. Taking into consideration 
the type of procedure performed, treatment failure 
in the form of sac refilling was observed in half of 
thrombin-based procedures, 25% of coil embolisa-
tions and 33% of sandwich technique procedures. 
Similar failure distribution was noted for vessel oc-
clusion (i.e. half of thrombin-based procedures, 25% 

Table I. Materials

Patient 
no.

Initials 
[age]

Gender Inflammation Provided 
exams

Localisation of the 
perforation

The diameter of 
extravasation  

(together with the clot)

1 AC (65) F 2 CT AOR 60 (70)

2 AA (50) M 1 US/CT SL 33 (50)

3 OM (56) M 1 CT SMA 35 (40)

4 RS (44) M 1 CT GDA 44 (54)

5 WG (36) M 2 US-CD/CT SL 30 (44)

6 ST (31) M 3 US-CD/CT SL 22 (47)

7 WP (38) M 1 US-CD/CT GDA 35 (45)

8 JJ (48) M 3 US-CD/CT SL 20 (28)

9 WA (39) M 1 CT SL 40 (56)

10 BN (32) F 1 US-CD/CT GDA 10 (33)

AOR – aorta, SL – splenic artery, SMA – superior mesenteric artery, GDA – gastroduodenal artery 
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of coil embolisations and 33% of sandwich technique 
procedures, Photos 2 A–D). No significant organ com-
plications of the performed procedures, which would 
require surgical intervention, were observed. Spleen 
ischemia secondary to occlusion of the splenic ar-
tery was observed in CT as evolving areas of limited 
post-contrast enhancement (Photos 3 A, B). Table II 
presents detailed data on treatment outcomes.

Discussion

The formation of pseudoaneurysms in chronic 
pancreatitis is associated with two different mecha-
nisms, namely an intensive inflammatory process in 

the peripancreatic tissues and necrosis secondary to 
the release of proteolytic and lipolytic enzymes. The 
necrosis destroys the vessel wall, leading to its perfo-
ration and haemorrhage. The vessel wall is addition-
ally damaged by bacterial infection and abscesses 
in the peripancreatic tissues, as well as long-lasting 
pseudocysts in the chronic phase of inflammation 
[2–4]. Apart from pancreatic enzymes the vessel wall 
may also be damaged by ischemia and compression 
[3, 4]. The vessels most frequently affected by pseu-
doaneurysm include the splenic artery (40%), gas-
troduodenal artery (20–30%), pancreaticoduodenal 
artery (20–30%) and others (5%) [4, 6]. Injury to the 

A
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D

Photo 1. Patient RS – pseudoaneurysms of the gastroduodenal artery. A – Angiogram prior to thrombin 
injection. Contrast within the aneurysm sac (arrow). B – Angiogram prior to repeated thrombin injection – 
leakage of contrast into the aneurysm sac secondary to thrombus recanalisation (arrow). C – Angiogram 
after coil embolisation (white arrow), successful aneurysm exclusion. Contrast trapped in the aneurysm sac 
(black arrow). D – CT image obtained during follow-up examination 1 month after the procedure. No aneu-
rysm refilling is visible. The embolisation coil position is marked (black arrow). Note the post-inflammatory 
calcifications in the pancreas (white arrow)
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aortic wall, included in the analysis, is a  very rare 
condition and has already been reported [8, 16].

For many years ligation of the aneurysm artery 
was the sole treatment method in patients with pseu-
doaneurysms of visceral arteries, which was a severe 
trauma for patients with acute inflammation under-
going surgery [2]. The technological progress enabled 
endovascular procedures to be performed as an alter-
native to classic surgery [17]. Nowadays, embolisation 
of visceral artery aneurysms is commonly recognised 
as an optimal treatment modality. The sole indication 

for open surgery is the presence of a  large pancre-
atic pseudocyst accompanying the pseudoaneurysm 
[6, 7]. The most commonly used method of interven-
tional radiology is coil embolisation [7–11], and the 
implantation of covered stents if larger and life-im-
portant arteries are affected [14, 16, 18]. The rate of 
technically successful embolisation ranges from 83% 
to 100% [12]. Apart from coils, which are used in over 
80% of reported procedures, embolisation may also 
be performed using cyanoacrylates (n-BCA – N-bu-
tyl-cyanoacrylate), Spongostan or thrombin [9–13].
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Photo 2. Patient JJ – pseudoaneurysms of the splenic artery. A – CT-angiography, 3D reconstruction of the 
aorta and visceral arteries. Contrast within small dual-chamber aneurysm of the proximal segment of the 
splenic artery (white arrow). B – Angiogram prior to embolisation – leakage of contrast into the aneurysm 
sac (arrow) is visible. The wide and tortuous splenic artery crosses the area over the lesion. C – Angiogram 
after embolisation. Coils were placed inside the aneurysm sac – successful aneurysm exclusion (black 
arrow). Other coils inside the splenic artery (white arrows). D – CT-angiography image obtained during fol-
low-up examination 1 month after the procedure. No aneurysm refilling is visible. The embolisation coil po-
sition is marked (black arrow). No flow is registered in the distal segment of the splenic artery (white arrow)
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A B

Photo 3. Patient JJ – status after embolisation of pseudoaneurysms of the splenic artery. A – CT-angiog-
raphy image (axial plane). No contrast enhancement in the anterior pole of the spleen, secondary to the 
spleen artery occlusion (white arrows). B – CT-angiography image obtained during follow-up examination 
1 month after the procedure. The spleen artery remains occluded. Hypoperfusion areas are reduced and 
separated within the spleen parenchyma (white arrows)

Table II. Results

Patent 
no.

Initials 
[age]

Gender Spirals 
(number)

Biothrombin 
[ml]

Results on the 
postprocedural day 7

Results after 1 month

Patency Refilling Patency Refilling

1 AC (66) F SG – Yes No Yes No

2 AA (50) M 4 – Yes No Yes No

3 OM (56) M 28 6 Yes Yes – –

12 – Yes No Yes Yes

4 RS (44) M – 6 Yes Yes – –

1 – Yes No Yes No

5 WG (36) M – 6 – – No No

6 ST (31) M – 6 No No Yes No

7 WP (38) M 7 – No No No No

8 JJ (48) M 10 14 No No No No

9 WA (39) M 1 6 Yes No Yes No

10 BN (32) F – 2 Yes Yes Yes Yes

The most frequently reported method in the lit-
erature is proximal embolisation occluding the an-
eurysm-parent vessel, aneurysm sac embolisation 
or the so-called isolation technique, which consists 
of occlusion of parent and outflow vessels. It is of 
great importance in case of an active inflammato-

ry process, as it allows the introduction of the em-
bolisation material more distantly from the centre 
of the inflammatory process [9–11]. The combined 
“sandwich” technique includes the use of several 
embolisation materials. It is beneficial in cases of 
very large aneurysms, as it limits the number of coils 
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being used, which reduces the procedure costs, as 
well as the risk of compression injury as the evolu-
tion of inflammation takes place and bacterial in-
fection lasts longer [9]. The possible proteolysis of 
the thrombus formed after thrombin injection does 
not raise the risk of aneurysm refilling, as long as 
the blood inflow from the parent artery is cut off by 
the coils [13]. Observations concerning the regres-
sion of aneurysms, whose presence was confirmed 
angiographically, are not uncommon. It results 
from successful mechanisms of haemostasis [5, 6, 
12]. Therefore, it may be assumed that the patient 
may benefit even from “time-limited” embolisation 
achieved by thrombin injection in the acute inflam-
matory phase, even if the medicament-induced 
thrombus should undergo proteolysis. The present-
ed material proves the efficacy of the procedure 
performed using only thrombin, which was done 
in tortuous, narrow vessels difficult for catheterisa-
tion. It most commonly affected the splenic artery, 
whose occlusion, in the general opinion, does not 
lead to severe organ complications. Should a large 
and life-important vessel be treated, whose paten-
cy must be maintained (aorta, superior mesenteric 
artery), the endovascular intervention consists of 
the implantation of a covered stent. The implanta-
tion is then a life-saving procedure, yet the inflam-
matory process in the vicinity of the stent remains 
active, and the late outcome is not clear [16].

The limitation that applies to this manuscript is 
the small number of patients included, which rules 
out a more detailed statistical analysis. Due to the 
differentiated clinical picture, low diagnosis rate of 
this complication, many endovascular techniques 
applied and high mortality associated with the ba-
sic disease, the collection of comparable material 
remains problematic. Acute pancreatitis develops 
frequently in alcohol-dependant, non-compliant pa-
tients, which additionally hampers the follow-up of 
such patients, paradoxically, when the treatment 
outcome is good. The confirmation of the following 
conclusions requires large, multicentre studies.

Conclusions

Thrombin injection seems to be the least effec-
tive method for the treatment of pseudoaneurysms 
secondary to AP. Thrombin injection into the aneu-
rysm sac and application of embolisation coils into 
its neck seems to be the optimal method in respect 

of the procedure cost-effectiveness. The occlusion 
of the splenic artery in our material did not cause 
any significant complications associated with organ 
ischemia.
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