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ABSTRACT 
Context Pseudoaneurysms associated with pancreatitis are rare, and bleeding pseudoaneurysms are associated with a high mortality. 
Objective The aim of this study was to report the outcomes of endovascular and percutaneous therapy in the management of 
pseudoaneurysms secondary to pancreatitis. Patients Patients who underwent angiography for pseudoaneurysms associated with 
pancreatitis from 2005 to 2011 were identified from the angiography database. Main outcome measures Patient demographics, 
clinical presentation, radiological findings, treatment, and outcomes were retrospectively reviewed. Results Nineteen 
pseudoaneurysms associated with pancreatitis in 13 patients were identified. The diagnosis of a pseudoaneurysm was made by 
computerised tomography angiography in seven patients, followed by portal venous phase contrast enhanced CT (n=4), duplex 
ultrasound (n=1) and angiography (n=1). At angiography, coil embolisation was attempted in 11 patients with an initial success rate 
of 82% (n=9). One patient underwent successful embolisation with percutaneous thrombin injection. The recurrence rate following 
initial successful embolisation was 11% (n=1). There were no episodes of re-bleeding following embolisation but re-bleeding 
following thrombin injection was observed in one case. The morbidity and mortality rate in the 12 patients that were successfully 
treated was 25% (n=3) and 8% (n=1), respectively. All 12 patients that were successfully treated demonstrated radiological 
resolution of their pseudoaneurysms, with a median follow-up of 20 months. Conclusion Endovascular embolisation is a suitable 
first-line management strategy associated with low recurrence rates. The role of percutaneous thrombin injection is yet to be defined. 
 
INTRODUCTION 
 
The incidence of acute pancreatitis is increasing, with 
an overall incidence of 22.4 per 100,000 population in 
England, and hospital admission rate of 9.6 per year 
per 100,000 population [1, 2]. The majority of patients 
have mild acute pancreatitis which is self-limiting and 
respond to conservative management. Approximately 
20% of patients have acute severe pancreatitis which is 
characterised by the presence of the persistent systemic 
inflammatory response syndrome and/or organ failure 
[3]. 
Vascular complications in pancreatitis range from 
asymptomatic venous thrombosis to catastrophic 
arterial bleeding. Early recognition and investigation is 
imperative, as prompt diagnosis and timely 

interventional procedures can potentially reduce 
mortality. Massive haemorrhage secondary to 
necrotizing pancreatitis is a result of ruptured 
pseudoaneurysms in 60% of cases [4]. 
Pseudoaneurysms associated with pancreatitis occur 
due to vessel wall erosion by enzyme-rich peri-
pancreatic fluid released by damaged acinar cells, or 
contained within an adjacent pseudocyst. The incidence 
of pseudoaneurysm formation in chronic pancreatitis 
ranges between 10% and 17% [5, 6, 7, 8, 9]. In 
comparison, the incidence of pseudoaneurysms in acute 
pancreatitis is far less, and not accurately defined in the 
literature. Pseudoaneurysm rupture is rare, and 
haemorrhage may occur into the peritoneal cavity, 
retroperitoneum, gastrointestinal tract, into a 
pseudocyst, or into the pancreatic duct (haemosuccus 
pancreaticus) [10]. Pseudoaneurysm rupture associated 
with pancreatitis has a high mortality rate of up to 40% 
[11, 12], and is unrelated to the size of the 
pseudoaneurysm and the severity of pancreatitis [13]. 
Historically, pseudoaneurysms secondary to 
pancreatitis were treated surgically with an associated 
mortality of approximately 56% [13, 14, 15]. Due to 
advances in interventional radiological techniques, the 
paradigm has largely shifted towards endovascular 
treatment. The aim of this study was to report the 
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outcomes of endovascular and percutaneous therapy in 
the management of pseudoaneurysms secondary to 
pancreatitis. 
 
METHODS 
 
Patients 
 
The angiography database was used to identify all 
patients undergoing angiography for suspected 
bleeding secondary to pancreatitis between April 2005 
and August 2011. Patient demographics, history, 
clinical presentation, underlying aetiology of 
pancreatitis, radiological findings, management and 
outcomes were retrospectively reviewed. Inclusion 
criteria were the presence of a pseudoaneurysm in 
patients with an underlying diagnosis of pancreatitis 
and evidence of bleeding. The median age was 57 
years (range: 21-86 years), and 11 patients were male 
(84.6%). The most common aetiology of pancreatitis 
was alcohol in five patients (38.5%), followed by 
idiopathic (n=4, 30.8%), gallstones (n=3, 23.1%), and 
ethylene glycol poisoning (n=1, 7.7%). With respect to 
ASA status, nine patients were classed as ASA 2 
(69.2%), while the remaining four patients were ASA 3 
(30.8%). Nine patients had acute pancreatitis or acute 
on chronic pancreatitis (69.2%) as suggested by the 
increased amylase levels, while four patients had 
chronic pancreatitis (30.8%). The most common 
presentation was abdominal pain (n=8, 61.5%) 
followed by symptoms or signs of bleeding (n=5, 
38.5%: gastrointestinal bleeding and anaemia). At 
presentation, the median haemoglobin was 8.7 g/dL 
(reference range: 6-11 g/dL). Five patients had 
evidence of pancreatic necrosis on cross-sectional 
imaging and ten patients spent a median of 4 days 
(range: 1-12 days) in the intensive care unit. 
 
Diagnostic Modality 
 
The diagnosis of a pseudoaneurysm was made by 
arterial phase computerized tomography (CT) in seven 
patients (53.8%), followed by portal venous phase 

contrast enhanced CT (PVPCT; n=4, 30.8%), duplex 
ultrasound (n=1, 7.7%) and catheter angiography (n=1, 
7.7%; Figure 1). PVPCT failed to detect small 
pseudoaneurysms in a total of five out of nine patients 
(55.6%) which were later diagnosed on arterial phase 
CT. The diagnosis of a pseudoaneurysm was achieved 
in all patients who had an arterial phase CT. The site of 
the pseudoaneurysms are shown in Table 1, with the 
pancreaticoduodenal arteries being the most common 
site in this cohort (n=6, 46.1%); two patients (15.4%) 
had more than one pseudoaneurysm (2 and 6 
pseudoaneurysms, respectively) accounting for a total 
of 19 pseudoaneurysms secondary to pancreatitis 
identified in the 13 patients. 
 

Table 1. Site of the pseudoaneurysms in the 13 patients included in 
this study. 
Patients 
(n=13) 

Site 

#1 Gastric branch of the distal splenic artery 

#2 Branch of the left gastric artery 

#3 Superior pancreaticoduodenal artery 

#4 Inferior pancreaticoduodenal artery 

#5 Branch of the dorsal pancreatic artery 

#6 Terminal branch of the splenic artery 

#7 Terminal branch of the splenic artery 

#8 Branch of the inferior pancreaticoduodenal artery 

#9 Short gastric artery arising from the mid splenic artery 

#10 Short gastric artery arising from the distal splenic artery 

#11 Branch of the left gastric artery 

Branch of the inferior pancreaticoduodenal artery 

#12 Branch of the dorsal pancreatic artery 

#13 Gastroduodenal artery 

Superior pancreaticoduodenal arteries (n=2) 

Small pseudoaneurysms arising within the pancreas from 
small parenchymal branches (n=3) 

 

Figure 1. Investigations of patients with suspected pseudoaneurysms used in this series. 
CTA: arterial phase computed tomography; PVPCT: portal venous phase contrast enhanced computed tomography; US ultrasound 
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Management 
 
All 13 patients underwent mesenteric angiography with 
an intention to treat with endovascular embolisation. 
Access was gained via the right common femoral 
artery in all patients. Two patients (15.4%) underwent 
a second angiographic procedure. Access was gained 
via the left brachial artery in one patient to allow 
access of a pseudoaneurysm of a small pancreatic 
branch of the inferior pancreaticoduodenal artery. 
Brachial artery access facilitates easier cannulation of 
branches arising from the superior mesenteric artery as 
this route is less tortuous. In another patient, 
catheterisation of both the right and left common 
femoral arteries was necessary because of underlying 
median arcuate ligament syndrome with retrograde 
flow through the gastro-duodenal artery into the 
hepatic artery via the superior mesenteric artery; 
simultaneous catheterisation of the superior mesenteric 
artery and coeliac axis was required for successful 
embolisation. 
At angiography, transcatheter coil embolisation was 
attempted in 11 patients (84.6%). This was successful 
at the first attempt in nine patients (81.8%) and failed 
in two patients (18.2%). One of the patients that were 
successfully treated had six pseudoaneurysms, all of 
which were successfully embolised. One patient, who 
had initially been successfully embolised, had 
recurrence of their pseudoaneurysm four days later and 
was subsequently re-embolised without further 
complications (Figure 2). Embolisation was not 
performed at angiography in two patients (15.4%) 
because the pseudoaneurysm had thrombosed 
spontaneously (n=1) or was technically inaccessible 
(n=1). The patient with a technically inaccessible 
pseudoaneurysm was successfully treated with 
percutaneous US-guided injection of 400 IU of human 
thrombin (Tisseel, Baxter, Norfolk, UK). 

Of the two patients that failed initial embolisation, one 
patient underwent angiography five days later, and the 
pseudoaneurysm thrombosed following repeated 
attempts at catheterisation. The other patient had two 
pseudoaneurysms and underwent percutaneous CT-
guided injection with 4,500 IU of bovine thrombin 
(Bovine Thrombin, Biomed, Lublin, Poland). 
Unfortunately, this patient had early recurrence and re-
bleed within 24 hours. 
None of the patients included in this study underwent 
surgery. 
 
Investigations 
 
Patients included in this study were investigated with 
computerised tomography (CT). Portal venous phase 
contrast enhanced CT (PVPCT) was performed 
following a delay of 70 seconds after injection of 75 
mL of intravenous iodinated contrast. Arterial phase 
CT was performed using 75 mL of intravenous contrast 
and automatic bolus tracking software (Surestart, 
Toshiba Medical Systems, Tokyo, Japan). The region 
of interest was placed over the upper abdominal aorta. 
Real time low dose serial monitoring scans were used 
to identify contrast within the aorta which then 
triggered the arterial phase scan and 1mm overlapping 
slices were obtained. 
 
Mesenteric Angiography and Embolisation 
 
All patients underwent angiography by a consultant 
interventional radiologist (P.T., P.B., J.G.P., M.D.). A 
variety of 4 Fr or 5 Fr mother catheters were used 
(Cobra or Simmons 1, Cordis, Miami Lakes, FL, USA; 
SOS Omni, AngioDynamics, Cambridge, UK) for 
initial angiography. In cases where access to smaller 
vessels was required, a micro-catheter (Progreat, 
Terumo, Tokyo, Japan) was used. Embolisation of the 
feeding vessel, and where necessary the draining 

Figure 2. The outcomes of endovascular and percutaneous therapy of pseudoaneurysms in this study. 
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vessel, was performed using either 0.035” or 0.018” 
fibered coils (Boston Scientific, Natick, MA, USA). No 
covered stents were used. Successful embolisation was 
defined as the absence of filling of the pseudoaneurysm 
at completion angiography, and clinical resolution of 
bleeding. 
 
ETHICS 
 
Informed consent and Institutional Review Board 
approval were not required because of the retrospective 
nature of this study. The patients were treated 
according to the ethical guidelines of the “World 
Medical Association (WMA) Declaration of Helsinki - 
Ethical Principles for Medical Research Involving 
Human Subjects” adopted by the 18th WMA General 
Assembly, Helsinki, Finland, June 1964 and amended 
by the 59th WMA General Assembly, Seoul, South 
Korea, October 2008. 

STATISTICS 
 
Descriptive statistics only were evaluated: absolute and 
relative frequencies, median and range. 
 
RESULTS 
 
Outcome 
 
All 12 patients that were successfully treated had a 
follow-up contrast enhanced PVPCT during hospital 
admission over a median of eight days (range: 1-28 
days). Following discharge, further imaging was 
performed and radiological resolution of the 
pseudoaneurysm was confirmed in 11 patients (arterial 
phase CT: n=8; PVPCT: n=2; duplex US: n=1; loss to 
follow-up: n=1). 
The morbidity rate following coil embolisation was 
25.0% (n=3). Splenic infarction following embolisation 
of the splenic artery occurred in one patient. Coil 
migration from the splenic artery to a branch of the 
right hepatic artery occurred in a further patient. The 
coil was left in-situ as there was no evidence of 
thrombosis of the other hepatic artery branches. One 
patient developed an infected haematoma adjacent to 
the pseudoaneurysm which was managed by US-
guided percutaneous drainage. 
The mortality rate in this cohort was 8.3% (n=1). 
Following failed transcatheter embolisation, this 
patient was treated with CT-guided injection of bovine 
thrombin, but subsequently re-bled and died of a 
massive pulmonary embolus 15 days after diagnosis. 
This patient had an underlying diagnosis of Ehlers-
Danlos syndrome. Angiographic studies in patients 
with Ehlers-Danlos are recognised to be hazardous due 
to the friable nature of their arteries, and surgical 
intervention also carries a high risk of serious 
complications [16, 17]. 
Overall, all 12 patients demonstrated resolution of their 
pseudoaneurysms, either due to successful treatment or 
spontaneous resolution (Figure 2). The median follow-
up after treatment was 20 months (range: 2-31 months). 
 
DISCUSSION 
 
Haemorrhage is a rare but potentially fatal 
complication in patients with pancreatitis, and often 
due to haemorrhage from non-pancreatic conditions 
such as gastritis, peptic ulcers, oesophageal varices or 
Mallory-Weiss tears. Bleeding pseudoaneurysms 
secondary to pancreatitis are an uncommon cause of 
haemorrhage and when it does occur it is usually into 
the peritoneal cavity rather than the gastrointestinal 
tract, making prompt and accurate diagnosis 
challenging [18, 19]. 
Duplex US and PVPCT are the most common first-line 
investigations in assessing acute pancreatitis. To enable 
detection of pseudoaneurysms, US examination must 
include pulsed or colour Doppler (duplex US) of all 
cystic masses to distinguish a pseudocyst from a 
pseudoaneurysm [20]. The sonographic appearance of 
a pseudoaneurysm changes when clot develops within 
its lumen rendering the diagnosis very difficult even 

Figure 3. a. Portal venous phase contrast enhanced computed 
tomography (PVPCT) in a patient with a small pseudoaneurysm 
which is not demonstrated. b. Arterial phase computed tomography
in the same patient demonstrates a small pseudoaneurysm (arrow). 
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with colour Doppler [21]. In the present series, US with 
colour Doppler failed to detect the presence of a 
pseudoaneurysm in two patients which were later 
diagnosed on PVPCT and arterial phase CT. Similar 
results have been observed in other studies, and most 
clinicians would conclude that the diagnostic value of 
Doppler US in the detection of pseudoaneurysms 
complicating pancreatitis is limited [22, 23]. Although 
PVPCT is a suitable non-invasive method for detecting 
pseudoaneurysms [22, 24, 25, 26], its role in the 
diagnosis of pseudoaneurysms is limited by its failure 
to identify smaller pseudoaneurysms [23, 27, 28]. In 
the present series, PVPCT failed to detect small 
pseudoaneurysms in five patients which were later 
diagnosed on arterial phase CT (Figure 3). 
Arterial phase CT is a suitable first-line investigation 
for diagnosing pseudoaneurysms associated with 
pancreatitis with a similar sensitivity rate that of 
angiography [28, 29, 30]. In the present series, arterial 
phase CT detected all pseudoaneurysms when used as a 
first-line (n=2), second-line (n=4) and third-line 
investigation (n=1). Arterial phase CT has the 
additional benefit of planning further management by 
clearly demonstrating the arterial anatomy, providing a 
roadmap for further intervention. This allows for 
targeted visceral angiography as well as the 
identification of difficult cases prior to intervention. In 
this study, not all patients (n=3) underwent an arterial 
phase CT to confirm resolution of the pseudoaneurysm. 
One reason for this non-uniformity follow-up was due 
to the fact that two patients were embolised prior to 
2007 when follow-up with arterial phase CT was not 
practiced routinely and one patient underwent a 

PVPCT to exclude an intra-abdominal collection where 
the pseudoaneurysm was shown to have resolved. 
Conventional angiography has long been the gold 
standard for the detection of pseudoaneurysms 
secondary to pancreatitis [28, 31] with a high 
sensitivity and specificity [9, 11, 27, 32, 33, 34]. 
Angiography also permits immediate endovascular 
embolisation which is considered by many authors the 
treatment of choice [25, 26, 31, 33, 35], with a success 
rate ranging from 79% to 100% [9, 32, 36]. In the 
present study, the embolisation success rate was 82%. 
Although it is less invasive and has a lower morbidity 
and mortality rate than surgery, there are technical 
limitations such as difficulty in reaching the feeding 
vessel. In addition, endovascular-directed therapy is 
associated with rare, but potentially fatal 
complications, such as rupture of the pseudoaneurysm 
during embolisation [35] or perforation of the artery 
with the vascular catheter [32, 37]. Previous studies 
have reported re-bleeding rates ranging from 6.1% to 
37% [38, 39], with an associated mortality as high as 
33% [22]. Other recognised complications include 
splenic infarction and coil migration as observed in this 
case series. Splenic and intestinal necrosis [39, 40], 
vascular dissection, and misplaced stents [29] have also 
been reported. The present study reported a 
complication rate of 25%, in-line with other published 
studies [22, 38, 39]. Fibered coils were used to 
embolise the feeding vessels and if necessary, the 
draining vessels. Covered stents have been advocated 
in the management of pseudoaneurysms arising from 
larger vessels with the advantage of preserving arterial 
flow [41, 42, 43, 44]. Covered stents however require a 

Figure 4. Suggested treatment algorithm for patients with suspected pseudoaneurysm. 
CTA: arterial phase computed tomography 
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higher profile and stiffer delivery system than does 
endovascular coil embolisation, with reduced 
tortuosity, high calibre arteries [45]; both the size and 
location of the vessels supplying the pseudoaneurysms 
in this series were not amenable to covered stents. In 
addition, the preservation of arterial flow was not 
essential because of the rich collateral supply around 
the duodenum and pancreas with embolisation carrying 
only a small risk of infarction/ischaemia. 
Another radiological alternative to embolisation is 
thrombin injection. Percutaneous thrombin injection 
was first described in the management of 
pseudoaneurysms of the femoral artery [46] and is now 
an established treatment for iatrogenic peripheral 
pseudoaneurysms [47]. There are numerous case 
reports reporting the successful management of 
visceral pseudoaneurysms secondary to pancreatitis 
delivered either by radiologically-guided percutaneous 
injection [48, 49, 50, 51] or endoscopic ultrasound-
guided injection [52, 53, 54]. The largest series 
includes four patients who underwent primary 
percutaneous thrombin injection for low-flow 
pseudoaneurysms not visible on angiography but 
present on CT. Despite initial successful thrombosis of 
the aneurysms, all aneurysms recanalised within four 
weeks and required repeat percutaneous thrombin 
injections [25]. Recanalisation and late recurrences of 
the pseudoaneurysms after thrombin injection has also 
been reported in other studies [25, 48, 50] highlighting 
the importance of mandatory follow-up in these 
patients. Two patients in this case series were treated 
with thrombin injection, with a recurrence observed in 
one patient. Further studies are clearly needed to assess 
the efficacy and success rate of thrombin-directed 
therapy in pseudoaneurysms secondary to acute 
pancreatitis. 
This study is limited by its small sample size and 
retrospective nature. Furthermore, only two patients 
were treated with thrombin injection. Therefore, firm 
conclusions on the outcomes of this technique cannot 
be made. Nevertheless, based on the results of this 
study and current published literature, a management 
algorithm has been suggested (Figure 4). 
 
CONCLUSION 
 
Patients with pseudoaneurysms secondary to 
pancreatitis are a difficult and unpredictable cohort of 
patients to manage, with high mortality rates associated 
with haemorrhage. Endovascular embolisation is a 
suitable first-line management strategy. The role of 
thrombin-directed therapy is yet to be defined. In cases 
where interventional radiological treatment has failed 
to achieve haemostasis for bleeding pseudoaneurysms, 
surgical management should be instituted without 
delay. 
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