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ORIGINAL ARTICLE

The Radiological Management of
Pseudoaneurysms Complicating Pancr eatitis
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ABSTRACT

Context Pseudoaneurysms associated with pancreatiti@eeand bleeding pseudoaneurysms are associdted high mortality.
Objective The aim of this study was to report the outcomeeramovascular and percutaneous therapy in the geament of
pseudoaneurysms secondary to pancreaBiisents Patients who underwent angiography for pseudogmsmg associated with
pancreatitis from 2005 to 2011 were identified frtime angiography databadd.ain outcome measures Patient demographics,
clinical presentation, radiological findings, tne&int, and outcomes were retrospectively reviewBasults Nineteen
pseudoaneurysms associated with pancreatitis ipati@nts were identified. The diagnosis of a psendarysm was made by
computerised tomography angiography in seven patidallowed by portal venous phase contrast endr@€T (n=4), duplex
ultrasound (n=1) and angiography (n=1). At angipgsa coil embolisation was attempted in 11 patievith an initial success rate
of 82% (n=9). One patient underwent successful disdimn with percutaneous thrombin injection. Teeurrence rate following
initial successful embolisation was 11% (n=1). Eharere no episodes of re-bleeding following emiadii; but re-bleeding
following thrombin injection was observed in oneseaThe morbidity and mortality rate in the 12 @aits that were successfully
treated was 25% (n=3) and 8% (n=1), respectively.1& patients that were successfully treated destrated radiological
resolution of their pseudoaneurysms, with a mefiidiow-up of 20 monthsConclusion Endovascular embolisation is a suitable

first-line management strategy associated withdeeurrence rates.

INTRODUCTION

The incidence of acute pancreatitis is increaswith

an overall incidence of 22.4 per 100,000 population
England, and hospital admission rate of 9.6 per yea
per 100,000 population [1, 2]. The majority of pats
have mild acute pancreatitis which is self-limitiagd
respond to conservative management. Approximately
20% of patients have acute severe pancreatitishaihic
characterised by the presence of the persistetdrics
inflammatory response syndrome and/or organ failure
[3].

Vascular complications in pancreatitis range from
asymptomatic venous thrombosis to catastrophic
arterial bleeding. Early recognition and investigatis

imperative, as prompt diagnosis and timely
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The role of percutaneous thromjf@ntion is yet to be defined.

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 cefls,
contained within an adjacent pseudocyst. The imzide

of pseudoaneurysm formation in chronic pancreatitis
ranges between 10% and 17% [5, 6, 7, 8, 9]. In
comparison, the incidence of pseudoaneurysms iteacu
pancreatitis is far less, and not accurately ddfinghe
literature. Pseudoaneurysm rupture is rare, and
haemorrhage may occur into the peritoneal cavity,
retroperitoneum,  gastrointestinal tract, into a
pseudocyst, or into the pancreatic duct (haemosuccu
pancreaticus) [10]. Pseudoaneurysm rupture assdciat
with pancreatitis has a high mortality rate of ap0%

[11, 12], and is unrelated to the size of the
pseudoaneurysm and the severity of pancreatitis [13
Historically, pseudoaneurysms secondary
pancreatitis were treated surgically with an asged
mortality of approximately 56% [13, 14, 15]. Due to
advances in interventional radiological techniqués,
paradigm has largely shifted towards endovascular
treatment. The aim of this study was to report the

to
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Figure 1. Investigations of patients with suspected pseuelasms used in this series.
CTA: arterial phase computed tomography; PVPCTtgdeenous phase contrast enhanced computed topiggrdS ultrasound

outcomes of endovascular and percutaneous thenapy i
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 Api@1520
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 pancresatit
and evidence of bleeding. The median age was 57
years (range: 21-86 years), and 11 patients wete ma
(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%)d a
ethylene glycol poisoning (n=1, 7.7%). With respiect
ASA status, nine patients were classed as ASA 2
(69.2%), while the remaining four patients were ABSA
(30.8%). Nine patients had acute pancreatitis oiteac
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 M odality

The diagnosis of a pseudoaneurysm was made by
arterial phase computerized tomography (CT) in seve
patients (53.8%), followed by portal venous phase
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contrast enhanced CT (PVPCT; n=4, 30.8%), duplex
ultrasound (n=1, 7.7%) and catheter angiography,(n=
7.7%; Figure 1). PVPCT failed to detect small
pseudoaneurysms in a total of five out of nineqas
(55.6%) which were later diagnosed on arterial phas
CT. The diagnosis of a pseudoaneurysm was achieved
in all patients who had an arterial phase CT. Titeeas

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 ¢P5)

had more than one pseudoaneurysm (2 and 6
pseudoaneurysms, respectively) accounting for @ tot
of 19 pseudoaneurysms secondary to pancreatitis
identified in the 13 patients.

Table 1. Site of the pseudoaneurysms in the 13 patientsded ir
this study.

Patients Site

(n=13)

#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 spleniery
#10  Short gastric artery arising from the distal sptesnitery
#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 f
small parenchymal branches (n=3)
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M anagement

All 13 patients underwent mesenteric angiographi wi
an intention to treat with endovascular emboligatio
Access was gainedia the right common femoral
artery in all patients. Two patients (15.4%) undemtv

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 canrariagif
branches arising from the superior mesenteric yager
this route is less tortuous. In another patient,
catheterisation of both the right and left common
femoral arteries was necessary because of undgrlyin
median arcuate ligament syndrome with retrograde
flow through the gastro-duodenal artery into the
hepatic arteryvia the superior mesenteric artery;
simultaneous catheterisation of the superior mesient
artery and coeliac axis was required for successful
embolisation.

At angiography, transcatheter coil embolisation was
attempted in 11 patients (84.6%). This was sucukssf
at the first attempt in nine patients (81.8%) aaitktl

in two patients (18.2%). One of the patients thaten
successfully treated had six pseudoaneurysms,fall o
which were successfully embolised. One patient, who
had initially been successfully embolised, had
recurrence of their pseudoaneurysm four days &atdr
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 embolisatjcone
patient underwent angiography five days later, ted
pseudoaneurysm thrombosed following repeated
attempts at catheterisation. The other patient tiaad
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 s
bleed within 24 hours.

None of the patients included in this study undertwe
surgery.

Investigations

Patients included in this study were investigatdth w
computerised tomography (CT). Portal venous phase
contrast enhanced CT (PVPCT) was performed
following a delay of 70 seconds after injection 7

mL of intravenous iodinated contrast. Arterial phas
CT was performed using 75 mL of intravenous cohtras
and automatic bolus tracking software (Surestart,
Toshiba Medical Systems, Tokyo, Japan). The region
of interest was placed over the upper abdominahaor
Real time low dose serial monitoring scans weraluse
to identify contrast within the aorta which then
triggered the arterial phase scan and 1mm overappi
slices were obtained.

M esenteric Angiography and Embolisation

All patients underwent angiography by a consultant
interventional radiologist (P.T., P.B., J.G.P., M.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 small
vessels was required, a micro-catheter (Progreat,
Terumo, Tokyo, Japan) was used. Embolisation of the
feeding vessel, and where necessary the draining

Mesenteric

angiography (n=13)

!
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Figure 2. The outcomes of endovascular and percutaneouwspthef 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)lo
covered stents were used. Successful embolisatien w
defined as the absence of filling of the pseudoarsen

at completion angiography, and clinical resoluti
bleeding.

ETHICS

Infformed consent and Institutional Review Board
approval were not required because of the retrdisigec
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™8/MA General
Assembly, Helsinki, Finland, June 1964 and amended
by the 58 WMA General Assembly, Seoul, South
Korea, October 2008.

Figure 3. a. Portal venous phase contrast enhancedhpute
tomography PVPCT) in a patient with a small pseudoaneul
which is not demonstrated. Arterial phase computed tomography
in the same patient demonstrates a small pseudganegarrow).
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STATISTICS

Descriptive statistics only were evaluated: absoérid
relative frequencies, median and range.

RESULTS
Outcome

All 12 patients that were successfully treated laad
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 (afteri
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 embolimsat

of the splenic artery occurred in one patient. Coil
migration from the splenic artery to a branch of th
right hepatic artery occurred in a further pati€fie

coil was leftin-situ as there was no evidence of
thrombosis of the other hepatic artery branchese On
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 inev
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 hazardoes d
to the friable nature of their arteries, and swalic
intervention also carries a high risk of serious
complications [16, 17].

Overall, all 12 patients demonstrated resolutiothefr
pseudoaneurysms, either due to successful treatmnent
spontaneous resolution (Figure 2). The medianello
up after treatment was 20 months (range: 2-31 nsdnth

DISCUSSION

Haemorrhage is a rare but potentially fatal
complication in patients with pancreatitis, andeaft
due to haemorrhage from non-pancreatic conditions
such as gastritis, peptic ulcers, oesophageal egiic
Mallory-Weiss tears. Bleeding pseudoaneurysms
secondary to pancreatitis are an uncommon cause of
haemorrhage and when it does occur it is usuatly in
the peritoneal cavity rather than the gastroirmesti
tract, making prompt and accurate diagnosis
challenging [18, 19].

Duplex US and PVPCT are the most common first-line
investigations in assessing acute pancreatitiengtble
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 difficulteav
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with colour Doppler [21]. In the present series, Wigh
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, arel mo
clinicians would conclude that the diagnostic vabie
Doppler US in the detection of pseudoaneurysms
complicating pancreatitis is limited [22, 23]. Adihgh
PVPCT is a suitable non-invasive method for detecti
pseudoaneurysms [22, 24, 25, 26], its role in the
diagnosis of pseudoaneurysms is limited by itaufail

to identify smaller pseudoaneurysms [23, 27, 28]. |
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 investign

for diagnosing pseudoaneurysms associated with
pancreatitis with a similar sensitivity rate thaf o
angiography [28, 29, 30]. In the present serie®riat
phase CT detected all pseudoaneurysms when used as
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 b
clearly demonstrating the arterial anatomy, prawgda
roadmap for further intervention. This allows for
targeted visceral angiography as well as the
identification of difficult cases prior to interviéon. In

this study, not all patients (h=3) underwent armeraat
phase CT to confirm resolution of the pseudoanenrys
One reason for this non-uniformity follow-up wasedu
to the fact that two patients were embolised ptoor
2007 when follow-up with arterial phase CT was not
practiced routinely and one patient underwent a

PVPCT to exclude an intra-abdominal collection veher
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 authoes th
treatment of choice [25, 26, 31, 33, 35], with acass
rate ranging from 79% to 100% [9, 32, 36]. In the
present study, the embolisation success rate wis 82
Although it is less invasive and has a lower matpid
and mortality rate than surgery, there are technica
limitations such as difficulty in reaching the faegl
vessel. In addition, endovascular-directed therapy
associated with rare, but potentially fatal
complications, such as rupture of the pseudoaneurys
during embolisation [35] or perforation of the ayte
with the vascular catheter [32, 37]. Previous @sdi
have reported re-bleeding rates ranging from 6.4% t
37% [38, 39], with an associated mortality as high
33% [22]. Other recognised complications include
splenic infarction and coil migration as observedhis
case series. Splenic and intestinal necrosis [89, 4
vascular dissection, and misplaced stents [29] hise
been reported. The present study reported a
complication rate of 25%, in-line with other pulblés
studies [22, 38, 39]. Fibered coils were used to
embolise the feeding vessels and if necessary, the
draining vessels. Covered stents have been adebcate
in the management of pseudoaneurysms arising from
larger vessels with the advantage of preservirgrialt
flow [41, 42, 43, 44]. Covered stents however regjai
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pseudoaneurysm

'

CTA

!

Targeted visceral angiography

v

Embolisation

v

Technically possible:
Trans-catheter coil embolisation

, .

v

Technically not possible for
coil embolisation

. .

Recurrence /
Failure

Successful
embolisation

Thrombin

L Surgery
injection i}

L !

Follow-up

Repeat coil Surgery |«

,

Thrombin

¥

imaging embolisation

injection

Figure 4. Suggested treatment algorithm for patients witlpeated pseudoaneurysm.

CTA: arterial phase computed tomography
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higher profile and stiffer delivery system than sloe
endovascular coil embolisation, with reduced
tortuosity, high calibre arteries [45]; both theesiand
location of the vessels supplying the pseudoanewsys
in this series were not amenable to covered stémts.
addition, the preservation of arterial flow was not
essential because of the rich collateral supplyrdo
the duodenum and pancreas with embolisation cayryin
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] anavg n
an established treatment for iatrogenic peripheral

pseudoaneurysms [47]. There are numerous case
management of
visceral pseudoaneurysms secondary to pancreatitis

reports reporting the successful
delivered either by radiologically-guided percutane
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 thrombosi
the aneurysms, all aneurysms recanalised withim fou

weeks and required repeat percutaneous thrombin

injections [25]. Recanalisation and late recurrenck
the pseudoaneurysms after thrombin injection hss al
been reported in other studies [25, 48, 50] higtiiyg

the importance of mandatory follow-up in these
patients. Two patients in this case series weradd
with thrombin injection, with a recurrence obsenied
one patient. Further studies are clearly neededsess
the efficacy and success rate of thrombin-directed
therapy
pancreatitis.

This study is limited by its small sample size and
retrospective nature. Furthermore, only two pasient
were treated with thrombin injection. Thereforenfi
conclusions on the outcomes of this technique danno

be made. Nevertheless, based on the results of this

study and current published literature, a managémen
algorithm has been suggested (Figure 4).

CONCLUSION

Patients with pseudoaneurysms
pancreatitis are a difficult and unpredictable atlod
patients to manage, with high mortality rates aséed
with haemorrhage. Endovascular embolisation is a
suitable first-line management strategy. The role o
thrombin-directed therapy is yet to be definedcdses
where interventional radiological treatment hadethi

to achieve haemostasis for bleeding pseudoaneuyysms

surgical management should be instituted without
delay.
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