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Introduction

Most cases of pancreatitis are mild and self-
limited. On the other hand, approximately one
quarter of patients with pancreatitis may
develop vascular complications. Vascular
complications in pancreatitis are well
recognized. Their exact incidence is not
known. The most common complications are
haemorrhage into a pseudocyst, erosions of
the upper gastrointestinal arteries, thromboses
of the portal venous system, formation of
varices or pseudoaneurysms and rupture of a
pseudoaneurysm. Pancreatitis in combination
with vascular complications is dangerous and
potentially lethal. The survival of patients
with pancreatitis and vascular complications
depends on the early diagnosis of these
complications. This article focuses on the
aetiology, presentation, recent developments
in diagnosis and management of such
complications.

Search Methods

To set the findings of the present study in the
context of available evidence, a computerised
literature search of PubMed, Embase, ISIS
and CAS was carried out. The key

words/subject headings used were
“hemorrhage,” “pancreatitis,” “false
aneurysms,” “venous thrombosis,”
“angiography” and “therapeutic

embolisation”. Limits applied were to restrict
searches as follows: human and English
language. All references were reviewed to

retrieve additional articles. Other sources
included review articles and text-books.

Haemorrhage

Haemorrhage is one of the most life-
threatening complications of pancreatitis [1,
2]. Haemorrhage is usually due to erosion of a
major pancreatic or peripancreatic blood
vessel or due to the formation and subsequent
rupture of an arterial pseudoaneurysm [1].
The frequency of fatal haemorrhagic
complications of pancreatitis varies between
1.2% and 14.5%, and these complications
seem to be related to the severity of disease
[3,4,5,6,7].

The pathogenesis of  haemorrhagic
complications is multifactorial. One of the
factor is mediated by severe pancreatic
inflammation and pancreatic necrosis which
takes place during the early phase of acute
pancreatitis. Local spread of the inflammatory
process and extravasation of proteolytic and
lipolytic enzymes further exacerbate the
necrotizing process and initiate the damage of
any vascular structure proximal to the
necrotizing  process, rendering  them
susceptible to rupture or subsequent
pseudoaneurysm formation.

Haemorrhage tends to occur rather frequently
in  patients requiring  operation for
necrosectomy and debridement of infected
pancreatic sequestra (sequestrectomy) [4, 5].
Kriwanek et al. showed that patients
developed complications (including bleeding)
more often after early operations than after
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delayed interventions (42.8% vs. 8.7%,
respectively) [8]. Early operations do not
allow a satisfactory debridement of the
pancreatic and peripancreatic tissue as the
necrosis is not well demarcated. During
surgical intervention, an aggressive or
traumatic technique may lead to vessel wall
weakening and may expose it to further
damage from activated enzymes or foreign
bodies such as drains or dry gauze. Packing of
the residual spaces after necrosectomy or
sequestrectomy with gauze utilized in the
open technique might expose the unprotected
denuded vessels to injury during removal of
the adherent gauze packing [9]. The long term
placement of drains for postoperative lavage
can lead to vessel wall weakening and rupture
caused by the mechanical irritation exerted by
the drains [5].

Another mechanism that may lead to severe
haemorrhage is associated with the
development of pancreatic and peripancreatic
abscesses. This is more often observed weeks
to months after the onset of a necrotizing
form of severe pancreatitis or after
necrosectomy and insufficient debridement.
The combination of ischaemic necrosis,
enzymatic destruction of tissues and bacterial
contamination may lead to severe vessel
damage as well as perforation of adjacent
organs. In such events, bleeding can take
place within the abscess cavity and from that
to any  other  intra-abdominal or
retroperitoneal space.

A third pathogenic mechanism is mediated by
long-standing pseudocysts. Vessels may be
eroded as a consequence of persistent
compression, ischaemia, and elastolytic action
of the enzymatic content of pseudocysts [4,
10, 11]. Frequently, these mechanisms can
lead to the formation of pseudoaneurysms.
Their rupture or a direct vessel rupture within
a  pseudocyst converts it into a
pseudoaneurysmatic  pseudocyst (pulsatile
pseudocyst), which may eventually rupture in
the retroperitoneum or peritoneal cavity or
communicate with adjacent hollow structures
such as the stomach, jejunum, colon, and
Wirsung duct (haemosuccus pancreaticus).

A fourth pathogenic mechanism bleeding is
caused by isolated obstruction of the splenic
vein due to thrombosis from a necrotizing
process and severe contiguous inflammation,
abscess or pseudocysts. Splenic vein
obstruction usually leads to left-sided portal
hypertension,  oesophagogastric ~ variceal
formation and eventual bleeding. In a series
reported by Madsen et al., massive bleeding
in the form of haematemesis and melena was
observed in 72% of patients; 4 out of 13
(30%) bleeding patients treated
conservatively without splenectomy died [12].

Pseudoaneurysms

The formation of pseudoaneurysms occurring
as a result of pancreatitis is well established
[10, 13, 14]. A pseudoaneurysm has been
reported to occur in 3.5-10% of patients with
pancreatitis [15]. The development of a
pseudoaneurysm from vessel wall erosion by
a pseudocyst is due to uncontrolled, severe
inflammation necrotising the vessel [1]. It
may also occur as a result of release of the
pancreatic enzymes eroding the peripancreatic
vessels, sometimes even vessels distant from
the pancreas, to cross tissue planes and
boundaries [16]. The intense inflammatory
changes surrounding a pseudoaneurysm
makes surgical control extremely challenging
associated with a high morbidity and
mortality [10].

The arteries involved include, in order of
frequency, the splenic (40%), gastroduodenal
(30%), pancreaticoduodenal (20%), gastric
(5%), hepatic (2%), others (superior
mesenteric, jejunal, ileocaecal, aorta) (1-3%)
[16, 17, 18, 19, 20, 21]. Rupture of a
pseudoaneurysm is a disastrous complication
of pancreatitis. A pseudoaneurysm may
rupture into a pseudocyst, the gastrointestinal
tract, peritoneal cavity or pancreatic
parenchyma [22, 23, 24]. Suzuki et al.
reported a rare case wherein a
pseudoaneurysm of the gastroduodenal artery
ruptured into the superior mesenteric vein
[18]. The size of the pseudoaneurysm is not a
determinant of rupture [25].
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Clinical Features

Patients may present with  sudden
exacerbation of severe abdominal pain,
distension, and clinical signs of blood loss
(tachycardia and hypotension) but also, more
rarely, in the form of slow intermittent
bleeding. Some patients may present with
haematemesis or melena. In patients who
have previously undergone operations for
necrosectomy or debridement or have had
abscesses drained, bleeding from drains is
usually the earliest sign [11]. Flati et al. found
that bleeding occurred as a sudden
exsanguinating process in 7.5% of patients,
leading to death in all patients within minutes
or hours [5]. However, the diagnosis of acute
haemorrhage is not always easy to diagnose
particularly in patients with severe acute
pancreatitis with multiple organ dysfunction.

Investigations

Although angiography is considered the gold
standard, the initial imaging of these patients
is usually helical computerised tomography
(CT) scan, as angiography is not always
available. The CT scan finding of contrast
enhancement within or adjacent to a
suspected pseudocyst 1is suspicious of a
pseudoaneurysm. The enhancement may be
similar to that of the abdominal aorta. The
finding of increased attenuation within a fluid
collection on a non-enhanced scan may
indicate recent haemorrhage [26].

Superior mesenteric angiography has been
shown to be effective in localizing the
bleeding site and control the bleeding [4, 5,
10, 17, 27, 28]. Angiography should be
utilized in all patients, if possible, to show the
precise site and source of bleeding [29]. In
some instances angiography may fail to
demonstrate bleeding, which may be due to
venous bleeding, intermittent arterial bleeding
or bleeding from a large surface area. Colour
Doppler ultrasonography and magnetic
resonance imaging (MRI) may be helpful in
visualizing  pseudoaneuryms, thrombotic
vessels, necrotic areas, abscess cavities and
extension of the inflammatory process [5].

Suzuki et al. recommend that abdominal
colour Doppler ultrasound be performed at
regular intervals in patients with chronic
pancreatitis to prevent delay in the diagnosis
and management of a pseudoaneurysm [18].
However, a thrombus  within the
pseudoaneurysm may result in negative
findings at colour Doppler ultrasound scan
therefore, such findings should not preclude
contrast-enhanced CT scan and angiography
[30].

Treatment

Immediate surgery is the gold standard if the
patient is  haemodynamically unstable.
Patients who are haemodynamically stable
and who have angiographic evidence of
bleeding can be treated with transcatheter
embolization. This may result in permanent
control of the bleeding thereby providing
definitive treatment. Patients who are unstable
or who have vascular involvement that is not
amenable to transcatheter embolization
should have emergency surgery [14].
Preoperative  angiography  should  be
performed prior to surgery, if possible.
Angiography can show the surgeon the exact
vessel involved, as well as the surrounding
vascular anatomy, thus facilitating the
surgical approach. In selected patients,
occlusion balloon catheters can be employed
to obtain haemostasis during or after
pancreatic surgery. Recently, percutaneous
injection of thrombin into the sac of
pseudoaneurysms have been shown to be
effective in the treatment of this condition
[31, 32, 33, 34].

The success rates of  transcatheter
embolisation have varied over the years, with
the initial reports citing a significant number
of rebleeds (Table 1). As the past decade
progressed, the success rates began to show a
great deal of improvement [35]. This is
attributed to improved design of catheters,
embolic material technology and to the
improvement in technical expertise [35, 36].
The earliest problems associated with
transcatheter ~ control of bleeding in
pancreatitis was the inability to reach the
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Table 1. Mortality and complication rates following treatment for haemorrhage post-pancreatitis.

Author Total Treatment Patients Mortality Complications
patients
Beattie, 2003 [27] 19 Embolisation 11 27% (3/11) 1 dissection of splenic artery
3 rebleeding
Surgery 8 25% (2/8) 1 rebleeding
1 bowel ischaemia
Bender, 1995 [39] 8 Surgery 8 13% (1/8) 1 bleeding / shock/death
Bresler, 1991 [72] 10 Surgery 10 10% (1/10) 1 sepsis / death
Carr, 2000 [14] 16 Embolisation 6 0% (0/6) 2 technical failure
1 rebleed
1 infection
Surgery 10 30% (3/10) 1 operative failure
1 acute respiratory distress syndrome
1 bleeding
1 colocutaneous fistula
de Perrot, 1999 [10] 10 Embolisation 3 33% (1/3) 1 recurrent bleeding
Surgery 14% (1/7) 2 subphernic abscesses
Eckhauser, 1980 [73] 7 Surgery 43% (3/7) 3 sepsis/death
el Hamel, 1991 [74] 15 Surgery 15 13% (2/15) 1 hepatic failure / death
1 recurrent bleeding / death
Elton, 1997 [75] 3 Embolisation 3 0% (0/3) 1 recurrent bleeding
2 recurrent bleeding
Gambiez, 1997 [38] 14 Embolisation 14 7% (1/14) 3 embolisation failed to control bleeding
1 duodenal necrosis
1 aortic thrombosis / death
Surgery 8 13% (1/8) 1 death
1 subphernic abscesses
1 septicemia
Huizinga, 1984 [76] 4 Embolisation 4 0% (0/4) 1 gelfoam migration
1 hepatic artery occlusion
Marshall, 1996 [77] 5 Embolisation 5 0% (0/5) 1 access failure
1 angiogram failed to reveal bleeding
Sand, 1997 [78] 8 Embolisation 6 0% (0/6) 1 elevated liver function tests
1 pseudocyst infection
Surgery 2 0% (0/2)  None
Stabile, 1983 [11] 8 Embolisation 2 0% (0/2) 1 failure to control bleeding
1 failure to control bleeding
Surgery 8 13% (1/8) 1 sepsis / death
Stroud, 1981 [1] 7 Surgery 29% (2/7) 1 hepatic failure
1 pancreatic necrosis /death
Overall mortality rate Surgery 18.5%
Embolisation 7.4%

small and tortuous target vessels with the
large calibre catheters that were available.
Micro-catheters, primarily designed for use
for embolisation in the cerebral vessels, were
then adapted for visceral arteries. It was with
the aid of these catheters that even the small
intra pancreatic arteries could be catheterised
and embolic material delivered.

Along with the development of the catheters,
came an understanding about the techniques
involved in successful embolisation in
pancreatitis. Due to the excellent collateral
circulation around the pancreas, it is essential
to occlude the artery proximal and distal to
the arterial pathology, failing which the artery
can refill and the bleeding will not cease. If
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the vessel is severely involved , additional
liquid embolic material such as glue could be
used for effective embolisation [37]. The
expertise of the interventional radiologist
plays an important role in suspecting this
potential problem and addressing it
immediately [38].

The most common surgical procedure is
suture ligation of the bleeding point; however,
this procedure results in a high recurrence of
bleeding [11]. The bleeding vessel should be
identified and ligated proximally and distally
whenever possible [39, 40]. This may be
impossible to perform in a pancreas with a
severe necrotizing process [5]. Proximal or
distal pancreatic resections may occasionally
be needed, however they can be successfully
performed only when bleeding occurs in
patients who have already recovered from
acute pancreatitis [28]. Primary resection of
the pseudoaneurysm with pancreatic resection
is required in some cases  with
pseudoaneurysms [10]. Table 1 shows the
complication  rates of surgery and
embolisation in different studies.

Splenic Vein Thrombosis (SVT)

Isolated splenic vein thrombosis (SVT) is
relatively common in patients with chronic
pancreatitis, occurring in as many as 10-40%
of cases [41]. Although much less common,
portal and superior mesenteric vein
thrombosis can also occur as a result of
pancreatitis [42].

Pathophysiology

The pathogenesis of SVT is related to the
close proximity of the splenic vein to
pancreas [41]. There are three factors that can
lead to the development of SVT.

1. Secondary involvement of the vein by the
surrounding oedema, cellular infiltration, and
the inflammatory process of chronic
pancreatitis, particularly ~with  calcified
pancreas [43, 44, 45].

2. Compression by a pseudocyst or enlarged
pancreatic parenchyma; pseudocysts of the

caudal pancreas are complicated by splenic-
vein obstruction in nearly 30% of cases [41].

3. Intimal injury and venous thrombosis,
especially when SVT is due to acute
pancreatitis or recurrent episodes  of
pancreatitis.

In either the intrinsic or extrinsic mechanisms
stasis of blood flow occurs and eventually
leads to thrombosis [46].

The splenic artery remains intact and thus
enables continued high pressure in the spleen,
which forces an abnormal outlet through
collaterals [47]. Therefore, regardless of the
mechanism of SVT, venous blood is forced to
return to low pressure systems via collaterals
[44]. Increased blood flow through the short
gastric veins to the coronary vein or through
the gastroepiploic vein to the pancreatico-
duodenal vein creates a localized form of
"left-sided"  portal  hypertension  with
dilatation of the submucosal veins within the
stomach wall, producing the formation of
gastric varices along the greater curvature and
the fundus of the stomach [44, 46]. A second
pathway  involves the  portosystemic
collaterals, which develop along the lower
end of the oesophagus, with direct connection
to the azygous system [48]. Because portal
venous pressure is normal and oesophageal
veins can usually drain through the patent
coronary vein, the development of associated
oesophageal varices is prevented [44, 49, 50].
However, sometimes combined oesophageal
and gastric varices are observed in sinistral
portal hypertension and even isolated
oesophageal varices without gastric varices
[49].

Clinical Features

SVT may be silent or present with symptoms
[51]. Gastrointestinal bleeding of various
severities (anaemia, haematemesis, melena, or
haematochezia) is the commonest
manifestation of the syndrome (15-50%) [52,
53, 54]. Splenomegaly 1is a frequent
accompaniment of SVT [51]. Occasionally,
manifestations of congestive splenomegaly
such as thrombocytopenia or pancytopenia
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and abdominal pain are present [51]. As this
syndrome occurs in the absence of cirrhosis,
there are no stigmata of chronic liver disease.

Investigations

As SVT is asymptomatic in the majority of
cases, diagnosis may be difficult. Abdominal
CT scan is very helpful in the diagnosis of
SVT. The findings on CT scan are: extensive,
irregular, enhancing vessels around the
splenic vein (short gastric veins in the
gastrosplenic ligament, dilated gastroepiploic
or coronary vein) or a vein with a centre of
lower attenuation which does not enhance
after intravenous injection of contrast material
[55]. The identification of an enlarged left
gastroepiploic vein, without a recanalised
umbilical vein, strongly suggests a diagnosis
of SVT and not portal hypertension and is
therefore useful for the differential diagnosis
between these two vascular complications;
this distinction is important, since their
treatment differs totally [56]. In addition, the
presence of normally enhanced portal and
superior mesenteric veins supports the
diagnosis of SVT [57]. Dynamic CT with
bolus injections can detect SVT with a
sensitivity of 71% [58].

As upper gastrointestinal bleeding is the
commonest clinical manifestation of SVT,
upper gastrointestinal endoscopy is the
diagnostic method of choice to ascertain the
source of haemorrhage [51]. Patients with
chronic pancreatitis have many potential
sources of bleeding (most commonly peptic
ulcer). Endoscopy is indicated even in
asymptomatic patients with SVT found
incidentally, to show the presence and extent
of varices [46]. It should be noted that the
barium meal often misses the gastric varices
and therefore this should not be relied on to
diagnose varices in patients with known or
suspected SVT [48].

Angiography with venous phase
(preferentially selective intra-arterial digital
splenic angiography) is the gold standard
technique for diagnosing SVT [59]. The
angiographic features of SVT are well
described by Cho and Martel [60]: 1) focal or

complete non-opacification of the splenic vein
despite filling of splenic hilar and
parenchymal veins; 2) filling of collateral
channels of venous drainage (gastric,
gastroesophageal, or omental varices); and 3)
patency of the portal vein with filling via the
splenic vein collaterals. Ultrasonography
(with or without colour Doppler) [61, 62, 63],
MRI [64, 65] and endoscopic ultrasound [66,
67] are now available as non-invasive
techniques for the diagnosis of SVT.

Treatment

Many patients with SVT develop silent
collaterals  without gastric or gastro-
oesophageal varices. These patients are very
unlikely to bleed. Therefore, asymptomatic
patients without gastric or gastro-oesophageal
varices should be observed [58]. In other
words, SVT per se is not considered an
indication for prophylactic splenectomy [44,
46]. Observation should be focused on the
possibility of varices formation, which may
be complicated by upper gastrointestinal
bleeding. However, later varices formation is
unlikely if they were not present at the time of
diagnosis of SVT [51].

Splenectomy is the treatment of choice in
symptomatic patients and is highly effective
[41]. Removal of the spleen decreases the
venous outflow by way of the collaterals and
decompresses the associated varices by
cutting off inflow, thereby preventing further
haemorrhage [46]. Splenectomy can be
performed  during pancreatic  surgical
procedures such as distal pancreatectomy or
lateral pancreaticojejunostomy, which is
frequently indicated for the treatment of
underlying chronic pancreatitis [46, 68].
Whereas splenectomy is clearly indicated in
SVT, the role of prophylactic splenectomy in
patients with asymptomatic SVT associated
with gastric or gastro-oesophageal varices
remains controversial. Bradley [44], on the
basis of long-term observations, concluded
that the long-term risk of bleeding in patients
with SVT and significant varices exceeds the
risk of elective splenectomy with possible
postsplenectomy  sepsis and that in
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asymptomatic patients with gastric or gastro-
oesophageal varices, prophylactic
splenectomy may be useful. However,
Bernades et al. disagree about the role of
prophylactic splenectomy in these patients
[41]. The study of Sakorafas et al. at the
Mayo Clinic, which included 34 patients with
SVT complicating chronic pancreatitis,
support the strategy of concomitant
prophylactic  splenectomy in  patients
undergoing operative treatment of
symptomatic chronic pancreatitis if sinistral
portal hypertension associated with gastric or
gastro-oesophageal varices is also present
[69]. Although most patients remain totally
asymptomatic until the onset of haemorrhage
[48], variceal bleeding may be life threatening
[52, 53, 54]. The risk of variceal bleeding
appears to be greater in large varices and
when red wale markings are observed during
endoscopy [70]. However, it should be
emphasized that there is no absolute way of
accurately predicting the risk of wvariceal
haemorrhage and therefore the possibility of
this dangerous complication cannot be
excluded with certainty.

SVT may frequently complicate pancreatic
surgery because of extensive intra-operative
blood loss from collateral circulation [51].
Preoperative recognition of SVT, even if
asymptomatic, is important when operation is
being considered for chronic pancreatitis or
its complications, since it may significantly
alter treatment options [46]. Alternatively, the
splenic artery may be ligated away from the
hilum at the upper border of the pancreas
(supragastric approach to control the proximal
splenic artery), provided the associated
chronic pancreatitis does not prevent this
from being done safely [51].

The distinction between generalized portal
hypertension and  sinistral  (left-sided)
segmental portal hypertension secondary to
SVT is very important [52]. Whereas, in
generalised portal hypertension the treatment
of choice is a shunt procedure. In sinistral
hypertension secondary to SVT portosystemic
shunting fails to decompress the gastric or
oesophageal-gastric  varices , may be
associated with severe complications (such as

encephalopathy and delayed hepatic failure),
and is therefore contraindicated [52, 71].
When the two  conditions  coexist,
splenectomy should be considered in addition
to a shunt procedure [7, 52]. Percutaneous
splenic artery embolization is an alternative
often  referred to as  "non-surgical
splenectomy" [46, 50]. The inability to treat
coexisting pancreatic disease and the
possibility of the formation of a splenic
abscess make this a less than optimal
alternative [46, 50]. Currently, the role of
transcatheter embolization should be as a
planned first stage of a two-stage therapy
(embolisation followed by splenectomy).
Preoperative splenic artery embolisation
occludes the splenic artery and reduces the
left upper quadrant varices; this can greatly
facilitate subsequent surgery [50].
Embolisation without splenectomy may be
reserved for patients who are
haemodynamically unstable despite
supportive therapy and for high-risk patients
who are unlikely to survive operation [46, 48,
50].

Conclusion

Although  the  vascular  complications
following pancreatitis are not very common,
they should be considered in every patient
with pancreatitis. These complications if
diagnosed and managed early will result in
considerable reduction of morbidity and
mortality.
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