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Abstract Pseudoaneurysm (PSA) of the visceral arterial tree is an uncommon but highly lethal complication of pancreatic
surgery and pancreatitis. Surgical and angiographic interventions are used in treatment; however, optimal therapy remains
unclear. We hypothesized that the natural history of PSA is different in these discrete clinical settings. From 1995-2005, 37
patients with PSA were treated: 13 after pancreatic surgery and 24 in the setting of pancreatitis. Postoperative patients most
frequently presented with bleeding (92%), either from the gastrointestinal (GI) tract or a surgical drain. In this group, the
diagnosis was most commonly made by angiography (77%), and 62% had a pancreatic fistula. In patients with pancreatitis,
abdominal pain was the only presenting symptom in 62%, and GI bleeding was present in 29%. Eighty-seven percent had
an associated pseudocyst or fluid collection. Interventional radiologic therapy successfully arrested hemorrhage in all 35
patients in whom it was employed. There were four false negative angiograms, and two patients required repeated
interventions for rebleeding. The overall mortality was 14%. Pseudoaneurysms present differently in these two clinical
settings, but transcatheter intervention is the first treatment of choice in clinically stable patients. Early recognition and
prompt angiographic occlusion leads to improved outcomes.

Keywords Pseudoancurysm - Pancreatitis - Pancreatic
surgery - Angiography

Introduction

Pseudoaneurysm (PSA) of the visceral arterial tree may
arise both in the postoperative period after pancreatic
surgery and in the setting of acute and chronic pancreati-
tis."> Although uncommon, massive hemorrhage from PSA
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has long been recognized as the most rapidly lethal
complication in both of these clinical scenarios, with
reported mortality rates ranging from 25 to 50%.' Most
reports of PSA consist either of small case series or small
subgroups of patients with bleeding complications reported
in the context of larger series of pancreatic surgery. The
rarity of PSA and heterogeneity of the associated inflam-
matory states, combined with the frequently urgent nature
of its presentation, have made it difficult to define the
optimal clinical management.

Recent advances in interventional radiology techniques
have led to more widespread application of angiography
and embolization for treatment of PSA. (Fig. 1) Although
recent small series using transcatheter embolization have
demonstrated good outcomes, some authorities continue to
advocate surgical intervention.>* Over the past decade at a
tertiary pancreatic referral center, we have treated a large
number of patients with PSA both after pancreatic surgery
and in the setting of pancreatitis, increasingly by utilizing
interventional radiology techniques. The purpose of this
review was to compare the clinical presentation, diagnosis,
and treatment of patients with visceral PSA in these two
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Figure 1 Angiogram demonstrating PSA of the splenic artery (arrow)
in a patient with chronic pancreatitis and a pseudocyst. This patient
presented with massive GI bleeding, and the initial angiogram failed
to identify the PSA.

discrete settings. We hypothesized that the presentation and
clinical course may be different in these two groups of
patients. In addition, we sought to clarify the role of
angiographic intervention in treatment of this potentially
devastating condition.

Methods

This retrospective analysis was approved by the Indiana
University institutional review board (study number 0405-
55). The study time period was 1995-2005. Patients
presenting to Indiana University with the diagnosis of
PSA of the visceral arterial tree (ICD-9 codes 442.83 and
442.84) were identified from a discharge database and
cross-validated against a separate, prospectively collected
interventional radiology database (HI-IQ). Clinical factors
were abstracted from review of patient charts. SAS version
9.0 (SAS Institute, Cary, NC) was used to perform all the
statistical analysis. Pearson chi-square or Fisher’s exact test
was used as appropriate to compare categorical variables;
Wilcoxon rank-sum test was used to compare median
values of continuous data. A two-sided P value of less
than 0.05 was considered significant.

Results

Thirty-seven patients with PSA were identified, 13 after
pancreatic surgery (POSTOP) and 24 with PSA arising in
the setting of pancreatitis (PANC). Indications and oper-
ations performed on patients in the POSTOP group are

shown in Table 1; patient demographics and clinical
variables are shown in Table 2. The mean age was younger
in the PANC group (46 vs 62, p<0.01), and there were
similar numbers of male and female patients in each group.
Associated inflammatory states identified in both groups of
patients were significantly different. In 8 of 13 (62%)
patients in the POSTOP group, the clinical course was
complicated by a pancreatic fistula, whereas no patient in
the PANC group had a fistula. The median time until PSA
presentation in the POSTOP group was 22 days (range 2—
90 days). In contrast, 22 patients (92%) in the PANC group
had recurrent episodes of acute pancreatitis (acute-on-
chronic pancreatitis), whereas only two developed PSA
during their first bout of pancreatitis. The principal etiology
of pancreatitis in the PANC group was alcohol (n=19,
79%). Other causes of pancreatitis were pancreas divisum
(n=1), gallstones (n=1), hypertriglyceridemia (n=1), post-
endoscopic retrograde cholangiopancreatography (post-
ERCP) (n=1), and idiopathic (rn=1). Twenty-one patients
(87%) had an associated pancreatic pseudocyst or fluid
collection.

Clinical Presentation Twelve of 13 (93%) patients in the
POSTOP group presented with bleeding—either from the
gastrointestinal (GI) tract (n=7) or with visible blood in a
surgically placed drain (n=7, Table 2). One patient had
both GI bleeding and blood in the surgical drain, and one
patient in this group presented with hypotension alone. In
the PANC group, only seven (29%) patients presented with
GI bleeding; the vast majority of these patients (n=15,
62%) presented with increasing abdominal pain. Two

Table 1 Indications and Operations Performed in Postoperative
Group (n=13)

Indications and Operations

Diagnosis
Adenocarcinoma of pancreas (n=3)
Necrotizing pancreatitis (n=2)
Pancreatic fistula after debridement of necrotizing pancreatitis (n=2)
Periampullary adenocarcinoma
Cholangiocarcinoma
Renal cell carcinoma metastatic to pancreas
Adenocarcinoma of colon with coloduodenal fistula
Intraductal papillary mucinous neoplasm of pancreas
Chronic pancreatitis

Operation
Pylorus-preserving pancreaticoduodenectomy (n=6)
Necrosectomy (n=2)
Pancreaticoduodenectomy with portal vein resection
Pancreaticoduodenectomy with total abdominal colectomy
Duodenal-preserving pancreatic head resection
Pancreaticojejunostomy
Distal pancreatectomy/splenectomy
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Table 2 Clinical Characteristics of Patients with Visceral Arterial
PSA

Postoperative Pancreatitis P Value

n=13) (n=24)
Mean age + SD (years) 62+15 46+11 0.0007
Female, n (%) 6 (46) 10 (42)
Male, n (%) 7 (54) 14 (58)
Inflammatory states, n (%)
Pancreatic fistula 8 (62) 0 <0.01
Pseudocyst/fluid 0 21 (87) <0.01
collection
Peripancreatic necrosis 0 2(8) <0.01
Clinical presentation, n (%)
GI bleed 7 (54) 7 (29) 0.14
Blood in drain 7 (54) 0 <0.01
Abdominal pain 0 15 (62) <0.01
Hypotension 1(7) 2 (8) 1.00
Diagnosis, n (%)
CT scan 2 (15) 16 (67) 0.005
Angiography 10 (77) 52D 0.002
Operative exploration 1.(7) 0 0.35
Ultrasound 0 2 (8) 0.52
ERCP 0 1(4) 1.00
Mortality 4 (31 14) 0.04

patients (8%) in the PANC group presented with hypoten-
sion alone.

Diagnosis In the POSTOP group, the first diagnostic test
employed was endoscopy in four patients, angiography in
four, abdominal computed tomography (CT) in two,
operative exploration in two, and percutaneous transhepatic
cholangiography in one. In the PANC group, the initial
diagnostic test was abdominal CT in 18 and endoscopy in
5. The details of initial work-up before transfer to our
hospital were unclear in one patient. In the POSTOP group,
PSA was definitively diagnosed by abdominal CT in 2
patients (15%) and by angiography in 10 (77%). One
patient in this group underwent emergent operation for
refractory hypotension; the diagnosis of PSA was made
intraoperatively. In the PANC group, the definitive diagno-
sis of PSA was made in 16 patients (67%) with abdominal
CT scan and by angiography in 5 (21%). Two patients (8%)
were diagnosed by ultrasound—one endoscopic and one
transabdominal. One patient in the PANC group was
diagnosed at the time of ERCP when the PSA was
inadvertently lacerated during attempted endoscopic drain-
age of a pancreatic pseudocyst. The diagnosis of PSA was
confirmed by angiography in 36 of 37 patients and by
direct visual inspection at the time of operation in one.

Treatment Transcatheter interventional therapy was ulti-
mately successful in controlling hemorrhage in all patients
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(35/35) in whom it was employed. (Table 3) Thirty-four
patients had treatment of the PSA by coil embolization, and
one patient’s treatment was by exclusion of the PSA with a
covered stent. One patient in each group required repeat
embolization for recurrent hemorrhage (2 of 35, 6%). Three
additional patients in the PANC group underwent repeated
angiography without embolization for suspicion of contin-
ued hemorrhage. Two patients did not receive transcatheter
treatment of PSA: one patient in the POSTOP group
underwent immediate operation (without angiography)
because of hemodynamic instability, and one patient in
the PANC group underwent angiography identifying a PSA
without embolization. Initial angiography was falsely neg-
ative in 4 of 35 patients (11%), 3 in the POSTOP group and
1 in the PANC group. The arteries involved by PSA are
shown in Table 3. Complications of angiographically di-
rected treatment occurred in 6 of 35 patients (17%), and
included splenic abscess (n=2), rebleeding (n=2), hepatic
abscess, and hemobilia. One patient with splenic abscess was
initially treated with percutaneous drainage, however, sub-
sequently underwent splenectomy. No other patient required
operative treatment of interventional complications.

Outcomes The mean length of stay after definitive interven-
tional treatment of PSA was 14 days (range 2-57) in the
POSTOP group and 17 days (range 2-76) in the PANC
group (p=0.79). Four patients in the POSTOP group died
(31%), one of uncontrolled hemorrhage and three of sepsis
and multiorgan system failure after successful angiographic
control of PSA hemorrhage (Table 2). All four patients
who died underwent operation: one for hemorrhage, one to

Table 3 Angiographic Data

Postoperative, Pancreatitis, P value
n (%) n (%)
Arteries involved, n 13 24
Gastroduodenal 3 (23) 6 (24) 1.00
Splenic 5(38) 9 (36) 0.95
Pancreaticoduodenal 1) 5 (20) 0.39
Superior mesenteric 0 3 (12) 0.54
branch
Dorsal pancreatic 0 14 1.00
Hepatic 4 (31) 1 (4) 0.04
Right gastric 0 14 1.00
Multiple visceral 0 2 (8) 0.53
arteries
Angiogram result 12 24
False negative 3 (25) 1 4) 0.11
Need for repeat 4 (33) 4 (17) 0.40
angiogram
Complication from 1(8) 5(22) 0.64
angiogram
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evacuate intraabdominal hematoma and relieve abdominal
compartment syndrome, and two for debridement and
control of enteric and pancreatic fistula.

Eight patients in the POSTOP group had pancreatic
fistulas. Two of these patients died of multiorgan system
failure. Two patients with necrotizing pancreatitis and
disconnected pancreatic duct underwent distal pancreatec-
tomy/splenectomy to achieve fistula control. One patient
had a fistula after pancreaticoduodenectomy that had closed
by the time of presentation with PSA. Three patients had
active fistulas at the time of presentation with PSA. All
three of these patients manifest their PSA approximately 3
weeks status/postpancreaticoduodenectomy, and all had
controlled, low-output fistulas that eventually resolved with
conservative management.

In the PANC group, 12 patients underwent surgery di-
rected toward resolving the pancreatic inflammatory pro-
cess during the same hospital admission as treatment of their
PSA. These operations included distal pancreatectomy/
splenectomy (n=7), pseudocystenterostomy (n=2),
necrosectomy (n=2), and duodenal-preserving pancreatic
head resection (n=1). Two additional patients in this group
underwent operation during the same hospital admission as
treatment of their PSA for complications unrelated to the
pancreatic process (drainage of intraabdominal abscess and
total abdominal colectomy for fulminant Clostridium
difficile colitis). Ten patients were discharged from the hos-
pital after transcatheter therapy for their PSA without de-
finitive therapy for their pancreatitis-related inflammatory
process. One patient died of cerebrovascular accident unre-
lated to angiography or PSA.

Discussion

This large contemporary review of patients with visceral
arterial PSA arising in two discrete clinical situations
highlights differences in clinical presentation and diagnosis
between the two groups and emphasizes the utility of trans-
catheter therapy in successful treatment. Patients in the post-
operative period more frequently presented with GI bleeding
or blood visible in a surgical drain, an uncontrolled situation
often associated with hypotension and active blood loss re-
quiring prompt diagnosis and treatment. In contrast, patients
with PSA arising in the setting of pancreatitis most com-
monly presented with increasing abdominal pain caused by
bleeding within the confines of a thick-walled pseudocyst
cavity, without associated hypotension of active blood loss.
Given these differences in clinical presentation, it is not sur-
prising to note that the most common method of diagnosis

was by angiography in the POSTOP group and by abdominal
CT in the PANC group.

Pseudoaneurysm was frequently associated with pancre-
atic fistula (62%) in POSTOP patients and with a pseu-
docyst or acute fluid collection (87%) in the PANC group.
Identification of these associated inflammatory conditions
in these two discrete clinical settings should alert treating
physicians to the potential presence of underlying PSA and
may allow early intervention. The most important finding
of this study is the 100% success rate of angiographic inter-
vention in controlling PSA hemorrhage. This success should
not be considered absolute by any means, given the 11%
false negative rate, 6% need for repeat angiographic inter-
vention because of recurrent bleeding, and overall 14% mor-
tality rate in this series. Nonetheless, when compared to the
dismal outcomes of patients undergoing emergent attempts
at operative control, both in this series and historically, angi-
ographic intervention provides a far more effective treatment
modality for PSA in patients who are clinically stable.

The incidence of major arterial hemorrhage in the post-
operative setting after pancreatic surgery ranges from 2 to
5%.>7 Early postoperative bleeding (less than 24 h) is
generally related to intraoperative technical factors, whereas
major hemorrhage from PSA usually occurs several weeks
postoperatively. The median time to PSA presentation of 22
days in the POSTOP group is in accordance with the
median times of 18-27 days reported in the literature.'’
The precise incidence of PSA formation in the setting of
pancreatitis is more difficult to estimate. Several relatively
large series have suggested that this complication may occur
in 10-17% of patients, which is perhaps more common than
previously appreciated.”” The outcome of patients suffer-
ing major hemorrhage in either of these clinical scenarios has
historically been dismal. Mortality from postoperative
hemorrhage ranges from 18-60%,"'%!'" and mortality
from PSA hemorrhage in the setting of pancreatitis is
approximately 20%.%**!? Notably, these data are from an
era when angiographic embolization was infrequently
applied, and operation was often the primary therapeutic
intervention. The overall mortality of 14% in the current
study represents a marked improvement compared to
historical data and may be related to our aggressive use of
angiography and embolization as primary therapy.

Early recognition of the clinical signs and symptoms
associated with PSA allows prompt diagnosis and interven-
tion. Bleeding, either from the GI tract or from surgically
placed drains, has long been recognized as a harbinger of
PSA in postoperative patients. The fact that 12 of 13 post-
operative patients in this series presented with some form of
bleeding reinforces this sign. Shankar and Russell'® initially
described the so-called “sentinel bleed,” the finding of a
small amounts of blood in an operative drain or a small

@ Springer



54

J Gastrointest Surg (2007) 11:50-55

hematemesis closely preceding a major hemorrhagic event.
Sentinel bleeding has subsequently been reported with rela-
tive frequency in the presence of PSA."” Although the
retrospective nature of this review did not allow us to clearly
delineate the incidence of sentinel bleed in our POSTOP
group, the presence of any form of bleeding in a postoper-
ative patient clearly demands immediate attention and
prompt investigation to rule out PSA.

In contrast to the bleeding almost always observed in
POSTOP patients, only 29% of patients in the PANC group
presented with bleeding, and 62% presented solely with
increasing abdominal pain. Our observed frequency of pain as
the only presenting symptom is quite similar to that reported in
the literature.*® The pain is often described as “crescendo” and
different than the “usual” pain of pancreatitis.

The presence of an active inflammatory process in the
retroperitoneum logically contributes to the formation of
PSA. Sixty-two percent of patients in the POSTOP group
had a pancreatic fistula, and 82% of patients in the PANC
group had associated pseudocyst or acute fluid collection.
Both fistula and pseudocyst/fluid collection were recog-
nized as being frequently associated with PSA forma-
tion."**7%1% Thys, the presence of pancreatic fistula or
pseudocyst should heighten the clinician’s awareness to the
potential for PSA formation.

Angiography proved the diagnosis of PSA in 77% of
POSTOP patients, whereas more patients in the PANC group
were diagnosed by abdominal CT. This difference is likely
a reflection of the more urgent nature of presentation in
POSTOP patients. In a clinically stable patient, it is certainly
reasonable to obtain CT or endoscopy as an initial method of
diagnosis; however, in the situation with a high degree of
suspicion for PSA, angiography offers both diagnostic and
therapeutic capability.

Transcatheter embolization has increasingly been used to
treat PSA arising both postoperatively and in the setting of
pancreatitis.'*'>'*'> The accuracy of angiography in
identifying the source of arterial hemorrhage is reported to
be 94-100%, and the efficacy of embolization in arresting
hemorrhage has ranged from 64-78%.''*'* The 100%
success in control of hemorrhage in this series highlights
improvements in technique and experience and is likely to
have significantly contributed to the decreased mortality we
observed relative to historical data. The clinician must be
aware of the real potential for false negative angiograms,
which occurred in 11% of patients in this series and were far
more frequent in POSTOP patients. This problem may, in
part, be related to vasoconstriction in the setting of acute
hemorrhage and highlights the need for meticulous angio-
graphic evaluation particularly in the postoperative setting.

Angiography is an invasive and not completely benign
procedure. Complications of angiography generally include
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bleeding, hematoma, femoral artery PSA, dissection, athe-
roembolism, thrombosis, contrast reaction, renal failure, and
access site infection. Complications of embolization gener-
ally include abscess, organ failure, nontarget embolization
with ischemia/infarction, procedural failure, and death.*'*
Complications of angiography and embolization in this series
included splenic and hepatic abscess and the need for repeated
intervention for rebleeding. Nonetheless, when compared to
the high morbidity and mortality associated with primary op-
erative intervention for treatment of PSA, angiography and
embolization clearly are the first choice for intervention in
patients who are clinically stable.

Once control of bleeding is secured, attention must be
directed toward the associated inflammatory condition, i.e.,
pancreatic fistula in the POSTOP patients and pancreatic
pseudocyst in the PANC patients. The formation of PSA is
related to the persistent inflammatory process, which weakens
the arterial wall. In the setting of POSTOP patients, adequate
external control of an associated pancreatic fistula is para-
mount to prevent episodes of rebleeding, continued intraab-
dominal sepsis, and death. Adequate control implies effective
fistula drainage, which can generally be achieved by percu-
taneous methods but occasionally requires reoperation.

A more difficult question relates to the best clinical man-
agement of patients with pancreatitis and a pancreatic pseu-
docyst in whom bleeding from the PSA was angiographically
controlled. Long-term data regarding the incidence of re-
bleeding after successful angiographic control are severely
lacking. However, even in the short-term, rebleeding was
documented to occur in 18 to 37% of patients.”'? Twenty-
one (87%) patients in the current series developed PSA in
the setting of a pseudocyst or acute fluid collection, and an
additional two had acute pancreatic necrosis. Thus, a full
96% had an active inflammatory process in the retroper-
itoneum. Leaving this process in situ may perpetuate ir-
ritation of visceral arteries leading to enlargement of existing
PSA or new PSA formation. On the other hand, in the setting
of chronic pancreatitis, operation directed at the inflamma-
tory focus (resection or drainage) can be problematic. Dense
adhesions from repeated bouts of inflammation obliterate
normal anatomy. In addition, splenic or portal vein throm-
bosis with either sinistral or portal hypertension, combined
with frequently identified comorbidities such as hepatic
cirrhosis and malnutrition, complicate the indications for and
timing of definitive surgical treatment.

In this series, 10 patients with PSA arising in the context
of pancreatitis were dismissed from the hospital without
definitive treatment of their pancreatic disease; 2 underwent
operation for a separate abdominal process and 12 under-
went operation to address their primary pancreatic inflam-
matory process. Unfortunately, retrospective comparison of
these subgroups of patients offers little guidance in deter-
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mining the optimal management of this difficult clinical
situation, principally because of unsatisfactory end points.
Length-of-stay data are intrinsically biased because of op-
erative intervention. The need for readmission or future op-
eration may occur even after satisfactory treatment of the
pseudocyst and simply be related to progression of this com-
plex pathologic process. In addition, the strong possibility of
selection bias exists, as common comorbidities such as he-
patic cirrhosis may have precluded operation in some. The
optimal approach for dealing with this challenging
clinical scenario remains unclear at present, and the in-
frequency of this problem makes it unlikely that
prospective evaluation will be undertaken. In the absence
of better data, treatment of concomitant pancreatic
inflammatory disease (i.e., pseudocyst) in a patient with
an adequately treated PSA should be approached on a case-
by-case basis. In a physiologically fit patient, we favor an
aggressive operative approach to eliminate continuing
retroperitoneal inflammation. In patients with multiple
confounding medical conditions or ongoing physiologic or
nutritional derangement, limited treatment by controlling the
PSA would appear to be adequate.

Conclusions

PSA of the major visceral arteries is a potentially lethal con-
dition afflicting patients in the postoperative period after pan-
creatic surgery and in the setting of pancreatitis. The presence
of a postoperative pancreatic fistula or pseudocyst in the set-
ting of pancreatitis is commonly associated with PSA for-
mation and should elevate the clinician’s level of suspicion.
The occurrence of GI bleeding or blood in surgical drains in
the postoperative patient or the acute onset of increasing pain
or unexplained hypotension in the patient with pancreatitis
should stimulate prompt investigation. Angiography with em-
bolization is the preferred initial therapeutic modality as early
angiographic intervention optimizes outcomes. Aggressive
control of pancreatic fistulae in the postoperative patients with
a PSA is mandatory although the best treatment of pancreatic
pseudocysts after angiographic control of PSA is not com-
pletely clear; therapy in this setting should be individualized.
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