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SHORT COMMUNICATION

Arterial Pseudoaneurysms Following Hepato-Pancreato-Biliary
Surgery: A Single Center Experience
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ABSTRACT

Context Arterial pseudoaneurysm is an uncommon lethal complication following hepato-pancreato-biliary surgery. Objective Aim of this
study is to present and discuss the experience of a high volume oncological center. Methods Since 2007 all major surgeries performed at
Sanchinarro Oncological Center have been included in a prospective database looking for postoperative arterial pseudoaneurysm. Results
Until June 2014, among 559 hepato-pancreato-biliary procedures, a total of 14 arterial pseudoaneurysms have been identified (2.5%).
Sentinel bleeding was in 57% of cases. Failed arterial embolization occurred in 2 cases. Overall mortality rate was 28.5%. We also identified
3 asymptomatic pseudoaneurysms, one of them managed without embolization, developing a sudden bleeding and died after surgery.

Conclusions According to our experience, pseudoaneurysm incidence is higher than reported in current literature and it can be
successfully managed through arterial embolization. Furthermore, we found 3 asymptomatic pseudoaneurysms, whose management is

still controversial.

INTRODUCTION

Hepato-pancreato-biliary ~ (HPB) surgery is still
characterized by a high morbidity and mortality rate. With
an incidence that ranges between 2% and 8%, bleeding
represents one of the most serious complications after this
type of surgery and is associated with high mortality rate
[1, 2].

Arterial pseudoaneurysm is a relatively rare cause of late
post-operative bleeding with mortality rate up to 50%. Its
early identification and management is challenging and, if
not appropriate, the outcome can be fatal.

Itis well known thatin haemodynamic stability, CT scan and
angiography provide an accurate diagnosis and treatment
by embolization or stenting of the involved arteries. On the
other hand, in case of non-stability, an immediate surgical
intervention is deemed necessary [2].

In the last decade there has been an increasing number
of reports of arterial pseudoaneurysm in literature and
most of the time related to extended HPB resection with
lymphadenectomy and intra-abdominal sepsis [3]. Given
this data, the incidence of arterial pseudoaneurysm in a
HPB oncological center is expected to be high.
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The present series describes our single center experience
with arterial pseudoaneurysm after HPB surgery.

MATERIALS AND METHODS

Since March 2007 until June 2014, all patients who
underwent major HPB surgery at Sanchinarro Oncological
University Hospital were included in a prospective
database.

Our center performs a mean of 70 and 40 pancreatic and
liver resections per year, respectively.

Patients with arterial pseudoaneurysms were identified
looking for its main characteristics, management and
outcome up to 90 days after surgery. In particular data
related with artery pseudoaneurysm location, type of
presentation, and time of onset and if it occurred in a
complicated pancreatic or biliary fistula situation, were
recorded.

We define the following parameters:

“Sentinel” bleeding: It was defined as discrete but
evident blood loss via abdominal drains or nasogastric
tubes, hematemesis, or melena; decrease of hemoglobin
concentration of 1.5 g/dL; spontaneous cessation of
hemorrhage without any treatment. According to the time
of onset, bleeding occurring within the fifth postoperative
day was named “early,” while after the sixth postoperative
day it was defined as “late”.

Pancreatic fistula: It was defined according to the
International Study Group for Pancreatic Fistula (ISGPF)
classification [4]. Routine measurement of amylase in
abdominal drain after pancreatic resection was performed
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on second day and every 2-3 days after surgery depending
on fistula evolution.

Biliary fistula: Biliary leakage was defined as the persistent
presence of bile coming from the drainage tube placed at
the surgery.

We define our hospital current practice:

Pseudoaneurysm radiological identification: As most of
our patients are included in prospective oncological trials,

abdominal CT scan with arterial and venous phase was
performed between the 7th and 10th post-operative day
whenever an extended HPB resection was performed as
well as in all cases with mild hemorrhage or pancreatic/
biliary fistula.

In order to treat, abdominal angiography was performed
in case of a previous pseudoaneurysm identified with CT
scan.

Abdominal angiography was performed also in case
of severe bleeding with successful maintenance of
hemodynamic stability by fluids, transfusion with packed
red blood cells, and fresh frozen plasma.

Vascular access for interventional embolization was
achieved by puncturing the common femoral artery.
Afterward the catheter was advanced in the visceral aortic
branches. Embolization was performed using a coaxial
technique and microcoils, thereby embolizing the proven
or assumed site of hemorrhage.

Embolization of the involved artery was performed
proximally and distally to the pseudoaneurysm.

Immediate surgery: Surgery was planned when an
acute life-threatening hemodynamic deterioration was
occurring or when critical hemodynamic instability with
continuing requirement of packed red blood cells along
8-12 hours without evidence for the bleeding source by CT
scan/angiography/ endoscopy.

Surgery was also planned for failed embolization of the
bleeding vessel as well as to treat the underlying pathology
like abscesses or haematomas even if bleeding was
controlled by embolization.

RESULTS

A total of 559 major HPB surgeries have been performed
at our center, including 256 pancreatic resections, 212
liver resections and 91 biliary resections. Oncological
surgeries represent the 85% of all procedures. The overall
prevalence of pseudoaneurysms is 2.5% (n =14). The main
characteristics of the patients are summarized in Table
1. Arterial pseudoaneurysms have been identified in the
post-operative period of 11 pancreatectomies (3 duodeno-
cephalic pancreatectomies, 6 distal pancreatectomies,
1 total pancreatectomies and 1 enucleation), 2 liver
resections and one complex cholecystectomy with distal
biliary tract resection. Two arterial pseudoaneurysms
where identified in the right hepatic artery, 2 in the proper

hepatic artery, 1 in the common hepatic artery, 1 in the left
gastric artery, 5 in the splenic artery (Figure 1), 2 in the
gastro-duodenal artery and 1 in the pancreato duodenal
artery. Sentinel bleeding occurred in 8 cases (57%) and
the overall mean time of pseudoaneurysm identification
from the surgery was 12 days (range: 6-28 days). In all
cases the time of onset was late. In only two cases the
diagnosis was made directly by angiography. In our series
we gathered 3 arterial asymptomatic pseudoaneurysms
early identified with a routine CT scan (2 splenic artery
and 1 gastroduodenal artery) performed at days 7th after
surgery (Table 1). Two cases of them where after distal
pancreatectomy for malignant tumors with extended
lymphadenectomy (splenic pancreatic arteries); whereas
the other case occurred after liver/biliary resection for
hilar cholangiocarcinoma (gastroduodenal artery). A strict
follow up was adopted in the first case (splenic artery, Case
#1) resulting in severe hemoperitoneum and was treated
with immediate surgery, which consisted of arterial
ligation. The patient died at 5th post operative day due to
multi organ failure syndrome (MOFS). The remaining two
cases (Cases #2 and #3) have been treated successfully
with embolization with a prophylactic intent and no
further complications have been found in these patients.
As showed in Table 1 pseudoaneurysm raised in a context
of pancreatic or biliary fistula in the 71% of cases (n=10).
Successfully arterial embolization was performed in all the
cases but two requiring laparotomy with ligation of the
artery (Table 1).

Mortality rate related directly to arterial pseudoaneurysm
was 28.5 % (n=4) as showed in Table 1. Two of them
occurred for liver failure after arterial embolization.

Case #5 with pseudoaneurysm arising from splenic artery,
experienced spleen abscesses after embolization (Figure
1). It was managed successfully only with conservative
treatment (Table 1).

One patient treated with right hepatic artery embolization
(Case #8) developed only a moderate liver insufficiency
and was discharged on the 26th post embolization day.

DISCUSSION

Arterial pseudoaneurysms are uncommon but potentially
lethal complications that can arise in a number of different
clinical settings such as hepatic trauma, HPB procedures
like percutaneous liver biopsy, cholecystectomy,
pancreaticoduodenectomy, hepatic resection and liver
transplantation as well as in pancreatitis [1-3]. The
distribution of involved arteries is usually related to a
specific pathology, such as splenic artery pseudoaneurysm
is mainly related to pancreatitis and extended pancreatic
resection. Hepatic artery pseudoaneurysm by contrast
is usually iatrogenic after liver resection and liver
transplantation [5]. Pseudoaneurysm of the right
hepatic artery and cystic artery usually arises as a
complication of laparoscopic cholecystectomy; clip
encroachments, mechanical or thermal injury during
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Figure 1: CT scan with arterial phase with a bleeding pseudoaneurysm.

the procedure are likely to be precipitating factors.
Pseudoaneurysm formation may also occur as a result of
an anastomotic leak of the pancreato-jejunostomy and
hepatic-jejunostomy [6, 7]. It is thought that pancreatic
juice causes enzymatic degradation of the adjacent
arterial wall, with weakness and rupture leading to
pseudoaneurysm formation [8-10]. Another potential
cause of its formation is the oncological skeletonization
of arteries during the pancreatobiliary surgery.
Furthermore, given the newly improved neoadjuvant
treatment results, nowadays, there is an increased
number of oncologically extended HPB procedures [11].
This is especially true for locally advanced pancreatic
malignancies as well as liver cholangiocarcinomas
where a more aggressive surgical approach is generally
adopted, including radical lymphadenectomy and
simultaneous artery resections.

Given this data, arterial pseudoneurysm incidence is
supposed to be high in a HPB oncological center.

In fact, in our practice, pseudoaneurysm incidence is
2.5%, higher than it was thought to be. By contrast, latest
literature reports incidences lower than 1.5% [3]. On the
other hand, this complication may also be under reported.

As it was expected, in our series we found two important
factors potentially related to pseudoaneurysm formation:
pancreatic and biliary leak (71%) and oncological surgery
with radical lymphadenectomy and arterial skeletonization
(92.8%).

When a pseudoaneurysm occurs, it is frequently associated
with significant mortality that according to literature
ranges from 0 to 60% [3] and in our experience is 28.5%.
Therefore, the surgeon must be adequately prepared to
face this potentially lethal complication looking for the
best treatment. Similarly to our findings, in the literature,
splenic, gastroduodenal and pancreaticoduodenal arteries
are the most commonly involved vessels (Table 1) [12].
A pseudoaneurysm may debut with bleeding in the
gastrointestinaltract,inthe peritoneal cavity orinthebiliary
tract. In a recent review it is stated that intra-abdominal
bleeding is the most common presentation but, most of the
time it occurs after a moderate previous gastrointestinal
bleeding, named “sentinel bleeding”, a warning sign of a
potential imminent and massive hemorrhage secondary
to its rupture that occurs in 50-90% of the cases [13-

15]. Our series confirms that sentinel bleeding precedes
pseudoaneurysm rupture in 50% of the cases. Given this
data, most of the surgeons agree that the identification of
sentinel bleeding needs specific radiological techniques
(CT scan with arterial phase or angiography) to rule out
the presence of pseudoaneurysm in a haemodynamically
stable setting, a situation where initial control of bleeding
may be achieved conservatively thought radiological
percutaneous intervention (embolization or stenting)
[16]. However, the time of pseudoaneurysm formation
and its manifestation (sentinel or severe bleeding) is still
unknown. It is well known that its manifestation occurs in
the late post-operative period that according to literature
ranges from 1 to 35 weeks [17, 18]; similarly, in our series,
sentinel bleeding or severe hemorrhage mean onset time
is almost 2 weeks.

Our experience confirms the high success rates of
embolization reported also by other authors (> 60%) [3].
Therefore, it should be the first line treatment.

Performing routinary CT scan with arterial and venous
phase after extended HPB surgeries, we found 3 cases of
arterial pseudoaneurysms (Cases #1, #2 and #3 of Table
1) without any clinical sign, defined as “asymptomatic
pseudoaneurysm”. This entity has not been described yet
in literature and its management is unclear.

Analyzing the outcome of these 3 patients, all cases
except one occurred after pancreatic procedures and
were identified before the 8th post-operative day. We
decided not to treat the first case as we considered it not
advantageous and only a strict follow up was established
looking for potential sentinel bleeding. Unfortunately, on
the 18th postoperative day the patient suffered a severe
bleeding in the peritoneal cavity, requiring an immediate
surgery with arterial ligation and hematoma evacuation.
The patient finally died 5 days later due to MOFS, probably
related to multi blood transfusion. On the basis of this
latter experience we decided to treat the following 2 cases
by embolizing the gastroduodenal and splenic artery
respectively. Neither showed further bleeding nor any
morbidity related to embolization. Obviously this personal
experience cannot lead us to state strong conclusions, but
should serve to further reflect upon this situation.

From our point of view, we believe that the “asymptomatic
pseudoaneurysm” in the future could probably become
more and more common in HPB practice. This may occur
because of the high pseudoaneurysm incidence described
in an oncological center and also because the improved
sensitivity of current multi-slice CT scan that allows
identification of any vascular complication.

Despite our current practice of performing routinary
abdominal CT scan, including arterial phase, after extended
oncological HPB resections, we cannot recommend
generalize this practice However, we underline that
whenever it is required after these procedures to look for
otherreasons (abscess, pancreaticor biliary fistula, etc...), it
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Table 1: Mortality rate related directly to arterial pseudoaneurysm

Previous surgical Artery Sentinel Onset
Case no. ; . .

procedure location bleeding time

#1 Distal pancreatectomy SA No 8

42  Righthepatectomy ., No 7
with biliary resection

#3 Distal pancreatectomy SA No 7

#4 Duodenocephalic LG Yes 13
pancreatectomy

#5 Distal pancreatectomy SA Yes 11

#6 Total pancreatectomy HA Yes 16

#7 C.h.OIeCYSteCt(?my’ RH No 9
biliary resection

#8 Central hepatectomy RH Yes 10

#9 Pancreatic enucleation SA Yes 15

#10 Distal pancreatectomy PD yes 9

#11 Distal pancreatectomy GD yes 10

#12 Duodenocephalic SA yes 17
pancreatectomy

#13 Duodenocephalic HA No 28
pancreatectomy

#14 Distal pancreatectomy CH No 14

. . Post-operative Haemodinamic Outcome
Diagnosis complication stability Management up to 90
days
CT scan Ez?uclgeatlc yes none died
CT scan Biliary fistula  yes embolization alive
CT scan Eigﬁrjatlc yes embolization alive
CT scan e . Embolization .
. Biliary fistula  no alive
arteriography surgery
CT scan Pancreatic Embolization alive .
Arteriography fistula no surgery Splenic
abscess
Hepatic
cT scan none yes embolization failure
arteriography ]
died
CT scan Failed Hepatic
Arteriosranh Biliary fistula  yes embolization failure
sraphy Surgery died
Hepatic
arteriography none yes embolization failure
alive
CT scan Pancreatic . .
. . yes embolization alive
arteriography fistula
. Pancreatic .
Arteriography fistula yes surgery alive
Pancreatic FaIIEd. . .
CT scan fistula yes embolization alive
Surgery
. . Pancreatic :
intraoperative g, no surgery alive
cr scan none no surgery alive
arteriography
intraoperative none no surgery died

CH: common hepatic artery; GD: gastroduodenal artery; HA: proper hepatic artery; LG: left gastric artery; PD: pancreaticoduodenal artery; RH: right

hepatic artery; SA: splenic artery

is important to check the arterial phase, in order to rule out
the presence of a pseudoaneurysm. If a pseudoaneurysm is
identified in this situation, its treatment should be taken
into account.

According to our experience, we suggest treating
pseudoaneurysms whenever the involved artery has an
easy access by radiological approach and whenever it
is located distal to the common hepatic artery, in which
case there is a lower incidence rate of visceral ischaemia
[18]. In our experience, a case of proper hepatic artery
and right hepatic artery embolization suffered severe liver
failure and they finally died. In this last case, an arterial
stent placement is thought to be an alternative radiological
treatment for pseudoaneurysm. It has the advantage
of allowing continued flow through the feeding vessel,
particularly important for the common hepatic artery and
superior mesenteric artery in an attempt to avoid end organ
ischaemia [19]. However, the outcomes of this procedure
are showed only in small case series, where important early
(arterial disrupting) and late (thrombosis and infection)
complications are reported [20]. For this reason, we do not
suggest the preventive treatment of asymptomatic arterial
pseudoaneurysm in this localization. Furthermore, we
suggest a prophylactic “asymptomatic pseudoaneurysm”
treatment whenever its formation occurs in a pancreatic

or biliary fistula set, which represents a further risk factor
of disrupting, as it occurred in patient 1 (Table 1). Finally,
analyzing our series, we see that although 2 patients were
initially haemodinamically unstable (moderate stability
was achieved with i.v. fluids) (Cases #4 and #5 of Table 1),
they underwent to the embolization before the definitive
surgical evaluation. We believe that in these cases this
strategy may reduce the postoperative morbidity and
mortality that is especially high when the localization and
ligation of the injured artery is particularly challenging
for the surgeon. Subsequent surgery might be technically
easier and faster, performed exclusively to treat underlying
pathology, like evacuating abscesses, haematomas or to
repair a pancreatic/biliary anastomosis leakage. This
strategy may also reduce the re-bleeding incidence that
occurs in a high percentage of cases after successful
embolization (30%) mainly related to the underlying
pathologies [3].

CONCLUSIONS

Incidence of arterial pseudoaneurysms in a high volume
HPB oncological setting area is higher than literature
reports. It can be successfully treated through arterial
embolization. Nevertheless, its morbidity and mortality is
high. We also describe a new entity named “asymptomatic
pseudoaneurysm” which management has still to be
ruled out.
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