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Visceral artery pseudoaneurysms are potentially lethal lesions and tend to rupture in a
high proportion of cases, thereby warranting an immediate and active intervention.
We present our experience of splanchnic visceral artery pseudoaneurysms in a
university hospital over a 5-year time interval with emphasis on etiology, clinical
presentation, management (endovascular/surgical), and final outcome.

This was a retrospective study in which we searched our image database for
pseudoaneurysms of visceral arteries over a period of 5 years. The clinical and operative
details were retrieved from the medical record section of our hospital. The lesions were
analyzed for the vessel of origin, size, etiology, clinical features, mode of treatment,
and outcome.

Twenty-seven patients with pseudoaneurysms were encountered. Pancreatitis (8) was
the most common cause, followed by previous surgery (7) and trauma (6). Fifteen were
managed by the interventional radiology (IR) team, 6 by surgery, and in 6 no
intervention was done. Technical and clinical success was achieved in all patients in
the IR group with few minor complications. Surgery and no intervention carry a high
mortality in such a setting (66 and 50%, respectively).

Visceral pseudoaneurysms are potentially fatal lesions, commonly encountered after
trauma, pancreatitis, surgeries, and interventional procedures. These lesions are easily
salvageable by minimally invasive interventional techniques (endovascular embolo-
therapy), and surgeries carry a lot of morbidity and mortality in such cases and a
prolonged hospital stay.

Visceral artery pseudoaneurysms are potentially lethal
lesions and tend to rupture in a high proportion of cases,
thereby warranting an immediate and active intervention.
They lack the complete vascular wall seen in true aneurysms
and result from a variety of insults (traumatic and inflam-
matory)." In a tertiary care setting, most are the result of
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pancreatitis, trauma, iatrogenic interventions (hepatobiliary
and pancreaticoduodenal surgeries and interventional pro-
cedures like percutaneous transhepatic biliary drainage
[PTBD], liver biopsies, etc.), and less commonly inflammato-
ry and infectious vasculitis.' Understandably, these are
usually symptomatic and may present with pain (due to
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the mass effect of an expanding hematoma), bleeding into
the gastrointestinal tract (presenting with hematemesis and
melena), bleeding into the peritoneal cavity, or through a
surgical drain.” A pseudoaneurysm occurring in a postoper-
ative setting is an exceedingly difficult problem to manage by
a repeat surgery because of inflammation, adhesions, and
distortion of anatomy by previous surgery and carries the
risk of postoperative fistulization, but fortunately, many of
these are amenable to endovascular treatment.’ Surgery
may still be necessary for a subset of patients who present
with rupture and hemodynamic instability or other associ-
ated complications that may merit repeat surgery as such
(like an anastomotic leak) but carries a high mortality.? Thus,
an early diagnosis is mandatory for optimal management,
and this is greatly facilitated by timely computed tomogra-
phy (CT) angiography in patients with any index of suspicion
which can identify a vast majority of these lesions. An
ultrasound or Doppler study is not effective in identifying
many of these lesions because of associated ileus, overlying
gut gas, and postoperative dressings, etc., affording a limited
acoustic window. Notwithstanding, even CT angiography
may miss a few of such lesions and both CT and digital
subtraction angiography (DSA) may be helpful in such a
setting.

The endovascular treatment of pseudoaneurysms arising
from celiac artery/superior mesenteric artery (SMA)
branches is technically more challenging because of the
possibility of collateral circulation, resulting in recurrences
unless the pseudoaneurysms are completely excluded from
the circulation by blocking both the proximal and distal
“doors” of the lesion.3 Renal artery branches are end
arteries and their embolization is often technically simpler
and easier and recanalization is rare. In this article, we
present our experience of visceral artery pseudoaneurysm
in a university hospital over a 5-year time interval (2015-
2020) with emphasis on etiology, clinical presentation,
management (endovascular/surgical), and final outcome.
We have predominantly focused on pseudoaneurysms aris-
ing from the splanchnic vascular system and have excluded
renal artery pseudoaneurysms which we have addressed in a
separate paper.

Material and Methods

In this study, we have studied different types of splanchnic
visceral artery pseudoaneurysm (excluding renal artery
pseudoaneurysms), their clinical profile, the endovascular
and surgical management, and their outcome over a period
of 5 years. It was a retrospective study in which we searched
our image database for pseudoaneurysms of visceral arteries
over a period of 5 years as per the inclusion and exclusion
criteria. The clinical and operative details were retrieved
from the medical record section of our hospital. The lesions
were analyzed for the vessel of origin, size, etiology, clinical
features, mode of treatment, and outcome. Follow-up imag-
ing which was usually done within a month of treatment was
reviewed. Technical success was defined as exclusion of
aneurysm from the circulation on table and at follow-up at
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1 month in case of nonrecurrence of symptoms. Clinical
success was defined by cessation of bleeding.

Being a retrospective study ethical clearance was waived
off.

Results

A total of 27 patients with pseudoaneurysms were encoun-
tered. The diagnosis was confirmed by CT angiography in the
majority of these cases. Out of those 14 were treated by
endovascular methods, 1 by percutaneous embolization, 6
were treated by open surgery, 3 patients showed spontane-
ous resolution, and 3 patients died before any surgical or
interventional management could be offered.

Fourteen patients were managed by endovascular inter-
vention and one patient was managed by percutaneous
thrombin injection, out of these one patient succumbed
(due to unrelated issues) and one aneurysm recurred. Coils
were used in 13 patients and gel foam was used in 2 patients.
Minor complications were encountered in three patients
(small splenic infarcts) and a large splenic abscess was
seen in one patient that required prolonged pigtail catheter
drainage (=Fig. 1). Repeat embolization had to be performed
in two patients (for the recanalization of aneurysm).

Out of the 15 patients managed by interventional radiol-
ogy (IR) (=Table 1), 7 patients had hepatic artery pseudoa-
neurysms (=Figs. 2 and 3). Six of these were posttraumatic
(two related to biliary surgery, one had a gunshot injury, two
patients had road traffic accidents, and one fall from height).
In three of these patients who were post-laparotomy, a
pseudoaneurysm was suspected because of hemorrhagic
drain output and subsequently confirmed on CT angiogra-
phy. The seventh patient was an unresectable case of pan-
creatic neuroendocrine tumor who had a percutaneous
biliary drain for obstructive jaundice in place and presented
with hemobilia. Five of these patients were managed suc-
cessfully by superselective catheterization of bleeding vessel
and deployment of microcoils. Two patients were managed
by gel foam embolization, one of whom developed a large
splenic infarct postprocedure which evolved into an abscess
over subsequent 2 weeks. The splenic abscess was managed
by pigtail catheter drainage. The other patient in whom gel
foam embolization had been performed showed recanaliza-
tion of the pseudoaneurysm and had to be reembolized with
coils.

Out of the three gastroduodenal artery pseudoaneurysms
two were related to pancreatitis (one acute and one chronic)
and one followed a partial gastrectomy, who had a persistent
hemorrhagic drain despite reexploration for the same. All
three were managed by coil embolization with the coils
being deployed distal and proximal to the pseudoaneurysm,
with immediate technical and clinical success.

Five patients had splenic artery pseudoaneurysms (one
complicating acute pancreatitis, one following chronic
pancreatitis, one following surgery—modified Whipple’s
procedure, one post-endoscopic retrograde cholangiopan-
creatography [ERCP] pancreatic duct stenting, and one due to
trauma). The patient who had a splenic pseudoaneurysm
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Fig. 1 (A, B) Computed tomography (CT) angiogram of partially thrombosed pseudoaneurysm of splenic artery in a patient with chronic
pancreatitis. (C) Splenic artery angiogram depicting the pseudoaneurysm arising from of the branches of splenic artery. (D) Post-coil
embolization check angiogram showing exclusion of aneurysm. (E) Follow-up CT showing nonopacification of pseudoaneurysm with a large

upper pole splenic infarct.

Table 1 Pseudoaneurysms treated by interventional radiology
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No. of
cases

Type of artery

Etiology

Presentation

Procedure

Clinical outcome

Hepatic artery and | 7
its branches

1. Post-cholecystectomy, ERCP

Gl bleed

Coil embolization

Technical and clinical success

2. Post-choledochoduodenostomy

Gl bleed/ Hemobilia on
ERCP

Coil embolization

Technical and clinical success

3. Gunshot injury

Post laparotomy
hemorrhagic drain

Coil embolization

Technical and clinical success

4. Trauma Post laparotomy Gel foam Recurrence -repeat
hemorrhagic drain embolization embolization
5. Trauma Post laparotomy Coil embolization Technical and clinical success

hemoperitoneum

6. Inoperable pancreatic NET

Hemorrhagic drain via
PTBD catheter

Gel foam
embolization

Large splenic abscess -managed
by pigtail drainage

percutaneous Glue
injection-

7. Trauma Abdominal distension Coil embolization Technical and clinical success
and tenderness after
fall from height
Gastroduodenal 3 1. Chronic pancreatitis Gl bleed, peripancreatic | Coil embolization Technical and clinical success
artery hematoma
seudoaneurysm X - - R - —
P 4 2. Post-partial gastrectomy Recurrent hemorrhagic | Coil embolization Technical and clinical success
drainage, drop in
hematocrit
3. Acute pancreatitis Gl bleed, peripancreatic | Coil embolization Technical and clinical success
hematoma
Splenic artery 5 1. Acute pancreatitis Gl bleed, peripancreatic | Coil embolization Partial (large) splenic infarct
pseudoaneurysm hematoma after failed asymptomatic

2. Chronic pancreatitis

Gl bleed, aneurysm
eroding late gastric wall

Coil embolization

Small splenic infarct

3. Post-ERCP stenting for
pancreatitis with pseudocyst

Hemorrhage via pigtail
catheter

Coil embolization

Small splenic infarct

4. Trauma (background
splenomegaly)

Perisplenic hematoma

Coil embolization

Technical and clinical success

5. Post-Whipple’s

Gl bleed

Percutaneous
thrombin injection

Technical and clinical success

Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography; Gl, gastrointestinal; NET, neuroendocrine tumor; PTBD, percutaneous

transhepatic biliary drainage.
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Fig. 2 (A, B) Computed tomography (CT) angiogram showing a large right hepatic artery pseudoaneurysm in a patient of firearm injury with
shunting into hepatic vein. (C, D) Celiac angiogram and right hepatic artery angiogram depicting the pseudoaneurysm and the hepatic
venous shunting. (E) Post-coil embolization angiogram showing exclusion of aneurysm.

Fig. 3 (A) Computed tomography (CT) angiogram of a right hepatic artery pseudoaneurysm in a patient post-endoscopic retrograde
cholangiopancreatography (ERCP). (B) Post-coil embolization common hepatic artery angiogram showing complete exclusion of aneurysm.

following surgery was managed by percutaneous thrombin
injection, as a safe catheter position for coil deployment
could not be achieved (=Fig. 4). One patient was initially
managed by percutaneous glue injection under ultrasound
guidance but the aneurysm recurred and was subsequently
treated by coil embolization of splenic artery. Three patients
were treated by coil embolization of splenic artery (back
door-front door occlusion/exclusion of pseudoaneurysm).
Two of these developed a large asymptomatic splenic infarct
requiring no intervention. All patients had immediate tech-
nical and clinical success of embolotherapy.

We did not encounter recurrence of any pseudoaneurysm
following coil embolization, and the technical result of
aneurysm closure and clinical endpoint of cessation of
bleeding was achieved in all of our patients.

Six patients were treated by surgery—two because they
were to be operated due to other reasons and four because they
were hemodynamically unstable and were not referred to the
IR department for embolization. Overall, out of the six patients
treated by surgery (~Table 2), two were operated electively
and made a recovery while four patients who underwent
emergency surgery succumbed, one of whom had initial
control of bleeding but died because of the late complications
of the second surgery. Thus, emergency surgery of visceral
pseudoaneurysm especially in the setting of previous surgery
carries considerable morbidity and mortality and an endovas-
cular-first approach is the best treatment option. However, all
of these patients were hemodynamically unstable and actively
bleeding and hence taken to the operating room upon the
decision of the operating surgeon.
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Fig. 4 (A) Computed tomography (CT) angiogram showing a pseudoaneurysm in relation to splenic artery in a patient post-Whipple’s
procedure. A safe coil deployment position could not be reached on digital subtraction angiography (DSA), so percutaneous thrombin injection
performed. (B) Follow-up CT angiogram shows nonopacification of pseudoaneurysm.

Table 2 Pseudoaneurysms treated by primary surgical repair

Type of pseudoaneurysm | Presentation

Etiology Postsurgical outcome

1. | Gastroduodenal artery
pseudoaneurysm

Detected on CT during

evaluation for pancreatic mass

Chronic pancreatitis,
pancreatic head mass

Whipple’s done - discharged
after 2 weeks

2. | Splenic artery
pseudoaneurysm

Detected on CT during
evaluation for pancreatitis

Chronic pancreatitis
Chronic pseudocyst

Aneurysmectomy, repair of
splenic artery, pseudocyst
drainage- discharged

after 2 weeks

pseudoaneurysm

3. | Hepatic artery Gl bleed Post-Whipple’s Bleeding control achieved,
pseudoaneurysm > 2 months’ hospital stay,
pancreatic fistula followed
by death
4. | Gastroduodenal artery Gl bleed Periampullary mass Renal shutdown following
pseudoaneurysm surgery, multiorgan failure -
died after 1 week
5. | Multiple mesenteric artery | Gl bleed Tubercular vasculitis Perioperative death
pseudoaneurysms Tubercular
spondylodiscitis
6. | Right hepatic artery Gl bleed Post-ERCP Died in ICU in 48 hours due to

multiorgan failure

Abbreviations: CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; Gl, gastrointestinal; ICU, intensive care unit.

In six patients no surgical or endovascular intervention
was done (=Table 3). Out of these, two patients were planned
for an elective endovascular treatment (left gastric artery
pseudoaneurysm for embolization, SMA pseudoaneurysm
for covered stent graft) but succumbed to a massive bleed
before the procedure (=Fig. 5). One patient had multiple
mesenteric mycotic pseudoaneurysm and severe sepsis and
was not deemed fit for any intervention (because of unstable
clinical condition and could not be shifted to the IR lab) and
expired within a few days. Three patients were observed; one
with multiple pancreaticoduodenal arcade aneurysm (tech-
nically not amenable for coil embolization due to multiplici-
ty), one with a small pseudoaneurysm (6 mm) arising from a
splenic artery (which was expected to resolve on its own due
to small size as patient has no symptoms), and one with a
large pseudoaneurysm arising at the celiac origin in whom a
diagnostic DSA failed to clear the origin of the pseudoaneur-

ysm and as such was not taken up for embolization because
the origin could not be negotiated (~Fig. 6). All of these three
pseudoaneurysms resolved on follow-up imaging. One of
these patients with multiple tiny pancreaticoduodenal ar-
cade aneurysms was also kept under observation and stabi-
lized with follow-up imaging subsequently showing
resolution. The patient’s multiple pancreaticoduodenal ar-
cade aneurysms were thought to be due to celiac origin
stenosis and retrograde filling of the pancreaticoduodenal
arcade was demonstrated on angiography.

Discussion

Visceral pseudoaneurysms occur in a wide variety of clinical
settings (iatrogenic, pancreatitis, malignancy, vasculitis, etc.)
and can have fatal outcome if not managed urgently.’
Trauma, surgeries (especially Whipple’s procedure and
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Table 3 Pseudoaneurysms in which no intervention was done

Shera et al.

Serial | Pathological vessel Presentation Etiology Management/Out-
no. come
1. Left gastric artery pseudo Intermittent Gl bleed Gastric cancer Planned for
aneurysm embolization, massive
Gl bleed and death
2. SMA pseudoaneurysm Post-laparotomy Post-Whipple’s SMA Planned for covered
hemorrhagic drain repaired perop, stent, death after
peripancreatic massive hemorrhage
collection into peritoneal cavity
3. Multiple mesenteric Abdominal distension Infective endocarditis, | Managed by
pseudoaneurysms multiple vegetations, intravenous
mycotic aneurysms antibiotics, died
because of
hemoperitoneum
4. Large celiac artery Abdominal distension and Posttraumatic, post- Planned for balloon-
pseudoaneurysm tenderness after RTA laparotomy, portal assisted thrombin
vein and liver injection.
laceration repaired Spontaneous
thrombosis and
resolution®
5. Splenic artery branch Detected on postoperative CT | Post-modified Spontaneous
pseudoaneurysm Whipple’s resolution
6. Multiple pancreaticoduodenal | Detected on CT during Acute pancreatitis Spontaneous
arcade aneurysm evaluation resolution
for pancreatitis

Abbreviations: CT, computed tomography; Gl, gastrointestinal; RTA, road traffic accident; SMA, superior mesenteric artery.

Case of vehicular accident with a large pseudoaneurysm arising from the celiac trunk. Planned for balloon-assisted percutaneous thrombin
injection. However, in subsequent imaging partial thrombosis of the aneurysm was noted and the patient was kept on watchful surveillance.
Complete thrombosis of the pseudoaneurysm was noted.

Fig. 5 (A, B) Computed tomography (CT) angiogram showing a left gastric artery pseudoaneurysm in a patient of gastric cancer. Patient was
planned for an elective endovascular treatment, however, succumbed to a massive bout of gastrointestinal (Gl) bleed prior to the procedure.

gallbladder surgeries), and pancreatitis accounts for the vast
majority of pseudoaneurysms all over the world and less
common causes include vasculitis, radiological intervention-
al procedures, malignancies, and atherosclerosis.® In our
series, pancreatitis (acute and chronic) was the etiology in
eight cases, previous surgery in seven patients, and trauma
(road traffic accidents, fall from height, gunshot) accounted
for six cases. Three cases were seen after interventional

procedures (ERCP and PTBD); thus, iatrogenic causes were
implicated overall in 10 patients.”

Operative management was done in six patients; out of
whom four patients were operated on emergent basis. Three
patients succumbed within 24 hours, demonstrating that
operative management carries a high mortality and morbid-
ity. One patient developed postoperative fistula and died
after a prolonged hospital stay and an extended period of
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Fig. 6 Noncontrast computed tomography (NCCT) (A) and CT angiogram (B, C) showing a large partially thrombosed pseudoaneurysm in
relation to celiac artery in a patient of road traffic accident who had undergone exploratory laparotomy with portal vein repair and hepatic artery
ligation. The pseudoaneurysm was thought to arise from celiac artery but could not be demonstrated on selective celiac artery angiography.
Follow-up imaging showed spontaneous thrombosis of the pseudoaneurysm.

morbidity. Two patients made good recovery and were dis-
charged within 2 weeks. latrogenic (postsurgical, postinter-
ventional) pseudoaneurysms are a surgeon’s nightmare and
a repeat surgery to address these is an exceedingly difficult
clinical scenario because of the adhesions, inflammation,
and distorted postoperative anatomy.’ Thus, operative man-
agement of pseudoaneurysms carries a high morbidity and
mortality and should be employed selectively especially if
associated with problems which would otherwise merit
surgery.'?

Endovascular management was employed in 14 patients
out of whom 7 had undergone previous surgery for different
indications. Coils were used in 13 patients and 2 patients
were embolized using gel foam. We adopted the usual front
door-back door sandwich technique in coil embolization
except two patients who had pseudoaneurysms of terminal
hepatic artery branches. Three splenic infarcts and one large
splenic abscess was encountered as a complication; the latter
was seen in a common hepatic artery pseudoaneurysm
which was embolized using gel foam and was due to unin-
tended gel foam reflux. We had technical success and clinical
cessation of bleeding in all but one pseudoaneurysm which
was embolized using gel foam and recurred after a week. This
was successfully managed by repeat embolization.

Endovascular embolotherapy should always be consid-
ered the treatment of choice for splanchnic pseudoaneur-
ysms especially those arising from branches of celiac axis and
is highly efficacious in this setting. Even though recanaliza-
tion can occur there is always a prospect of repeating the
procedure with minimal morbidity.> The availability of
Amplatzer vascular plugs may allow more effective vascular
occlusions but are costly and may not always be available in
developing and resource-depleted countries. These are es-
pecially useful in occlusion of larger vessels (e.g., splenic
artery) and if aneurysm recurs post-coiling.!’ Many centers
have used glue (in combination with lipiodol) which is
especially useful for tortuous and difficult anatomy vascular
beds; it is, however, technically difficult and demands a prior
experience with its use.>>'? Pseudoaneurysms involving
proximal segments of SMA, celiac, or proper hepatic arteries
which cannot be coil embolized because of risk of ischemia

downstream can be treated by covered stents. Such hardware
is not immediately available at many centers in developing
countries (as was unfortunately the case with a post-Whip-
ple’s procedure SMA pseudoaneurysm and posttraumatic
celiac pseudoaneurysm in our series).'>~1°

Pseudoaneurysms arising from splenic artery proper can
be safely embolized by coils in the usual front door-back door
technique and splenic perfusion in those cases is maintained
by short gastric collaterals. If the distal segment of the artery
is involved, splenic infarct may result and is best managed
conservatively with analgesics and intravenous antibiotics to
prevent development of abscess.'’~'® The risk of splenic
infarction and abscess is higher with gel foam and liquid
embolic agents. Coil embolization, wherever feasible, is the
preferred technique especially if the pseudoaneurysm shows
brisk flow on color Doppler; if percutaneous injection of
thrombin is used for any reason (emergency control of
bleeding, or when safe catheter position cannot be achieved),
the patient should be carefully followed for recurrence.'’~"°

Mycotic and vasculitis-associated pseudoaneurysms of
the splanchnic arteries, especially if these are multiple, are
tough treatment dilemmas and are usually managed conser-
vatively, addressing the primary etiology plus supportive
treatment. Catheter-based treatments especially placement
of stent grafts is not preferred in mycotic aneurysms, due to
the possibility of graft infection and in such cases, repair, if
needed, is performed surgically.2’

A recurrence of pseudoaneurysms is always a possibility
and is more common in gastroduodenal and hepatic pseu-
doaneurysms because of recruitment of complex collateral
pathways.?'-?2 Reintervention in such cases is challenging, if
not impossible.

Even though all pseudoaneurysms are considered emer-
gencies, in a few selected cases watchful surveillance may
be chosen (e.g., in partially thrombosed lesion with a thick
calcified wall, asymptomatic lesions that have demonstrat-
ed size reduction on serial CT scans).>> We unfortunately
encountered two cases of fatal aneurysmal rupture in
patients who were scheduled for a procedure though it is
a policy in our institution to treat such lesions as quickly as
possible.
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CT angiography prior to the procedure is a routine in our
hospital; however, CT angiography missed the diagnosis of
three of our patients, and if the clinical suspicion is high, we
routinely perform a DSA. We also employ rotational angiog-
raphy as a problem-solving tool if the DSA and CT angiogra-
phy remains inconclusive or discordant and the clinical
suspicion of a pseudoaneurysm remains high.?*

In conclusion, visceral pseudoaneurysms are not uncom-
monly encountered potentially fatal lesions, commonly en-
countered after trauma, pancreatitis, surgeries, and
interventional procedures. These lesions are easily salvage-
able by minimally invasive interventional techniques (endo-
vascular embolotherapy), and surgeries carry a lot of
morbidity and mortality in such cases and a prolonged
hospital stay. In a developing country and a resource-deplet-
ed environment, the instantaneous unavailability of appro-
priate hardware (e.g., covered stents, vascular plugs) may
result in treatment failures and the attendant mortality.
Procurement of essential hardware in the inventory should
thus be a policy with the hospital administration so as to
enable treatment without delays so as to salvage a complex
surgical or interventional procedure or lethal but potentially
curable condition (e.g., a posttraumatic or post-pancreatitis
pseudoaneurysm).
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