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Purpose: To assess the feasibility and safety of the endovascular treatment of rup-
tured hepatic artery pseudoaneurysms after pylorus preserving pancreaticoduode-
nectomy (PPPD).

Materials and Methods: Thirteen patients with hepatic artery pseudoaneurysm
after PPPD were enrolled. Various endovascular techniques were used depending on
the sites and morphologies of the pseudoaneurysms. Five cases were treated by coil
embolization, five with stent-graft, one by thrombin injection and coil embolization,
one with stent-graft and coil embolization, and one with N-butyl cyanoacrylate
(NBCA) injection. Computed tomography scans and liver function test were per-
formed after the procedures.

Results: Pseudoaneurysm exclusion and bleeding cessation was achieved in all pa-
tients. In four patients that underwent coil or NBCA embolization of the hepatic artery,
aspartate transaminase (AST) and alanine transaminase (ALT) were markedly elevated.
Two of these four patients with narrowing of the portal vein due to surrounding hema-
toma died of hepatic infarction or hepatic abscess. In other nine patients, AST and ALT
were unchanged. In the 11 surviving patients, normal hepatic function and complete
pseudoaneurysm disappearance were achieved during follow-up.

Conclusion: Endovascular treatment of ruptured hepatic artery pseudoaneurysms
can be considered as a feasible and safe method. However, complete occlusion of the
hepatic artery with coils should be avoided in patients with inadequate portal flow.
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INTRODUCTION

Gastrointestinal bleeding caused by a pseudoaneurysm is a
potentially serious complication after pylorus preserving pan-
creaticoduodenectomy (PPPD) (1-5), and is a life-threatening
vascular lesion because it can cause rupture of pseudoaneu-
rysm in 30-40% of cases, with mortality rate ranging from 23-
70% (3-5). This situation can be delayed until after surgery or
often after discharge from the hospital. Although computed to-
mography (CT) will demonstrate bleeding foci with high accu-
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racy, angiography is required to reveal the vascular sources.
Depending on the patient's clinical condition, several treat-
ments can be used, including surgery and endovascular inter-
ventions (6). In the era of improved radiologic intervention,
percutaneous techniques have been used as a surgical alterna-
tive with increasing frequency for the management of visceral
pseudoaneurysms. Several interventional treatments, such as
transcatheter embolization, percutaneous thrombin injection,
or stent graft placement have been reported for the manage-

ment of visceral artery pseudoaneurysms (3). However, endo-
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vascular treatment of bleeding from hepatic artery pseudoan-
eurysms after PPPD has rarely been reported (4).

Here, we present our experiences of the endovascular treat-
ment of pseudoaneurysms of the hepatic artery, which were
managed using various techniques and materials after consid-
ering the sites and morphologies of the pseudoaneurysms, the

states of portal veins, and patient condition.

MATERIALS AND METHODS

Patients

Thirteen patients with bleeding from a hepatic artery pseu-
doaneurysm after PPPD were treated using miscellaneous en-
dovascular techniques. Our institutional review board approved
the retrospective study and informed consent was obtained
from all 13 patients. Radiologic findings and medical records
were retrospectively reviewed. PPPD was performed to treat
distal common bile duct cancer in seven patients, pancreatic
cancer in four patients, and Ampulla of Vater cancer in two pa-
tients. The study cohort consisted of nine men and four women
of mean age 65.9 years (range, 54-76 years). In 10 patients, di-
agnosis was achieved at time of rupture with an elapsed time of
approximately 2 weeks post-PPPD. Three patients had already
been discharged from the hospital when the bleeding occurred.
Median time from PPPD to a definitive diagnosis of a ruptured
hepatic artery pseudoaneurysm by CT scan obtained immedi-
ately after development of symptoms was 10.8 days (range, 3-30
days). Nine patients showed hypotension, gastrointestinal bleed-
ing, and bleeding into a surgical drainage bag. Four patients
complained of sudden abdominal pain and a reduction in he-
moglobin level. All patients underwent a CT scan for lesion
identification and treatment planning. CT scans depicted the
pseudoaneurysm with surrounding hematoma around the he-

patic artery in all cases.

Angiographic Findings

Diagnostic angiography and embolization were performed
simultaneously during a single session for all 13 patients, and
all underwent emergency treatment with vital sign monitoring.
Selective angiography of the common hepatic artery was per-
formed using a 5 Fr catheter (Cook, Bloomington, IN, USA) via

the common femoral artery. Superior mesenteric angiography
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was then performed to obtain an indirect portogram. The endo-
vascular technique was decided after the angiography finding.
Examples included coil embolization of the hepatic artery, N-bu-
tyl cyanoacrylate (NBCA) embolization of the hepatic artery,
stent graft, thrombin injection, or a combination technique
based on considerations of location and morphology of the
pseudoaneurysm neck, patency of the portal vein, anatomy of
the hepatic artery including its variation and tortuosity, and de-
vice availability. A pseudoaneurysm was located in the com-
mon hepatic artery in six patients, stump of the gastroduodenal
artery in four patients, proper hepatic artery in two patients,
and in the replaced right hepatic artery in one patient. Pseudo-
aneurysms were saccular in all 13 cases. Among them, 11 had a
short and wide neck, one had a short and narrow neck, and the
other had a relatively long and narrow neck, which was suitable
for coil embolization with preservation of the hepatic artery.
Both pseudoaneurysms with a narrow neck were located in the
gastroduodenal artery stump. In eight patients, the main portal
vein was narrowed due to extrinsic compression by the sur-
rounding hematoma. In the remaining five patients, the main
portal vein was patent. Anatomical variation was present in five
patients, An aberrant left hepatic artery from the left gastric ar-
tery was present in two patients, a replaced right hepatic artery
from superior mesenteric artery was present in two patients,
and a common hepatic artery from the superior mesenteric ar-
tery was present in one patient. Celiac axis stenosis or arterial
tortuosity that made it difficult to advance the guiding catheter

into the hepatic artery was encountered in three patients.

Procedure Selection

A summary of endovascular procedures utilized is provided
in Table 1. The preservation of hepatic arterial flow was our
main consideration when deciding on the optimal endovascu-
lar technique. Thus, coil embolization of the neck or stent graft
placement was initially attempted.

In two patients with a narrowed pseudoaneurysm neck, coil
embolization of the neck was performed to treat the patient
with a narrow and long neck. The patient with a narrow, short
pseudoaneurysm neck was treatment by coil embolization of
the neck after injecting thrombin into the lumen of the pseudo-
aneurysm to prevent coil migration into the lumen. A 500 unit

single bolus of bovine thrombin (D-STAT; Vascular Solution,
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Table 1. Patient Characteristics and Techniques of Endovascular Treatment

No. Sex/Age Disease Location Day (Po) AV Materials Techniques
1 M/72 Distal CBD Ca CHA 5 days No Stent, coil 3 mm stent-graft + coil embolization of gap
2 Fl68 Pancreatic head Ca GDA stump 6 days ALHA Coil Endovascular exclusion of hepatic artery
3 M/69 Ampullar of Vater Ca = CHA 7 days No Stent 6 mm stent-graft
4 M/67 Distal CBD Ca PHA 12 days No Coll Endovascular exclusion of hepatic artery
5 Fl67 Distal CBD Ca CHA 9 days RCHA Glue Endovascular exclusion of hepatic artery
6 Fl60 Distal CBD Ca CHA 3days No Stent 6 mm stent-graft
7 M/71 Pancreatic head Ca CHA 5 days No Coil Coil embolization of neck
8 M/54 Pancreatic head Ca GDA stump 30 days No Thrombin, coil 500 IU thrombin intravascular injection +
coil embolization of neck
9 M/62 Distal CBD Ca GDAstump 10 days No Coil Endovascular exclusion of hepatic artery
10 M/56 Ampulla of Vater Ca~ CHA 8 days No Stent 6 mm stent-graft
1 M/76 Pancreatic head Ca GDAstump  25days ALHA, RRHA  Coll Endovascular exclusion of middle hepatic
artery
12 Fl76 Distal CBD Ca RHA 3 days RRHA, CTO  Stent 6 mm stent-graft
13 M/59 Distal CBD Ca PHA 18 days No Stent 6 mm stent-graft

Note.—ALHA = aberrant left hepatic artery from left gastric artery, AV = anatomical variation, Ca = common artery, CBD = common bile duct, CHA = com-
mon hepatic artery, CTO = celiac trunk occlusion, GDA = gastroduodenal artery, PHA = proper hepatic artery, Po = post-operative, RCHA = replaced com-
mon hepatic artery from superior mesenteric artery, RRHA = replaced right hepatic artery from superior mesenteric artery

Minneapolis, MN, USA) was injected through a 2.4 Fr micro-
catheter (Progreat, Terumo, Tokyo) into the lumen after occlud-
ing the pseudoaneurysm neck with a 4 mm-diameter balloon
(Hyperform; EV3, Irvine, CA, USA) to prevent reflux of throm-
bin into the hepatic artery. When pseudoaneurysmal flow
ceased, the neck of the pseudoaneurysm was embolized using a
Tornado microcoil (Cook, Bloomington, IN, USA) to prevent
blood inflow into the pseudoaneurysm and recurrence.

Six patients with a wide pseudoaneurysm neck were treated
by use of a Jo stent graft (Abbott, Rangendingen, Germany). In
four of these six patients, the main portal vein was narrowed
due to extrinsic compression by hematoma. Initially, an 8 Fr
guiding catheter (Cordis, Miami, FL, USA) was positioned at
the origin of the hepatic artery and, after passing a guide wire
across the pseudoaneurysm, a balloon expandable stent-graft
was implanted in the involved hepatic artery (Fig. 1). Diame-
ters of stent graft ranged from 4-7 mm in five of the six patients.
The remaining patient was treated using a 3 mm Jo stent graft
and by coil embolization of the gap between the stent graft and
the hepatic artery. In this patient, contrast filling of the pseudo-
aneurysm through a gap between the stent-graft and the neck
was done by immediate post-procedural angiography, and the
gap due to mismatch between the stent-graft and diameter of
artery was super-selectively cannulated using a 2.4 Fr micro-
catheter and embolized using microcoils. Subsequently, there
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was no evidence of pseudoaneurysm filling.

Five patients with a wide pseudoaneurysm neck were treated
by complete occlusion of the hepatic artery using microcoils or
NBCA (Histoacryl; B. Braun, Melsungen, Germany), either be-
cause no stent graft was available at that time or because the
guiding catheter could not advanced into the hepatic artery due
to celiac axis stenosis or arterial tortuosity. Three of these five
patients had an intact portal vein. One of the three patients had
the common hepatic artery replaced from the superior mesen-
teric artery, one patient had an aberrant left hepatic artery re-
placed from the left gastric artery, and the remaining patient
had a replaced right hepatic artery replaced from the superior
mesenteric artery. In the patient with a replaced common he-
patic artery, the pseudoaneurysm as well as inflow and outflow
hepatic artery were embolized by injecting NBCA diluted 1 : 1
with Lipiodol Ultrafluid (Guerbet, Aulnay-Sous-Bois, France)
to avoid glue migration into the peripheral hepatic artery. Mi-
crocoils were used in the other four patients to occlude the he-
patic artery. To achieve complete occlusion of the hepatic ar-
tery, endovascular exclusion with coils or NBCA across the
pseudoaneurysm to prevent rebleeding due to collateral flow
from the distal hepatic artery was performed (Fig. 2).

Technical success was defined as complete pseudoaneurysm
exclusion by immediate post-procedural angiography. Labora-

tory data and CT scans were obtained during follow-up to de-
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A
Fig. 1. A 69-year-old man with ampulla of Vater cancer.

A. Celiac angiograph shows a pseudoaneurysm with wide neck in the common hepatic artery.
B. After deployment of a stent graft, the pseudoaneurysm disappeared and the hepatic artery was preserved.

A B

Fig. 2. A 62-year-old man with distal CBD cancer.
A. Indirect portogram shows a patent portal vein without stenosis.

B. Celiac angiograph reveals a pseudoaneurysm arising from the stump of the gastroduodenal artery.
C. Celiac angiograph obtained immediately after hepatic artery occlusion showing intra-hepatic arterial flow through the right inferior phrenic
artery. Liver function was aggravated immediately after the procedure, but was normalized 1 week later.

Note.—CBD = common bile duct

tect procedure-related complications and to ensure complete

thrombosis of pseudoaneurysms.

RESULTS

The results of endovascular treatment and clinical follow-up
are summarized in Table 2. In all cases, post-procedural angi-
ography revealed complete pseudoaneurysm exclusion. All pa-
tients rapidly regained hemodynamic stability and had an ex-
cellent subsequent recovery. After definite bleeding control, a
clinically relevant complication, including marked hepatic en-

zyme elevation, occurred only in those patients who had un-
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dergone hepatic artery occlusion using coil or NBCA. In five
patients with complete hepatic artery occlusion using coil or
NBCA, intra-hepatic arterial flow was observed via collateral
supply by an aberrant left hepatic artery, the replaced right he-
patic artery or right inferior phrenic artery by immediate post-
procedural angiography. In these five patients, two with portal
vein narrowing due to surrounding hematoma died of hepatic
infarction or an abscess at 7 and 10 days post-procedure, re-
spectively (Fig. 3). In the other three patients, the increased he-
patic enzyme levels were normalized by 1 week after the proce-
dure. Follow-up CT scans (range, 6-24 months) obtained for 11

patients showed complete disappearance of pseudoaneurysm.
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Table 2. Results of Endovascular Treatment
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No. F/U Periods Complication PVF Collaterals a Day/:Iipw:ei;‘:y:n:nﬁ?:}fanonths) Final Outcome
1 10 months No Insufficient No (88, 64/85, 63/56, 47/29, 26) Recovery
2 10 days Abscess Insufficient ALHA (2103, 1000/419, 470/X/X) Die
3 12 months No Sufficient No (75, 52/55, 33/36, 25/27, 25) Recovery
4 1 week Infarction Insufficient RIPA (3632, 940/3103, 2826/X/X) Die
5 9 months No Sufficient RIPA (133, 89/63, 43/28, 15/26, 22) Recovery
6 6 months No Insufficient No (70, 46/43, 32/30, 26/26, 23) Recovery
7 7 months No Insufficient No (19, 27/25, 26/24, 31/21, 21) Recovery
8 24 months No Insufficient No (85, 65/66, 53/44, 39/45, 38) Recovery
9 11 months No Sufficient RIPA (330, 289/185, 175/63, 52/41, 34) Recovery

10 7 months No Insufficient No (60, 45/55, 35/34, 25/25, 23) Recovery
11 3 months No Sufficient ALHA, RRHA (40, 12/35, 12/X[24,13) Recovery
12 3 months No Insufficient No (29, 24/42, 27[20, 1124, 10) Recovery
13 3 months No Sufficient No (59, 22/48, 40/23, 9/X) Recovery

Note.—ALHA = aberrant left hepatic artery, GOT = glutamic oxaloacetic transaminase, GPT = glutamic pyruvic transaminase, PVF = portal vein flow, RIPA =

right inferior phrenic artery, RRHA = replaced right hepatic artery

B

Fig. 3. A 68-year-old woman with pancreatic head cancer.

A. Indirect portogram obtained by superior mesenteric angiography showing extrinsic compression of the portal vein (arrow) by surrounding he-

matoma.

B. Celiac axis angiograph shows a pseudoaneurysm arising from the stump of the gastroduodenal artery. The aberrant left hepatic artery origi-

nated from the left gastric artery.

C. After occlusion of the common hepatic artery with coils, intra-hepatic arterial flow was observed by angiography via an aberrant left hepatic
artery. The patient succumbed to sepsis caused by a hepatic infarction and subsequent hepatic abscess development in the right lobe 10 days af-

ter the procedure.
DISCUSSION

Hepatic artery pseudoaneurysms are rarely encountered af-
ter PPPD. Of the 37 patients found with visceral artery pseudo-
aneurysms, 19 had a hepatic artery pseudoaneurysm, accord-
ing to data from the Mayo Clinic (7). More recently, Otah et al.
(8) reported five cases of pseudoaneurysm after PPPD - two of
the left hepatic artery, one of the right hepatic artery, one of the
gastroduodenal artery stump, and one of the replaced right he-

patic artery. Healthy tissue covering vessels is removed during
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surgery, which exposes the adventitia to pancreatic juice or in-
flammation. Other possible causes include direct vascular inju-
ry during dissection or retraction, vessel clamp injuries, or der-
mal injuries caused by electrocautery. Stump pseudoaneurysms
of the gastroduodenal artery are caused by insufficient suture
and ligation. Potential lethal bleeding can occur early or late
during the postoperative period (2).

The traditional treatment of hepatic artery pseudoaneurysms
consists of open ligation, or excision and vascular reconstruction.

However, good immediate outcomes for endovascular treatment
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with success rates ranging from 67-100% have been reported
recently (8, 9). Our patients were hemodynamically unstable at
the time of diagnosis and would probably not have survived
open surgery. Accordingly, an endovascular approach was evi-
dently the optimal choice, and the endovascular procedures
used included coil embolization, stent-graft, thrombin injec-
tion, and NBCA injection.

Traditionally, embolization using various embolic agents has
been used to treat visceral artery pseudoaneurysms to exclude
both vessel inflow and outflow, and, thus, to reduce the risk of
antegrade and retrograde reperfusion. It is important to take
care to avoid intraluminal pressure elevation because of the risk
of sudden rupture during the procedure. The choice of emboli-
zation methods depends on the situation encountered. Coils
are the first considered preferred embolic material, and can be
used alone or as a mixture with NBCA. They can be delivered
via catheter into the sac or neck, or positioned proximally and
distally to the origin of the pseudoaneurysm to occlude possi-
ble antegrade and retrograde sac filling (10-13). NBCA is an-
other favored embolic material. In one of our patients, a pseudo-
aneurysm in the replaced common hepatic artery was embolized
with NBCA. Catheterization was not possible across the pseu-
doaneurysm in this case, and intraluminal irritation induced
by repeated catheterization could have increased the risk of
rupture. NBCA has several advantages as compared with other
embolic materials, as it allows rapid and permanent emboliza-
tion and polymerization rapidly in blood. This material allows
complete hemostasis to be achieved by a single injection and si-
multaneously embolizes collateral vessels connected to the bleed-
ing focus (14). NBCA embolization is highly effective and safe,
especially when it is technically difficult to advance the micro-
catheter to the distal pseudoaneurysm. Appropriate indications
and careful procedures are chosen by adequately trained physi-
cians. During coil or NBCA treatment, potentially serious com-
plications in addition to the hemorrhage itself must be consid-
ered. For example, occlusion of the common hepatic artery by
coils may harm the liver. Although inadequately reported, a
lack of arterial supply to the liver may lead to hepatic insuffi-
ciency, infarction, intrahepatic abscess formation, or extrahe-
patic bile duct complication after the procedure (15). In the pres-
ent study, two of five patients that underwent coil or NBCA

embolization of the hepatic artery eventually died of a hepatic
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infarction and a hepatic abscess, respectively. In another three
patients with collateral supplies and a patent portal vein, hepat-
ic function recovered 1 week post-procedurally without further
complications. In the two patients that expired, intra-hepatic ar-
terial flows via collaterals were noted by post-procedural celiac
angiography, but portal vein flow was inadequate by superior
mesenteric angiography due to extrinsic compression of the por-
tal vein by a surrounding large hematoma. Therefore, in spite of
collateral blood supply to liver after embolization of hepatic ar-
tery, insufficient portal flow may result in hepatic insufficiency.
To avoid complications caused by arterial occlusion and to
control bleeding, a stent-graft should be considered. Stent graft
of pseudoaneurysms of the common hepatic artery may be cru-
cial in patients who undergo PPPD, because coil embolization
of common hepatic artery probably presents a greater risk of
liver insufficiency and infarction due to an occluded collateral
circulation from the gastroduodenal artery and pancreaticodu-
odenal arcade. The majority of our patients who underwent
stent-graft placement showed decreased portal flow due to ex-
trinsic compression by hematoma. Therefore, the potential risk
of hepatic infarction after coil embolization was considerably
higher than had the portal vein been intact. In all patients, place-
ment of the stent graft retained antegrade hepatic arterial flow
with complete exclusion of pseudoaneurysm, and hepatic en-
zyme levels were unchanged. In one case, the filling of aneurys-
mal sac through a gap between the stent-graft and the neck was
identified by immediate post-operative angiography (this had
occurred because the correct stent size was not available). Nev-
ertheless, the gap was successfully embolized using microcoils.
Completion angiography revealed 50% narrowing of the com-
mon hepatic artery due to the placement of a stent-graft with a
diameter smaller than that of the common hepatic artery. None-
theless, hepatic insufficiency did not develop. Stent-graft place-
ment across psuedoaneurysm neck was first reported by Biirger
et al. (16), and its use is related to a favorable arterial anatomy
(17). The arterial anatomy, and the diameter and location of
pseudoaneurysms have a substantial technical impact. The ar-
terial diameter must be suitable to allow an adequate seal and
achieve complete exclusion. The tortuosity of visceral vessels
can also cause navigation difficulties. Further technical devel-
opments with respect to more flexible stent-grafts and smaller

delivery systems are needed before this treatment can be of-
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fered to a wider population, and stent-grafts that better pre-
serve hepatic flow might provide a safe and efficacious alterna-
tive to coil embolization.

Percutaneous thrombin injection has been used to treat iat-
rogenic pseudoaneurysms of the femoral artery and, in a limit-
ed number of cases, a thrombin injection has been used to treat
visceral artery pseudoaneurysm (18-20). Thrombin converts
inactive fibrinogen to fibrin, which causes thrombus formation.
In our case, we did not use CT- or ultrasound-guided thrombin
injection because of anatomical difficulties. Therefore, a direct
intravascular injection was preferred. Thrombin administration
during the acute phase reduces the pressure inside the sac and
diminishes the risk of rupture. After administering thrombin,
we embolized the pseudoaneurysm neck to close inflow and
prevent rebleeding. We believe that this combination approach
provides a possible valid alternative for large saccular pseudoa-
neurysms with a short and narrow neck, as is shown presently.

In conclusion, miscellaneous endovascular procedures can
be considered feasible and effective for the treatment of rup-
tured pseudoaneurysms of the hepatic artery after PPPD in an
emergent situation, with the caution that total occlusion of the
hepatic artery with coils should be avoided in patients with a

portal flow insufficiency.
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