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Abstract Purpose To describe our initial experience with percutaneous thrombin injection
combined with endovascular coiling of high-flow visceral artery pseudoaneurysms.
Materials and Methods Institutional review board approval was obtained. Between
January 2019 and February 2020, 21 patients with nonvariceal upper gastrointestinal
(GI) bleed underwent multidetector CT angiography. Four patients with acute pancre-
atitis and large pseudoaneurysms were selected for the combined technique. Human
thrombin reconstituted with calcium chloride was injected percutaneously. Partially
thrombosed aneurysms were treated up to three times. Simultaneously or within
15 days, coil embolization of the neck or patent part of pseudoaneurysm was per-
formed. Patients were followed up to 1 month postprocedure.

Results The size of the pseudoaneurysms ranged from 3 cm to 6 cm. All were
accessed percutaneously by 22G Chiba needle under ultrasound guidance and 500 to
1500 units of thrombin was injected in one to three attempts. Subsequently, endo-
vascular coiling of the neck of the pseudoaneurysm or of the feeding artery was per-
formed. Technical success with cessation of flow was achieved in all four patients.
One patient developed obstructive jaundice postprocedure and another continued to

Keywords have Gl bleeding despite thrombin injection.
= pseudoaneurysms Conclusion Percutaneous thrombin injection is an easy to use and effective tool for
= thrombin treating visceral artery pseudoaneurysms and can be combined with endovascular
= coiling coiling for successful occlusion of large pseudoaneurysms.

Introduction initially attempted successfully for iatrogenic femoral arterial

pseudoaneurysms and later for treatment of visceral arte-
Visceral arterial pseudoaneurysms, although rare, are a sig- i3] pseudoaneurysms that failed endovascular therapy. We
nificant source of gastrointestinal (GI) bleeding. They are  describe our initial experience with the combined technique
preferably managed by transcatheter techniques such as coil-  of percutaneous thrombin injection and endovascular coiling
ing, glue injection, or particle embolization. Percutaneous  in the treatment of visceral arterial pseudoaneurysms in four
thrombin injection, directly into pseudoaneurysms, was patients.
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Materials and Methods

Institutional review board approved this prospective study.
Between January 2019 to February 2020, 21 patients with
nonvariceal upper GI bleed underwent multidetector CT
angiography (16 slice Siemens Somaton). Sixteen patients
had pseudoaneurysms due to acute pancreatitis. Four patients
with large pseudoaneurysms, which could be accessed percuta-
neously, were selected for combined technique. Smaller aneu-
rysms inaccessible by percutaneous method were managed
by the endovascular approach. Percutaneous thrombin was
injected into the pseudoaneurysm in all four patients. We used
human thrombin (either Floseal or Tisseal) reconstituted with
calcium chloride such that each mL of the solution contained
500 units of thrombin. Under ultrasound guidance, 1000 units of
reconstituted thrombin was loaded into the syringe and slowly
injected with ultrasound monitoring into the pseudoaneurysm
via a 22 G Chiba needle. Instant thrombosis of the pseudoan-
eurysm was depicted as echogenicity within the pseudoan-
eurysm. The needle tip was redirected to portions that were
patent and thrombin was reinjected in an attempt to completely
occlude the pseudoaneurysm. Partially thrombosed portions
were subjected to maximum of three repeat injections. Either
simultaneously or within 30 days, angiographic access was
obtained via right femoral route, and selective catheterization
of the feeding artery was performed using Cobra/Sims catheter
for Celiac access and Progreat (Terumo, Japan) microcatheter for

distal selective access. Coil embolization of the neck or patent
part of pseudoaneurysm was performed. Follow-up Doppler
on day three and either Doppler or contrast-enhanced CT after
1 month was performed to check for residual flow.

Individual Case Reports

Case Report 1

A 42-year-old male with acute pancreatitis presented with
complaints of abdominal pain and repeated episodes of
hematemesis. Serum amylase and lipase were grossly ele-
vated. CT scan revealed multiple pseudocysts, pancreatic
calcification, and 3.2 x 4.8 cm aneurysm from distal splenic
artery (=Fig. 1A). Colur doppler confirmed aneurysm near
splenic hilum (=Fig. 1B). Through percutaneous access via
22G Chiba needle under ultrasound guidance thrombin was
injected into the pseudoaneurysm and resulted in partial
thrombosis. The needle was redirected to the residual patent
portion and the remaining thrombin solution was injected
with partial success. A total of 1000 units of thrombin was
injected. Third day, Doppler revealed residual patency near
neck of the aneurysm (=Fig. 1C). The aneurysm failed to
thrombose spontaneously and as Doppler revealed patency
near the neck, 500 units of thrombin was injected on day
10 and 15 with failure to occlude aneurysm completely.
Doppler study on day 27 revealed patent portion within the
pseudoaneurysm, which was inaccessible percutaneously, as

Fig 1 (A) Contrast CT axial section reveals pancreatic calcification and distal splenic artery aneurysm (arrow) in 42-year-old male patient.
(B) Color Doppler of large splenic artery aneurysm (arrow) of same patient. (C) Follow-up Doppler on 3rd day reveals partial recanalization
(arrow) near neck of pseudoaneurysm. (D) Digital subtraction angiography (DSA) of splenic artery shows tear (arrowhead) in distal splenic
artery with partial filling of large pseudoaneurysm (arrow). (E) Postcoiling angiogram shows no flow into aneurysm.
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it was posterior to the spleen. History of melena prompted
angiographic embolization of residual patent portion. The
pseudoaneurysm was formed by a tear in the wall of splenic
artery (=Fig. 1D). The neck was then occluded by 3 mm
and 6 mm Nester coils via endovascular route. Check angio-
gram revealed complete occlusion of the pseudoaneurysm
(=Fig. 1E), and the patient was discharged with cessation
of GI bleed after 3 days. Follow-up Doppler after 4 weeks
revealed complete occlusion of the pseudoaneurysm.

Case Report 2
A 38-year-old male presented with severe back pain and
history of hematemesis. Laboratory values demonstrated
elevation of serum amylase and lipase. Contrast-enhanced
CT abdomen revealed pancreatitis with pseudocysts, asci-
tes, and 2 x 2.4 cm aneurysm from gastroduodenal artery
encased by pancreatic collection (=Fig. 2A). On angiogram,
the common hepatic artery was thinned and draped over the
pseudocyst with distal flow into the proper hepatic artery
(=Fig. 2B). The large pseudoaneurysm was seen arising
within 2 cm of origin of the gastroduodenal artery, with dis-
tal flow into the right gastroepiploic artery. Via percutane-
ous route, a mixture of 1000 units of thrombin and 2 mL of
calcium chloride (TISSEAL) was injected with instantaneous
thrombosis (=Fig. 2C).

The fast flow in the neck was persistent and was occluded
simultaneously through an endovascular approach, using

6 mm and 5mm Nester coils. Postprocedure check angio-
gram showed complete cessation of flow into pseudoaneu-
rysm (=Fig. 2D). However, obstructive jaundice developed,
and CT a week after thrombin injection revealed mild biliary
obstruction due to extraneous pressure by the hyperdense,
calcified, thrombosed aneurysm (=Fig. 2E), which resolved
with conservative treatment. The thrombosed aneurysm
was hyperdense on plain CT due to the calcium chloride.
Follow-up Doppler revealed complete occlusion of the
pseudoaneurysm.

Case Report 3

A 43-year-old man with history of alcoholism presented
with upper abdominal pain. Routine blood investigations
were normal. CT angiogram showed a wide mouth saccular
aneurysm (=Fig. 3A) of 2.8 x 2.7 x 3.2 cm arising from the
inferior aspect of midsplenic artery, with an adjacent haema-
toma of 5.8 x 4 cm indenting body and tail of the pancreas.
Selective splenic arteriography revealed a large saccular
aneurysm from midsplenic artery. With angiographic con-
trol, 1000 units of reconstituted thrombin was injected per-
cutaneously into the aneurysm. The aneurysm thrombosed
in a few seconds after injection. Two 3 mm coils and one
6 mm coil were placed across neck of aneurysm to prevent
further recanalization. A Doppler study 3 days and a month
after the procedure revealed complete occlusion of the pseu-
doaneurysm (=Fig. 3B).

Fig. 2 (A) Contrast CT abdomen depicting large partially thrombosed pseudoaneurysm (arrow) in patient 2. (B) Hepatic artery digital subtrac-
tion angiography (DSA) showing thinned and stretched proper hepatic artery (long arrow) over pseudoaneurysm (black arrow) arising from
gastroduodenal artery (white solid arrow). (C) Angiogram image showing percutaneous Chiba needle (arrow) for thrombin injection into aneu-
rysm filled with contrast. (block arrow). (D) Check angiogram postcoiling (arrow) and thrombin injection with no flow into pseudoaneurysm.
(E) Plain CT abdomen with hyperdense calcified aneurysm (star) causing intrahepatic biliary dilatation (arrow).
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Fig. 3 (A) Maximum intensity projection in patient 4 reveals pseu-
doaneurysm from splenic artery. (B) Follow-up USG abdomen shows
mixed echogenic thrombosed aneurysm (arrow) post thrombin
injection.

Case Report 4

A 36-year-old male patient with pancreatitis and melena
was found to have a gastroduodenal artery pseudoaneu-
rysm, measuring 4 x 2.2 cm on contrast-enhanced CT. With
angiographic control and through a percutaneous approach,
1000 units of thrombin was injected with instant thrombosis
of the pseudoaneurysm. Simultaneously, a coil was deployed
across the neck of the pseudoaneurysm. Doppler evalua-
tion on day 2 and a month postprocedure showed complete
thrombosis of the pseudoaneurysm.

Discussion

Visceral arterial pseudoaneurysms are best tackled by
endovascular techniques. Studies comparing outcomes
between endovascular and open surgical repair have found
a lower 30-day morbidity and mortality for ruptured aneu-
rysms and a protective effect on 2-year mortality by endo-
vascular techniques.!

Most pancreatitis-related pseudoaneurysms arise from
the splenic artery, gastroduodenal artery, left gastric artery,
or hepatic arteries. Current management strategies include
endovascular embolization with coils or glue or exclusion of
the pseudoaneurysm with a stent graft. Coiling of the aneu-
rysm is feasible in smaller aneurysms. In larger aneurysms,
coils are usually placed proximal and distal to the neck of
pseudoaneurysm (sandwich technique) to prevent either
antegrade or retrograde filling of the aneurysm. Covered
stents are suitable for those aneurysms from major arteries
that need preservation of flow such as the hepatic artery.
Covered stents lack flexibility while delivery and therefore
may not be taken through tortuous arterial routes.?

Aneurysms arising from major branches are easier to
reach angiographically compared with those from smaller
side branches. The angiographic approach is hampered by
the fact that these vessels are prone to spasm and stenosis
following guide wire manipulation. The alternative to failed
endovascular approach is percutaneous approach via which
thrombin, glue, and coil placement have been attempted pre-
viously with good success rate.

The first report on the use of thrombin for percutaneous
embolization of aneurysms for both peripheral and visceral
arteries was in 1986 by Cope et al.? Since then, it has been
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used in treatment of visceral aneurysms as a secondary mea-
sure when endovascular access was difficult, and where per-
cutaneous access is feasible.

Thrombin splits fibrin from fibrinogen and polymerizes
it into fibrin mesh, which stabilizes into an insoluble state
by factor XIII and calcium. The commercially used product
is human thrombin, which is mixed with calcium chloride
solution. After the injection, it acts immediately; the clot is
bioabsorbable, and the risk of infection, tissue necrosis, or
inflammation is minimized.

Under ultrasound guidance, the pseudoaneurysm and the
neck are visualized and 19 to 22 gauge needle is advanced per-
cutaneously under sterile conditions into the sac. The injec-
tion is performed slowly and continually. Thrombosis occurs
instantaneously around the needle tip and can be viewed as
an echogenic area by ultrasound. Injection is continued until
the flow stops within aneurysm on ultrasound. The success
of clot formation depends on concentration of thrombin and
the degree of stasis within the aneurysm.? Hence, thrombin
is better suited for slow flow aneurysm with small necks
where it cannot be washed away. Even if thrombin and fibrin
escape downstream, they are promptly lysed and no inadver-
tent organ damage occurs.*

The tricks and errors we learnt on percutaneous injec-
tion of thrombin for high-flow large aneurysms are:
1) Peripherally directed thrombin gets concentrated only at
the site of injection and leaves the central part of sac patent.
2) When the needle is directed toward the neck of the sac, the
high flow within distributes the thrombin evenly and near
total occlusion can be achieved. 3) Despite the near total/total
occlusion of sac with thrombin, the inevitable residual area
near the neck that remains persistently patent or recanu-
lates in time requires simultaneous endovascular coiling for
a complete success. 4) Complications are minimal and if both
techniques are done simultaneously, the presence of catheter
in the feeding artery during percutaneous thrombin injec-
tion decreases the speed of flowing blood into aneurysm and
facilitates thrombosis within the aneurysm.

This two-step treatment effectively stops further flow into
the pseudoaneurysm and also stops further GI bleed. Studies
have demonstrated rebleed with percutaneous thrombin
alone.> Previous authors have performed transabdominal
coiling along with percutaneous thrombin.® But the endo-
vascular route provides greater control over the site of coil
deployment to effectively control further flow into the pseu-
doaneurysm. Endovascular coil followed by percutaneous
thrombin has been used successfully to treat rebleed.”

This combined technique was technically successful in all
four patients. Many a time during coiling of large high-flow
aneurysms, a greater number of coils are required for dense
packing to achieve complete thrombosis. With this combined
technique, we were able to limit the number of coils to maxi-
mum of five and bring down the cost of procedure.

The main indication for percutaneous thrombin injec-
tion in visceral aneurysms is for slow-flowing aneurysms,
which have failed endovascular treatment. Second thrombin
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injection in high-flow aneurysms may be used as a tempo-
rary measure in areas where endovascular treatment is not
available. The combined technique may be useful in larger
aneurysms if there is persistent flow into aneurysm posten-
dovascular coiling.

Conclusion

Thrombin is an easy to use, effective, occlusive agent for
visceral artery pseudoaneurysms, and combined with
endovascular coiling, it is an effective tool to treat large vis-
ceral pseudoaneurysms. The combined technique offers
added advantage in achieving instantaneous complete
thrombosis in high-flow aneurysms and limits the number
of coils required. Thrombin alone is prone for recanalization
and may need repeated injections. It could be used as a stop-
gap arrangement in places where endovascular options are
not available and for pseudoaneurysms with failed endovas-
cular access.
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