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Pipeline embolization for an iatrogenic
intracranial internal carotid artery
pseudoaneurysm after transsphenoidal
pituitary tumor surgery: Case report and
review of the literature
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Abstract
Intracranial pseudoaneurysms are uncommon and among the most difficult lesions to treat with surgery or endovascular

means without parent artery sacrifice. Here, we report on a patient who underwent successful treatment using a flow-

diverting stent for an iatrogenic intracranial internal carotid artery pseudoaneurysm following a vessel injury after endo-

scopic pituitary tumor resection via the transsphenoidal approach. A 62-year-old man with a Rathke’s cleft cyst presenting

with bitemporal hemianopia and progressive decline of left visual acuity underwent endoscopic transsphenoidal pituitary

tumor resection. During dura incision, brisk arterial bleeding was encountered from the right internal carotid artery.

Immediate packing was performed, and hemostasis was achieved. Three days after the vessel injury, an angiography

revealed a pseudoaneurysm (2.9� 2.1 mm) at the cavernous segment of the right internal carotid artery, which showed

enlargement on follow-up magnetic resonance imaging at six days postoperatively. Pipeline embolization was performed

nine days after the vessel injury. Angiography performed one month after Pipeline embolization revealed significant

stagnation but not complete occlusion of blood flow inside the pseudoaneurysm cavity. Dual antiplatelet therapy was

replaced with single antiplatelet therapy. Follow-up angiograms three months after Pipeline embolization confirmed

complete obliteration of the pseudoaneurysm and successful endoluminal reconstruction of the damaged vessel. Despite

the possibility of short-term bleeding and the need for dual antiplatelet therapy administration for a certain period, the use

of flow-diverting stents is a feasible vessel-sparing option in the management of intracranial internal carotid artery

pseudoaneurysms resulting from transsphenoidal surgery injuries if intraoperative hemodynamic stability can be achieved

with effective packing.
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Introduction

Intracranial pseudoaneurysms are uncommon and
among the most difficult lesions to diagnose and treat.
Internal carotid artery (ICA) pseudoaneurysms result-
ing from iatrogenic injuries during transsphenoidal sur-
gery (TSS) are not true aneurysms, as they lack a true,
full-thickness wall and are covered only by a fragile
connective tissue layer.1 Intracranial pseudoaneurysms
can occur from blunt or penetrating trauma, arterial
dissection, infection, radiation, associated collagen vas-
cular disease, or may be detected following surgery.2–5

The treatments for intracranial pseudoaneurysms
include a wide variety of microsurgical and

endovascular techniques such as clipping, trapping,
carotid artery ligation, balloon occlusion, coil embol-
ization, stent-assisted coil embolization, covered stent
placement, and the use of onyx.6–11

With the recent increase in the on-label use of flow-
diverting stent embolization, cases of flow-diverting

Department of Neurosurgery, Dokkyo Medical University Saitama Medical

Center, Saitama, Japan

Corresponding author:
Yasuhiko Nariai, Department of Neurosurgery, Dokkyo Medical University

Saitama Medical Center, 2-1-50 Minamikoshigaya, Koshigaya Shi, Saitama

343-8555, Japan.

Email: nariainari@gmail.com

Interventional Neuroradiology

0(00) 1–9

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/1591019919874943

journals.sagepub.com/home/ine

https://orcid.org/0000-0001-6391-1002
https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/1591019919874943
journals.sagepub.com/home/ine
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1591019919874943&domain=pdf&date_stamp=2019-09-10


stents for blood blister-type aneurysms, pseudoaneur-
ysms, and dissecting aneurysms have been reported,
despite off-label use.1,2,4,12–15 Flow-diverting stents
can decrease the velocity and pressure of intraaneurys-
mal blood flow and promote delayed thrombosis with
reconstruction of the parent artery. In addition, they
provide a scaffold for long-term endothelialization
across an aneurysm neck by diverting blood flow
away from the aneurysmal sac, leading to clotting of
the aneurysm.16

Here, we present the case of a patient who under-
went successful treatment for an iatrogenic intracranial
ICA pseudoaneurysm using a flow-diverting stent after
vessel injury during endoscopic tumor resection
via transsphenoidal approach. We review the relevant
literature and discuss the use of a flow-diverting stent
in the treatment of iatrogenic intracranial
pseudoaneurysms.

Case presentation

A 62-year-old man with a Rathke’s cleft cyst who pre-
sented with bitemporal hemianopia and progressive
decline of left visual acuity underwent endoscopic
transsphenoidal surgical resection of a pituitary cystic
lesion (Figure 1). After dura incision and cyst opening,
we performed dura incision on the right side.
Subsequently, unexpected brisk arterial bleeding was
encountered from the right ICA. Immediate packing
was performed and hemostasis was achieved.

After the operation, the patient remained neuro-
logically intact, and his visual acuity and bitemporal
hemianopia improved. Three days after intraoperative
vessel injury, we performed angiography. The angio-
gram showed a pseudoaneurysm (2.9� 2.1mm) at the

cavernous segment of the right ICA as a result of vessel
injury (Figure 2(a)).

By using the Matas maneuver, angiography con-
firmed cross-flow via the anterior and posterior com-
municating artery. However, the delay of the venous
phase was 6 s. Therefore, we concluded that the patient
could not tolerate parent artery occlusion (Figure 3).

Follow-up magnetic resonance imaging six days
after the operation revealed enlargement of the pseu-
doaneurysm. Therefore, we decided to place a Pipeline
Flex (Medtronic Neurovascular, Irvine, CA, USA)
as primary treatment for the pseudoaneurysm because
the pseudoaneurysm was too small for safe and
complete insertion of coils. The day before Pipeline
embolization, the patient was administered dual anti-
platelet agents (DAPT) (loading doses of prasugrel
20mg and aspirin 200mg).

Cerebral angiography nine days after the vessel
injury showed enlargement of the pseudoaneurysm
with dimensions of 3.6� 2.9mm (Figure 2(b)).

On the same day as the Pipeline Flex placement, a
7French (Fr) Cook shuttle sheath (Cook Medical,
Bloomington, IN, USA) and a 5Fr Navien guide cath-
eter (Medtronic Neurovascular, Irvine, CA, USA) were
placed at the right ICA under general anesthesia nine
days after the vessel injury. During the procedure, we
administered 6000 units of heparin intravenously to
reach an activated clotting time of >250 s. A 150 cm,
3.2Fr, Marksman microcatheter (Medtronic
Neurovascular) was then advanced through the
Navien guide catheter beyond the vessel injury. Next,
a 4.75� 16mm Pipeline Flex was deployed across the
neck of the pseudoaneurysm via the Marksman micro-
catheter. We performed percutaneous transluminal
angioplasty for the proximal and distal sides of the

Figure 1. Preoperative contrast T1-weighted magnetic resonance imaging (left, sagittal view; right, coronal view) demonstrating an oval-

like mass lesion extending from the sella turcica to the suprasellar space with the circuit of the tumor enhanced.
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Pipeline Flex with a HyperForm compliant balloon
catheter (MicroTherapeutics, Irvine, CA, USA).
Postprocedural angiography revealed immediate and
significant stagnation but not complete occlusion of
blood flow inside the cavity of the pseudoaneurysm
(Figure 4(a)). Multiplanar reconstructed dyna-com-
puted tomography confirmed optimal stent placement
and wall apposition (Figure 4(b)).

Subsequently, prasugrel (3.75mg daily) and aspirin
(100mg daily) were maintained after the surgery.
Follow-up angiography two weeks and one month
after the Pipeline Flex deployment showed only slight
contrast within the pseudoaneurysm without in-stent
thrombosis (Figure 5(a)). Therefore, we replaced DAPT
with single antiplatelet therapy (SAPT) (only aspirin
100mg daily). Follow-up angiography three months
after Pipeline embolization confirmed complete obliter-
ation of the pseudoaneurysm and successful endoluminal
reconstruction of the damaged vessel (Figure 5(b)).

Twelve months after the Pipeline embolization, the
patient’s modified Rankin scale score was 0, and
follow-up angiography demonstrated complete obliter-
ation of the pseudoaneurysm. We finished administra-
tion of aspirin 12 months after the Pipeline embolization.

Discussion

This case indicates the prospective possibility of using
flow-diverting stents for the treatment of pseudoaneur-
ysms, especially for those caused following TSS.
Flow-diverting stents can enable us to treat the pseu-
doaneurysms with preservation of the parent artery in a
less invasive manner.

In TSS, life-threatening complications such as hem-
orrhage from ICA injuries can arise. The cavernous
segments of the ICA are at risk during surgical explor-
ation of the pituitary gland such as when removing the
sellar floor, opening the sellar dura, and resecting
tumors.14,17–21 The reported incidence of ICA injuries
during TSS for pituitary tumors ranges between
0.55 and 1.1%.6,8,22 ICA pseudoaneurysms resulting
from iatrogenic injuries during TSS are similar to
blood blister-type aneurysms histologically (indicating
focal artery laceration), and geographically (occurring
at non-branching sites of the ICA), with the possibility
for rapid enlargement and rupture with a 30–50%
reported mortality rate.10,14,18 Although shrinkage
and spontaneous resolution of intracranial pseudoa-
neurysms have been reported, clinical series have
reported rupture rates of up to 60% prior to definitive
treatment.1 In a review by Alzhrani et al., the time of
diagnosis of pseudoaneurysms after TSS injuries ranges
from 2 days to 10 years postoperatively.18 Patients with
ICA pseudoaneurysms present with cranial neur-
opathy, carotid-cavernous fistula (CCF), pituitary apo-
plexy, or epistaxis. Prompt angiography after initial
management of acute bleeding with nasal packing
allows assessment of whether there is ongoing hemor-
rhage and can be used to identify the presence of pseu-
doaneurysms or CCF. Among Michael et al.’s cohort,
23% of patients with cavernous carotid pseudoaneur-
ysm after TSS did not show evidence of vascular injury
or hemorrhage during the operation, implying likely
subtle carotid injuries that were unrecognized during
the surgery.7 Patients with a history of TSS should be
immediately inspected for iatrogenic vascular

Figure 2. (a) Cerebral angiography three days after transsphenoidal surgery injury showing no active bleeding from the injured site of

the right internal carotid artery and a pseudoaneurysm at the cavernous portion of the right internal carotid artery on digital subtraction

angiography (size of the pseudoaneurysm: 2.9� 2.1 mm). (b) Cerebral angiography nine days after transsphenoidal surgery showing

enlargement of the pseudoaneurysm both on digital subtraction angiography and three-dimensional views (size of the pseudoaneurysm:

3.6� 2.9 mm).

Nariai et al. 3



abnormalities once they present with epistaxis, visual
impairment, external ophthalmoplegia, or bruit, even
if there is no evidence of injury in the ICA.23

With regard to traditional surgical and endovascular
treatments for intracranial pseudoaneurysms, parallel
clipping, wrapping, external or internal trapping, caro-
tid artery ligation, coiling, and stent-assisted coiling
have been performed.22,23 If simple clipping or coiling
is performed with preservation of the injured ICA,
direct manipulation of the friable aneurysm wall is
required, and there may be compromise with increased
possibility of severe life-threatening intraoperative rup-
tures and incomplete occlusion, leading to delayed fatal

hemorrhage (epistaxis).2,15,23 As for trapping, revascu-
larization by low or high flow bypass must be estab-
lished, depending on collateral flow. Parent artery
occlusion (PAO) may be the most reliable and definitive
treatment for ICA injuries. However, PAO is an inva-
sive and deconstructive treatment. There remains a
5–20% possibility of developing ischemic complications
after PAO of the affected ICA even when sufficient
compensatory collateral flow is initially confirmed on
balloon occlusion test (BOT).24,25

Recently, the management of this lesion has changed
from an invasive vessel destructive strategy to a vessel
reconstructive strategy, which only excludes the

Figure 3. (a) Angiography with a Matas maneuver showing the ipsilateral anterior cerebral artery and middle cerebral artery visualized

by cross-flow via the anterior communicating artery in the late arterial phase. (b) The beginning of the venous phase in the left

hemisphere (black arrow) and certain cortical arteries in the right hemisphere are visible 1 s (s) after the first image; defined as 0 s.

(c) The venous phase at 2 s; the cortical veins on the right hemisphere are still invisible. (d) The venous phase at 6 s; the veins are starting

to fill in the right hemispheres (black arrows). This patient had a 6 s venous drainage delay.
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aneurysm from the circulation while maintaining vessel
patency. The Pipeline Flex is a type of flow-diverting
stent with endoluminal and self-expanding properties.
The device is designed with greater metal surface area
coverage to obtain a greater change in aneurysm hemo-
dynamics resulting in diversion of blood flow away
from the aneurysm, leading to thrombosis of the aneur-
ysm and endothelialization of the neck of the aneurysm
while maintaining the patency of the parent
vessel.16,26,27 Recently, off-label use of the Pipeline
Flex has expanded to include various aneurysmal

types such as ruptured aneurysms, posterior circulation
aneurysms, small aneurysms, distal aneurysms, fusi-
form aneurysms, dissecting aneurysms, pseudoaneur-
ysms, and CCF.3 Some intracranial pseudoaneurysm
cases treated with such vessel-reconstructive endovas-
cular techniques as flow-diverting stents or covered
stents have been reported.1,2,4, 8,11,13–15,22,28 However,
in addition to the lack of flexibility, tortuous anatomy
at the location of the injury can prohibit adequate wall
apposition of the covered stents to vessel laceration.11

A flow-diverting stent enables full coverage of the

Figure 4. (a) Post-Pipeline embolization cerebral angiography showing decreased contrast intra-pseudoaneurysmal flow and (b) good

apposition of the Pipeline Flex for the vessel wall in the right internal carotid artery.

Figure 5. (a) Cerebral angiography one month after Pipeline embolization showing only contrast remaining within the pseudoaneurysm

with no evidence of stenosis proximal, distal, or within the Pipeline Flex. (b) Cerebral angiography three months after Pipeline embol-

ization showing complete obliteration of the pseudoaneurysm and no evidence of stenosis proximal, distal, or within the Pipeline Flex.
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aneurysm neck without direct intra-aneurysmal
manipulation with greater flexibility, adaptable radial
force, and metal surface area coverage compared
to that of traditional balloon-expandable or self-
expandable stents.16 Sylvester et al. reviewed 98 cases
of ICA injuries treated with endovascular methods
after TSS.22 The rate of persistent neurological compli-
cations in the endovascular sacrifice of the ICA was
21.7%. Endoluminal reconstruction was performed by
placement of covered stents (24 cases) and flow diver-
ters (5 cases). Covered stents involved a low percentage
of major technical complications (8.3%) but a high rate
of technical complications (41.7%). Flow diverter
placement was well tolerated with only one minor
technical complication.

In this case, we performed a Matas maneuver and
determined that the venous phase delay was 6 s (>4 s),
although we could confirm cross-flow via the anterior
and posterior communicating artery. Chen et al. dis-
cussed venous phase delay assessment in BOT of ICA
and demonstrated that their patients with a venous
phase delay of> 4 s could not tolerate PAO.29 The
venous phase delay observed when performing the
Matas maneuver made us avoid PAO for our patient.
Therefore, when deciding how to treat the pseudoa-
neurysm safely and completely, we considered only
two options: Pipeline embolization or PAO with low
or high flow bypass. The latter would necessitate
more invasive surgery and may create more complica-
tions generally accompanying open surgery.
Conversely, regarding the former method, there are
multiple case reports detailing successful use of
flow-diverting stents in treating intracranial pseudoa-
neurysms of varying etiologies, although flow-diverting
stents for pseudoaneurysms are beyond the original
on-label application.1,2,4,7,8,11,13–15,17,19–22,28,30,31

To our knowledge, there are only 11 cases reported of
pseudoaneurysms caused after TSS for pituitary
tumors, including ours (Table 1).14,17,19–22,31

In the 11 cases, one was lost to follow-up immedi-
ately after the Pipeline embolization. Among the
remaining 10 cases, a complete occlusion state was
confirmed in nine and near complete occlusion in
one case. There were no cases with complications
and decline of modified Rankin scale due to PED
(Pipeline Embolization Device (Medtronic,
Neurovascular))-related causes. Given the efficiency
and durability of flow-diverting stents for pseudoa-
neurysms based on the clinical series, we decided on
treatment with flow-diverting stents even though we
were unable to obtain the information on the long-
term follow-up results of flow-diverting stents for
pseudoaneurysms. We propose that flow-diverting
stents are feasible in pseudoaneurysm cases, especially
in those without sufficient collateral flow and without
a contraindication for DAPT, and those with the ces-
sation of bleeding confirmed. In addition, it may be
useful for patients who are unable to withstand inva-
sive surgical procedures.

Considering the safety of the flow-diverting stent,
there is also the risk of hemorrhagic and thrombo-
embolic complications with intra-stent clot formation
and parent vessel occlusion. A recent systematic review
of 2002 patients with 2243 aneurysms with Pipeline
embolization for cerebral aneurysms reported that the
total ischemic complication rate was 7% (95% confi-
dence interval (CI), 6–9%), and the hemorrhagic com-
plication rate was 5% (95% CI, 4–6%).32 At present,
Pipeline embolization often necessitates DAPT admin-
istration for a certain period. Nevertheless, guidelines
for the use of DAPT in Pipeline embolization, including
the terms and optimal combinations of antiplatelet
drugs, have not been determined. In our case study,
we achieved complete occlusion of pseudoaneurysm
with changing DAPT to SAPT one month after
Pipeline employment, although there is a lack of evi-
dence regarding the benefits of maintaining DAPT.
Changing DAPT to SAPT early meant that we
expected the progression of aneurysmal thrombosis
but accepted the increased risk of thromboembolic
complications of Pipeline. Tsang et al. reported two
delayed ICA occlusion cases secondary to in-stent
thrombosis of Pipeline embolization for pseudoaneur-
ysms.13 In their report, clopidogrel was maintained
only for the initial one to four weeks, and aspirin was
prescribed for six months in total after surgery because
the patients were constantly at risk of life-threatening
bleeding from the pseudoaneurysms. Of the two cases,
one had lacunar infarction 14 months after Pipeline
embolization and the other remained asymptomatic
22 months after Pipeline embolization.

The limitations of flow-diverting stents for intracra-
nial pseudoaneurysms are as follows: (1) contraindica-
tion under active bleeding, (2) persistent rebleeding
possibility in the short-term after a flow-diverting
stent deployment, (3) the need for DAPT after PED
placement with the possibility of complicating the risk
of rebleeding, and (4) the indefinite terms and optimal
combinations of antiplatelet drugs. The PED cannot
attenuate ongoing bleeding, especially in the setting of
DAPT.2,4,15 Achieving hemodynamic stability with
effective packing is the first step for using a flow-divert-
ing stent. If refractory hemorrhage occurs after a flow-
diverting stent deployment, endovascular or surgical
parent vessel occlusion must be taken into consider-
ation because a microcatheter cannot be navigated
through the mesh of the Pipeline Flex.3

Flow-diverting stents may perform better in the
treatment of ICA pseudoaneurysms, especially after
TSS. However, the long-term safety and efficacy of
flow-diverting stents under these conditions remain
unclear. Therefore, additional case studies are required
to illuminate the most effective and safe management
strategies.

In conclusion, despite the possibility of short-term
rebleeding and need for DAPT for a certain period,
the use of flow-diverting stents is a feasible vessel-
sparing option in the management of intracranial ICA
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pseudoaneurysms after TSS injuries if intraoperative
hemodynamic stability is achieved with effective
packing.
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