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Introduction

Internal carotid artery (ICA) injury is a feared complication of
transsphenoidal surgery (TSS). The incidence of ICA injury
from TSS, either microscopic or endoscopic, has been
reported to be less than 1%.1–6 Pseudoaneurysm formation

is a possible sequelae of ICA injury and can be difficult to
treat. While parent vessel sacrifice has historically been the
choice of treatment, vessel-preserving endovascular techni-
ques, including embolization and endoluminal reconstruc-
tion, have been reported in the literature.7,8 Here, we
describe the use of a combined approach of flow diversion

Keywords

► endoscopic
endonasal

► fascia lata
► iatrogenic carotid

injury
► muscle graft
► pituitary adenoma
► Pipeline embolization
► pseudoaneurysm

Abstract The incidence of internal carotid artery (ICA) injury associated with endoscopic
endonasal approaches to the pituitary is less than 1%. While parent vessel sacrifice
has historically been the choice of treatment, vessel-preserving endovascular techni-
ques have been reported. Although flow diversion offers endoluminal reconstruction,
its major limitation is the delay in obtaining complete occlusion. We describe the use of
a combined Pipeline embolization device (PED) with endoscopic endonasal repair using
a fascia lata/muscle graft to treat an iatrogenic ICA pseudoaneurysm and report long-
term radiographic follow-up. Further investigation into the utility of directed endo-
scopic endonasal repair of iatrogenic pseudoaneurysms initially treated with PED is
necessary, especially given the need of post-PED anticoagulation and the rate of
permanent neurological deficit after ICA sacrifice.
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with Pipeline embolization device (PED) and endoscopic
endonasal repair using a fascia lata/muscle graft to treat
an ICA pseudoaneurysm.

Case Report

A 77-year-old woman with hypertension presented to an
outside hospital with vision loss and was found to have a
2.4�1.9�2 cm nonsecreting sellar and suprasellar mass
with right cavernous sinus invasion and bitemporal hemi-
anopsia (►Fig. 1A). She was transferred to our institution
after an aborted TSS for this lesion due to intraoperative ICA
injury. Per the original operative note: “The thicker bone of
the posterior wall of the sphenoid sinus (lateral and superior)
was then removed using the Sonopet. As the superolateral
bone was being removed, there was noted to be arterial
bleeding. The bleeding was immediately tamponadedwith 1
in x 3 in neuropatties.” Three Foley catheterswere placed and
inflated: one into each nare and one anterior to the right
sphenoid sinus. Intraoperatively, the patient became hypo-
tensive, was treated with vasopressors, and received four
units of blood. She was transferred intubated for emergent
angiography.

On admission, she was sedated but moving all four
extremities spontaneously. Head computed tomography
(CT) demonstrated postsurgical changes with metal artifact
in the sinus cavities from the packing (►Fig. 1B). There was
no intracranial hemorrhage. She underwent immediate ce-
rebral angiography, demonstrating a 1.4�2mm rightmedial
cavernous segment pseudoaneurysm (►Fig. 2A). There was
no evidence of stenosis or thrombosis. Due to increasing
white blood cell (WBC) count on day of admission (DOA)2,
sulfamethoxazole/trimethoprim was started. On DOA3, she
underwent a right ICA balloon test occlusion (BTO). She was
following commands with antigravity strength in both arms
prior to balloon inflation. Angiography demonstrated a
sizeable posterior communicating artery and small anterior
communicating artery so runs of the posterior circulation
through the left vertebral artery were obtained after inflat-
ing the balloon within the right cervical ICA. These runs
demonstrated approximately 1 second of flow delay within
the right ICA territory, with arterial phase opacification

during the parenchymal phase of the posterior circulation.
She also failed the BTO clinically, losing the ability to raiseher
left arm antigravity after 9minutes of occlusion. She was
started on aspirin 325mg and prasugrel 5mg daily in antici-
pation for vessel-preserving flow diversion. Due to increas-
ing WBC count, her antibiotics were broadened to
vancomycin, cefepime, and metronidazole on DOA4.

Endovascular Management
Due to her failed BTO, on DOA5, the patient was taken to the
interventional neuroradiology suite for Pipeline emboliza-
tion under general anesthesia. The PEDswere deployed using
a standard triaxial catheter setup and a drag-and-drop

Fig. 1 (A) Coronal MRI of the brain with contrast demonstrating sellar and suprasellar mass with significant elevation of the optic apparatus,
chiasmal compression, and invasion of the right cavernous ICA. (B) Coronal CTwithout contrast demonstrating bony defect at the ICA injury site
(yellow arrow). (C) Coronal CT angiogram with contrast demonstrating PED covering the ICA injury (green arrow), with normal
position/nonectatic anterior genu of the ICA. CT, computed tomography; ICA, internal carotid artery; MRI, magnetic resonance imaging; PED,
Pipeline embolization device.

Fig. 2 (A) Right ICA pseudoaneurysm (yellow arrow) on DOA1. (B)
PED placement with persistent filling (red arrow) on DOA5. (C)
Complete obliteration of right ICA pseudoaneurysm after fascia lata/
muscle graft repair on DOA19. (D) Angiogram 2.5 years after surgery
demonstrates continued complete aneurysm obliteration with Pipe-
line endothelialization. DOA, day of admission; ICA, internal carotid
artery; PED, Pipeline embolization device.
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technique.9 Three telescoping PEDswere used: 4.75�14mm
Flex, 5�14mm Flex, and 5�12mm Flex (►Figs. 1C and 2B).
After deployment of two devices, a region of incomplete
parent vessel apposition at the proximal end of the construct
was rectified using balloon angioplasty. At this point, there
was only moderate (parenchymal phase) contrast stasis
within the pseudoaneurysm, so a third device was deployed
resulting in pronounced contrast stasis within the
pseudoaneurysm.

Following the procedure, she remained intubated and
sedated, but was able to follow commands in all extremities.
Her packing and intranasal Foley catheters remained in
place. Repeat angiogram on DOA12 showed good stent vessel
wall apposition without evidence of in-stent stenosis but
continued residual filling of the pseudoaneurysm. Due to
fevers and increasing WBC, two Foley catheters were re-
moved without complications. Due to prolonged intubation,
she underwent tracheostomy and percutaneous G-tube
(PEG) placement. Despite being on broad spectrum anti-
biotics, she required vasopressors for mild sepsis. Given the
risk of worsening sepsis and the length of time that the nasal
packing had remained in place, the patient was brought to
the operating room on DOA17 for nasal packing removal
with concomitant endoscopic endonasal repair of her
pseudoaneurysm.

Operative Management
After general anesthesia and cardiovascular access, her head
was fixed in a Mayfield holder. Neuronavigation was regis-
tered to the patient using her high-resolution CT and mag-
netic resonance imaging (MRI) scans. The remaining nasal
Foley catheter was removed. The nasal cavitieswere irrigated
with 1,200mg of clindamycin in 1 L of normal saline. Her
face, right neck (for carotid artery access and control), right
groin, and right anterior thigh were prepped.

A 5�3 cm sheet of fascia lata and muscle was harvested
from the proximal right thigh via a 7 cm incision. The defect
was repaired in standard fashion.

The nasal cavities were examined with the 0-degree
endoscope. Significant mucosal ulcerationwas noted. Super-
ficial patties from the nasal cavity were removed. The prior
sphenoidotomy was widely extended. An incision in the
contralateral posterior nasal mucosa was widened to in-
crease bilateral access. While the remaining patties were
carefully dissected with significant irrigation, arterial bleed-
ing was encountered in the region of the right anterior genu.
Hemostasis was obtained by tamponading the bleeding with
one of the remaining patties, which was amputated until
there was a small piece of patty remaining over the aneurys-
mal site. The nasal cavities were irrigated with another liter
of clindamycin irrigation. At this time, the fascia lata/muscle
graft was placed in the sphenoid sinus. The remaining
portion of the final patty was removed, and the muscle
side of the graft was positioned over the ICA pseudoaneur-
ysm bymanipulating the fascia lata side of the graft. Nomore
active bleeding was noted. The sitewas packedwith Gelfoam
wrapped in Surgicel. Two NasoPores were placed into the
sphenoid sinus and aglovedMerocelwasplaced in eachnasal

cavity. Intraoperative X-ray confirmed no retained radi-
opaque foreign bodies.

Postoperative Course and Follow-up
Angiography on DOA19 showed complete obliteration of the
ICA pseudoaneurysm with no in-stent stenosis or thrombo-
sis (►Fig. 2C). Her aspirin was decreased to 81mg. She was
weaned off of the ventilator and transferred to the floor on
DOA24. On DOA26, she was discharged to rehabilitation. Her
final antibiotic regimen of ciprofloxacin, metronidazole, and
sulfamethoxazole/trimethoprim continued for an additional
3 weeks while her nasal packing remained in place. She
continued to improve with PEG removal, tracheostomy
decannulation, and subsequent discharge home on DOA40.

Follow-up cerebral angiograms at 6 months and 2.5 years
(►Fig. 2D) confirmed complete obliteration of the ICA pseu-
doaneurysmwith no in-stent stenosis. Her last pituitaryMRI
scan at 28months postembolization showedmild increase in
her tumor; however, the patient deferred treatment. At her
last angiogram, shewas doingwell, living independently, and
working 40hours a week. She remained on aspirin 81mg.

Discussion

ICA injury is a rare complication of TSS.1–6 ICA pseudoaneur-
ysm is a frequent sequelae of iatrogenic ICA injury and can be
difficult to treat. Definitive treatment modalities include
vessel sacrifice, endovascular repair, and surgical by-
pass.7,8,10 Endovascular techniques include coiling, stent-
assisted coiling, liquid embolization, and endoluminal re-
constructionwith stenting or flowdiversion.8 Flowdiversion
offers the advantage of endoluminal treatment without
accessing the aneurysm and avoidance of other complica-
tions of coiling alone such as coil compaction, migration, or
extrusion.8

Parent vessel preservation through endovascular inter-
vention has been increasingly reported through case reports
and series. Sylvester et al identified 60 articles and 98 cases of
endovascular treatments for iatrogenic ICA injury from
endonasal surgery, and presented 7 cases from their own
series.8 From these 105 cases, 46 (43.8%) underwent endo-
vascular ICA sacrifice, 28 (26.7%) underwent ICA lesion
embolization (stent-assisted coiling, coil embolization with-
out stenting, balloon embolization without stenting, Onyx
embolization), and 31 (29.5%) underwent endoluminal re-
construction with covered stent placement, multiple uncov-
ered stents, or flow diversion. In this comprehensive
literature review, five cases of flow diversion had been
described for TSS-related ICA injury.8

The PED is a flow diversion device that was initially
approved by the Food and Drug Administration in 2011 for
treatment of large and giant aneurysms in the ICA extend-
ing from the petrous to the superior hypophyseal segments.
It is a 48-strand device providing 30 to 35% metal coverage
of the arterial wall surface area.11 PED has gained populari-
ty for its ability to reduce aneurysmal blood flow while
providing a scaffold for endothelialization and vessel wall
reconstruction.12,13
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Amenta et al were the first to describe the use of PED for
iatrogenic ICA pseudoaneurysm after their patient under-
went endoscopic sinus surgery for sinusitis.14 Initial CT
angiography (CTA) performed due to concern for intra-
operative ICA injury showed no pseudoaneurysm; however,
repeat CTA 1 week later showed a 2�1.4mm left ICA
pseudoaneurysm, confirmed with angiogram. Two PEDs
were placed across the pseudoaneurysm and 4 months later,
follow-up angiogram demonstrated complete obliteration.14

Since then, several additional cases of PED alone or combined
PED and coiling for iatrogenic ICA pseudoaneurysm have
been described.8,14–22

Most recently, Chen et al conducted a seven-institution
retrospective study of PED for intracranial pseudoaneurysms
of various etiologies. Average length of radiographic follow-
up was 6 months, and 78% of patients achieved complete
obliteration.15 Of the 19 total cases, 5 were due to iatrogenic
injury from TSS for tumor, 1 of which was reported to
ultimately require parent vessel sacrifice due to persistent
filling.15 They also conducted a literature review of 11 case
reports/series describing the use of PED (with or without
coils) for pseudoaneurysms of various etiologies.15 Of the 30
cases, 10 were due to iatrogenic injury during TSS, which
includes the 5 cases previously summarized by Sylvester
et al.8,14,20 Currently, there are limited cases of PED used for
iatrogenic pseudoaneurysm repair after TSS, with more than
10% ultimately requiring vessel sacrifice (►Table 1).8,14–22

One major limitation of PED is the delay in obtaining
complete occlusion. Close follow-up for persistent pseudoa-
neurysm filling is necessary, and additional treatment may
be needed. As the false wall of the pseudoaneurysm remod-
els, fascia lata/muscle grafting can help reinforce the false
wall and provide additional structural support rather than
immediately opting for vessel sacrifice. While another
limitation of PED is the preoperative and prolonged post-
procedural antiplatelet therapy, our patient was able to
undergo endoscopic repair without excessive bleeding on
dual antiplatelets. Our patient’s successful course may be
related to her being a healthy, previously untreated patient
as PED may be associated with increased complications in
patients with other etiologies of ICA pseudoaneurysm (i.e.,
postradiation).23

Our case demonstrates that concomitant fascia
lata/muscle repair can supplement flow diversion in the
treatment of iatrogenic ICA pseudoaneurysm. The use of a
fascia lata graft has previously been described to supplement
stenting of an iatrogenic cavernous ICA injury.24 In our case,
we chose to utilize muscle as part of our repair based on the
effectiveness of muscle patching in hemostatic control of an
intraoperative ICA injury.25,26 While our patient’s sepsis
necessitated an endoscopic approach to remove her packing,
this techniquemay serve as a salvage option for patientswho
may not be able to undergo ICA sacrifice or bypass. Delayed
or immediate neurological deficits after ICA sacrifice, even
after passing a BTO, remain significant.27–30 Although PED
has been shown to successfully obliterate pseudoaneurysms
after TSS, our current case highlights a strategy to potentially
avoid vessel sacrifice in patients treated with PED but who

require additional intervention for their pseudoaneurysm.
Further investigation into the utility of directed endoscopic
endonasal repair of iatrogenic pseudoaneurysms after PED is
necessary, especially given the need for post-PED anticoagu-
lation and the significant rate of neurological deficit after ICA
sacrifice.

Conclusion

Iatrogenic ICA pseudoaneurysms are challenging lesions to
treat. While reports of PED for treatment of iatrogenic ICA
pseudoaneurysms have increased over the years, a combined
PED and endoscopic endonasal approach may serve as a
salvage technique to treat patients who are unable to under-
go ICA sacrifice.
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