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Introduction

Recently, reports of internal carotid artery (ICA) perforation
during neurointerventions, especially mechanical thrombec-
tomy, have increased.1–4 Urgent procedures are typically
performed via thrombectomy as early intervention and reper-
fusion strongly correlate with good prognoses5; however, this
might be causative for the increased number of reported ICA
perforations. Here, we report a rare case of an ICA perforation
by the microcatheter body during mechanical thrombectomy
that led to iatrogeniccarotid-cavernousfistula (CCF) formation

and then discuss treatment options for iatrogenic CCF during
mechanical thrombectomy based on our outcome.

Case History

A 76-year-old man with bloody stools was admitted to our
hospital for a colonoscopy. His past medical history included
atrial fibrillation, aortic valve stenosis, mitral valve regurgi-
tation, hypertension, dyslipidemia, diabetes mellitus, and
ascending colon cancer. He was taking apixaban for cardi-
oembolic stroke prevention, which had been stopped for the
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Abstract Rapid advances in emergent mechanical thrombectomy have resulted in a higher
occurrence of arterial perforations during neurointerventions. Here, we report a
case of internal carotid artery (ICA) perforation during mechanical thrombectomy in
a 78-year-old man with a left middle cerebral artery occlusion. The ICA was perforated
by a microcatheter during thrombectomy, forming a direct carotid-cavernous fistula.
A two-stage drainer occlusion was conducted because of cortical venous reflex
aggravation and ocular symptoms. Here, we report the perforation details and
treatment, adding to evidence that ICA perforation with the microcatheter body is a
concern during mechanical thrombectomy.
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colonoscopy. Two days after the colonoscopy, right hemi-
paresis, aphasia, and partial deviation of the eyes to the left
occurred. The National Institute of Health Stroke Scale score
was 23 and magnetic resonance imaging showed a left
middle cerebral artery (MCA) occlusion requiring mechani-
cal thrombectomy.

Mechanical Thrombectomy
A 9F 25 cm sheath was placed in the right femoral artery and
a 9F OPTIMO (Tokai Medical Products, Aichi, Japan) guide
catheter was introduced to the cervical portion of the left
ICA. Left internal carotid arteriography (ICAG) showed prox-
imal M2 occlusion. While the Marksman microcatheter
(Medtronic, Minneapolis, Minnesota, United States) was
navigating to M2 over a Chikai 14 microwire (ASAHI Intecc,
Aichi, Japan), strong pressurewas needed to pass through the
occlusion site. Suddenly, the loop shape of the microcatheter
in the syphon portion changed significantly (►Fig. 1). Left
ICAG revealed a new direct CCF formation. Right ICAG
showed cross-flow through the anterior communicating
artery, supplying parts of the left MCA region, even though
the M2 occlusion remained. The intervention was discon-
tinued as we anticipated that left carotid compression twice
a day would spontaneously close the CCF.

Carotid-Cavernous Fistula
However, proptosis, chemosis, and left extraocular move-
ment dysfunction appeared on postoperative day 2 and
treatment for symptomatic CCF was needed. Transvenous
embolization failed because of the difficulty of the cavernous
sinus (CS) approach;we then tried the transarterial approach
and left ICAG showed a fistula at the medial posterior side of
the ICA cavernous portion. The microcatheter was placed
easily in the CS through the fistula, suspected to be quite

large, and a high possibility of coil migration into the ICAwas
likely. Therefore, we only occluded dangerous drainers, such
as the left infraorbital vein, the superior orbital vein, the
superficial middle cerebral vein, the superior petrosal sinus,
and the inter-CS, to decrease the shunt flow (►Fig. 2). After
the operation, left ocular symptoms improved. Carotid com-
pression was maintained daily to induce clot formation
within the direct CCF but right chemosis and proptosis
appeared 3 months after the operation.

The second intervention was planned as a parental artery
occlusion because of the large fistula size. Left ICAG showed

Fig. 1 Mechanical thrombectomy: (A, B) Left ICAG revealing a left M2 proximal occlusion. (C) The microcatheter was advanced over a micro-
guidewire. (D, arrow) The shape of the microcatheter changed significantly in the syphon portion of the ICA. (E, arrow) The body of the
microcatheter perforated the ICA wall and went into the cavernous sinus. (F, G) Left ICAG revealed a direct CCF. Shunt flow was abundant and
ascending blood flow to the brain diminished. This complication halted the thrombectomy.

Fig. 2 The first direct CCF treatment: (A, B) ICAG before the
treatment: a fistula is visible in the posterior part of the ICA cavernous
segment. Dangerous draining veins, including the left SOV, SMCV,
SPS, and inter-CS, were occluded. (C, D) ICAG after treatment: shunt
flow reduction was achieved and distal flow is visible.
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that the shunt flowdrainedmainly through a thin and clearly
revealed inter-CS into the contralateral side of the CS. We
thus switched to conduct sinus packing and occluded the
inter-CS and left inferior petrosal sinus with a coil. Shunt
flow diminished while anterograde flow was seen in the
remaining small hollow of the CS (►Fig. 3). Right ocular

symptoms disappeared after the operation and the patient
was transferred to another hospital with a modified Ranking
Scale score of 5.

Discussion

Direct CCF
CCF is an abnormal connection between arteries and veins of
the CS,6 causing ocular symptoms such as proptosis, chemo-
sis, ocular bruit, and increased intraocular pressure, which
lead to ophthalmic nerve injury and possibly severe con-
ditions like cranial nerve palsy or cerebral infarction.3,6Head
trauma, ruptured aneurysm, and idiopathic CCF are themain
causes of direct CCF,6 but some are iatrogenic in nature.3,6,7

Recently, reports of ICA perforation and iatrogenic CCF in
neurointervention have increased because of escalating
usage of the inner catheter, more and more emergent
treatment, and adaptation to the elderlywith often torturous
or stenotic vessels.1,2,8Althoughmost iatrogenicCCFcasesare
type A by Barrow classification and their symptoms usually
worsen rapidly,1,2 the ideal treatment time is still controver-
sial.9 Risk factors of iatrogenic CCF are usage of distal access
catheters, female sex, and paraclinoid aneurysms.8

Iatrogenic CCF Due to Mechanical Thrombectomy
Iatrogenic CCF occurrence is approximately 0.8% in interven-
tional radiology, such as coil embolization of aneurysms and
intracranial percutaneous transluminal angioplasty, but me-
chanical thrombectomy is only rarely causative.8 We searched
PubMed with the term “thrombectomy” and/or “iatrogenic
CCF” and found only nine direct CCF cases during mechanical
thrombectomy1–3,10–12 (►Table 1);most of these (7 in 9) cases

Fig. 3 The second direct CCF treatment: (A, B) ICAG before the
treatment: a thin inter-CS is clearly seen. We occluded the inter-CS
and left inferior petrosal sinus with a coil. (C, D) ICAG after treatment:
the direct CCF is diminished with only a small hollow at the fistula.
Ascending flow to the brain was recovered.

Table 1 Summary of Iatrogenic direct CCFs occurring during mechanical thrombectomy

Study (yr) Age/sex Occlusion site Procedure CCF Sx Treatment for CCF Follow-up

Akpinar et al (2014)11 NA Rt. distal ICA Stent retriever
and local aspiration

NA Conservative Died in a
few days

Alan et al (2017)12 47
M

Rt. ICA
terminus
and MCA

Stent retriever
and local aspiration

– Conservative Asymptomatic
for 1.5 years

Alan et al (2017)12 NA Lt. ICA
terminus
to M1

Stent retriever
and local aspiration

– Conservative Asymptomatic
for 4 months

Alan et al (2017)12 64
M

Rt. ICA
and MCA

Stent retriever þ Fistula occlusion Asymptomatic
for 2.5 years

Matsumoto et al (2018)1 67
F

Rt. M1 Stent retriever þ Fistula occlusion Asymptomatic
for 3 months

Kurashiki et al (2019)2 87
F

Rt. M1 Stent retriever þ Fistula occlusion NA

Sheinberg et al (2020)3 78
F

Lt. MCA Stent retriever and
local aspiration

– Fistula occlusion
and pipeline

Asymptomatic
for 6 months

Tsuji et al (2020)10 88
F

Lt. ICA
cavernous
portion

Micro guide wire
navigation

– Balloon catheter
to occlude ICA

Asymptomatic

Current study 76
M

Lt. M2 Microcatheter
navigation

þ Drainer occlusion Asymptomatic

Abbreviations: þ, symptomatic; –, asymptomatic; CCF, carotid-cavernous fistula; ICA, internal carotid artery; Lt., left; MCA, middle cerebral artery;
NA, not available; Rt., right, Sx, symptom.
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occurred during the stent-retriever procedure as this straight-
ens the ICA and riskspull-out injuryof small vessels such as the
meningohypophyseal trunk. Of the reported cases, four in nine
cases were symptomatic, all treated with interventional radi-
ology, while five in six treated cases, including asymptomatic
cases, were without recurrence after treatment.

On theotherhand, our case is thefirst case ofdirect CCFdue
to perforation with the microcatheter body. Regardless of
cause, good reported outcomes of iatrogenic CCF during
mechanical thrombectomy support interventional treatment.

ICA Damage during Microcatheter Navigation
In our case, pushing themicrocatheter through hard clots led
to a bent microcatheter in the ICA cavernous portion and
perforation with the microcatheter body. Kurashiki et al and
Matsumoto et al reported that a linearized ICA during stent
retrieval leads to small branch pull-out injuries and direct
CCF, especially in patients with severe atheromatous arter-
ies,1,2 and, as we experienced, microcatheter bending in
torturous arteries can also cause ICA injury.

As CCF due to microcatheter body compression is pre-
sumed to have a larger fistula than guidewire tip, micro-
catheter tip, or pull-out injuries of the meningohypophyseal
trunk, simple fistula occlusion is difficult and second-line
treatments, such as a flow-diverting stent, sinus packing, or
parental artery occlusion, are necessary.

Reports of ICA injury due tomicrocatheter body compres-
sion during neurointervention radiology are currently scarce
but case numbers are expected to rise because of the steep
increase in neurointervention for elderly people with severe
atheromatous arteries.

Conclusion

We experienced an iatrogenic CCF case due to ICA perfora-
tion with a microcatheter body during mechanical throm-
bectomy. We then conducted two-staged sinus packing and
CCF occlusion was achieved. During mechanical thrombec-
tomy, direct CCF formation during not only stent withdrawal
but also microcatheter navigation is a constant concern.
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