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Abstract

Background: The development of carotid-cavernous fistulas (CCFs) during surgical recanalization of chronic internal
carotid artery occlusion (ICAO) may be secondary to severe ICA dissection rather than a focal tear of the cavernous
ICA seen in typical traumatic CCFs. The purpose of this study is to investigate the causal relationship between the
CCFs and severe ICA dissections and to characterize technical outcomes after treatment with stenting.

Methods: Five patients underwent treatment with self-expanding stents due to intraprocedural CCF and ICA
dissection following surgical removal of ICAO plague. The stents were telescopically placed via true channel of the
dissection. Safety of the procedure was evaluated with 30-day stroke and death rate. Procedural success was
determined by the efficacy of CCF obliteration and ICAQO recanalization with angiography.

Results: All CCFs were associated with spiral and long segmental dissection from the cervical to cavernous ICA.
After stenting, successful dissection reconstruction with TICl 3 was achieved in all patients, with complete (n = 4) or
partial CCF (n = 1) obliteration. No patient had CCF syndrome, stroke, or death during follow-up of 6 to 37 months;
but one patient had pulsatile tinnitus, which resolved 1 year later. Angiography at 6 to 24 months demonstrated
CCF obliteration in all 5 patients and durable ICA patency in 4 patients.

Conclusions: Intraprocedural CCFs with spiral and cervical-to-cavernous ICA dissection during ICAO surgery are
dissection-related because of successful obliteration after stenting for dissection reconstruction. Self-expanding
stenting through true channel of the dissection, serving as implanting stent-autograft, may be an optimal therapy
for the atypical CCF complication from ICAO surgery.
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Background

It is well known that traumatic carotid-cavernous fistulas
(CCFs) are caused by blunt and penetrating head
trauma, as well as iatrogenic injury from transarterial
neurointervention, the use of Fogarty balloon catheter in
carotid endarterectomy (CEA), percutaneous treatment
of trigeminal neuralgia, or transsphenoidal resection of
pituitary tumor [1-5]. In the majority of the cases, the
fistula results from the direct connection between the
cavernous internal carotid artery (ICA) and the cavern-
ous sinus (CS), with a focal and transversal intima-to-
adventitia tear [1-4]. Endovascular repair has recently
become the mainstay therapy for definitive treatment of
CCFs [5-8]. Available options include intracavernous
sinus embolization with detachable balloons, coils, liquid
embolic agents, or a combination of these via arterial
and/or venous route; transarterial covered stenting
across the fistulous connection; or intracavernous sinus
embolization combined with transarterial flow-diverting
stenting [5-10].

CCFs can also develop as a complication of surgical
recanalization of symptomatic chronic internal carotid
artery occlusions (ICAOs) [11, 12]. In these cases, the
CCFs are observed on angiography after immediate open
surgical removal of the ICAO plaque and are likely asso-
ciated with severe dissection from the cervical to cavern-
ous ICA, rather than a focal tear at the cavernous ICA
seen in typical traumatic CCFs. The findings suggest that
the severe ICA dissection likely harbors a false lumen
with intimal entry at the proximal ICA and adventitial
exit at the cavernous ICA. Therefore, it seems optimal
to place self-expanding stents through the true lumen of
the ICA along the dissecting segment to eliminate the
false channel between the ICA and CS. Our aim is to in-
vestigate the causal relationship between the ICA dissec-
tions and CCFs during hybrid ICAO surgery and to
characterize technical outcomes after treatment with
stenting.

Methods

Between December 2015 and June 2018, 5 patients with
new development of intraprocedural CCF and severe
ICA dissection after surgical removal of ICAO plaque
underwent treatment with self-expanding stenting. We
prospectively collected patients’ data and follow-up in-
formation. All patients signed the written informed con-
sent, and the study was approved by the institutional
ethics committee of the PLA Rocket Force Characteristic
Medical Center (KY2013031).

Indications and contraindications of hybrid surgery

Indications for hybrid surgery of symptomatic chronic
ICAO were transient ischemic attack (TIA) or ischemic
stroke within 3 months; total ICAO related to the
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cerebral ischemic event and documented by ultrasound,
CT angiography (CTA), magnetic resonance angiog-
raphy, or catheter angiography at least 2 weeks before
the revascularization procedure; patency of the ipsilateral
middle cerebral artery (MCA) via the Willis collaterals,
or the ipsilateral ophthalmic artery or other external
carotid-ICA collaterals; ipsilateral cerebral hypoperfusion
revealed by CT or MR perfusion imaging; infarct size
less than one third of the ipsilateral MCA territory on
MR/CT images; and preprocedural treatment with as-
pirin 300 mg and clopidogrel 75 mg daily for at least 5
days.

Indications for stenting were concomitant spiral and
diffuse dissection from the cervical to cavernous ICA
and CCF on angiography after surgical removal of ICA
plaque, no manipulation with Fogarty embolectomy
catheter, and no evidence of CCF on preprocedural cath-
eter angiography.

Contraindications were any bleeding disorder and al-
lergies to heparin, aspirin, clopidogrel, iodine contrast,
or general anesthesia.

Procedures of CEA, angiography, and stenting

Initial CEA was performed at a neurovascular hybrid op-
erating room (HOR) equipped with an Artis Zeego angio-
graphic system (Siemens AG, Forchheim, Germany). The
main procedural steps were as follows: supine position
with the head turned to the contralateral side; general
anesthesia; skin incision along the anterior border of the
sternocleidomastoid muscle; exposure of the common ca-
rotid artery (CCA), ICA, and external carotid artery and
then tightly looping each artery with elastic tourniquets;
arteriotomy at the carotid bifurcation; dissection of the
proximally occluded plaque exposed in the arteriotomy;
removal of the plaque and organized thrombus linked
with the distal end of the plaque; loosening the ICA tour-
niquet to observe blood backflow, followed by placement
of a 5F sheath into the ICA at 1-2 cm distal to the ICA
tourniquet for angiography of distal ICAO.

The femoral artery route was used for stenting proced-
ure. After a 6F or 8F guiding catheter was advanced into
the ICA arteriotomy site, an assembly of a Prowler Select
Plus microcatheter (Codman & Shurtleff, Raynham, MA)
and 0.014-in. Synchro exchange microwire (Stryker Neu-
rovascular, Fremont, CA) was placed into the ICA at 1-
2 cm distal to the ICA tourniquet. Angiography was then
performed via the microcatheter. The assembly of
microcatheter and microwire was used to find the true
lumen of the ICA along the dissection segment and nav-
igated into the normal ICA distal to the dissection under
road map guidance. A self-expanding Wallstent (Boston
Scientific Corporation, Natick, MA) was then deployed
in the cervical ICA. The microcatheter was then ex-
changed into the normal ICA distal to the dissection,
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followed by deployment of one or more self-expanding
Enterprise stents (Codman & Shurtleff, Raynham, MA)
into the intracranial ICA and distal cervical ICA. The
self-expanding stents were telescopically placed through
true channels of the dissections forming a “stent-auto-
graft” construct with the use of native in situ dissection
flaps as stent-covering membranes. The arteriotomy was
then closed before ending the hybrid surgery.

Evaluation of pre-, intra-, and post-procedural
angiographies and clinical follow-up

Pre-, intra-, and post-procedural angiographies were
assessed with consensus by two physicians. Pre-procedural
angiography was used to determine ICA occlusion length,
appearance of the residual root proximal to the occlusion,
and collateral circulation. ICAOs were classified into 4 cat-
egories: Type A or B, short occlusion less than 3/4 of the
cervical ICA with or without a tapered residual root, re-
spectively; and C or D, long occlusion with or without ta-
pered residual root, respectively [12].

Intra-procedural angiography was used to categorize
dissections as per the National Heart, Lung, and Blood
Institute classification system [13] to determine CCF
flow status, drainage pattern, and evidence of cortical
venous reflux, as well as procedural success by the effi-
cacy of ICAO recanalization and CCF obliteration.
High-flow CCF was defined as rapid CS filling without
filling of intracranial vessels, intermediate-flow CCF as
rapid CS filling with filling of intracranial vessels, and
low-flow CCF as slow and sluggish CS filling with filling
of intracranial vessels [4]. Drainage patterns were cate-
gorized into anterior, posterior, and inferior ones, such
as via the superior ophthalmic vein, via the inferior pe-
trosal sinus and pterygoid venous plexus, respectively, or
both. Successful recanalization of ICAO was defined as
the restoration of Thrombolysis in Cerebral Infarction
(TICI) 3 flow in the ICA and its distal branches and the
complete or partial obliteration of CCF as no filling of
CS or obvious reduction of the shunt flow, respectively,
with filling of intracranial vessels.

Follow-up catheter angiography or CTA was used to
assess status of ICA patency and CCF obliteration. Pa-
tients were followed up daily during hospitalization and
in the clinic or by telephone after hospital discharge
until the end of December 2018. Data on stroke and
CCF syndrome were collected during hospitalization and
at follow-up.

Results

Between January 2014 and July 2018, a total of 98 hybrid
procedures were performed for consecutively enrolled
ICAOQ patients, 18 of which developed CCFs related to
the procedure (18.4%, 18/98). Five of the latter were suc-
cessfully treated. Successful recanalization was finally
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achieved in 82 of 98 ICAO patients (84%). All 5 patients
were male with an average age of 66.2 + 5.4 vyears
(Table 1). Their CCFs were associated with spiral (type
D) and diffuse dissection from the cervical to cavernous
ICA, with high-flow CCF in 2 patients, intermediate-
flow CCF in 1, and low-flow CCF in 2 and with inferior
drainage in 2, posterior drainage in 1, posterior and
inter-cavernous drainage in 1, and anterior and inferior
drainage in 1. No patient had evidence of cortical venous
reflux.

The assembly of microcatheter and microwire was
successfully navigated through the true lumen of the
ICA dissection into the distal normal ICA in all patients.
A total of 13 stents were placed across the dissection
with an average of 2.6 stents (range, 2 to 3 stents) per
patient, including 5 Wallstent (1 per patient) and 8 En-
terprise stents (1 to 2 each one). After stenting, success-
ful dissection reconstruction with TICI 3 flow was
achieved in all patients, with complete and partial oblit-
eration of CCF in 4 and 1, respectively (Fig. 1).

No patient had CCF syndrome and stroke or death
during follow-up of 6 to 37 months. However, one pa-
tient (case 1) developed pulsatile tinnitus, which resolved
1 year later. Angiography at 6 to 24 months showed
complete CCF obliteration in all 5 patients and ICA pa-
tency with TICI 3 flow restoration in 4 patients.

Discussion

This study showed CCF formation along with spiral and
diffuse dissection of the cervical-to-cavernous ICA dur-
ing ICAO surgery. The mechanism of CCF formation is
likely dissection-related because of the successful treat-
ment of CCFs with self-expanding stenting through the
true channel of dissection. Our results suggest that util-
izing native in situ dissection flap as covering membrane
of a stent may be an optimal solution for the CCF com-
plication from ICAO surgery, with favorable safety and
efficacy. In this series, the stenting alone immediately
recanalized all 5 dissections post ICAO surgery and sim-
ultaneously obliterated 4 CCFs completely and 1 par-
tially, without periprocedural stroke or death, and
achieved CCF obliteration in all 5 patients and ICA pa-
tency in 4 patients on follow-up angiography of 6 to 24
months.

The successful dissection reconstruction and CCF ob-
literation after stenting strongly support our previous
hypothesis that the severe ICA dissection likely harbors
a false channel with intimal entry at the proximal ICA
and adventitial exit at the cavernous ICA. Self-
expanding stenting via true lumen can obliterate CCF by
eliminating the false channel of the dissection. The na-
tive in situ dissection flap is used as covering membrane
of the self-expanding stent to reconstruct the true chan-
nel of the spiral dissection and simultaneously obliterate
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Fig. 1 Case example. Case 4 of hybrid surgery for a symptomatic chronic internal carotid artery occlusion (ICAO) and a new development of
intraprocedural carotid-cavernous fistula (CCF). a, b Left ICAO, revealed by preoperative angiographies on lateral and posterior-anterior projection,
respectively. ¢ A new development of intermediate-flow CCF with anterior and inferior drainage, along with spiral and cervical-to-cavernous ICA
dissection after surgical removal of the ICAO plaque, revealed by angiographies via PLUS microcatheter (Codman & Shurtleff, Raynham, MA). d
Angiography via the guiding catheter following negotiation of the assembly of microcatheter and microwire into normal ICA distal to the
dissection. e, f Successful ICA recanalization and complete CCF obliteration after telescopically deploying one 7 x 40 mm Wallstent (Boston
Scientific Corporation, Natick, MA) and two 4.5 X 37 mm Enterprise stents through the true channel of the dissection. g, h Durable patency of the
left ICA and complete CCF obliteration on follow-up CT angiogram at 6 months

the atypical CCF. Apparently, there is disparity in the
anatomical component between the atypical dissection-
associated CCFs and the traditional traumatic CCFs.
The former consists of the ICA lumen, intimal entry,
false channel, adventitial exit, and CS, while the latter
only has an intima-to-adventitia opening to connect the
cavernous ICA and CS (Fig. 2). Stenting seems to be
feasible, safe, and effective for both ICA dissection re-
construction and CCF obliteration rather than other
treatment options. ICA ligation may be simple and ef-
fective for the treatment of intraprocedural CCFs but
may lead to the ICAO recanalization failure. Stenting
cannot be extrapolated to be the treatment choice of
other iatrogenic CCFs. The efficacy of placing self-
expanding stents or flow diverters (FDs) for other trau-
matic CCFs remains uncertain [6—8].

The spiral and long segmental dissection after surgical
treatment of chronic ICAO may be secondary to the
intraprocedural injury to the ICA wall that had ischemic

injury due to chronic ICA occlusion. Intra-arterial ma-
nipulations, such as manually tugging an organized
thrombus distal to arteriotomy, inserting a neck sheath
via ICA arteriotomy, and even angiography in the false
lumen, may have caused initial dissection and further
propagation. It is necessary to continuously improve the
operating procedures of the hybrid surgery for chronic
ICAO. The following modifications may be helpful to al-
leviate injury to the ICA: use of ring stripping for a dis-
tally organized thrombus rather than manually tugging
[14], placement of a microcatheter into the occluded
ICA distal to arteriotomy after surgical removal of prox-
imal occlusion rather than neck sheath, angiography in
the dissection segment via microcatheter rather than
conventional catheter or sheath.

Injury-repair response of vessel wall to hypoxia may differ
as time lapses. In the circumstance of chronic occlusion,
vessel adventitia can act as a biological central processing
unit in vessel wall function, likely from harboring a wide
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true lumen

b

Cavernous Sinus

false lumen

Fig. 2 Disparities in anatomy between the novel CCFs and the typical traumatic CCFs. a The typical traumatic CCF has an intima-to-adventitia
tear between the cavernous internal carotid artery (ICA) and the cavernous sinus (CS). b The novel CCF is composed of the ICA lumen, intimal
entry, false channel, adventitial exit, and CS. ¢ The concept of “self-expanding stent graft” means the use of native in situ dissection flap as
covering membrane of the self-expanding stent to reconstruct true channel of the spiral dissection and simultaneously obliterate the novel CCF

Internal Carotid artery

4

variety of components such as fibroblasts, inflammatory
cells, stem/progenitor cells, and vasa vasorum (VV, micro-
vessels of a vessel). Therefore, oxygen and nutrients to the
inner wall of a vessel in the occluded segment may be com-
pletely supplied by adventitial VV. In response to injury, VV
conduits proliferate in adventitia and extend to intima by
interacting with vascular resident stem cells (VSCs) housed
in the VV niche. Angiogenesis of VSCs may be beneficial for
vasculature and plaque stabilization, when VSCs supplied
and transported by VV enter into intima and differentiate
into endothelial cells, pericytes, and fibroblasts and when
pericytes interact with endothelial cells enough. However,
neovessels of VV are immature with a characteristically thin
wall with less pericyte encirclement. The fragile structure
may lead to microvascular cleft that is responsible for
leakage of red blood cells (intramural hemorrhage) and
accumulation of inflammatory cells (chronic inflammation).
Additionally, VSCs can also differentiate into vascular
smooth muscle cells associated with acceleration of plaque
growth and reduction of vascular stability. The above-
described unfavorable responses may increase vulnerability
of the intimal layer of non-acute ICAO to mechanical injury,
especially when operating in atherosclerotic vessels.
Normalization of the impaired vasa vasorum would be an
attractive therapeutic strategy; however, this is not yet avail-
able in clinical practice [15]. Of note, the cavernous ICA exit
site for the false channel dissection in our patients could be
partially explained by the concurrent location of the atretic
atrophy of the primitive trigeminal artery, potentially result-
ing in vessel wall weakening [1].

Limitations

This study reports our experience in the management of
atypical CCFs with long and spiral ICA dissection post
initial CEA for chronic ICAOs in the hybrid OR with
telescoping self-expanding stents. Despite the novelty of
our report, our case series is very small with only 5 pa-
tients and our preliminary data needs to be confirmed in
a larger sample size. Nevertheless, the atypical CCF may
be encountered more often with increasing application
of hybrid surgery for in situ reconstruction of symptom-
atic chronic ICAOs. It is beneficial for neurointerven-
tionalists to be aware of the possibilities of atypical CCFs
and various treatment options.

Conclusions

The carotid-cavernous fistulas (CCFs) with spiral and
long segmental dissection from the cervical-to-
cavernous ICA during surgery of chronic ICAOs are
dissection-related because of successful obliteration after
stenting for dissection reconstruction. Self-expanding
stenting through true channel of the dissection, serving
as implanting stent-autograft, may be an optimal therapy
for the atypical CCF complication from ICAO surgery.
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