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Background and Purpose Long-segmental thrombotic occlusion of the distal internal ca-
rotid artery (ICA) sparing the cervical segment proximally and the supraclinoid segment dis-
tally, which could be termed ’Carotid S occlusion’, has an unusual clinical presentation. 
However, endovascular management of this lesion is challenging. The purpose of our study 
is to report our endovascular treatment clinical experience of the disease.
Methods From March 2008 to June 2013, we could identify 14 patients (average age: 62.1, 
median age: 62, range: 50-79) with ‘Carotid S occlusion’, who underwent endovascular re-
canalization procedures. Patient’s clinical presentations were collected and the imaging find-
ings also analyzed. The technical success rate, 24-hour and follow-up imaging outcome, and 
the clinical outcome using the 90-day mRS (modified Rankin scale) score were evaluated.
Results Patients presented with gradually progressing (n=8), fluctuating (n=3), transient 
ischemic attack (n=2) and stationary (n=1) symptoms. DWI showed internal and external 
border-zone lesions in six patients, only internal ICA border-zone lesions in three patients, 
and only external border-zone lesions in two patients. Underlying distal ICA stenosis was 
noted in 12 patients. The technical success rate was 92.8% (13/14). Luminal patency was 
noted in all patients (100%) after 24 hours and in nine of 10 (90%) on long-term follow-up 
(median: 6.5, average: 15.1, range: 1-39 months). A 90-day, good functional outcome 
(mRS≤2) was noted in 13 of 14 patients (92.8%).
Conclusions ‘Carotid S occlusion’ usually presented with border-zone infarction and endo-
vascular management of the lesions was feasible. A relatively successful clinical outcome 
could be achieved after successful revascularization.
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Introduction

Acute occlusion of the internal carotid artery (ICA) may ex-
hibit various clinical and radiographic features, according to the 

causes and anatomic sites of the occlusion. Unlike occlusions of 
the carotid T region or the proximal ICA, occlusion of the mid-
dle portion of the ICA, sparing the proximal cervical and supra-
clinoid segments, may show a different clinical presentation. For 
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this disease entity, we have coined a new term, “carotid S occlu-
sion,” in view of the relative preservation of the collaterals to the 
ipsilateral anterior and middle cerebral arteries, which are sup-
plied by collaterals of the retrograde ophthalmic artery and/or 
the circle of Willis. Endovascular management of this kind of 
segmental lesion is challenging, because of the long segment in-
volvement, the frequent combination of underlying atheroscle-
rosis with de novo thrombosis, and the high chance of distal clot 
migration during the procedure.

The purposes of this study were: 1) to define this unique clini-
cal condition, i.e., “carotid S occlusion”; 2) to present its charac-
teristic clinical and radiologic features; and 3) to report our clini-
cal experience of the endovascular treatment of these lesions, to-
gether with procedural suggestions for successful recanalization.

Methods

Definition of “carotid S occlusion”
“S” denotes carotid siphon. Unlike distal ICA occlusion involv-

ing the T region, or occlusion of the proximal ICA involving the 
bulb or proximal cervical segment of the ICA, occlusion of the 
middle portion of the ICA, namely the carotid siphon or petro-
cavernous segment, shows peculiar clinical and radiologic fea-
tures, primarily due to the relatively higher chance of recruiting 

collateral circulation from the retrograde flow of the ophthalmic 
artery and/or the circle of Willis. On catheter angiography, “ca-
rotid S occlusion” can be characterized by the following features 
(Figure 1):

1) Non-visualization of a long segment of the ICA from the 
distal cervical segment to the anterior genu or horizontal por-
tion of the cavernous ICA;

2) The proximal ICA bulb and cervical segment look occlud-
ed but are patent, although there may be partial contrast filling 
due to the secondary collapse of the distal cervical segment;

3) The supraclinoid segment of the ICA is filled via the oph-
thalmic artery collateral segment. In some situations the collat-
eral flow may fill the anterior genu or part of the horizontal por-
tion of the cavernous ICA in retrograde fashion; and

4) Circle-of-Willis collaterals contribute to the intracranial 
flow, via the anterior communicating artery and/or the posteri-
or communicating artery.

Patients
The inclusion criteria were (1) vascular imaging demonstrat-

ing “carotid S occlusion” on digital subtraction angiography and 
(2) acute or subacute ischemic stroke in the hemispheric territory 
of an occluded ICA. We drew subjects for this study from our 
neuro-interventional database from March 2008 to June 2013. 
Acute and subacute stroke were defined according to a symptom 
onset time of 6-48 hours and 48 hours to two weeks, respectively.

Imaging
Initial imaging was performed using multimodal magnetic reso-

nance imaging (MRI) in most cases, according to the initial imag-
ing protocol for acute ischemic stroke used in our medical institu-
tion. One patient underwent computed tomography (CT) imag-
ing because the MR scanner was unavailable at that time. MRI 
was performed using a 1.5 T MR scanner (Avanto; Siemens 
Healthcare, Erlangen, Germany) with an 8-channel sensitivity-
encoding head coil. The sequences for our acute stroke, multi-
modal MR protocol included diffusion-weighted imaging (DWI) 
(acquisition matrix = 384 × 384, TR = 3000 ms, TE = 86 ms), 
conventional T2* gradient-echo imaging (GRE) (acquisition ma-
trix = 256 × 256, TR = 690 ms, TE = 16 ms), fluid-attenuated in-
version recovery (FLAIR) (acquisition matrix = 256 × 224, 
TR= 9,000 ms, TE= 100 ms), dynamic susceptibility MR perfu-
sion (acquisition matrix = 128 × 128, TR = 1,407 ms, TE = 40 
ms), time-of-flight MR angiography (acquisition matrix =  
640× 640, TR= 24 ms, TE= 7 ms), and contrast-enhanced mag-
netic resonance angiography (MRA) (acquisition matrix =  
640× 640, TR= 3.7 ms, TE= 1.3 ms). The total acquisition time 
was less than 20 minutes, including the patient handling time.

Figure 1. On angiography “carotid S occlusion” can be characterized by the 
following features. Long-segmental occlusion from the distal cervical segment 
to the anterior genu or horizontal portion of the cavernous ICA (marked in 
black) with collaterals via the ophthalmic artery and/or the circle of Willis via 
the anterior or posterior communicating arteries (curved arrows).
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Indications of revascularization
The patients with acute stroke who presented within six hours 

of onset of their symptoms were managed according to our insti-
tution’s acute stroke management protocol.1 Endovascular thera-
py was offered to patients who met the following criteria: 1) 
acute stroke with no significant response to intravenous tissue 
plasminogen activator (IV tPA) infusion; 2) acute stroke with 
indications not for IV tPA but for intra-arterial thrombolysis; 
and 3) subacute stroke with limited DWI high-signal lesion vol-
ume along the ICA border-zone and with significant symptoms 
and/or diffusion-perfusion mismatch.2 In patients with a sub-
acute presentation, we applied very conservative indications in 
terms of the DWI lesion volume, in order to avoid the possibility 
of reperfusion injury in a larger infarction. We did not include 
any patient with hemorrhage demonstrated by gradient echo 
images on MRI or non-enhanced CT.

Conventional angiography and revascularization 
procedures

After obtaining informed patient consent for performing en-
dovascular revascularization procedures, we administered load-
ing doses of dual antiplatelets (300-500 mg aspirin, 300 mg 
clopidogrel) in subacute patients and continued with the proce-
dure without any oral antiplatelet medication in acute cases. In 
those patients, a loading dose of tirofiban (Aggrastat; Merck & 
Co., Inc., Whitehouse Station, NJ, USA) was given intravenous-
ly immediately before a stent was placed.

After the occlusion sites, pattern, and length had been con-
firmed, revascularization procedures were begun with the patient 
under local anesthesia. When a patient was uncooperative, con-
scious sedation was achieved using propofol (Diprivan; Hospira, 
Inc., Lake Forest, Il, USA). Systemic heparinization with a target 
activated clotting time of 200-250s was achieved in subacute cas-
es. In an acute setting, a reduced dose of heparin (2,000-3,000 U 
bolus, 500 U/h thereafter) was administered at the beginning of 
the procedure.

In the later phase of our clinical experience, we used a 9-Fr, bal-
loon-tipped guiding catheter (Optimo; Tokai Medical Products, 
Japan), the tip of which was placed in the bulb portion or above 
so that we could occlude the cervical segment of the ICA by in-
flating the occlusion balloon. Suction thrombectomy through 
the catheter was then attempted by manually applying negative 
pressure with the use of a 50-mL syringe. However, during the 
earlier phase of our clinical experience, before the balloon-tipped 
guiding catheter was available, ICA flow arrest was achieved by 
external manual compression of the carotid artery (n = 2) while a 
7–8-F guiding catheter was placed as distally as possible up into 
the sub-petrosal portion of the ICA, so as to avoid inadvertent 

distal migration of the fragmented clot debris. After a stentriever 
device (Solitaire AB or FR; Covidien, Irvine, CA, USA) became 
available, clot retrieval was attempted when manual aspiration 
thrombectomy was not effective.

After attempting several suction aspirations and/or passage of 
stentrievers, we checked the recanalization status of the ICA by 
observing not just the retrieved clots, but also the spontaneous 
backflow of fresh carotid blood through the proximal tip of the 
unlocked guiding catheter hub. If significant regurgitation of 
blood was noted and non-resistant gentle aspiration of the cath-
eter was possible without further visualization of the aspirated 
clot, the occlusion balloon was then deflated so that we could 
check the recanalization status.

If there was no underlying stenosis or filling defect and im-
provement of the antegrade flow was observed, we completed 
the procedure. If there was no backflow of blood or any inter-
ruption of blood aspiration on gentle suction by the guiding 
catheter, a large-bore microcatheter (Prowler select plus; Cod-
man, Excelsior XT27, or Renegade; Stryker Neurovascular) was 
then advanced up to the petrous portion in order to perform a 
careful retrograde control angiogram of the ICA while the guid-
ing catheter hub was wide open. If there was neither any filling 
defect nor stenosis, the microcatheter tip was advanced more 
distally in order to check the distal ICA patency, and the step 
was repeated until we could find the cause of the persistent oc-
clusion.

If there was any flow-limiting stenosis or filling defect seen on 
the retrograde control angiography, we then placed a self-expand-
ing stent (Wingspan System; Stryker Neurovascular, Neuroform; 
Stryker Neurovascular, Enterprise; Codman) after predilatation 
of the lesion using a balloon catheter (Maverick; Boston Scientific 
Corp., or Gateway; Stryker Neurovascular). The stent was chosen 
according to the nature of the lesion. Sometimes we needed to 
place a stent to stabilize filling defects—i.e., clots stuck to the wall 
but not responding to the aspiration and clot retrieval—in the 
stenotic segment, even though the stenosis was not flow limiting.

Post-procedural management and imaging
After completing the procedure, we transferred the patient to 

the neuro-intensive care unit without reversing the heparin. The 
patient’s blood pressure was closely monitored and adjusted in 
order to prevent hyperperfusion syndrome. Non-contrast head 
CT and CT angiography (CTA) were performed 24 hours after 
the procedure. Any patient who showed re-occlusion or newly 
developed symptoms was advised to undergo the reperfusion 
procedures again, taking into account the infarct volume. Early 
follow-up multi-modal MRI was performed approximately 3-5 
days after the procedure for the evaluation of infarction evolution.
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Data collection and analysis
The patients’ baseline characteristics, including demographic 

data, are summarized in Table 1. The stroke severity was checked 
using the National Institutes of Health Stroke Scale on admission 
and the modified Rankin scale (mRS) score for clinical follow-
up. The stroke presentation (acute or subacute) and pattern (im-
proving, stationary, gradually worsening or fluctuating), includ-
ing the ischemic duration, were recorded. To evaluate the etiolo-
gy of the occlusion, patients with concomitant heart disease, vas-
cular risk factors, and a history of stroke or coronary heart dis-
ease were identified and classified according to Trial of Org 
10172 in the Acute Stroke Treatment (TOAST) classification.

We analyzed the initial CT, MRI, and digital subtraction angi-
ography findings, focusing on the stroke pattern on cross-sec-
tional images and the angiographic pattern on both MRA and 
digital subtraction angiography. We analyzed the DWI high-sig-
nal lesion pattern: e.g., external border-zone infarction, internal 
border-zone infarction, cortical wedge-shaped infarction, and 
basal ganglia involvement. For the angiographic findings, we 
analyzed the status of the proximal ICA patency by observing 
whether the shape of the bulb was normal or stenotic. Any col-
laterals present for ipsilateral intracranial ICA territorial flow 
were identified as retrograde ophthalmic artery collateral or cir-
cle-of-Willis collateral.

Technical success was defined as achievement of a TIMI grade 
≥ 2 in the occluded ICA. Procedural findings were analyzed in 
relation to the presence of combined thrombosis, the presence 
and anatomic location of underlying stenosis, response to aspira-
tion/mechanical thrombectomy, application of balloon angio-
plasty and the response, application of a stent and detailed speci-

fication of the stent used, application of post-stent angioplasty, 
and the presence and degree of residual stenosis seen on final 
control angiography. Residual stenosis was defined as the differ-
ence between the normal reference segment diameter and the 
minimum lumen diameter of the culprit lesion after interven-
tion, divided by the reference segment diameter. Occurrence of 
any procedure-related complication was identified and the 
causes of procedural failure were identified.

The procedural outcome was monitored with CTA, which 
was performed 24 hours after the procedure in most patients. In 
two patients, MRA was performed with or without transcranial 
Doppler monitoring. Luminal patency was evaluated by direct 
demonstration of the ICA lumen with CTA. The MRA patency 
criteria were strong distal arterial flow signals similar to those 
on the contralateral side. Transcranial Doppler was used as a 
complementary tool. The 24-hour patency rate was calculated. 
We performed re-intervention in some patients, and the reasons 
for re-intervention were addressed.

The 90-day functional outcome was analyzed in terms of the 
mRS, with a good outcome being defined as a score ≤ 2.

Results

Clinical and imaging characteristics of the patients
We were able to identify 14 patients with “carotid S occlusion” 

who underwent endovascular recanalization procedures. There 
were 10 male and four female patients with a median age of 62 
(IQR, 52.75-69.75). The patients’ clinical and imaging charac-
teristics are summarized in Tables 1 and 2. The median National 
Institutes of Health Stroke Scale on admission was 7 (range, 

Table 1. Initial clinical characteristics of the patients 

Pt No. Sex/age HTN DM HL SM C CES Sx Stage TOAST Onset (hour) NIHSSo Initial mRS

  1 M/51 (-) (-) (-) (+) (-) (-) GP acute LAD 12 6 4
  2 M/68 (+) (+) (+) (+) (-) (-) TIA subacute LAD 120 8 4
  3 M/53 (+) (-) (+) (-) (-) (-) TIA acute LAD 28 4 2
  4 M/69 (-) (-) (-) (+) (-) (-) GP acute LAD 48 3 2
  5 F/61 (+) (-) (-) (-) (-) (-) GP acute LAD 32 8 4
  6 M/56 (+) (+) (-) (+) (-) (-) S subacute LAD 240 2 1
  7 F/79 (+) (+) (-) (-) (-) SSS GP acute CE 6 17 4
  8 M/52 (-) (+) (+) (+) (-) (-) F subacute LAD 240 2 2
  9 M/50 (-) (+) (+) (-) (-) (-) GP subacute LAD 107 16 4
10 F/72 (-) (+) (+) (-) (-) (-) GP acute CE 9 15 4
11 M/58 (-) (-) (-) (-) (-) (-) F subacute LAD 110 12 3
12 M/62 (-) (-) (-) (+) (+) (-) GP acute LAD 8 5 3
13 M/65 (+) (+) (-) (+) (-) (-) F subacute LAD 140 3 1
14 F/74 (+) (-) (-) (-) (-) (-) GP acute LAD 44 7 4

Pt indicates patient; No., number; HTN, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; SM, smoking; C, coronary heart disease; CES, cardiac embolic source; Sx, 
symptom; TOAST, Trial of Org 10172 in the Acute Stroke Treatment classification; NIHSSo, the National Institutes of Health Stroke Scale on admission; mRS modified Rankin-
Score; SSS, sick sinus syndrome on pacemaker; GP, gradually progressing; TIA, multiple transient ischemic attack; S, stationary; F, fluctuating; LAD, large artery disease; CE, 
cardioembolism.
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2-17). Mild proximal ICA stenosis was observed in two patients 
(No. 10 and 14). All but two patients had ophthalmic and circle-
of-Willis collaterals; these two patients had only ophthalmic 
collaterals. A tandem thromboembolic lesion beyond the ICA 
bifurcation was noted in two patients.

Procedural findings
The procedural characteristics are summarized in Table 2. En-

dovascular recanalization was successful in 13 of the 14 patients 
(92.8%). IV tPA was not used in our patients because none met 
the indications; tirofiban was used in half of the patients.

Causative underlying stenosis
We were able to identify the underlying cause and anatomic 

site of a steno-occlusive lesion during or after the completion of 
the procedure. We observed underlying stenotic lesions in 12 of 
the 14 patients in whom recanalization procedures were attempt-
ed (85.7%); the lesion sites are shown in Table 1.

Thrombectomy results
Among the 14 patients, aspiration thrombectomy was attempt-

ed in 12 patients. We did not perform aspiration thrombectomy 
in two patients as there was no thrombosis in the occluded seg-
ment (n = 2). Aspiration thrombectomy was effective in 33.3% 
(4/12).

After it became available in our medical institution, Solitaire 
thrombectomy was performed in six patients as an adjunctive 
procedure, leading to recanalization in 83.3% (5/6). Although a 
hemodynamic cause plays a role in most stroke mechanisms, a 
large clot burden in the long-segmental occluded ICA can cause 
more serious infarctions. Therefore, if adjunctive thrombecto-

my failed, we performed intentional internal trapping (patient 
No. 11).3

Angioplasty and stenting
Angioplasty was performed in nine patients and showed an 

improved luminal diameter in 88.9% (8/9) and immediate re-
occlusion in 11.1% (1/9) of the patients. No stenting was need-
ed after angioplasty in two patients. Stenting without angioplas-
ty was done in two patients. Post-stenting angioplasty was not 
performed in any of the patients. One self-expandable stent was 
deployed in the stenotic distal ICA in each of six patients. Two 
stents were placed in each of three patients. We used the follow-
ing stent combinations: Neuroform stent (n = 1); double Neu-
roform stents (n = 2); Enterprise stent (n = 2); Neuroform and 
Enterprise stents (n = 2); Wingspan stent (n = 2); and Solitaire 
AB stent (n = 1).

There was no stenosis in the distal ICA in patients No. 7 and 
10. Concomitant stenting in the carotid bulb was performed in 
patients No. 13 and 14, as a large clot burden in this area created 
sluggish flow, despite recanalization of the distal ICA. There 
was residual stenosis ≥ 50% in 21.4% (3/11) in the distal ICA 
in the technically recanalized group.

Procedure-related complications
Distal clot migration was seen in patient No. 1 (n = 1, 1 out of 

2) and proximal clot migration was visible in patients No. 3 and 
10 (n = 2). It is notable that in the distal migration case the pro-
cedure was performed without proximal flow control, whereas 
proximal flow control was used in all proximal migration cases. 
In patient No. 10, proximal migration was retrieved using the 
Solitaire system. In patient No. 14, a carotid cavernous fistula de-

Table 2. Imaging characteristics and follow-up results

Pt No. Angioplasty Stenting DWI OphA COW Stenosis site mRS at discharge mRS  at 3M Clinical F/U period (M) 

  1 (-) (+) E (+) (+) V 0 0 66
  2 (+) (+) E, I (+) (+) L 2 1 2
  3 (+) (+) E, I, B (+) (+) L 2 0 41
  4 (-) (+) E (+) (+) AG 1 1 41
  5 (+) (+) E, I (+) (-) AG 2 1 40
  6 (+) (+) E, I, C (+) (+) PG 1 1 33
  7 (-) (-) NA (+) (+) (-) 3 4 7
  8 (+) (+) C (+) (+) L 2 0 11
  9 (+) (+) I (+) (+) H 3 2 25
10 (-) (-) I (+) (+) (-) 1 0 24
11 NA NA T (+) (+) NA 4 2 22
12 (+) (-) E, I, C (+) (+) H 1 0 20
13 (+) (+) E, I, C (+) (+) H 0 0 8
14 (+) (-) I (+) (-) H 2 2 7

M indicates months; DWI, diffusion-weighted image; OphA, ophthalmic artery; COW, circle of Willis; mRS, modified Rankin-Score; F/U, follow-up; E, external border zone; I, in-
ternal border zone; C, cortical; B, basal ganglia; T, large territorial; H, horizontal cavernous; L, lacerum; AG, anterior genu; PG, posterior genu; V, vertical cavernous; NA; not 
available.
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veloped after pre-stenting angioplasty, but it spontaneously and 
immediately closed after balloon angioplasty in the segment.

Short-term postprocedural imaging and additional 
procedures

Twenty-four-hour imaging was performed in all recanalized 
patients (n = 13) using CTA (n = 11), computed tomography 
perfusion and DWI (n = 1), and MRI (n = 1). All patients 
showed patency of the recanalized ICA (Figure 2).

Patients No. 3 and 4 underwent repeated treatment for resid-
ual stenosis (20% and 60%, respectively) noted on imaging. In 
patient No. 3, conventional angiography was performed be-
cause DWI showed new lesions and computed tomography 
perfusion showed a perfusion decrease one day later. We con-
firmed reocclusion and balloon angioplasty was performed. In 
patient No. 4, retreatment with balloon angioplasty was per-
formed four days later, because of recurrent transient ischemic 
attacks and mean transit time delay seen on magnetic resonance 

perfusion, even though patency was shown on imaging. There 
was no intracranial hemorrhage related to the recanalization 
procedures. Two re-intervention sessions were required for pa-
tient No. 14. The first re-intervention was performed for recur-
rent carotid cavernous fistula five months later using covered 
stenting. An additional procedure was required as reocclusion 
occurred one month after treating the carotid cavernous fistula. 
This patient underwent recanalized thrombectomy using Pen-
umbra, Solitaire and percutaneous transluminal angioplasty was 
performed for the stented segment. All re-interventions were 
completed without any serious adverse event.

Follow-up results
Imaging follow-up was performed in 10 patients (average: 

15.1, median: 7, range: 1-39 months) (Table 1), nine of whom 
showed long-term patency. One patient, No. 2, showed reocclu-
sion due to combined invasive aspergillosis of the left side of 
the cavernous sinus.

A B C

D E F

Figure 2. A 50-year-old male presented with gradually increasing left side weakness and aphasia. (A) Initial diffusion-weighted imaging shows an internal border-
zone infarct lesion. (B) Contrast-enhanced magnetic resonance angiography shows occlusion of the right ICA from the cervical ICA just above the bulb to the cavern-
ous segment. (C) Digital subtraction angiography shows occlusion of the right ICA with faint retrograde filling of the supraclinoid ICA. (D) Successful recanalization 
after suction thrombectomy and stenting shows recanalization of the ICA. (E) MRA performed four days later shows patent ICA flow. (F) Follow-up CTA two years lat-
er shows good patency of the stented segment.



Park, et al. Endovascular Management of “Carotid S Occlusion”

http://dx.doi.org/10.5853/jos.2015.17.3.336342 http://j-stroke.org

There were no patient deaths. All patients were followed up 
clinically (average: 24.7, median: 23, range: 2-66 months). A 
score of mRS ≤ 2 at discharge was seen in 78.5% (11 out of 14 
patients) and 90-day mRS ≤ 2 was seen in 92.8% (13 out of 14 
patients). The patient treated with internal trapping (patient 
No. 11) also had an mRS of 2.

Discussion

Acute stroke caused by acute occlusion of the ICA is associat-
ed with poor outcomes.4 The MR CLEAN trial showed the clin-
ical functional benefit of endovascular treatment in patients with 
anterior circulation acute stroke.5 Moreover, the outcome of ICA 
occlusion depends on the site of the occlusion during the endo-
vascular treatment, because a robust collateral circulation is asso-
ciated with better clinical outcomes.6 The rate of cervical ICA 
recanalization ranges from 84% to 100% with different recanali-
zation strategies.7 However, pooled data from patients with acute 
cervical ICA occlusion and who underwent endovascular treat-
ment showed a poor outcome in which nearly half of those with 
arterial recanalization remain functionally dependent.8 Carotid 
terminus occlusion has the worst functional outcome.9 Mechani-
cal thrombectomy in carotid T occlusion showed a recanaliza-
tion rate up to 86%10 and a good clinical outcome in 39%-45% of 
the recanalized patients.4,11

Only a few reports have described recanalization of the petro-
cavernous ICA.12-14 The patient population was small (5 out of 
31) and showed a low recanalization rate of 43%.14 Therefore, 
this disease entity has not gained any special attention and there 
is no published study that assessed the imaging pattern, symp-
tom presentation, treatment technique, and results for this dis-
ease entity. “Carotid S occlusion” is different from carotid termi-
nus or proximal ICA occlusion in that symptoms progress grad-
ually or fluctuate in most cases. For this reason, we had 6 sub-
acute cases out of 14. Furthermore, if it is recanalized, “Carotid S 
occlusion” shows a better clinical outcome than carotid terminus 
or proximal ICA occlusion. The radiological features are also dif-
ferent from those in occlusion of other ICA sites. The proximal 
ICA can be either visualized or not, depending on the thrombus 
burden. Ophthalmic collaterals fill the supraclinoid ICA but not 
the petro-cavernous ICA. Therefore, it is important to recognize 
this disease entity, as the appropriate treatment procedure is 
technically feasible and has relatively successful results, but only 
if the condition can be identified and treated.

We believe that the stroke mechanism of “carotid S occlusion” 
is mainly hemodynamic, as can be inferred from the fact that the 
infarct pattern is mostly border-zone and the predominant pa-
tient symptoms are gradual progression (n = 8) and fluctuation 

(n = 3). In patients with symptomatic ICA occlusion, the recruit-
ment of ophthalmic collaterals is associated with hemodynamic 
impairment. However, this association is confounded by the in-
ter-patient variability of the decrease in metabolic demand due 
to ischemic lesions.15 The rationale for the revascularization of 
an occluded ICA beyond the acute stage may be that the risk of 
ipsilateral stroke increases to 10%-20% per year when we con-
sider the population with severe impairment of cerebrovascular 
hemodynamics.16,17

We had two patients with recurrent stroke. One (patient No. 
4) had a transient ischemic attack one week later, which disap-
peared after balloon angioplasty. The other patient (No. 7) had 
contralateral side embolic infarction. This patient had the worst 
outcome, with an mRS of 4 at 3 months. The initial problem in 
recanalizing an occluded ICA is how we identify the occlusion 
point. We cannot be completely sure of the occlusion point with-
out using digital subtraction angiography. MRA can only show 
long-segmental occlusion, and ophthalmic collaterals might not 
be sufficiently demonstrated on MRA. It is of great significance 
how we check the lumen while preventing distal clot migration. 
A microcatheter gradually advanced upwards can be used to 
check the occlusion level and the luminal patency while the hub 
of the guiding catheter is open to allow backward flow of the 
contrast medium, thus avoiding distal dislodgement of the clot.

The major risk of endovascular treatment is distal migration of 
thrombotic debris that could cause aggravation of a patient’s 
symptoms. However, various protective devices have been de-
veloped to reduce embolic complications.18,19 Among these, we 
chose the proximal balloon because of its convenient use, highly 
successful performance, and the fact that the lesions we encoun-
tered deterred us from using distal protective devices. Proximal 
flow control implements the clot aspiration procedure that pre-
vents distal clot migration to the intracranial vessels.20

It is important that, until complete revascularization has been 
confirmed, a proximal balloon should always be kept inflated in 
order to prevent clot migration. When we were performing this 
step without a balloon-tipped guiding catheter, we applied man-
ual neck compression at the time we retrieved a clot. This tech-
nique may not be feasible in the case of a tortuous carotid artery 
or refractory clots, despite suction thrombectomy and a sten-
triever. In the earlier phase of our clinical experience, we had a 
case of inadvertent distal embolization of the clots, which was 
critical for the outcome of the procedure as balloon-tipped guid-
ing catheters were not available. We did not observe any proce-
dure-related hemorrhage or hyperperfusion. This may have been 
because of minor flow from the collateral before recanalization.

The main limitation of our study is that the number of en-
rolled patients was small; thus, further study is needed to vali-
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date our conclusions.

Conclusions

Long-segmental thrombotic occlusion of distal ICA sparing 
the cervical segment proximally and the supraclinoid segment 
distally, which we term “carotid S occlusion”, usually presents 
with border-zone infarction with gradually progressing or fluc-
tuating symptoms due to relatively preserved collaterals. Endo-
vascular management of the lesions is feasible with the use of a 
balloon-tipped guiding catheter and self-expanding stents in pa-
tients with acute and subacute symptoms.
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