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Angioplasty and Stenting for Carotid Artery Near-Occlusion

Abstract. Carotid near-occlusion (CNO) is the type of severe atherosclerotic stenosis of the internal carotid
artery (ICA) with or without collapse of the vessel distally to the narrow part. According to the North American
Symptomatic Carotid Endarterectomy Trial (NASCET), severity of ICA stenosis highly correlates with the risk of
stroke, except for cases of extremely critical stenosis > 94%, where the risk is lower, and, according to recent
guidelines, conservative treatment is preferable. This consideration is questionable due to the recent data about
early stroke recurrence and worldwide practice. Rapid improvement of endovascular technique during the last
decade makes carotid angioplasty and stenting (CAS) a feasible option for the treatment of patients with CNO and
is widely reported in the literature. However, in uncertain circumstances, more scientific data are necessary to
fulfill the gap in indications, terms and risks of CAS for CNO.

The aim. To evaluate the results of the treatment of patients with CNO after CAS.

Materials and methods. Three hundred and fifteen patients were surgically treated at Scientific-Practical Center
of Endovascular Neuroradiology of the National Academy of Medical Sciences of Ukraine due to ICA stenosis
between 2010 and 2020. Among them, 39 (12.4%) patients (11 woman / 28 men (age 57.9+2.1 years) had CNO
and underwent CAS at our Center. Patient population, clinical and radiological investigations, procedure compli-
cations were investigated. Procedure complications (stroke, hemodynamic depression [HD] and hyperperfusion
syndrome [HPS]) were meticulously studied. All the patients had routine ultrasound and clinical check 30 days
after the procedure.

Results. All the patients with CNO were successfully stented with the improvement of the site of stenosis after
CAS, with only minimal residual stenosis in cases of severe HD. We observed two procedural vascular accidents,
first patient had transient ischemic attack (TIA) and one had stroke due to middle cerebral artery occlusion after
stent placement and further urgent mechanical thrombectomy. The patient had no neurologic decline and was
discharged home. We didn’t observe any cases of myocardial infarction (MI) or death in our series during the
hospital stay. HD was seen in 13 (33.3%) patients, and mostly resolved after the procedure except for 3 cases
that required prolonged intensive care unit stay. HPS was diagnosed in 2 (5.1%) patients and also didn’t have any
neurologic consequences after supportive care. During 30 days of follow-up, one (2.6%) patient had TIA because
of anti-platelets cessation and 1 (2.6%) patient had MI after 1 week since discharge. All control images revealed
stents patency without the evidence of critical residual stenosis.

Conclusions. CNO remains important diagnostic and therapeutic challenge. Recent data showed high risk of
recurrent stroke in case of CNO on best medical therapy, especially at an early stage, but it remains a preferred
option according to guidelines. Considering worldwide improvement of stroke rates after CAS in patients with
symptomatic ICA stenosis, further studies are warranted to evaluate its risk-benefit in case of CNO, especially with
full collapse. Our data shows that CAS with careful preoperative diagnosis and planning is an effective procedure
for selected patients with CNO.

Keywords: critical carotid artery stenosis, carotid near-occlusion, carotid artery collapse, angioplasty and stenting,
treatment outcome.
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Introduction. More than 13 million people suffer from
stroke every year worldwide and nearly 80% of them are
ischemic [1]. And up to 12% of cases of ischemic stroke
are due to atherosclerosis of the internal carotid artery
(ICA) with critical stenosis. According to the North Ameri-
can Symptomatic Carotid Endarterectomy Trial (NASCET),
severity of ICA stenosis highly correlates with the risk
of stroke, except for cases of extremely critical stenosis
> 94%, where the risk is lower, and, according to recent
guidelines, conservative treatment is preferable [2]. This
type of severe atherosclerotic stenosis, which is usually
found in the ICA bulb and reaches more than 94%, is called
carotid near-occlusion (CNO) and has a lot of different
terms in the literature. Among the most common terms:
preocclusive stenosis, subtotal stenosis, subtotal occlu-
sion, subocclusion, 99% stenosis, ‘string sign’, functional
occlusion, pseudo-occlusion, and incomplete occlusion
etc. [3]. Critical slow flow through stenotic part of the ves-
sel reduces post-stenotic perfusion pressure that in some
cases causes the collapse of the distal segments of ICA and
the appearance of the ‘string sign’ [4]. This phenomenon is
also combined with delayed filling of distal segments of the
ICA and development of hemispheric crossflow through
leptomeningeal collaterals [4]. Literature data about clini-
cal significance of CNO is controversial. Besides NASCET,
further pooled results from randomized controlled trial
that investigated revascularization procedure (carotid en-
darterectomy [CEA] and best medical treatment [BMT])
concluded the absence of obvious benefit after CEA in case
of CNO [5]. Recent European Society for Vascular Surgery
(ESVS) guidelines recommend BMT according to post-hoc
analyses of the some surgical trials (NASCET, the Veterans
Affairs trial, and European Carotid Surgery Trial [ECST]),
where authors reported low risk of stroke in case of CNO
and no surgical benefit [6]. However, this conclusion is far
from routine practice, and more and more studies show
that revascularization procedure is probably useful for
patients with CNO. In such circumstances, meta-analysis
found increased early stroke rate in patients with CNO,
and revascularization was considered to be relatively safe
and useful for stroke prevention [7]. In such uncertain-
ness, further data are needed to clarify the indications and
risks for revascularization considering recent advances in
neuroimaging and carotid angioplasty and stenting (CAS).

The aim. To evaluate the results of treatment of pa-
tients with CNO after CAS.

Materials and methods. Three hundred and fifteen
patients were surgically treated at Scientific-Practical
Center of Endovascular Neuroradiology of the National
Academy of Medical Sciences of Ukraine due to ICA steno-
sis between 2010 and 2020. Among them, 39 (12.4%) pa-
tients (11 woman / 28 men aged 57.9+2.1 years) had CNO
and underwent CAS at our Center. Patient population, cli-
nical and radiological investigations, procedure complica-
tions were investigated. Procedure complications (stroke,

hemodynamic depression [HD] and hyperperfusion syn-
drome [HPS]) were meticulously studied.

Clinical characteristics of patients with CNO were stud-
ied according to the obtained data. Results are sown in
Table 1.

Full clinical and laboratory investigation was con-
ducted in all cases and patients were informed about the
procedural risk. They were subdivided into groups of pa-
tients with CNO with collapse (13 [33.3%] pts) (Fig. 1) and
without collapse (26 [67.7%] pts) (Fig. 2). In case of CNO
with critically small ICA lumen, patients received dual an-
tiplatelet therapy and were monitored till improvement of
the ICA diameter for safe stenting (Fig. 1). In case of delay,
patients with vessel occlusion remained on BMT. Two pa-
tients initially had total ICA occlusion, however, follow-up
for 4 weeks since BMT found improvement to CNO. Two
asymptomatic patients were scheduled for cardiac revas-
cularization, and during clinical investigation, CNO was de-
tected. All the patients received dual antiplatelet therapy
(aspirin 100 mg and clopidogrel 75 mg during 5 days be-
fore the procedure). Antiplatelet therapy was postponed
in case of large ischemic lesion after stroke or because of
the other contraindications [15].

The method of CAS at our Center was previously
described in the literature and had few peculiarities in
case of CNO [15]. Femoral approach with heparinization
was preferably used. 8F guiding catheter was put near
stenosis, and embolic protection device was navigated
distally. In every case balloon predilatation was made and
self-expanding stents were opened. Balloon postdilatation
with meticulous hemodynamic control was conducted
till the restoration of the vessel lumen. Angiographic

Table 1
Patient population before the procedure
Parameters N of patients (%)
Male/female ratio 28/11
Age,y 57.9+2.1 years
Presentation Asymptomatic TIA Stroke
2 (5.2%) 13 (33.3%) 24 (61.5%)
ipsilateral - 13 (33.%) 21 (87.5%)
contralateral - 13 (100%) 3 (12.5%)
Hypertension 1 (50%) 9(69.2%) 14 (58.3%)
24 (61.5%) pts
Diabetes mellitus = 6(46.2%) 9 (37.5%)
15 (38.5%) pts
Smoking 1 (50%) 11 (84.6%) 22 (91.7%)
34 (87.2%) pts
Ml 2 (100%) 2 (15.4%) -
4 (10.3%) pts
Heart failure 2 (100%) 1(7.7%) 5 (20.8%)

8 (20.5%) pts

TIA, transient ischemic attack; MI, myocardial infarction.
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Fig. 1. Female patient aged

63 after non-disabling stroke.
Ultrasound assessment of
carotid artery revealed right CNO
(arrow) (A). Digital subtraction
angiography found CNO with

ICA collapse and late filling
(arrows) (B and C). The procedure
was made with obvious lumen
restoration and improvement

of ICA lumen (arrow) (E and F).
Follow-up ultrasound after

30 days (D) revealed stent
patency (arrow)

Fig. 2. Male patient aged 64
after right eye amaurosis fugax
and previously stented left

ICA. Ultrasound assessment of
carotid artery revealed right
CNO (arrow) (A). DSA found CNO
without ICA collapse (arrows)
(B). Procedure was made with
restoration of the lumen (arrow)
(E and F). Follow-up ultrasound
after 30 days (D) revealed stent
patency (arrow)

run of intracranial vessels was made for control of distal
embolism. Protection device was withdrawn from the
blood stream and the vessel was closed with the sealants.

Systemic hemodynamics were routinely measured
and atropine was administered in case of HD, which was
treated with crystalloids and colloids. All the patients
were transferred to the intensive care unit (ICU) [15]. In
the ICU, measurement of blood pressure and heart rate
with neurologic examination was made and supportive
hemodynamic therapy was provided if necessary.

The procedure complications (stroke, HD and HPS) we-
re meticulously studied. Because of small sample size we
used only descriptive statistics, and values were expressed
as mean *SD [15].

Follow-up. All the patients had routine ultrasound or
computed tomography angiography imaging 30 days after
the procedure, and medical data about clinical endpoints
was collected.

Results and discussion. All 39 patients with CNO
were successfully stented with the improvement of the
vessel lumen after CAS, with only minimal residual steno-
sis in cases of severe HD (Table 2).

There were two procedural vascular accidents, one
transient ischemic attack (TIA) and one stroke due to the
distal middle cerebral artery (MCA) embolism after stent
placement. Urgent mechanical thrombectomy was con-
ducted with favorable outcome. After 2 passes the vessel
was opened with eTICI score 3 at the end. The patient had
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Table 2
CAS peculiarities in patients with CNO
Parameters 39 patients
Length of stenosis, mm 14.1+¥2.1
Stenosis location
CCA-ICA 20 (51.3%)
ICA 19 (48.7%)
Near-occlusion with full collapse 13 (33.3%)
Ulceration 22 (56.4%)
Calcification 24 (61.5%)
Predilatation 39 (100%)
Neuroprotection device 39 (100%)
Postdilatation 39 (100%)
Total stented length, mm 39.2¥49
Time of procedure, min 36%15
Fluoroscopy time, min 12.1+3.2
Mean contrast agent dose, ml 70.0%11.2

CCA, common carotid artery.

no neurological decline after the procedure and was dis-
charged home. We didn’t observe any cases of myocardial
infarction or death in our series during the hospital stay.
Patients with procedural complications were analyzed;
their data are summarized in the Table 3.

Thirteen patients (33.3%) had bradycardia or systemic
hypotension after the procedure. Three of them required
additional pressure support and were carefully monitored
for 2-3 days till stabilization and hemodynamic improve-
ment. Two patients (5.1%) had HPS, with seizures and
neurologic decline after CAS. These patients also needed
prolonged ICU stay with complete recovery and resolu-
tion of neurological deficits. There were no deaths during
hospitalization. Most patients with complications had CNO
with collapse, history of stroke and comorbid pathology.

During 30 days of follow-up, one (2.6%) patient had
TIA because of anti-platelet cessation and 1 (2.6%) patient
had MI 1 week after discharge. All control images revealed
stents patency without the evidence of critical residual
stenosis.

CNO was first reported by Lippman et al. in 1970 [8].
Its incidence, according to the literature, is up to 2% and
continues to grow with the improvement of neuroimag-
ing [3]. Recent classification subdivides near-occlusion by
the presence or absence of ICA collapse. Change in its size
is the result of physiological response to flow reduction [9]
and has high impact on the clinical course. Recent stud-
ies showed that CNO with ICA collapse carries high short-
term risk of stroke during the first month after debut [10].
In contrast, early NASCET and ECST trials evaluating BMT
found a relatively low risk of recurrent stroke, but near

Table 3
Complications of CAS in patients with CNO
Parameter TIA/Stroke (2 pts) HD (13 pts) HPS (2 pts)
Male/female 28/11 2/0 9/4 2/0
Age,y 57.9%2.1 62.2%2.9 58.9+1.5 59.1%4.2
Presentation
TIA 13 (33.3%) 0 3(23.1%) 0
Stroke 24 (61.5%) 2 (100%) 10 (76.9%) 2(100%)
ipsilateral 21 (53.8%) 2 (100%) 10 (76.9%) 2(100%)
contralateral 3(7.7%) 0 0 0
Asymptomatic 2 (5.2) 0 0 0
Hypertension 24 (61.5%) 2 (100%) 10 (76.9%) 1 (50.0%)
Diabetes mellitus 15 (38.5%) 0 3(23.1%) 0
Smoking 34 (87.2%) 2 (100%) 8 (61.5%) 2 (100%)
History of myocardial 4 (10.3%) 0 1(7.7%) 0
infarction
Heart failure 8 (20.5%) 1 (50.0%) 2 (15.4%) 0
Length of stenosis, mm 14.1+2.1 15.2 14.9+2.3 16.1
Near-occlusion with full 13 (33.3%) 2 (100%) 8 (61.5%) 1 (50.0%)
collapse
Ulceration 22 (56.4%) 2 (100%) 3 (23.1%) 1 (50.0%)
Calcification 24 (61.5%) 1 9 (69.2%) 1 (50.0%)
Time of procedure, min 36.3 79.2 45.2 38.1
Fluoroscopy time, min 12.1 333 19.1 14.2
Mean contrast agent dose, ml 70.0 85.0 79.5 69.4
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a half of all patients with CNO were included 4 weeks or
later after last ischemic event, and CNO with collapse was
present only in 6.1% patients [11]. According to our data,
the present incidence of CNO with full collapse reached
33.3% and can be even higher, nearly 40% in other reports
[9, 10]. Nevertheless current guidelines recommend BMT
for patients with CNO [6, 12]. This uncertain result demon-
strates the need for further studies with careful patient
evaluation as it seems that CNO are often overlooked on
both ultrasound and computed tomography angiography
(CTA) in routine practice [13]. We believe that CNO with
collapse as non-functional vessel is the main challenge
for treatment strategy, as rescue of this injured vessel can
have tremendous impact on whole cerebral circulation
and improve cerebral perfusion. Recent rapid advances in
CAS technology that continue to improve significantly over
the last years decreased complication rate. But these chal-
lenging CNO procedures require a high-capacity neurora-
diological center, as successful revascularization is highly
dependent upon experience of the surgeon. Every case of
restoration of this critically stenotic vessel lumen requires
professional evaluation of the density of the plague, site
and length of the stenosis and risk of HD. In cases of se-
vere HD, we preferred to leave residual stenosis up to 20%
to avoid unnecessary hemodynamic complication. Be-
sides, the use of distal protection device is mandatory for
every case of CNO to reduce the risk of distal embolism.
Nevertheless, our complicated case with MCA embolism
occurred in the presence of the protection device. And in
such circumstances, mechanical thrombectomy is an ir-
replaceable procedure which can decrease serious neuro-
logic complications.

Although our case series are uncontrolled, the proce-
dural complications and 30-days follow-up revealed re-
sults compatible with literature data [14].

Our study has some limitations. First of all, the retro-
spective design without control group. However, the main
aim of our case series was to highlight the use of endovas-
cular procedure for CNO and to show the discrepancy be-
tween literature data. Recent studies debate the postulate
about BMT for any CNO, and further studies are needed to
find the patients who can succeed with revascularization.
In such circumstances, CAS with its technical improve-
ment seems reasonable option with careful planning and
multidisciplinary approach.

Conclusions. CNO remains a significant diagnostic and
therapeutic challenge. Recent data showed high risk of
recurrent stroke in case of CNO on BMT, especially at an
early stage, but it remains a preferred option according to
guidelines. Considering worldwide improvement of stroke
rates after CAS in patients with symptomatic ICA stenosis,
further studies are warranted to evaluate its risk-benefit in
case of CNO, especially with full collapse. Our data shows
that CAS with careful preoperative diagnosis and planning
is an effective procedure for selected patients with CNO.
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1Y «HaykoBO-NpakTUYHUIA LEHTP eHA0BACKYNAPHOI HeripopeHTreHoxipyprii HAMH Ykpainu», M. Kuis, YkpaiHa

Pe3iome. Cy60kJ103ia BHYTPilIHbOI cOHHOI apTepii (BCA) - 1ie oco6iMBa popMa TSKKOTO CTEHO3Y 3 YAaCTKOBUM ab0
NOBHUM CNaJlaHHAM JMCTaJIbHOTrO BiAiy BHACAIIOK HEOCTATHBOTO KPOBOHANOBHeHH. 3a faHuMHU North American
Symptomatic Carotid Endarterectomy Trial (NASCET), Bucokuii cTyninb cteHo3y BCA noB’si3aHui 3 MiJBUILEHUM PHU3U-
KOM illCHJIaTepaIbHOTO iHCYJIbTY, 32 BUHATKOM BUIIaIKiB KDUTUYHOTO CTEHO3Y > 94 %, KOo/IM MeJiJuKaMeHTO3Ha Tepamnis
€ Kpalo. Aje y 3B’3Ky 3 OCTaHHIMM NMOBiZOMJIEHHSIMU NIPO PU3UK NOBTOPHOTO PAHHBOIO iHCY/IbTY Ljed BUCHOBOK
NiAJa€eTbCA CYMHIBY. 3a TaKUMX 06CTaBHUH LIBHJIKE BJOCKOHA/JIEHHSI €H/I0BACKY/ISIPHUX TEXHOJIOTIN pOOGUTH KapOTUAHY
aHriomnactuky ta creHTyBaHHs (KAC) po3yMHHUM BapiaHTOM JIiKyBaHHS NalieHTiB i3 cy6okto3siero BCA.

MeTa - OL[iHUTH pe3yJbTaTH aHTIONJIACTUKU Ta CTEHTYBAaHHS IPU Cy60KIII03ii BHYTPIlIHBOI COHHOI apTepii.

Marepiasm Ta Metogm. Y /1Y «HaykoBo-npakKTUYHUH LIEHTP eHJA0BacKy/asApHoi HelpopeHTreHoxipyprii HAMH
Ykpainu» 3 2010 no 2020 pik 6ys10 npoBeseHo 315 npouenyp KAC, 3 Hux y 39 (12,4 %) nauienTis (11 xiHok / 28 4oJio-
BiKiB, cepeiHiii Bik — 57,9 + 2,1 poky) Manu cy6okJto3ito BCA. Mu nociigkysanv nepBuHHi (iHpapKT Miokapaa, iHCY/IbT
abo cMepTh) Ta BTOPUHHI KJiHIYHI pe3y/sbTaTy (reMoJrHaMiuHa Aenpecis (6pagukapaisg abo rinoTeHsis) Ta CMHHAPOM
rinepnepdysii micsis npoueaypu. Yci nanieHTH NpOXOAUJIH IIJIAHOBE YIBTPA3BYyKOBE Ta KJiHIYHe AocifKkeHHs yepe3 30
JHIB Iic/1A MpoLefypHy.

PesyabraTu. Yci nporeaypu KAC 6ysu ycnilnHUMY, | Bij3HaYeHO 3MeHIIeHHs CTeHO03Yy Mic/Is IpoleAypH 3 MiHiMab-
HUM 3a/IMIIKOBUM CTEHO30M Yy BUIaJKax CTiHKoOi reMoAuHaMiuHol Aemnpecii. Byso gBa mpouefypHUX HEBPOJIOTIUHUX
YCKJIaIHEHHS, OJJHA TPAaH3UTOpPHA illeMiYyHa aTaka Ta OAUH IHCYJIbT Yepes3 OKJII3il0 cepelHbOI MO3KOBOI apTepii micisd
BCTAHOBJIEHHSI CTEHTA Ta MOJAJIbIIOI yPreHTHOI MexaHiqyHOI TpoMbOekToMil. [laljieHT He MaB HEBPOJIOTIYHOTO Aedilu-
Ty i 6yB BUIIMCAaHUM i3 3a/0BIIBHUM pe3yJabTaToM, OLliHKa 1 3a MoaudikoBaHoI0 mKanow PenkiHa (mRS). [HdapkTy
Miokapza abo JieTa/IbHUX BUNIA/IKIB B Halllil cepii mijg yac rocnitasnisauii He BifjaHadeHo. Y 13 nanieHTiB (33,3 %) 6ysa
reMoAiHaMiuHa fenpecis, ay 2 (5,1 %) nanieHTiB - rinepnepdysiiinuit cungpowm. llpotsarom 30 fHIB ciocTepexxeHHS B
ofHoro (2,6 %) nanieHTa 3adikcoBaHa TpaH3UTOpPHA ilIeMiYyHA aTaka yepe3 CaMOBUIbHY BiAMiHY aHTHarperaHrTis, a B
1 (2,6 %) nauieHTa cTaBcs iHdapKT Miokapza yepes 1 (2,6 %) THXKJeHb Micjs BUNUCKU. YCi KOHTPOJIbHI 06CTEXEeHHS
BUAABUJIM NPOXiAHICTb CTEHTIB 6€3 03HAaK KPUTUYHOI'0 3a/IMILIKOBOTO CTEHO3Y.

BucHoBkHU. Cy60KJ/I103is1 BHYTPIlIHBOI COHHOI apTepii 3a/IMIIA€ETHCSA AiarHOCTUYHO Ta TepaneBTHUYHOI MpobJie-
Moto. OcTaHHI AaHi cBiAYaTh NP0 BUCOKUM PU3UK PAHHBOTO iHCY/IbTY Y BUNAAKY Cy60KIII03ii NP BUKOPUCTAHHI MeJiU-
KaMeHTO3HOI Teparii, IpoTe 3rifHO 3 peKOMeHJALisIMH 1ie 3aJMIIAETbCS BapiaHTOM BUGOPY Y JIiKyBaHHI. 3 oMLy Ha
CBiTOBY TeHJEHIil0 10 3HWKeHHs 4acToTH iHcy/bTiB nicasa KAC, Heo6xiiHI mogaaplli AOCaiPKeHHS A OL[iHIOBaHHS
onepaniiHOro pu3MKy Ta KOPUCTi y BUNIQIKy cy60kJt03ii BCA, 0co6s1MBO npu moBHOMY ii KoJsiarnci. Haui aHi nokasyoTs,
o KAC 3 peTesibHOIO nlepeionepaniiiHo0 AiarHOCTUKOIO Ta MJIaHYBaHHAM € epeKTHBHOIO MPOLEeypolo AJ1s1 OKPeMUX
NaLi€eHTIB i3 CyOOKJII3iAMHU.

Kamwwuoei cnoea: kpumuuHuli cmeHo3 coHHOi apmepii, cy60Ka103is1 COHHOT apmepii, koaanc coHHoi apmepii, anzionaac-
muka ma cmeHmyeaHHs COHHOI apmepii, pe3yabmamu JAIKYy8aHHS.
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