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Abstract
Background Endovascular recanalization in patients with symptomatic nonacute intracranial large artery occlusion 
(ILAO) has been reported to be feasible, but technically challenging. This study aimed to determine the predictors of 
successful endovascular recanalization in patients with symptomatic nonacute ILAO.

Methods The outcomes of endovascular recanalization attempts performed in 70 consecutive patients showing 
symptomatic nonacute ILAO with hemodynamic cerebral ischemia between January 2016 to December 2022 were 
reviewed. Potential variables, including clinical and radiological characteristics related to technical success, were 
collected. Univariate analysis and multivariate logistic regression were performed to identify predictors of successful 
recanalization for nonacute ILAO.

Results Technically successful recanalization was achieved in 57 patients (81.4%). The periprocedural complication 
rate was 21.4% (15 of 70), and the overall 30-day morbidity and mortality rates were 7.1% (5 of 70) and 2.9% (2 of 
70), respectively. Univariate analysis showed that successful recanalization was associated with occlusion duration, 
stump morphology, occlusion length, slow distal antegrade flow sign, and the presence of bridging collateral vessels. 
Multivariate analysis showed that occlusion duration ≤ 3 months (odds ratio [OR]: 22.529; 95% confidence interval [CI]: 
1.636-310.141), tapered stump (OR: 7.498; 95% CI: 1.533–36.671), and occlusion length < 10 mm (OR: 7.049; 95% CI: 
1.402–35.441) were independent predictive factors for technical success of recanalization.

Conclusions Occlusion duration ≤ 3 months, tapered stump, and occlusion length < 10 mm were independent 
positive predictors of technical success of endovascular recanalization for symptomatic nonacute ILAO. These findings 
may help predict the likelihood of successful recanalization in patients with symptomatic nonacute ILAO and also 
provide a reference for the selection of appropriate patients. Further prospective and multicenter studies are required 
to validate our findings.
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Introduction
Intracranial large artery occlusive disease (ILAO) is an 
important cause of ischemic stroke [1, 2], and symptom-
atic nonacute ILAO persisting beyond 24  h from onset 
is a specific form of ILAO. A considerable number of 
patients with this form of ILAO, especially those with 
hemodynamic compromise or poor collateral flow, con-
tinue to be at a higher risk for subsequent stroke despite 
aggressive medical therapy [3, 4]. However, the opti-
mal treatment for medically refractory, nonacute ILAO 
remains unclear, with extracranial-intracranial artery 
bypass surgery failing to show beneficial effects in pre-
venting ischemic attacks or stroke [5, 6]. Some recent 
small-sample case series have reported that endovascular 
recanalization is a feasible approach for carefully selected 
patients with symptomatic nonacute ILAO [7–15], and 
successful recanalization has been suggested to restore 
cerebral perfusion and improve the prognosis in these 
patients [8, 11, 16]. However, endovascular recanaliza-
tion in nonacute ILAO is technically challenging and 
may cause potentially life-threatening complications 
[8–12, 14, 15, 17–21], necessitating careful selection of 
the patients who could benefit from this treatment. At 
present, patients with nonacute ILAO who show hemo-
dynamic compromise or poor collateral flow and pro-
gressive or recurrent ischemic neurological deficits 
despite maximal medical therapy are considered to be the 
most likely to benefit from endovascular recanalization 
[8, 11, 13] and may be the potential candidates for endo-
vascular recanalization. However, in these candidates, 
the subgroup of patients who are most likely to achieve 
successful recanalization remains incompletely defined, 
despite the development of several angiographic classifi-
cation models and the identification of several predictors 
of technical success of recanalization for nonacute ILAO 
[18, 19, 21–26]. In this study, we aimed to determine the 
predictors of successful endovascular recanalization in 
patients with symptomatic nonacute ILAO, which may 
provide a reference for patient selection.

Materials and methods
Study population
We conducted a retrospective analysis of consecutive 
endovascular recanalization attempts in patients with 
symptomatic nonacute ILAO who showed hemody-
namic cerebral ischemia from January 2016 to Decem-
ber 2022 at Shanghai Tongji Hospital affiliated to Tongji 
University School of Medicine. All patients signed a 
written informed consent prior to endovascular recana-
lization attempts. This retrospective review of the clinical 
information and radiologic records of the patients was 
approved by the Institutional Review Board at Shang-
hai Tongji Hospital, which waived the need to obtain 

informed patient consent for the review of the patient 
records and images.

Patients with symptomatic nonacute ILAO who under-
went endovascular recanalization attempts were included 
in this study if they met the following criteria: [1] ILAO 
including the intracranial segments (C6, ophthalmic and 
C7, communicating) of the internal carotid artery (ICA), 
as described by Bouthiller [27], the M1 segment of the 
middle cerebral artery (MCA), and the intracranial ver-
tebral artery and basilar artery diagnosed by a computed 
tomography angiography (CTA) or a magnetic resonance 
angiography (MRA) examination and confirmed by digi-
tal subtraction angiography (DSA) with thrombolysis in 
myocardial infarction (TIMI) grade 0 or 1 for antegrade 
flow through the occlusion before recanalization and esti-
mated occlusion duration > 24  h; [2] recurrent ischemic 
neurological deficits (transient ischemic attack [TIA] or 
stroke) or progressive neurologic impairment symptoms 
(National Institutes of Health Stroke Scale (NIHSS) score 
increase ≥ 4 due to persistent or transient low perfu-
sion despite maximal medical therapy [28]; [3] head CT 
or magnetic resonance imaging (MRI) showing border 
zone infarction and/or CT perfusion images showing 
a decrease in cerebral blood flow (CBF) and increase in 
time to peak (TTP) and mean transit time (MTT), and 
normal or decreased cerebral blood volume (CBV) in 
the territory of the culprit intracranial artery or an arte-
rial collateral circulation grade (ACG) ≤ 3 according to 
the American Society of Interventional and Therapeu-
tic Neuroradiology/ Society of Interventional Radiology 
(ASITN/SIR) standards [29]; and [4] brain CTA or MRA, 
and HR-MRI vascular wall imaging, as well as DSA con-
firming the presence of a vascular bed at the distal end 
of the occlusion, with the diameter of the occluded vessel 
estimated to exceed 2 mm; [5] patients with at least one 
risk factor for atherosclerosis (e.g., hypertension, diabetes 
mellitus, hyperlipidemia, coronary artery disease, ciga-
rette smoking).

However, patients were excluded if they met any of 
the following criteria: [1] clinical, laboratory, or imaging 
findings suspicious for non-atherosclerotic occlusion, 
e.g., moyamoya disease or angiitis, or arterial dissection; 
[2] CT or angiographic evidence of severe calcification 
defined by an arc of calcification > 180° at the occluded 
segment; [3] severe angulation defined as the degree of 
angulation of the occluded segment > 90°; [4] known 
allergy or contraindication to aspirin and clopidogrel, 
aspirin and clopidogrel resistance, or intolerance for 
general anesthesia; [5] bleeding diathesis that could not 
be corrected; and [6] life expectancy < 2 years because of 
other medical conditions.
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Endovascular recanalization procedure
All procedures were performed under general anesthesia 
by two interventional neuroradiologists (C. F and H-Q. 
T) with over 10 years of experience in endovascular treat-
ment of intracranial large artery stenosis or occlusion 
diseases. After placement of the sheath introducer, hepa-
rin was administered intravenously to maintain the acti-
vated clotting time between 200 and 300  s. A 6-French 
(6 F) guiding catheter (Navien, EV3, USA) was advanced 
into the cervical vertebral or ICA as high as allowed by 
the vessel tortuosity. If the vessels at the distal end of the 
occlusion could be visualized by reconstruction of the 
distal collateral vessel, the dual-roadmap technique was 
performed, in accordance with the previously described 
schemes for the dual-roadmap technique [20].

Under roadmap guidance, the microwire (Synchro, 
Stryker Neurovascular, Fremont, CA; Traxcess-14 
soft-tip, MicroVention, Tustin, CA, USA) was used in 
combination with a microcatheter (Echelon-10, ev3 Neu-
rovascular, Irvine, CA) to pass through the occluded 
segment carefully. If the microwire and microcatheter 
could not cross the occluded segment and enter the 
true distal lumen after repeated attempts, the procedure 
was stopped. If the microwire was successfully steered 
through the occluded segment, then a microcatheter 
injection was used to confirm the position distal to the 
occluded segment in the true distal lumen. Subsequently, 
an exchange microwire (Transend ES 014/300 Floppy, 
Boston Scientific Corp, Natick, MA) was placed in the 
appropriate anchoring position, and the microcatheter 
was removed. A gateway angioplasty balloon (Stryker 
Neurovascular, Fremont, CA) or a rapid-exchange bal-
loon dilation catheter (Maverick, Boston Scientific, 
Natick, MA, USA; Neuro LPS™, Sinomed, Tianjin, China) 
was advanced over the exchange microwire to cross the 
lesion. The balloon size was based on the measurement 
of the proximal and distal vessels of the occlusion as well 
as the length of the occluded segment on the dual road-
maps. The maximum diameter of the predilation bal-
loon was less than 80% of the estimated diameter of the 
lesion, and the balloon length was as short as possible 
but at least covering the lesion length. The balloon was 
slowly inflated to 6 atmospheres for 60  s. After angio-
plasty, based on measurement of the proximal and distal 
diameters of the target vessel as well as the length of the 
occluded segment after balloon dilation, a self-expand-
able stent (Enterprise, Codman & Shurtleff, Raynham, 
MA; LEO Baby, Balt Extrusion, Montmorency, France) 
or balloon-mounted stent (Apollo, MicroPort Medical, 
Shanghai, China) was introduced and deployed according 
to the operator’s preference. Postoperative angiography 
was performed to confirm the patency. Successful revas-
cularization was defined as antegrade flow with a modi-
fied thrombolysis in cerebral infarction (TICI) grade ≥ 2b 

and residual stenosis of ≤ 50% [22]. Brain CT was per-
formed immediately after the operation to rule out intra-
cranial hemorrhage, after which all patients were typically 
monitored in neuro critical care units for 24 h postproce-
dure with a target systolic blood pressure < 120  mm Hg 
to reduce the risk of reperfusion hemorrhage [10, 18–20, 
24].

Dual antiplatelet therapy with clopidogrel (75 mg) and 
aspirin (100 mg) was initiated at least 3 days prior to the 
recanalization. The patients who received clopidogrel 
(75  mg) and aspirin (100  mg) for < 3 days were given 
300-mg loading doses of clopidogrel and aspirin prior 
to the recanalization. Platelet reactivity was evaluated 
by thromboelastography. Aspirin resistance was defined 
as < 50% inhibition of arachidonic acid–induced platelet 
aggregation, and clopidogrel resistance was considered 
as < 30% inhibition of ADP–induced platelet aggrega-
tion [30]. Patients who showed clopidogrel resistance 
were treated with ticagrelor 90 mg twice a day. Dual anti-
platelet therapy was maintained for 3–6 months, with 
life- long aspirin or clopidogrel monotherapy maintained 
thereafter. After the procedure, risk factor control was 
based on the AHA/ASA guidelines and the SAMMPRIS 
trial protocol [31, 32], and rehabilitation training was 
prescribed if necessary. After discharge, clinical follow-
ups of all patients were conducted by telephone or clinic 
visit at 30 days. Subsequently, clinical and angiographic 
follow-up assessments were recommended, the follow-
up strategies were similar to those described in our previ-
ous study [8].

Data collection and definition of potential variables 
associated with successful recanalization
Cases were identified through a search of the prospec-
tively acquired endovascular databases at our institution. 
Detailed data on demographic and baseline clinical char-
acteristics, preoperative radiological features, including 
occlusion site, stump morphology, occlusion length, cal-
cification and angulation at the occluded segment, slow 
distal antegrade flow (SDAF) sign, and bridging collateral 
vessels, procedural results (modality of recanalization, 
technical success, postprocedural perfusion status), and 
periprocedural complications, as well as follow-up out-
comes (clinical and angiographic outcomes) were col-
lected. All image assessments were conducted by two 
independent neuroradiologists, and any discrepancies 
were resolved by consensus. The duration of occlusion 
was estimated on the basis of clinical events such as the 
sudden onset or worsening of ischemic symptoms or was 
determined on the basis of the patients’ previous imaging 
examination results, and was categorized as ≤ 3 months 
or > 3 months. The time from imaging-documented 
occlusion to endovascular intervention was recorded. 
The occlusion site was categorized as intracranial ICA, 
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M1 segment of the MCA, basilar artery, or intracranial 
vertebral artery. The presence or absence of an occlusion 
stump and stump morphology were evaluated on DSA. 
A stump was considered to be present if contrast filling 
was observed within the residual vessel proximal to the 
occluded segment [25]. Angiographic morphology of the 
stump was classified as “tapered” if the occluded seg-
ment ended in a funnel-shaped form or “blunt” if it did 
not, consistent with the definitions used in percutaneous 
coronary intervention (PCI) for chronic total occlusion 
(CTO) lesions [33]. The length and angle of the occluded 
segment were measured on multiple planar reconstruc-
tion images obtained from the preoperative CTA origi-
nal images using the Aquilion ONE (Toshiba medical 
systems, Tokyo, Japan) postprocessing work station. The 
occluded segment was the segment that was completely 
invisible and showed a total luminal filling defect on mul-
tiple planar reconstruction (MPR) images in CTA. The 
occlusion length was automatically calculated by the soft-
ware after we manually traced the longitudinal axis of the 
occluded segment, which was recorded and categorized 
as < 10 mm or ≥ 10 mm. The occlusion angle was defined 
as the angle between the proximal longitudinal axis and 
the distal longitudinal axis at the occluded segment, with 
a straight occluded segment defined as 0°, which was 
measured after we manually traced the proximal and 
distal longitudinal axes of the occluded segment, and 

was categorized as > 45° or ≤ 45°. The calcification at the 
occluded segment was evaluated on preoperative CTA 
original images and MPR images and categorized as no 
evident calcification or the presence of calcification. The 
SDAF sign was defined as slow antegrade contrast opaci-
fication distal to the occlusion site on the delayed images 
of the presenting arteriogram, as previously described 
by Christoforidis et al. [34], and categorized as no SDAF 
sign or presence of SDAF sign. The presence of bridging 
collateral vessels was angiographically defined as a plexus 
of micro-vessel channels bridging between the ves-
sel proximal and distal to the occlusion, which allowed 
antegrade opacification of the patent vessels distal to the 
occlusion [35, 36].

Statistical analysis
The continuous normally distributed quantitative vari-
ables were expressed as mean ± standard deviation (SD); 
non-normally distributed variables were expressed as the 
median and interquartile range; and categorical variables 
were expressed as number and percentage. Differences in 
categorical variables between the successful recanaliza-
tion group and the failure group were assessed with the 
χ2 test or Fisher’s exact test. Differences in continuous 
variables between the two groups were assessed using the 
t test or Mann–Whitney U test.

The association between clinical and radiological char-
acteristics and the technical success was assessed with 
univariate logistic regression analysis. All variables with a 
p-value < 0.10 in the univariate analysis were entered into 
the multivariate logistic regression model. A backward 
stepwise selection was performed to select indepen-
dent predictors using a likelihood ratio test with Akaike 
information criterion (AIC) as the stopping rule. A 
p-value < 0.05 was required for all variables to be included 
in the final multivariate stepwise model. Two-sided P val-
ues ≤ 0.05 were considered statistically significant. All sta-
tistical analyses were performed using commercial SPSS 
20.0.

Results
Patients’ baseline clinical characteristics and radiological 
features of the lesions
Seventy patients with symptomatic nonacute ILAO who 
underwent endovascular recanalization attempts were 
included in this study. The mean ± SD age was 60 ± 9.6 
years, and the study population included 48 (68.6%) male 
and 22 (31.4%) female patients. Demographic and base-
line clinical characteristics of these patients are listed in 
Table  1. The lesion characteristics at the occluded seg-
ment on preoperative radiological assessments are sum-
marized in Table 2. Among the 70 patients, 28 (40%) had 
progressive stroke, 23 (32.9%) had recurrent ischemic 
stroke, and 19 (27.1%) had recurrent TIAs. The occluded 

Table 1 Baseline demographic and clinical characteristics of the 
patients
Variable Total 

(n = 70)
Suc-
cessful 
group 
(n = 57)

Failed 
group 
(n = 13)

p 
Value

Age, mean (SD), yr 60 ± 9.6 59.7 ± 9.4 60.1 ± 9.7 0.9034
Male, n (%) 48(68.6) 42(73.7) 6(46.2) 0.1099
Risk factors, n (%)
 Hypertension 54(77.1) 45 (78.9) 9 (69.2) 0.6988
 Diabetes mellitus 30(42.9) 26(45.6) 4(30.8) 0.3291
 Coronary heart disease 9(12.9) 7(12.3) 2(15.4) 0.8749
 Smoking history 39(55.7) 34(59.6) 5(38.5) 0.1652
 Alcohol history 20(35.1) 16(28.1) 4(30.8) 0.8841
 Dyslipidemia 33(57.9) 29(50.9) 4(30.8) 0.1900
Qualifying event, n (%)
 Progressive stroke 28(40) 25(43.9) 3(23.1) 0.1675
 Recurrent stroke/TIA 42(60) 32(56.1) 10(76.9)
Estimated occlusion dura-
tion (d), median (IQR)

12.5(3, 
34)

9(3, 30) 60(13.5, 
93.5)

0.0003

Estimated occlusion duration, n (%)
 ≤ 3 months 65(92.9) 56(98.2) 9(69.2) 0.0035
 > 3 months 5(7.1) 1(1.8) 4(30.8)
Time from imaging-
documented occlusion to 
intervention(d), median 
(IQR),

8.5(3,28) 5(2,24.5) 52(9.5,88.5) 0.0007

IQR, interquartile range; SD, standard deviation, TIA, transient ischemic attack
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sites were within the intracranial ICA in eight (11.4%) 
patients, the M1 segment of the MCA in 46 (65.7%) 
patients, the basilar arteries in six (8.6%) patients, and 
the intracranial vertebral artery in 10 (14.3%) patients. 
Median duration of occlusion was 12.5 d (interquar-
tile range [IQR], 3–34 d). The median interval between 
imaging-documented occlusion and intervention was 8.5 
d (IQR, 3–28 d). A total of 50 (71.4%) patients showed a 
tapered stump at the proximal end of the occlusion. The 
median occlusion length was 8.4  mm (7.8–9.25  mm), 
while the occlusion length was < 5  mm in 11 patients, 
5–10  mm in 44 patients, and > 10  mm in 15 patients. 
The median (IQR) occlusion angle was 15° (7.5°-23.25°), 
while the occlusion angle was ≥ 45° in 3 (4.3%) patients. 
Calcification of the occlusion was observed in four (5.7%) 
patients. Forty-one (58.6%) patients showed an SDAF 
sign, while four (5.7%) patients showed bridging collat-
eral vessels.

Primary procedure results and periprocedural 
complications
Technically successful recanalization was achieved in 
57 patients (81.4%), of which 15 showed TICI grade 
2b reperfusion and 42 showed TICI grade 3 reperfu-
sion. Among these patients, three underwent balloon 
angioplasty alone. Balloon-mounted stents were used 
in nine patients and self-expanding stents were used 
in 45 patients after balloon angioplasty. Endovascular 
recanalization failed in 13 patients, of which 11 showed 
TICI grade 0 reperfusion and two showed TICI grade 
2a reperfusion. Among the 13 patients showing recana-
lization failure, the microwire could not pass through 
the occluded segment and enter the true lumen in 10 
patients; one of these patients experienced vascular 
dissection and perforation during the recanalization 
attempts, which caused subarachnoid hemorrhage (SAH) 
and necessitated coil embolization of the perforation. 
Two patients achieved TICI grade 2a antegrade flow 
due to residual stenosis of > 50% immediately after stent 
implantation, although the microwire could successfully 
traverse the occluded segments. One patient experienced 
intracranial hemorrhage (ICH) of the distal lenticulo-
striate artery after the microwire successfully traversed 
the occluded segments and pre-dilation with balloon 
was performed during the procedure, necessitating coil 
embolization of the recanalized occlusion portion.

The rate of periprocedural complication was 21.4% (15 
of 70), the overall 30-day morbidity and mortality rates 
were 7.1% (5 of 70) and 2.9% (2 of 70), respectively. As 
shown in Table  3, the periprocedural complications 
include two cases of asymptomatic dissection, four 
cases of ICH and SAH, four cases of symptomatic distal 
embolism, two cases of hyperperfusion syndrome and 
one case of perforator occlusion. In the group of suc-
cessful recanalization, one patient experienced ICH and 
SAH related to vascular dissection or laceration follow-
ing mechanical thrombectomy; the patient underwent 
craniotomy evacuation of hematoma and eventually 
survived with neurologic dysfunction. Four patients suf-
fered from symptomatic distal embolism that completely 
disappeared without neurological sequelae after aggres-
sive medical therapy. Two patients experienced ICH as 
a result of hyperperfusion syndrome within 24  h. The 
two patients died one week after craniotomy evacua-
tion of hematoma and decompressive craniectomy. One 
patient showed perforator occlusion of the basilar artery 
that was complicated with locked-in syndrome. In the 
failed group, 2 cases experienced asymptomatic dissec-
tion due to the inability of the microwire to traverse the 
occluded segment. Three patients experienced ICH and 
SAH. Among the 3 patients, two patients experienced 
SAH related to vascular dissection and perforation due 
to microwire manipulation during the recanalization 

Table 2 Radiological characteristics of the lesions
Variable Total 

(n = 70)
Successful 
group (n = 57)

Failed group 
(n = 13)

p Value

Responsible artery
 Anterior 
circulation

54(77.1%) 44(77.2%) 10(76.9%) 0.7300

 Posterior 
circulation

16(22.9%) 13(22.8%) 3(23.1%)

Stump condition
 Tapered 
stump

50(71.4%) 46(80.7%) 4(30.8%) 0.0011

 No stump 
or blunt

20(28.6%) 11(19.3%) 9(69.2%)

Occlusion 
length (mm) 
median (IQR),

8.4(7.8,9.25) 8.2(7.2,8.8) 12.8(8.5,15.5) < 0.0001

Occlusion length
 < 10 mm 56(80%) 50(87.7%) 6(46.2%) 0.0027
 ≥ 10 mm 14(20%) 7(12.3%) 7(53.8%)
Occlusion 
angle°, me-
dian (IQR),

15(7.5,23.25) 14.5(7.5,22.25) 15(8.75,27.5) 0.4068

Occlusion angle°
 ≥ 45° 3(4.3%) 2(3.5%) 1(7.7%) 0.4655
 < 45° 67(95.7%) 55(96.5%) 12(92.3%)
Occlusion calcification
 Absent 66(94.3%) 55(96.5%) 11(84.6%) 0.1543
 Present 4(5.7%) 2(3.5%) 2(15.4%)
Slow antegrade flow distal to the occlusion site
 Absent 29(41.4%) 18(31.6%) 11(84.6%) 0.0005
 Present 41(58.6%) 39(68.4%) 2(15.4%)
Bridging collateral vessels
 Absent 66(94.3%) 56(98.2%) 10(76.9%) 0.0186
 Present 4(5.7%) 1(1.8%) 3(23.1%)
IQR, interquartile range; SD, standard deviation;
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attempts and did not show neurological sequelae after 
coil embolization of the dissection and temporary occlu-
sion with a balloon.Another one experienced ICH due 
to rupture of the distal lenticulostriate artery after the 
microwire had successfully traversed the occluded seg-
ments and pre-dilation with balloon was performed; 
coil embolization of the recanalized occlusion portion 
was performed, and the patient survived with moder-
ate neurologic deficits after aggressive medical therapy. 
Two patients who achieved TICI grade 2a antegrade flow 
developed in-stent thrombosis and re-occlusion after the 
procedure, and the two patients experienced symptom 
fluctuation and worsening.

Clinical and angiographic follow-up outcomes
The 3-month clinical follow-up data were available for 66 
patients. Follow-up data were available for 55 of the 57 
patients who underwent successful recanalization, and 
these patients showed no recurrence of TIA or stroke, 
except in one patient who developed in-stent stenosis 
and showed TIA. At the 3-month follow-up, the mRS 
score was favorable (mRS score = 0–2) in 51/55 (92.8%) 
patients, moderate (mRS score = 3) in two patients, and 
poor (mRS score = 4–5) in two patients. Neurological 
status deteriorated in two patients, of which one expe-
rienced ICH due to vascular dissection or laceration 
following mechanical thrombectomy and the other expe-
rienced locked-in syndrome due to perforator occlusion 
of the basilar artery. The neurological status was stable 
in 16 patients and improved in 37 patients. Clinical fol-
low-up data were available for 11 of the 13 patients who 
showed recanalization failure; among these patients, 
one showed recurrent ischemic stroke and three experi-
enced TIA. None of these patients consented to further 
extracranial-intracranial artery bypass surgery. Three 
patients experienced symptom deterioration; among 
them, two patients with a TICI 2a grade antegrade flow 
after the procedure developed in-stent thrombosis 
and re-occlusion, while the third patient showed ICH 
due to rupture of the distal lenticulostriate artery. Four 

patients presented with a stable neurological status. At 
the 3-month follow-up period, the mRS score was favor-
able in six patients (54.5%), moderate in two patients, and 
poor in three patients with symptom deterioration. The 
proportion of favorable function outcome was higher in 
the successful group than in the failed group (92.8% vs. 
54.5%, P = 0.0039); in contrast, the rate of the neurologi-
cal deteriorated was lower in the successful group than in 
the failed group (3.6% vs. 27.3%, P = 0.0375).

Angiographic follow-up data at 3 months were avail-
able in 55 patients, including 53 of the 57 patients who 
underwent successful recanalization. At the 3-month 
angiography follow- up, one patient who experienced 
TIA developed in-stent restenosis, and two patients 
developed asymptomatic in-stent re-occlusion. Of the 
13 patients showing recanalization failure, angiographic 
follow-up data were available for two patients with TICI 
grade 2a antegrade flow after the procedure, and both 
showed re-occlusion, while the remaining 11 patients 
refused to undergo further radiological examination.

Comparison of baseline clinical and radiological 
characteristics between the groups showing successful 
recanalization and recanalization failure
The successful recanalization group and recanalization 
failure groups showed no significant differences in age, 
sex, vascular risk factors, or distributions of the qualify-
ing events and the responsible arteries. The successful 
recanalization group showed a shorter median occlusion 
duration (9 vs. 60 d, p = 0.0003) and a shorter interval 
between imaging-documented occlusion and interven-
tion (5 vs. 52 d, p = 0.0007). The proportion of patients 
with occlusion duration ≤ 3 months was greater in the 
successful recanalization group than in the failure group 
(98.2% vs. 69.2%, p = 0.0035). The median occlusion 
length was shorter in the successful recanalization group 
than in the failure group (8.2 vs. 12.8  mm, p < 0.0001). 
The successful recanalization group also included a larger 
proportion of patients with occlusion length < 10  mm 
(87.7% vs. 46.2%, p = 0.0027). The occlusion angle and the 

Table 3 Periprocedural complications based on the technical result and occlusion site of endovascular recanalization
Complications Patients

(n = 70)
Recanalization group Recanalization site
Successful group 
(n = 57)

Failed group 
(n = 13)

Anterior circulation 
(n = 54)

Posterior 
circulation(n = 16)

Dissection 2(2.9%) 0(0%) 2(15.4%) 0(0%) 2(12.5%)
ICH and/ or SAH 4(5.7%) 1(1.8%) 3(23%) 4(7.4%) 0(0%)
Distal embolism 4(5.7%) 4(7%) 0(0%) 4(7.4) 0(0%)
In-stent thrombosis 2(2.9%) 0(0%) 2(15.4%) 2(3.7%) 0(0%)
Hyperperfusion syndrome 2(2.9%) 2(3.5%) 0(0%) 1(1.9%) 1(6.3%)
Perforator occlusion 1(1.4%) 1(0%) 0(0%) 0(0%) 1(6.3%)
Morbidity within 30 days 5(7.1%) 2(5.3%) 3(23.1%) 4(7.4%) 1(6.3)
Mortality within 30 days 2(2.9%) 2(3.5%) 0(0%) 1(1.9%) 1(6.3%)
ICH, intracerebral hemorrhage;SAH, Subarachnoid hemorrhage
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Fig. 1 (See legend on next page.)
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incidence of occlusion calcification showed no significant 
difference between the two groups. The successful recan-
alization group included a greater proportion of patients 
with a tapered stump (80.7% vs. 30.8%, p = 0.0011) and 
slow antegrade flow distal to the occlusion site (68.4% 
vs. 15.4%, p = 0.0005) and a smaller proportion of 
patients with bridging collateral vessels (1.8% vs. 23.1%, 
p = 0.0186). Typical cases of successful recanalization 
and recanalization failure are shown in Figs.  1 and 2, 
respectively.

Univariate and multivariate analysis of the predictors of 
technical success
Univariate analysis was performed with logistic regres-
sion to determine associations with technical suc-
cess (Table  4). The technical success rate was greater 
in patients with occlusion duration ≤ 3 months (odds 
ratio [OR]: 24.889; 95% confidence interval [CI]: 2.491-
248.638), a tapered stump (OR: 9.409; 95% CI: 2.442–
36.460), occlusion length < 10  mm (OR: 8.333; 95% CI: 
2.167–32.052), and slow antegrade flow distal to the 
occlusion site (OR: 11.917; 95% CI: 2.390-59.427). How-
ever, the technical success rate was lower in patients 
with bridging collateral vessels (OR: 0.060; 95% CI: 
0.006–0.631).

Multivariate logistic analysis using stepwise backward 
logistic regression was performed to determine indepen-
dent predictors for technically successful recanalization. 
After adjusting for age and sex, occlusion duration ≤ 3 
months (OR: 22.529; 95% CI: 1.636-310.141; P = 0.020), 
the presence of a tapered stump (OR: 7.498; 95% CI: 
1.533 to 36.671; P = 0.013), and occlusion length < 10 mm 
(OR: 7.049; 95% CI: 1.402 to 35.441; P = 0.018) were iden-
tified as independent positive predictors of technical suc-
cess of endovascular recanalization for nonacute ILAO 
(Table 5).

Discussion
In this study, we found that successful recanalization was 
associated with occlusion duration, stump morphology, 
occlusion length, SDAF sign, and the presence of bridg-
ing collaterals. The technical success rate was higher in 
patients with occlusion duration ≤ 3 months, a tapered 

stump, occlusion length < 10 mm, and SDAF sign. How-
ever, the technical success rate was lower in patients with 
bridging collaterals. Multivariate analysis further showed 
that occlusion duration ≤ 3 months, a tapered stump, and 
occlusion length < 10 mm were independent positive pre-
dictors for technical success in endovascular recanaliza-
tion for nonacute ILAO. These findings may help predict 
the likelihood of successful recanalization in patients 
with symptomatic nonacute ILAO and also provide a ref-
erence for the selection of appropriate patients. Patients 
with positive predictors for technical success appear to 
be the best candidates for endovascular recanalization. 
To the best of our knowledge, this is the first case series 
to determine the predictors of successful recanalization 
in patients with symptomatic nonacute ILAO. In addi-
tion, our results suggested that successful recanaliza-
tion might effectively improve the degree of disability of 
symptomatic non-acute ILAO patients. A systematic pre-
procedural evaluation is therefore important to identify 
patient and lesion characteristics that carry higher suc-
cess rates.

In our study, 57 (81.4%) patients achieved technical 
success in endovascular recanalization; the periproce-
dural complication rate was 21.4% (15 of 70), and the 
overall 30-day morbidity and mortality rates were 7.1% 
(5 of 70) and 2.9% (2 of 70), respectively. Our techni-
cal success and periprocedural complication rates were 
comparable to those in recently reported case series [7, 
8, 12, 13, 18–23, 26]. The technical success and peripro-
cedural complication rates for endovascular recanaliza-
tion of nonacute ILAO have been reported to range from 
53.1 to 100% and 4-44.4%, respectively [9–13, 15, 17–21, 
23, 24], while the 30-day stroke and mortality rate has 
been reported to be 3.8-16.7% [11, 18–21, 23]. The dif-
ferences in the successful recanalization and periproce-
dural complication rates in these studies may be due to 
differences in operator experience, intracranial occlusion 
location, occluded segment characteristics, the interval 
from vessel occlusion to endovascualr recanalization, and 
the roadmap techniques used. In this study, the major 
reason for recanalization failure was that the microw-
ire could not traverse the occluded segment. The two 
operators in this study had over 10 years of experience in 

(See figure on previous page.)
Fig. 1 A patient with symptomatic middle cerebral artery (MCA) occlusion underwent endovascular recanalization that led to successful recanalization. 
A-C: Preprocedural computed tomography angiography (CTA) volume rendering (VR) reconstruction (A) and maximal intensity projection (MIP; B and 
C) images showed an interrupted continuity in the M1 segment of the right MCA (white arrow). D and E: Multiple planar reconstruction (MPR) of CTA 
images showed the total luminal filling defect at the occluded segment of the MCA; the occlusion length was 6.5 mm. F: MPR of CTA images showed the 
occluded segment made a 15° turn from the proximal to the distal M1 segment. G-I: Digital subtraction angiography (DSA) confirmed occlusion of M1 
segment of the right MCA (G), a tapered stump of the occluded segment (black arrow), and a slow antegrade flow through the occluded segment (TIMI 
grade 1) and visualization of the vascular bed at the distal end of the occlusion (black dovetail arrow), as well as retrograde blood flow (black dovetail ar-
rowhead) from the anterior cerebral artery on the midarterial-phase (H) and late arterial-phase images (I). J: After successful navigation of the microwire 
and microcatheter through the occlusion, a 1.5 × 10 mm rapid-exchange balloon (Neuro LPS™, Sinomed, Tianjin, China) was positioned to the occluded 
segment (K), after which the lesion was predilated with 1.5 × 10 mm and 2.25 × 10 mm balloons and a 2.5 × 18 mm LEO baby stent was implanted. L: 
Postprocedural DSA demonstrated technically successful recanalization with TICI grade 3
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endovascular treatment for intracranial large artery ste-
nosis or occlusion. If the vessels at the distal end of the 
occlusion could be visualized by reconstruction of the 
distal collateral vessel, the dual-roadmap technique was 
performed. Therefore, operator experience and the use 
of the roadmap technique had little influence on recan-
alization failure, and the duration of occlusion and the 
features of the occluded segment may be major factors 
influencing the success of recanalization.

The occlusion duration is usually considered a key fac-
tor determining the success of recanalization. The occlu-
sion duration may influence the histological components 
and the occlusion length. The longer the occlusion dura-
tion, the greater the amount of fibrous tissue and the 
degree of calcification in the lesion, which may cause 
hardening of the lesion; moreover, longer occluded seg-
ments will also show a progressive thrombotic process, 
reducing the likelihood of recanalization. A large num-
ber of studies have demonstrated that occlusion dura-
tion < 3 months is an independent predictor for initial 
successful recanalization in PCI for CTO [35, 37]. How-
ever, few studies have investigated the effects of occlusion 

duration on the technical success of endovascualr recan-
alization in patients with symptomatic nonacute ILAO. 
Several recent studies on endovascualr recanalization 
for nonacute ILAO showed that patients with success-
ful recanalization had a shorter occlusion time, suggest-
ing that the occlusion duration may be associated with 
technical success [11, 24, 26], but this association was not 
found in other studies [22]. These inconsistencies may be 
partly attributable to the difficulty and inherent limita-
tions of estimating the duration of occlusion from clini-
cal information. In this study, the occlusion duration was 
estimated on the basis of the definition of the estimated 
duration for CTO [35, 37, 38]. The occlusion duration 
represented the approximate time of artery occlusion. 
Therefore, our results reflect the effect of occlusion dura-
tion on technical success. In the present study, occlusion 
duration ≤ 3 months was identified as an independent 
positive predictor for technical success, which was con-
sistent with the findings of a recent study [24]. How-
ever, our results may be arbitrary because the exact 
cut-off value of the occlusion duration for predicting 
technical success and the optimal timing of endovascualr 

Fig. 2 A patient with symptomatic middle cerebral artery occlusion (MCA) underwent endovascular recanalization attempts that were unsuccessful 
because the guidewire could not be advanced through the occlusion. A: Preprocedural computed tomography angiography (CTA) maximal intensity 
projection (MIP) images showed an occlusion at the origin of the left MCA and the proximal site (white arrow) and the distal site (white dovetail arrow) of 
the occluded segment. B and C: Multiple planar reconstruction (MPR) images of CTA images obtained from the axial (B) and oblique (C) views showed 
the total luminal filling defect at the occluded segment of the MCA. The occlusion length was approximately 15 mm. D: The occluded segment made 
a 40° turn from the proximal to the distal M1 segment. E and F: Digital subtraction angiography (DSA) confirmed occlusion of the left MCA origin (E), a 
short blunt stump of the occluded segment (white arrow), and no slow antegrade flow through the occluded segment on the mid-late arterial phase (F). 
G: The microwire and microcatheter were positioned to the origin of the left MCA, and attempts were made to pass through the occluded segment. H: 
After repeated attempts, the microwire and microcatheter could not cross the occluded segment, the injection by microcatheter showed no dissection 
and extravasation of contrast media, and the procedure was stopped
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recanalization for nonacute ILAO remains unclear. Fur-
ther investigation of this factor is warranted.

The presence or absence of a stump and stump mor-
phology are two important determinants of endovascualr 
recanalization. Experiences with the carotid and coro-
nary artery in the treatment of CTO have indicated that 
the presence of a stump and a tapered stump at the occlu-
sion site are favorable for successful recanalization [33, 
35, 37–42]. Occlusions with a tapered stump frequently 
show histologic features favorable for PCI, such as small-
lumen recanalized areas, surrounding loose fibrous tis-
sue, and a short occluded segment [43]. These features 
may help the guide wire easily enter the occluded seg-
ment. In contrast, in occlusions without a vessel stump, 
the vessel lumen is completely occluded from the ori-
gin of the vessel, and in the absence of a target point for 
exploration and a landing zone for the microwire, the 
microwire would easily enter the branch vessel proximal 
to occlusion. Similarly, in occlusions with blunt stump, 
the vessel stump proximal to the occlusion is blunt, and 

small-lumen recanalization and short occluded seg-
ments are rarely observed [43]. As a result, the tip of the 
guidewire could easily turn back and loop and be unable 
to enter the occluded segment. At present, the influ-
ence of stump morphology on recanalization in patients 
with ILAO remains unclear. Chao et al. [24] investigated 
factors related to technical success, and found that a 
tapered stump was an independent predictor for success-
ful recanalization of non-acute occluded ICA. However, 
in another study, no significant difference was observed 
between the recanalization success rates for tapered and 
non-tampered stumps, which was attributed to partial 
neutralization by occlusion duration (< 3 months) [18]. 
In this study, the stump morphology was closely related 
to the success rate of recanalization, and a tapered stump 
was an independent positive predictor for technical suc-
cess, which is consistent with the results of most previ-
ous studies on this topic [24, 25]. However, a study with a 
large sample size is needed to validate this finding.

Occlusion length, occlusion angle, and occlusion cal-
cification are known to affect the success rate in PCI for 
CTO [33, 35, 37–39, 41, 42]. The longer the occlusion 
length, the larger the angulation of the occluded seg-
ment and the more severe the occlusion calcification, 
and the lower the success rate of endovascular recana-
lization. Accumulated evidence from a large number of 
studies on PCI for CTO have revealed that occlusion 
length > 15  mm, occlusion angle > 45°, and moderate-to-
severe occlusion calcification were independent predic-
tors of technical failure in endovascular recanalization 
for this disease [33, 35, 39–41]. In this study, occlusion 
length < 10  mm was identified as an independent posi-
tive predictor for technical success of recanalization, 
which is equivalent to the length of type I occlusion 
according to the new angiographic classification pro-
posed by Gao et al. [18, 19, 21]. However, in this study, 
we did not observe a significant association of occlusion 
angulation and occlusion calcification with the technical 
success of recanalization. One possible reason for this 
finding may be that patients with the severe angulation 
and calcification of the occluded segment were excluded 
and the majority of patients with larger occlusion angles 
and moderate-to-severe occlusion calcification were 
infrequently referred for endovascular treatment, which 
might have resulted in a statistically negative result. 
Therefore, a larger number of cases would be required 
to clarify whether an inverse relationship does exist 
between the angulation and calcification of the occluded 
segment and the success rate of recanalization. In our 
study, the occlusion length, occlusion angle, and occlu-
sion calcification were routinely evaluated in advance 
by MPR images of CTA. HR-MRI was also performed 
to evaluate the characteristics of the occluded segments, 
such as occlusion morphology, angle, and length. In a 

Table 4 Logistic regression analysis of the predictors of technical 
success
Variable 0dds 

ratio
95% Confidence 
interval

P 
Value

Hypertension 0.600 0.157–2.289 0.455
Diabetes mellitus 0.530 0.146–1.921 0.334
Coronary heart disease 0.770 0.140–4.222 0.763
Smoking history 0.423 0.123–1.456 0.172
Alcohol history 0.878 0.236–3.260 0.846
Dyslipidemia 0.429 0.118–1.555 0.198
Qualifying event (Progressive 
stroke)

2.604 0.647–10,479 0.178

Estimated occlusion duration (≤ 3 
months)

24.889 2.491-248.638 0.006

Occlusion site (anterior 
circulation)

1.015 0.243–4.237 0.983

Tapered stump 9.409 2.442–36.460 0.001
Occlusion length (< 10 mm) 8.333 2.167–32.052 0.002
Occlusion angle°>45° 0.436 0.037–5.213 0.512
Occlusion calcification (presence) 0.200 0.025–1.576 0.126
Slow antegrade flow distal to the 
occlusion site

11.917 2.390-59.427 0.003

Bridging collateral vessels 
(presence)

0.060 0.006–0.631 0.019

Table 5 Multivariate analysis of the predictors of technical 
success Using Multiple Backward Stepwise Selection with Age 
and Sex Adjusted
Variable Adjust 

odds 
ratio

95% Confidence 
interval

P 
Value

Estimated occlusion duration (≤ 3 
months)

22.529 1.636-310.141 0.020

Tapered stump 7.498 1.533–36.671 0.013
Occlusion length (< 10 mm) 7.049 1.402–35.441 0.018
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previous study, the occlusion length judged by cerebro-
vascular angiography was measured mainly on the basis 
of the distance between proximal occlusion and recon-
struction of distal collateral vessels and was measured as 
a straight line rather than the actual distance between the 
proximal and distal sites of the occluded segments on the 
angiogram [18, 21, 23, 25]; thus, the measured occlusion 
length may be longer than the true length of underlying 
atherosclerotic lesions [15]. In our study, the occlusion 
length was automatically calculated by the software after 
manually tracing the longitudinal axis of the occluded 
segment on MPR images of CTA; therefore, the occlusion 
length measurements in our study may be much closer to 
the actual occlusion length than that measured on DSA. 
Similarly, the occlusion angle measurements obtained in 
our study may more accurately reflect vessel course of the 
occluded segment, and the degree of occlusion calcifica-
tion we assessed may be more precise.

The presence of bridging collateral vessels in CTO is 
a strong predictor of procedural failure [35, 37, 40, 42]. 
Bridging collateral vessels are well-developed vaso vaso-
rum that appear as a dense plexus of micro-vessels typi-
cally extending from the adventitia through the media 
into the thickened intima, and their development appears 
to be proportional to the duration of occlusion [35]. 
The vessel wall of bridging collateral vessels surround-
ing chronically occluded lesions is fragile and prone to 
perforation during angioplasty [44]. Therefore, coronary 
angioplasty of such lesions has been assumed to result in 
an unfavorable outcome. Our study is, to our knowledge, 
the first to investigate the effects of bridging collateral 
vessels on recanalization for nonacute ILAO. Although 
our results revealed that the presence of bridging collat-
eral vessels was associated with procedural failure, mul-
tivariate analysis did not identify it as an independent 
predictor of procedural failure. This may be attributable 
to the fact that our study included only a few patients 
with such vessels because patients with such unfavorable 
anatomic features were infrequently referred for endo-
vascular treatment. However, it should be emphasized 
that the presence of bridging collateral vessels shoud 
still be evaluated before procedure. Future studies with a 
large sample size are required to validate this result.

The appearance of the SDAF sign on advanced-stage 
cerebrovascular arteriograms obtained before intra-arte-
rial thrombolytic treatment (IAT) is known to be a sta-
tistically significant predictor for recanalization [34]. IAT 
can achieve more favorable recanalization in patients 
with the SDAF sign than in patients without it. The SDAF 
sign may be the result of microchannel formation within 
thrombi after occlusion or extremely high-grade stenosis 
of the arterial lumen (pseudo-occlusion) [45]. The pres-
ence of the SDAF sign may delineate roughly morpholog-
ical features of occlusion, such as the course of occlusion 

and occlusion length. Therefore, the appearance of the 
SDAF sign on advanced-stage cerebrovascular arterio-
grams can guide the navigation of the microwire along 
the course of occlusion and indicate whether the tip 
of the microwire has deviated from the direction of the 
vascular longitudinal axis, thereby decreasing the risk of 
vascular perforation and dissection. In addition, it can 
indicate whether the tip of the microwire is traversing 
the occluded segment and landing on the normal ves-
sel bed distal to occlusion. To the best of our knowledge, 
this study is the first to investigate the effects of the SDAF 
sign on recanalization in patients with nonacute ILAO. 
Our results showed that the SDAF sign was closely asso-
ciated with the technical success rate of recanalization; 
however, in multivariate analysis, it was not identified as 
an independent predictor of successful recanalization. 
One possible cause for this discrepancy may be that the 
influence of occlusion duration and stump morphology 
on successful recanalization undermined the association 
of the SDAF sign to occlusion with successful recanaliza-
tion. Future studies with larger case numbers would be 
necessary to validate whether the SDAF sign can inde-
pendently predict technical success of recanalization for 
symptomatic nonacute ILAO.

Limitations
This study had several limitations. First, this was a single-
center retrospective study with a relatively small sample 
size,and the potential selection bias may have obscured 
some relevant factors. The regressions’ outputs display 
the OR with very broad confidence intervals, even if there 
is statistical significance, the strength of the association 
between predictors and successful recanalization may 
be overestimated. Therefore, the findings of this study 
should be interpreted with caution. A prospective study 
with a large sample size is required to validate our find-
ings. Second, the occlusion sites in this study included the 
intracranial ICA, M1 segment of the MCA, intracranial 
vertebral segment, as well as the basilar artery. Although 
the technical difficulty and risk of endovascular recanali-
zation may vary among different sites of ILAO [7, 11, 25], 
we did not compare the findings for different intracranial 
arteries because of the small sample size. A subgroup 
analysis in a large-cohort study should be performed to 
determine whether ILAOs at different sites have different 
predictors of recanalization. Third, in accordance with 
previous studies, we set 3 months as the cut-off value for 
occlusion duration and 10  mm as the cut-off value for 
occlusion length in the present study to determine their 
predictive power for recanalization [18, 19, 21]; however, 
these values may be slightly arbitrary because the find-
ings could not clarify whether the cut-off values of the 
occlusion duration and occlusion length differ across dif-
ferent occlusion sites. A recent series of studies showed 
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that the success rate of recanalization was significantly 
higher in patients with an occlusion length < 10 mm who 
showed retrograde collateral filling to the distal vascular 
bed when the occlusion site was located at the intracra-
nial ICA, M1 segment of the MCA, and the basilar artery 
[18, 19, 21]. In contrast, when the intracranial verte-
bral artery was occluded, occlusion length > 15  mm was 
one of the factors leading to recanalization failure [23]. 
Therefore, the cut-off values of occlusion duration and 
occlusion length for predicting successful recanalization 
require further investigation. Fourth, while factors such 
as bridging collateral vessels and the SDAF sign, which 
were previously identified as independent predictors of 
recanalization, were found to be associated with techni-
cal success of recanalization in our study, they are not 
identified as independent predictors for recanalization. 
A large-scale, multiple-center clinical study is required to 
further validate whether these factors can independently 
predict the technical success of recanalization.

Conclusions
Occlusion duration ≤ 3 months, tapered stump, and 
occlusion length < 10 mm were identified as independent 
positive predictors of technical success in endovascular 
recanalization for symptomatic nonacute ILAO. These 
findings may help predict the likelihood of successful 
recanalization in patients with symptomatic nonacute 
ILAO and also provide a reference for the selection of 
appropriate patients. Patients with positive predictors 
for technical success appear to be the best candidates for 
endovascular recanalization, but further prospective and 
multicenter studies are required to validate our findings.
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