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Influencing factors of futile recanalization ==

after endovascular therapy for cerebral
infarction with posterior circulation occlusion
of large vessels: a retrospective study
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Abstract

Background The optimal treatment for cerebral infarction caused by posterior circulation occlusion of large vessels
has not yet been determined. Intravascular interventional therapy is an important treatment for cerebral infarction
with posterior circulation occlusion of large vessels. However, endovascular therapy (EVT) of some posterior circula-
tion cerebrovascular is ineffective and eventually become futile recanalization. Therefore, we performed a retrospec-
tive study to explore the factors influencing futile recanalization after EVT in patients with posterior circulation large-
vessel occlusion.

Methods Eighty-six patients with acute cerebral infarction and posterior circulation large vessel occlusion after
intravascular intervention were divided into two groups according to their modified Rankin scale (mRS) scores after

3 months: group 1, mRS scores less than or equal to 3 (the effective recanalization group); group 2, mRS scores greater
than 3 (the ineffective recanalization group). The basic clinical data, imaging index scores, time from onset to reca-
nalization, and operation time between the two groups were compared and analyzed. Logjistic regression was used
to analyze the factors influencing indicators of good prognosis, and the ROC curve and Youden index were used to
determine the best cutoff value.

Results Between the two groups, there were significant differences in the posterior circulation CT angiography (pc-
CTA) scores, GCS scores, pontine midbrain index scores, time from discovery to recanalization, operation time, NIHSS
score and incidence of gastrointestinal bleeding. The logistic regression revealed that the NIHSS score and time from
discovery to recanalization were associated with good prognoses.

Conclusion NIHSS score and recanalization time were independent influencing factors of ineffective recanaliza-
tion of cerebral infarctions caused by posterior circulation occlusion. EVT is relatively effective for cerebral infarction
caused by posterior circulation occlusion when the NIHSS score is less than or equal to 16 and the time from onset to
recanalization is less than or equal to 570 min.
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Introduction

Posterior circulation cerebral infarction accounts for
approximately 20% of ischemic stroke cases [1]. One in
20 cases with posterior circulation cerebral infarction
occurs due to occlusion of large vessels [2]. Cerebral
infarction caused by occlusion of posterior circulation
large vessels has a high mortality and disability rate. For
example, the death rate of cerebral infarction due to basi-
lar artery occlusion can be as high as 80% [3, 4]. Previous
studies have shown that endovascular therapy (EVT) is
effective and safe for cerebral infarction caused by occlu-
sion of large vessels, including in the anterior circulation
and post circulation [5-7]. However, some patients with
cerebral infarction with posterior circulation occlusion
have poor results after EVT. What’s more, some patients
with large posterior circulation occlusion who received
interventional vessel opening eventually became futile
recanalization [8].

Futile recanalization is defined by endovascular treat-
ment to recanalize an occluded vessel and restore the
patient’s blood flow to a modified treatment in cerebral
ischemia (mTICI) score of grade 2b or 3, after which the
patient does not achieve functional independence [9,
10]. Compared with anterior circulation cerebral infarc-
tion, mRS Score (Modified Rankin Scale) less than or
equal to 3 in posterior circulation cerebral infarction is
usually regarded as the outcome index of good function
[6, 7]. The pathological mechanism of futile recanaliza-
tion remains unclear and may be related to reperfusion
injury and distal microvascular embolism. The reason
why the probability of futile recanalization of cerebral
infarction in the posterior circulation is higher than
that in the anterior circulation may be that the collateral
circulation in the posterior circulation is relatively less
extensive [11, 12].

Although a few studies have found that futile reca-
nalization of posterior circulation large-vessel occlusion
is affected by multiple factors [13], these have yet to be
fully clarified. In clinical practice, whether EVT should
be applied for the treatment of posterior circulation
occlusion of large vessels remains unclear. Therefore, we
performed a retrospective study to explore the factors
influencing futile recanalization after EVT in patients
with posterior circulation large-vessel occlusion.

Materials and methods

Patients

All data in this retrospective study were collected from
the Heyuan People’s Hospital from 2018 to 2022. The
inclusion criteria were as follows: 1) age> 18 years; 2)
occlusion of the vertebral, basilar, or posterior cerebral
artery confirmed by baseline computed tomography
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angiography, with symptoms attributable to ischemia of
the posterior circulation; and 3) patients achieving effec-
tive recanalization (reperfusion was defined as eTICI
2B-3). The exclusion criteria were as follows: 1) una-
vailable baseline modified Rankin scale (mRS) scores;
2) inability to complete at least 3 months of follow-up;
3) patients with a combination of other diseases that
severely affect the nervous system; 4) inappropriate sec-
ondary prevention of cerebral infarction during follow-
up; and 5) loss of imaging data (Fig. 1).

Treatment procedures

The endovascular interventions included digital sub-
traction angiography followed by or without mechanical
thrombectomy. The mechanical thrombectomy meth-
ods included stent thrombectomy, thrombus aspira-
tion, stenting, or a combination of modalities with or
without the delivery of thrombolytic agents. EVT was
performed at the discretion of the attending physician.
The preferred method of anesthesia was local anesthe-
sia, general anesthesia, or a combination of both, and
the method was determined according to the specific
individual characteristics of the patient. All patients
received standard care during their hospitalization and
follow-up.

Imaging assessments
Two blinded, independent, and experienced neu-
roradiologists performed all imaging assessments.
MRI pc-ASPECTS, pc-CTA score, pontine-midbrain
index score and postoperative vascular occlusion were
assessed. The pc-ASPECTS score divides the poste-
rior circulation into 10 points minus 1 point for each
infarcted area of the lesion in the left and right thala-
mus, cerebellum, and posterior cerebral arteries, and 2
points for any affected region in the midbrain or pons.
Pc-CTA scores were assessed according to the scoring
methods based on the DSA results described in the ref-
erences [14]. A score of 0 indicated no vascular occlu-
sion, and a score of 6 indicated complete occlusion of
the posterior circulation, including at least one verte-
bral artery and the bilateral posterior cerebral arter-
ies. The ponto-midbrain index was also assessed based
on the literature [15]. Based on cranial MR images, 0
indicated no hyperintense infarct areas, 1 indicated
a hyperdense area less than 50%, 2 indicated a hyper-
dense area>50%, and the pons and midbrain were
divided into left and right locations for a total of four
locations for scoring.

The assessment of postoperative responsible vessel
occlusion was based on postoperative CTA or MRA.
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182 posterior circulation cerebral infarction patients were
assessed for eligibility

The patient disagrees with intravascular
interventional therapy (83)

2

99 patients were assessed for eligibility

v

Unable to complete at least three months of
follow-up (4 patients);

Combined with other diseases that severely
affect the nervous system symptoms(3
patients);

Inappropriate secondary prevention of
cerebral infarction (3 patients);

loss of imaging data (1 patients)

Baseline mRS scores not available (2
patients)

L

86 patients were assessed for eligibility

effective recanalization group :45 patients.
ineffective recanalization group:41patients.

Fig. 1 The enrollment diagram for posterior circulation cerebral infarction patients

Time metrics

All-time variables were assessed using a standardized
approach consistent with the definitions used in previous
studies on basilar artery strokes. The time of first symp-
tom onset was reported as observed if the onset was wit-
nessed or as the time last known well if the onset was not
witnessed. In patients with transient or mild neurologi-
cal symptoms with secondary worsening consistent with
posterior circulation cerebral infarction, the time point of
secondary worsening was considered the estimated time
of posterior circulation cerebral infarction.

Outcome assessments

All patients were followed-up for 3 months, and the mRS
scores in the acute phase were measured after treatment
(at the 3-month follow-up). According to their 3-month
mRS scores, the enrolled patients were divided into two
groups: group 1, the effective recanalization group (mRS

scores less than or equal to 3 points); group 2, the inef-
fective recanalization group (mRS scores greater than 3
points) [16]. Baseline data in the two groups, including
age, sex, past history, pc-ASPECTS, pc-CTA, preopera-
tive GCS score (Glasgow score), the National Institutes
of Health Stroke Scale (NIHSS) score, pontine-midbrain
index score, blood test results, time from onset to reca-
nalization, operation time and postoperative complica-
tions were collected and included in the statistics.

Statistical analysis

Statistical analysis was performed using SPSS 22.0, and
the measurement data were expressed as the mean and
standard deviation. Each data group was subjected to
normality and homogeneity of variance tests, and the
statistical method was chosen based on whether the data
followed a normal distribution. Differences between two
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groups were measured using a paired rank-sum test.
The rank-sum test with two independent samples and
chi-square test were used to compare the differences
between the two groups. In both groups, 3-month good
prognosis (mRS) served as the statistical endpoint, and
logistic regression was used to identify influential factors.
Logistic regression was used for univariate analysis, and
the influencing factors with P value less than 0.01 were
included in the multivariate logistic regression analysis.
The independent influencing factors of ineffective reca-
nalization of posterior circulation cerebral infarction
were obtained. The sensitivity and specificity values were
calculated using an ROC curve and the Youden index,
and the statistical significance was set at p<0.05. X-tile
software is used to calculate cut off value of independent
influencing factors.

The ethics committee of Heyuan People’s Hospital
approved the retrospective analysis of patient data.

Results

Clinical features

After excluding 96 patients who failed to meet the study
criteria, 86 were included in our analysis (Fig. 1).

The effective recanalization group comprised 45
patients, including 10 women and 35 men, with an aver-
age age of 62.3 years. In this group, the preoperative pc-
ASPECTS score was 7 points. The preoperative GCS
score was 9 points. The preoperative NIHSS score was
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16 points. The time from onset to recanalization was
545 min. The operation time was 107 min. The preop-
erative pc-CTA score was 2 points. The preoperative
midbrain-pontine index score was 1 point. Thirty-five
patients developed pulmonary infections. Postopera-
tive gastrointestinal bleeding occurred in 3 patients. One
patient was found vascular reocclusion, and no sympto-
matic cerebral hemorrhage or brain herniation was found
in the included patients.

The ineffective recanalization group comprised 41
patients, including 8 women and 33 men, with an aver-
age age of 65.5 years. In this group, the preoperative
pc-ASPECTS score was 6 points. The preoperative GCS
score was 6 points. The preoperative NIHSS score was
27 points. The time from onset to recanalization was
859 min. The operation time was 136 min. The preop-
erative pc-CTA score was 3 points. The preoperative
midbrain-pontine index score was 2 points. Thirty-six
patients developed pulmonary infections. Postoperative
gastrointestinal bleeding occurred in 17 patients. Six
patients were found vascular reocclusion.

Between the two groups, there were significant dif-
ferences in the pc-CTA scores (p=0.003), GCS scores
(»p=0.000), NIHSS score (p=0.000), pontine midbrain
index scores (p=0.018), time from discovery to reca-
nalization (p=0.037), operation time (p=0.042) and
gastrointestinal bleeding (p = 0.000) (Fig. 2). There were
no significant differences between the two groups in

D

Pontine-midbrain index Time from onset to recanalization
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P=0.018 P =0.037
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Fig. 2 The different clinical characteristics between two groups. Legends: Group1: the effective recanalization group. Group?2: the ineffective
recanalization group. There were statistical differences between two groups in GCS score(A), PC-CTA score(B), pontine midbrain index score(C), time
from onset to vascular recanalization(D), operation time(E), NIHSS score(F) and Gastrointestinal bleeding(G)
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Table 1 Differences in baseline clinical characteristics between the two groups
Effective recanalization group Ineffective recanalization group P value

Patients, NO 45 41
Gender 0.758

Male 35 33

Female 10 8
Age, mean(years) 6234134 6534120 0.892
Hypertension 15 13 0.872
Diabetes 29 29 0.534
Hyperlipidemia 33 35 0.171
Atrial fibrillation 8 2 0.093
Coronary heart disease 1 0.126
Previous stroke 2 2 0.924
Drinking 31 32 0.338
Smoking 24 25 0475
TOAST etiological classification 0.591

large artery atherosclerosis 30 29

cardiogenic embolism 9 5

unknown cause 6 7
Intravenous thrombolysis 14 16 0442
White blood cell count 1013435 1097439 0.354
Preoperative blood glucose 9.8445 98+44.1 0677
NIHSS score 16410 27411 0.000
PC-CTA score 2+1 342 0.003
GCS score 9+4 6+3 0.000
PC-aspects score 742 6+2 0.368
Midbrain-pontine index score T+1 242 0.018
Time from discovery to recanalization 5454250 8594675 0.037
Operation time 107 +40 136+67 0.042
Postoperative complications
Symptomatic cerebral hemorrhage 0/45 4/41 -
asymptomatic intracerebral hemorrhage 2/45 3/41 0.666
pulmonary infection 35/45 36/41 0.221
gastrointestinal bleeding 3/45 17/41 0.000
vascular reocclusion 1/36 6/38 0.170

terms of sex, age of onset, history of hypertension, his-
tory of diabetes, intravenous thrombolysis, history of
smoking, history of drinking, preoperative serological
leukocytes, PC-ASPECTS scores, atrial fibrillation, pre-
operative blood glucose levels and other postoperative
complications (Table 1) (Supplementary 1).

The prognostic predictor in patients

Single factor analysis shows that invalid recanalization is
related to time from discovery to recanalization, NIHSS
score and Pons-Midbrain index. Multivariate logistic
regression analysis showed that NIHSS score and time
from discovery to recanalization were independent
influencing factor of invalid recanalization (Table 2).

The prognosis prediction efficiency in patients receiving
endovascular interventional therapy

The AUC of the NIHSS score for futile recanalization
prediction efficiency in patients receiving endovascu-
lar interventional therapy was 0.737 the sensitivity was
0.636, and the specificity was 0.767, while the AUC of
time from discovery to recanalization was 0.655, the sen-
sitivity was 0.545 and the specificity was 0.733. The AUC
of the NIHSS score plus time from discovery to recanali-
zation was as high as 0.883, the sensitivity was 0.818, and
the specificity was 0.833 (Fig. 3). Combined with the sta-
tistical results of this study and the needs of clinical prac-
tice, the best cutoff values may be NIHSS scores less than
or equal to 16 and times from onset to recanalization no
greater than 570 min.
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Table 2 Analyses of factors affecting prognosis of patients by logistric regression model
Clinical characteristics Univariate analysis Multivariate analysis
OR 95% IC Pvalue OR 95% IC Pvalue
PC-CTA score 1.178 0.733-1.892 0.498
Time from onset to recanalization 1.003 1.000-1.007 0.057 1.003 1.000-1.006 0.048
NIHSS score 1.102 1.023-1.188 0.011 1.103 1.029-1.183 0.006
Gastrointestinal bleeding 3574 0.481-26.550 0213
Pons-Midbrain index 1.597 0.936-2.722 0.086 1.610 0.983-2.638 0.059
GCS score 1.035 0.763-1.404 0.826
Operation time 1.016 0.996-1.037 0.122
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Fig. 3 Ability of a combination of predictors to distinguish futile recanalization

Discussion

Although more and more studies (BASLIAR [17],
BAOCHE [6], ATTENTION [7, 18]) have demon-
strated the effectiveness of intravascular intervention
for acute posterior circulation large vessel occlusion in
cerebral infarction. However, there are some large stud-
ies did not confirm that intravascular interventional
therapy in the time window is superior to medical
treatment alone for acute posterior circulation large-
vessel occlusion stroke, including the BEST [19] and
BASICS studies [20]. It is worth noting that the inclu-
sion and exclusion criteria of the above studies were
different, and different inclusion and exclusion criteria
may lead to different and invalid recanalization rates,
thus making the intravascular interventional treatment
of posterior circulation large vessel occlusion cerebral
infarction ambiguous in clinical practice [21]. There-
fore, we consider that there are significant influenc-
ing factors for ineffective recanalization after EVT in

cerebral infarction with posterior circulation large ves-
sel occlusion.

Determining the influencing factors of ineffective
recanalization following intravascular intervention will
help to screen for cerebral infarction of posterior circu-
lation large vessel occlusion cases that are suitable for
intravascular intervention more accurately in clinical
practice, which has great clinical practical significance.
In our study, we assessed patients with cerebral infarc-
tion caused by posterior circulation great artery occlu-
sion treated using interventional vascular therapy and
compared the related characteristics of patients with
effective recanalization and patients with ineffective
recanalization. Our study found that NIHSS score and
recanalization time were independent influencing fac-
tors for ineffective recanalization of cerebral infarction
caused by posterior circulation occlusion of large arter-
ies, with high specificity and sensitivity.
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The recanalization time is the time from the onset of
the patient to recanalization of the occluded vessel. Most
previous studies have focused on the time of onset of cer-
ebral infarction. The time window of EVT for cerebral
infarction caused by posterior circulation occlusion was
initially recommended to be 6 h; However, some guide-
lines now recommend that it be extended to 24 h [22,
23]. Other studies have focused on the timing of arterial
puncture during vascular intervention. Although previ-
ous studies have shown that the optimal arterial puncture
time is between 225 and 562 min [5, 24—-26], the relevant
timing is inconclusive. Considering that brain tissues
that lack blood flow continue to die before the restora-
tion of blood flow during EVT, we consider that patient
prognoses may be affected by the time of onset and reca-
nalization of EVT. Our study showed that the effective
recanalization time was approximately 570 min. Except
for the average operation time, the results were consist-
ent with those of previous studies. Therefore, it is highly
credible to consider recanalization time as an influenc-
ing factor in the efficacy of EVT for cerebral infarction
caused by posterior circulation occlusion of large vessels.

NIHSS score is the most widely used scale in the world
to assess the severity of stroke. It evaluates the sever-
ity, efficacy of treatment and prognosis of neurological
impairment by scoring 11 neurological function indica-
tors [27]. Previous studies have found that NTHSS score is
of lower value in evaluating posterior circulation infarc-
tion than anterior circulation infarction. However, our
study concluded that NIHSS score is an independent
influencing factor for cerebral infarction caused by poste-
rior circulation occlusion of the great arteries. When the
NIHSS score was less than or equal to 16, the probabil-
ity of effective recanalization was significantly increased
during EVT. We speculate that the preoperative NIHSS
score, as an index to evaluate the severity of patients, is
closely related to the core area of the patients’ posterior
circulation infarction and the degree of vascular stenosis.
Too high NIHSS score often represents that the core area
of the brain stem has been seriously damaged, and this
type of patients may be more prone to ineffective recanal-
ization. However, in view of the limited value of NIHSS
score for posterior circulation cerebral infarction, more
adjusted or upgraded NIHSS score system is needed to
describe posterior circulation cerebral infarction, and to
evaluate the interventional therapy value and prognosis
of posterior circulation cerebral infarction [28].

In addition to the above independent influencing fac-
tors, this study also found that there were statistically
significant differences in the preoperative GCS scores,
pc-CTA score, pontine-midbrain index scores, opera-
tion time and gastrointestinal bleeding between the
two groups. The above influencing factors are similar
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to previous research results to varying degrees [29-32].
However, the logistic regression analysis revealed that
these factors were not independent influencing factors.
Because this was a single-center retrospective study,
the evidence is relatively insufficient. We believe that
research with a larger sample will further confirm the
correlations among the preoperative GCS score, pc-CTA
score, pontine-midbrain index scores, operation time and
gastrointestinal bleeding with the effective recanaliza-
tion of cerebral infarction caused by posterior circulation
large vessel occlusion.

This study has the following limitations: (1) This study
was a single-center study with a relatively small sample
size; (2) the onset time of some patients was unclear: in
this study, the last asymptomatic time was used as the
onset time, which may have affected the recanalization
time outcomes; (3) in this study, MR-DWI and T2-FLAIR
sequence lesion matching was used as the surgical basis;
thus, the lack of PWI, CTP, and other perfusion bases
may have biased the outcomes; (4) this study is a retro-
spective study with a relatively low level of evidence and
bias in some aspects, such as treatment methods and
patient choice.

Conclusion

NIHSS score and recanalization time were independent
influencing factors for ineffective recanalization of cer-
ebral infarction caused by posterior circulation occlu-
sion. When the preoperative NIHSS scores of patients
with cerebral infarction caused by posterior circulation
occlusion are less than or equal to 16 and the time from
onset to recanalization is less than or equal to 570 min,
EVT will be relatively effective. EVT in such patients has
a low probability of ineffective recanalization and good
prognosis. In addition, preoperative GCS scores, pon-
tine-midbrain index scores, pc-CTA score and gastroin-
testinal bleeding were potential factors influencing the
ineffective recanalization of cerebral infarction caused by
posterior circulation occlusion. However, further head-
to-head randomized controlled trials are needed to verify
the influencing factors derived from this study. We hope
to identify more factors related to cerebral infarction
caused by posterior circulation occlusion of the large ves-
sels in the future, as these would provide powerful guid-
ance for the clinical management of cerebral infarction
caused by occlusion of the great arteries of the posterior
circulation.

Abbreviations

EVT Endovascular therapy
mRS Modified rankin scale
pc-CTA Posterior circulation CT angiography

mTICl Modified treatment in cerebral ischemia
GCS Glasgow Coma Scale
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MRI Magnetic resonance imaging
NIHSS The National Institutes of Health Stroke Scale
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