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ABSTRACT

Objective: To investigate the prognostic factors of intravascular therapy for acute basilar artery occlusion (aABO), and to evaluate
the prognostic value of various imaging scores based on CTA.

Study Design: Observational study.

Place and Duration of Study: Department of Radiology, The Second Affiliated Hospital of Anhui Medical University, China, from
January 2018 to January 2022.

Methodology: Clinical data of 120 patients who underwent intravascular therapy for aABO were analysed retrospectively. The
patients were divided into the poor prognosis group (n=54) and the good prognosis group (n=66) according to the score of the
modified rankin scale (mRS) 90 days after the intervention. General clinical parameters of patients and the results of three imaging
scores based on CTA i.e. basilar artery CT angiography (BATMAN) score, posterior circulation collateral circulation score (pc-CS), and
posterior circulation CT angiography (pc-CTA) score, were taken as independent variables. Prognosis was taken as dependent vari-
able. Univariate and unconditional binary logistic regression analyses were carried out respectively.

Results: Multivariate logistic regression analysis showed that preoperative National Institutes of Health Stroke Scale (NIHSS) score
(OR=1.063, 95%Cl: 1.014~1.114, p=0.011), pc-CTA score (OR=17.183, 95%Cl: 13.515~84.010, p <0.001), BATMAN score (OR=0.393,
95%Cl: 0.229~0.675, p=0.001), and pc-CS score (OR=0.374, 95%Cl: 0.206~0.682, p=0.001) were independent factors affecting the
short-term prognosis of patients with aABO. ROC curve analysis showed that the area under the curve (AUC) of the Batman score, pc-
CS score and pc-CTA score were 0.900, 0.864 and 0.842 respectively, and the cut-off values were 4.5, 4.5 and 1.5 respectively.
Conclusion: Preoperative high NIHSS score and high pc-CTA score were independent risk factors for poor prognosis of patients with
aABO after intravascular therapy, while high BATMAN score and high pc-CS score were protective factors for prognosis.

Key Words: Acute basilar artery occlusion, Intravascular therapy, Basilar artery CT angiography score, Posterior circulation collateral
circulation score, Posterior circulation CT angiography.
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INTRODUCTION

Acute basilar artery occlusion (aABO) is an acute cerebrovascular
occlusive disease. Although it accounts for only about 5% of all
strokes, " if early effective intervention is not available, its disability
rate and mortality rate are as high as about 90%.” For aABO, the
treatment methods mainly include intravenous thrombolysis and
intravascular therapy (mechanical thrombectomy, arterial throm-
bolysis, and bridging therapy).>* Recent studies have shown that
intravenous thrombolysis often cannot effectively recanalize the
occluded vessels, while the research on intravascular therapy
mainly focuses on anterior circulation occlusive diseases.’
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The clinical symptoms of aBAO are complex and diverse, and
imaging findings are the main diagnostic basis, of which DSA is
the gold standard for its diagnosis. Considering the invasive-
ness of DSA, three CTA-based imaging scoring systems repre-
sented by BATMAN, pc-CS and pc-CTA have been gradually
applied in the diagnosis and prognostic evaluation of aBAO in
recent years. The value of evaluating the short-term efficacy of
endovascular therapy in patients has not been validated effec-
tively. The aim of this study was to analyse the influencing
factors of short-term efficacy of endovascular therapy in
patients with aBAO, and the predictive value of three imaging
scoresforefficacy.

METHODOLOGY

The subjects were patients hospitalised for aABO in the Second
Affiliated Hospital of Anhui Medical University from January
2018toJanuary 2022. Inclusion criteria were age=18 yearsold,
isolated aBAO confirmed by intraoperative DSA, time from the
onsetof clinical symptoms of aABO to the beginning of intravas-
culartreatment being less than 24 hours, with complete clinical
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data and standardised follow-up available after the operations.
Exclusion criteria were patients with cerebral haemorrhage or
brain tumour confirmed by CT or MRI, active bleeding or severe
heart, liver, lung, and other organ failure who could not undergo
endovascular treatment, history of neurological dysfunction in
thepast,andahistory of severeiodineallergyinthe past.

The patient was placed supine on the DSA examination bed.
Aftergeneralanaesthesia, therightfemoral artery wassuccess-
fully punctured by the modified Seldinger method, and angiog-
raphy of the aortic arch and supraarch was performed to deter-
mine the location of basilarartery occlusion. The microcatheter
was used to superselect the cannula to cross the stenotic
segment, and the Solitaire FR self-expanding stent (4mm x
20mm or 6mm x 30mm) was slowly placed along the microca-
theter. Finally, the blood flow was reviewed by angiography. For
patientswithalargeamountofthrombusindicatedbyintraoper-
ative angiography, negative pressure suction can be used to
remove the thrombus. The 5F Navien catheter is placed at the
vascularocclusion, andthe end of the catheteris connectedtoa
20ml syringe for negative pressure suction. After mechanical
thrombectomy, the angiographic review was performed again.
Ifthe degree of vascular stenosis was greaterthan 70%, balloon
dilation was performed. If stenosis or dissection was still formed
afterdilation, the above self-expanding intravascular stent was
further placed. Tirofiban 5~10ml was injected through a micro-
catheter during the operation. The patients were treated with
dual antiplatelet therapy within three months after operation
and changed to oral aspirin 100 mg/d single antiplatelet
therapy after three months.

Three CTA-based imaging scores were used. BATMAN score,’ it
is a 10 -point semiquantitative scoring system based on CTA,
including collateral quality and thrombus burden. It assigns 1
point to each unobstructed segment of any intracranial verte-
bral artery, each segment of the basilar artery (the proximal
segment, the middle segment and the distal segment), and
each P1 segment of the posterior cerebral artery. Two points
were given for each patent posterior communicating artery
(PCom). If the retrograde blood flow can reach the distal basilar
artery through the Pl segment, score one point for the
dysplastic PCom (diameter less than 1mm), or three points for
eachfetal PCom. The total scoreis 10 points, and the higher the
score, the better the circulation filling. The pc-CS score allo-
cates collaterals a maximum of 10 points; 1 point for each
patentposteriorinferior cerebellarartery, anteriorinferior cere-
bellar artery, and superior cerebellar artery, 1 point for each
patent PCom smaller than the ipsilateral P1 segment of the
posterior cerebral artery, and 2 points for each PCom with a
calibre equal or larger than the ipsilateral P1 segment.” The
higherthe score, the betterthe posterior circulation compensa-
tion. The pc-CTA score, which mainly evaluates the volume of
posterior circulation thrombus by semi-quantitative score, with
a total score of 6 points, 0 points for vascular patency, and 6
points for complete posterior circulation occlusion.® The higher
score indicates a larger thrombus volume and a more severe
posteriorcirculation occlusion.

Therelevantclinical data of the patients were accessed through
the electronic case system, Data of the patients including
gender, age, BMI, laboratory tests, (blood glucose, blood lipids,
platelet count, D-dimer), stroke-related risk factors hyperten-
sionhistory, diabetes history, smoking history, and atrialfibrilla-
tion; preoperative NIHSS score, BATMAN score, pc-CS score and
pc-CTA score, and other results were entered into Excel form
and double-entered for error correction. During the outpatient
follow-up within 90 days after the operation, the neurological
function of the patients was evaluated by the mRS score. The
mRS score <2 indicated a good prognosis, and a mRS score =3
indicated a poor prognosis. Using modified thrombolytic
therapy for cerebral infarction (mTICI) blood flow grading
criteria to evaluate the recanalisation of responsible vessels
afterendovasculartherapy, in which grades 0-2a are poor reca-
nalisation, and grades 2b/3 are recanalisation.’ The differences
of related indicators between the two groups were compared,
and those with statistically significant differences were further
subjectedtounconditional binary logisticregressionanalysis.

Data analysis was performed using IBM-SPSS 26.0 software
package, Kolmogorov-Smirnov method, and Shapiro-Wilk
method are used to test the normality. If p =0.05, the data is
consideredto conformtothe normal distribution. Measurement
data wererepresented by (x+s) and statistically analysed using
the Student's-ttestoftwoindependentsamples. The countdata
were described by frequency and percentage and analysed
by’ test. Non-normally distributed data were expressed by
Median (IQR), and analysed by Mann-Whitney U test. Uncondi-
tional binary logistic regression analysis was used for multi-
variate analysis. The diagnostic value of BATMAN score, pc-CS
score and pc-CTA score was analysed by ROC curve. A value of
p<0.05isconsidered statistically significantforall tests.

RESULTS

A total of 120 patients with aABO were included in this study.
The age ranged from 35 to 86 years, with an average of
65.5+10.3 vyears. There were 91(75.83%) males and
29(24.16%) females. The time from the onset of symptoms to
the beginning of intravascular therapy (OPT) was 1.5h ~22.5h,
with an average of (8.6%+2.3) h. According to the mRS score
within 90 days after the operation, 66 patients in the group with
good prognosis, accounting for 55%. There were 54 casesinthe
poor prognosis group, accounting for 45%. The preoperative
NIHSS, BATMAN, pc-CS, and pc-CTA scores were 20.5,
5.95+2.25,5.45+2.15,and 2.05+1.15, respectively. Postoper-
ative mTICI blood flow classification showed 110 (91.67%)
cases of grade 2b/3, 4 (3.33%) cases of symptomatic cerebral
haemorrhage, and 6(5%) cases of death.

The differences in gender, age, BMI, blood sugar, blood lipid, D-
dimer, history of hypertension, history of diabetes, smoking
history, atrialfibrillation, OPT, occlusion, thrombolysis, preopera-
tive NIHSS, BATMAN, pc-CS, and pc-CTA were compared
between the two groups. The results showed that there were
significant differences in age, preoperative NIHSS score,
BATMAN score, pc-CSscore,and pc-CTAscore (p <0.05, Tablel).
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Table I: Univariate analysis of poor prognosis of patients with aABO after intravascular therapy [(x+s), n (%), M (p,s, p;s)].

Parameter Good prognosis Poor prognosis t/Z/x p-value
group (n=66) group (n=54) value
Age (years) 55.88+8.388 64.57+9.58 5.298 <0.001
Gender (male / female) 53 (80.30%) / 13 (19.70%) 38 (70.37%) / 16 (29.63%) 1.599 0.206
BMI (Kg/m?) 25.26%2.97 24.70+3.21 0.986 0.326
PLT (10°/L) 215.36+32.46 217.43+29.80 0.359 0.720
D-dimer (ug/L) 104.88+18.33 103.74+18.86 0.335 0.738
Blood sugar (mmol/L) 6.55+1.92 6.11+1.95 1.223 0.224
TC (mmol/L) 4.01+0.76 4.33+1.39 1.601 0.133
TG (mmol/L) 1.46+0.40 1.35+0.27 1.672 0.086
History of hypertension 51 (77.27%) 43 (79.63%) 0.097 0.755
Diabetes history 20 (30.30%) 21 (38.89%) 0.973 0.324
Smoking history 39 (59.09%) 35 (64.81%) 0.412 0.521
aABO location 0.757 0.685
Proximal section 28 (42.42%) 22 (40.74%)
Middle section 14 (21.21%) 15 (27.78%)
Distal section 24 (36.36%) 17 (31.48%)
Intravenous thrombolysis 4 (6.06%) 9 (16.67%) 3.459 0.063
OPT (h) 8.09+2.78 9.08+2.96 1.879 0.063
Preoperative NIHSS score 18.50 (5.00,25.00) 25.50 (8.00,30.00) -2.347 0.019
BATMAN score 7.17+1.80 4.39+1.30 9.494 <0.001
pc-CS score 6.35+1.09 4.37+1.89 7.186 <0.001
pc-CTA score 1.48+0.50 2.67+0.93 8.861 <0.001
Postoperative mTICI blood flow - >0.99
Grade 0-2a 6 (9.09%) 4 (7.41%)
Grade 2b/3 60 (90.91%) 50 (92.59%)

P: Mann-Whitney U test was used for preoperative NIHSS score; x2 test was used for gender, risk factors of cerebral infarction, and aABO position; Fisher's
exact test was used for postoperative mTICI blood flow; t-test was used for other parameters.

Table II: Multivariate analysis of prognosis of patients with aABO after intravascular therapy.

Independent variable B value SE waldxz p-value OR value 95% CI
Preoperative NIHSS score 0.061 0.024 6.460 0.011 1.063 1.014 ~ 1.114
BATMAN score -0.934 0.276 11.455 0.001 0.393 0.229 ~ 0.675
pc-CS score -0.982 0.306 10.318 0.001 0.374 0.206 ~ 0.682
pc-CTA score 2.844 0.819 12.336 <0.001 17.183 3.515 ~ 84.010

Table IlI: Analysis of the diagnostic efficacy of three CTA-based imaging scores for prognosis.

Cut-off value

Sensitivity (%)

Specificity (%)

4.5 87.9 92.6
4.5 78.8 87.0
1.5 92.6 51.5

Variable AUC p-value 95%CI
BATMAN score 0.900 <0.001 0.839 ~ 0.960
pc-CS score 0.864 <0.001 0.788 ~ 0.940
pc-CTA score 0.842 <0.001 0.771 ~ 0.913
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Figure 1: ROC curves of three imaging scores for prognosis
prediction.

The above-mentioned univariate analysis meaningful
variables [age, preoperative NIHSS score, BATMAN score, pc-
CS score, and pc-CTA score] were used as independent
variables, and postoperative conditions (1 for poor prognosis
and 0 for good prognosis) were used as dependent
variables. As the dependent variable, unconditional binary
logistic regression analysis was performed, and the stepwise
backward method was used to fit the optimal model for
analysis. The results showed that the preoperative NIHSS
score (OR=1.063, 95% ClI: 1.014~1.114, p=0.011), pc-CTA
score (OR=17.183, 95% Cl: 3.515~84.010, p <0.001) were
the most important factors in the vascularity of aABO
patients. Independent risk factors for poor prognosis after
internal therapy (all OR >1, all p<0.05), while BATMAN score
(OR=0.393, 95% ClI: 0.229-0.675, p=0.001), pc-CS score
(OR=0.374, 95% CI: 0.206-0.682, p=0.001) was a protective
factor for prognosis (all OR <1, all p<0.05, Table II.

The ROC curves of three imaging scores to predict the poor
prognosis of aABO patients after endovascular treatment
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were drawn respectively. At this time, the area under the
curve (AUC) was 0.900, 0.864, and 0.842, respectively; the
sensitivity was 87.9%, 78.8% and 92.6%, and the specificity
was 92.6%, 87.0%, and 51.5%, respectively (Table IlI,
Figure 1).

DISCUSSION

Acute basilar artery occlusion (aABQO) is an uncommon
neurological disease that seriously affects the health of
patients. Previous BASICS clinical trials have reported that
the fatality rate of patients with severe aABO is as high as
54.4% using traditional antithrombotic therapy such as
intravenous thrombolysis alone, while only those with good
prognosis are accounting for 6.3%.'° The posterior circulation
has a special physiological structure. On the one hand, the
occlusion of the main basilar artery reduces the perfusion
pressure at the confluence of the posterior cerebral arteries,
which often leads to the reverse filling of the posterior
communicating artery, which makes the branches of the
superior cerebellar artery and the perforating arteries
unobstructed, thereby maintaining blood flow to the upper
cerebellum, midbrain, and thalamus supply. On the other
hand, the anterior spinal artery supplies blood to the
posterior inferior cerebellar artery as another collateral
circulation pathway. Considering the abundant collateral
circulation in the posterior circulation and the good
compensatory ability of ischemic stroke, early and
aggressive endovascular therapy to restore blood supply in
patients with aABO may greatly benefit the patients. In
recent years, studies have shown that early endovascular
treatment for complete vascular recanalisation in aABO
patients can effectively save the brain tissue of the ischemic
penumbra, significantly reduce the mortality and morbidity
rate, and greatly improve the patient's good prognosis
rate.'™'? Important complications such as ischemia-
reperfusion injury bleeding are lower. In this study, all
patients with aABO completed intravascular treatment
within 24 hours, with a good prognosis accounting for
55.0%, while symptomatic intracerebral haemorrhage and
mortality accounted for only 4.17% and 5.00% respectively.

At present, there is still a lack of research on the related
factors of the prognosis of patients with aABO endovascular
treatment, especially the ability of CTA-based imaging
quantitative score to affect the prognosis of patients with
aABO is still uncertain. CTA is a rapid and non-invasive
imaging examination method, which can effectively evaluate
the cerebral blood vessels of patients, especially the
collateral circulation at the lesion site. Therefore, the
evaluation of vascular lesions in aABO patients based on
CTA imaging score has the characteristics of simplicity and
systematicness and may be widely used in the decision-
making of aABO treatment. The BATMAN score was
developed by Alemseged to assess its predictive value for

clinical outcomes in patients with aABO. The BATMAN score
includes collateral circulation and thrombus burden.
Alemseged found that the BATMAN score was significantly
correlated with clinical outcomes, and ROC curve analysis
showed that AUC=0.81, and BATMAN <7 points were
associated with poor clinical outcomes.” According to the
research of of Yangetal., the ROC analysis showed that the
AUC was 0.722, and the optimal cut-off point was 3 points.™
Multivariate logistic regression analysis showed that
BATMAN score higher than 3 was associated with good
clinical prognosis. In this study, the BATMAN score was also
shown to be significantly associated with clinical outcomes.
The ROC curve analysis AUC was 0.900 with a cut-off value
of 4.5 points. This is not the same as the results reported in
the above-mentioned studies. There may be two reasons for
this difference. First, in this study, patients with aBAO
received endovascular therapy earlier, on an average of
8.6%2.3 hours, and patients were more likely to benefit from
this early endovascular therapy. Second, different studies
define good outcomes differently. In Alemseged's study, an
mRS score of 0-3 was considered a good prognosis, whereas,
in this study, an mRS score of 0-2 was considered a good
prognosis.

The pc-CS score is another protective factor for the clinical
prognosis of patients with aABO, and as the pc-CS score
increases, the likelihood of a patient's clinical prognosis
increases. Dias' study showed that endovascular therapy is a
very effective treatment for aABO, the area under the ROC
curve of pc-CS score for good clinical prognosis was 0.80,
and pc-CS score was considered to be the only independent
predictor.” In this study, multivariate Logistic regression
analysis showed that the pc-CS score was an independent
protective factor for the prognosis of patients with aABO
after endovascular treatment. The area under the ROC curve
was 0.864, the best cut-off value was 4.5 points, and the
sensitivity and specificity were 78.8% and 87.0%,
respectively, which were basically consistent with previous
studies.’®"” The pc-CTA score was originally developed by
Ros et al., as a scoring tool for evaluating prognosis after
mechanical thrombectomy in 15 aABO patients clinical
outcomes.® The results of this study showed that, different
from the BATMAN score and the pc-CS score, the pc-CTA
score was an independent risk factor for poor prognosis. The
higher the pc-CTA score, the worse the prognosis. In this
study, when the pc-CTA score was less than or equal to 1.5,
the area under the ROC curve for diagnosing poor prognosis
was 0.842, and its sensitivity was as high as 92.6%. In
addition, this study also showed that the preoperative NIHSS
score was another independent risk factor affecting the poor
prognosis of patients with aABO after endovascular therapy,
which was consistent with the study of Cao et al.** The study
by Kong et al. also showed that active endovascular therapy
was associated with a good prognosis of patients.” Baseline
NIHSS score is an independent factor for postoperative
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outcomes, and a lower NIHSS score predicts a better
prognosis for patients.”***

This study has some limitations. On the one hand, as a
single-centre study, the sample size is relatively small. On
the other hand, various scoring standards are mainly based
on subjective evaluation. Although the research method of
comprehensive evaluation and averaging by multiple
researchers is adopted, the possibility of individual errors
cannot be completely ruled out.

CONCLUSION

In conclusion, preoperative NIHSS score, BATMAN score, pc-
CS score and pc-CTA score are independent influencing
factors of aABO patients after endovascular treatment. The
three imaging scores based on CTA have good predictive
performance for the prognosis of aABO patients and should
be actively promoted and applied in clinical practice.
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