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Transverse diameter of brainstem
infarction is a strong predictor

of miserable outcome

after mechanical thrombectomy
for acute basilar artery occlusion

Yosuke Tajima'*, Yoichi Yoshida®, Masaaki Kubota?, Koichi Ebihara?, Toshihiro Yamauchi?,
Wataru Nishino3, Jun Niimi*, Kazuya Nakamura®, Ken Kado®, Tadashi Miyazaki’,
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Although the efficacy of mechanical thrombectomy (MT) for acute basilar artery occlusion (ABAO)
has been established in two randomized controlled studies, many patients have miserable clinical
outcomes after MT for ABAO. Predicting severe disability prior to the procedure might be useful in
determining the appropriateness of treatment interventions. Among the ABAO cases treated at

10 hospitals between July 2014 and December 2021, 144 were included in the study, all of whom
underwent MRI before treatment. A miserable outcome was defined as a modified Rankin Scale (mRS)
of 5-6 at 3 months. The associations between clinical, imaging, and procedural factors and miserable
outcomes were evaluated. A miserable outcome was observed in 54 cases (37.5%). Multivariate
analysis identified the National Institutes of Health Stroke Scale (NIHSS), transverse diameter of
brainstem infarction, and symptomatic intracerebral hemorrhage as independent factors associated
with miserable outcomes, with cutoff values of NIHSS 22 and transverse diameter of brainstem
infarction 15 mm. Cases with a higher preoperative severity may result in miserable postoperative
outcomes. Particularly, the transverse diameter of a brainstem infarction can be easily measured and
serves as a useful criterion for determining treatment indications.
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Acute basilar artery occlusion (ABAO) represents the most devastating type of ischemic stroke, which is associ-
ated with a>90% mortality rate and high level of dependency among survivors if mechanical thrombectomy
(MT) is not performed'. Recently, the efficacy of MT for ABAO has been established in two randomized con-
trolled studies, compared with receiving standard medical therapy only**. However, in clinical settings, many
patients have miserable clinical outcomes after MT for ABAO. One of the reasons for this miserable outcome is
pretreatment brainstem infarction. The brainstem is an important pathway of the brain, cerebellum, and spinal
cord; therefore, even small infarctions can lead to very serious clinical consequences*. Given that those pathways
pass longitudinally the transverse, rather than the anteroposterior, diameter of the brainstem infarction should
contribute to the clinical outcome. However, no reports have investigated the importance of the transverse
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diameter of brainstem infarction for miserable outcomes after MT for ABAO. Therefore, we conducted a multi-
center hospital-based surveillance at 10 hospitals in Chiba Prefecture, Japan, to validate the prognostic value of
the transverse diameter of brainstem infarction in patients with ABAO treated with MT.

Results

During the study period, MT was performed in 188 patients who presented with ABAO in the 10 participating
hospitals. Of these, 34, 5, and 5 patients were excluded because no MR imaging was available, their mRS before
MT was >4, and their mRS was unknown at 3 months, respectively. Thus, the final total was 144 patients (108
men, 36 women; mean age 73.0 + 12.5 years) with 3 months of available functional outcomes were enrolled.
Twenty-three patients (16.0%) were in a vegetative state and 31 (21.5%) were deceased. Based on these results,
54 (37.5%) patients were assigned to the miserable outcome group (Fig. 1). The detailed baseline and clinical
characteristics and MR imaging characteristics according to clinical outcome are shown in Table 1.

Clinical outcomes

Detailed procedural results are shown in Table 2. RtPA was injected intravenously in 34 patients (23.6%). The
mean time from symptom onset to MT was 358 min, the mean procedure time was 61 min, and the mean time
to recanalization was 420 min. Fifty (34.7%) patients were treated with a combination of the aspiration device
and stent retriever techniques. Successful recanalization was achieved in 134 (93.1%) patients. Eight (5.6%)
patients had symptomatic ICH.

Prognostic factors

As shown in Tables 1 and 2, the univariate analyses revealed significant differences in the preoperative NTHSS
score (30.9+9.1 vs. 19.2+10.0, p<0.001), pc-ASPECTS (5.8 +2.3 vs. 7.3+ 1.9, p<0.001), BSS (3.0+2.3 vs.
1.5+ 1.6, p<0.001), PMT score (4.6+3.4 vs. 2.2+2.2, p<0.001), transverse diameter of brainstem infarction
(14.5+9.8 mm vs. 6.3£6.2 mm, p <0.001), successful recanalization (88.9% vs. 95.6%, p=0.024), and symp-
tomatic ICH (11.1% vs. 2.2%, p=0.026) between the miserable outcome and control groups. In multivariate
analysis, preoperative NIHSS score (odds ratio [OR] 1.08; 95% confidence interval [CI] 1.03-1.14; p=0.001),
transverse diameter of brainstem infarction (OR 1.11; 95% CI 1.00-1.23; p=0.041), and symptomatic ICH (OR
19.0; 95% CI 2.6-139.8; p=0.020) were independent predictors of poor outcome at 3 months. The threshold
determined by the ROC curve for predicting miserable outcomes using preoperative NIHSS and transverse
diameter of brainstem infarction were 24 or higher (with an AUC of 0.818), and 15 mm or higher (with an AUC
of 0.789), respectively (Table 3).

Discussion
The results of this study revealed that despite thrombectomy for ABAO, 37.5% of cases experienced a miserable
outcome. Predictive factors for miserable outcomes included the transverse diameter of brainstem infarction in
addition to pre-treatment NIHSS and symptomatic ICH. This finding is considered novel.

Several studies have reported a significant correlation between MRI and DWI sequences and clinical out-
comes in patients with posterior-circulation stroke®~”. Most popular score is pc-ASPECTS on DWI, which
was established by Puetz et al.” Pc-ASPECTS is a 10-point scoring system, 1 point was subtracted in each side
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Figure 1. Distribution of patients with each modified Rankin Scale (mRS) score at 3 months after treatment.
The dash line indicates a border between control and miserable outcomes (mRS of<5).
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Miserable outcome (n=54) | Control (n=90) | Total (n=144) | P value

Demographics

Age, years, mean +SD 73.0+12.8 73.0£12.5 73.0+12.5 0.986
Sex, male 42 (77.8%) 66 (73.3%) 108 (75.0%) 0.604
Vascular risk factors

Hypertension 36 (66.7%) 68 (75.6%) 104 (72.2%) 0.117
Diabetes 14 (25.9%) 25 (27.8%) 39 (27.1%) 0.808
Dyslipidemia 13 (24.1%) 27 (30.0%) 40 (27.8%) 0.442
Arterial fibrillation 23 (42.6%) 48 (53.3%) 71 (49.3%) 0.211
Clinical presentation

Preoperative NIHSS score, mean + SD 30.9+9.1 19.2+10.0 23.7+11.5 <0.001
Pc-ASPECTS, mean +SD 58+23 7.3+19 6.8+2.2 <0.001
BSS, mean+SD 3.0+23 1.5+1.6 2.1£2.0 <0.001
PMT score, mean+SD 4.6+3.4 22422 3.1+2.8 <0.001
Transverse diameter (mm), mean + SD 14.5+9.8 6.3+6.2 10.1+9.2 <0.001
Etiology

Cardioembolism 29 (53.7%) 56 (62.2%) 85 (59.0%)

Large-artery atherosclerosis 19 (35.2%) 27 (30.0%) 46 (31.9%) 0.765
Others 6(11.1%) 7 (7.8%) 13 (9.1%)

Table 1. Baseline characteristics of the study population. SD standard deviation, NIHSS National Institutes
of Health Stroke Scale, Pc-ASPECTS posterior circulation of Alberta Stroke Program Early Computed
Tomography Score, BSS brain stem score, PMT pons midbrain thalamus.

Miserable outcome (n=54) Control (n=90) Total (n=144) P value
IV-tPA 9 (16.7%) 25 (27.8%) 34 (23.6%) 0.128
Time course
Time from onset to puncture, minutes, mean + SD 396+223 336+190 358 +205 0.137
Time from puncture to revascularization minutes, mean = SD 61+41 61+43 61+42 0.939
Time from onset to revascularization minutes, mean + SD 458 +304 398 +284 420+292 0.240
Device
Aspiration catheter only 18 (33.3%) 50 (55.6%) 68 (47.2%) 0.081
Stent retriever only 12 (22.2%) 14 (15.5%) 26 (18.1%) 0.281
Multiple devices 24 (44.5%) 26 (28.9%) 50 (34.7%) 0.067
Angiographic outcome
Pass times 1.8+0.9 1.5+0.9 1.6+0.9 0.059
TICI 2b2 48 (88.9%) 86 (95.6%) 134 (93.1%) 0.024
Complication
Symptomatic ICH 6 (11.1%) 2(2.2%) 8 (5.6%) 0.026

Table 2. Procedural results of the study population. IV-tPA Intravenous tissue-type plasminogen activator, SD
Standard deviation, TICI Thrombolysis in cerebral infarction, ICH Intracerebral hemorrhage.

Odds ratio 95% CI P value Cutoff

Preoperative NIHSS score 1.08 1.03-1.14 0.001 24
Transverse diameter (mm) 1.11 1.00-1.23 0.041 15
Symptomatic ICH 19.0 2.6-139.8 0.020

Pc-ASPECTS, 0.082

BSS 0.66

PMT score 0.303

TICI 2b2 0.076

Table 3. Multivariate analysis for predictors of miserable outcome. NIHSS National Institute of Health Stroke
Scale, Pc-ASPECTS posterior circulation of Alberta Stroke Program Early Computed Tomography Score, BSS
brain stem score, PMT pons midbrain thalamus, TICI Thrombolysis in cerebral infarction, ICH Intracerebral
haemorrhage, CI Confidence interval.
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cerebellum, posterior cerebral artery territory, or thalamus, and 2 points were subtracted in each midbrain and
pons. Although this score had been used for predicting clinical outcome after MT to ABAO, that usefulness is
controversial®. Yang et al. reported that a pc-ASPECTS score > 6 did not predict favorable outcome’. In contrast,
Yoon et al. reported that pc-ASPECTS was an independent predictor of clinical outcome of ABAO'. Mourand
et al. reported that the BSS was an independent predictor of clinical outcome after mechanical thrombectomy
for BAO, which is a semiquantitative DWI score (12-point system) of the brain stem, whereas pc-ASPECTS
score27 was not statistically relevant for predicting good outcome®. Furthermore, the Liu et al. proposed the
PMT score for predicting clinical outcome after MT to ABAQO’. They emphasized the pretreatment DWI based
PMT score showed better prognostic value for clinical outcome than pc-ASPECTS and BSS. It is understand-
able that the PMT score can be a valuable predictor of miserable outcomes compared to the pc-ASPECTS and
BSS, owing to meticulous evaluation of high signal areas and scoring them in great detail. However, due to its
detailed assessment, it poses challenges such as complexity and susceptibility to inter-rater differences. In this
study, multivariate analysis revealed that the PMT score was not an independent predictor for miserable out-
comes. This could be attributed to the difficulty in measurements affecting the results. Considering the necessity
for swift determination of treatment indications in clinical settings, it is imperative to develop more simplified
measurement techniques.

Measuring the transverse diameter of brainstem infarction may help identify patients who could benefit from
recanalization therapy. As the measurement method is remarkably simple, it is possible to measure the transverse
diameter of brainstem infarction in an emergency.

The reason that the transverse diameter of brainstem infarction is an independent predictor of a miserable
outcome might be considered as follows. Numerous neural tracts ascend or descend through the brainstem,
such as the pyramidal tract and ascending pathway'!. Therefore, if ischemic stroke occurs with a long axis in
the anteroposterior direction, it affects a limited number of tracts. However, when a stroke extends along the
left-right axis, it can impact various tracts, suggesting that the transverse diameter of infarction in the brainstem
becomes a determinant factor in clinical outcome. Given the results of the present study, the treatment indication
of MT for ABAO should be considered carefully for patients whose transverse diameter of brainstem infarction
is 15 mm or longer.

This study has some limitations. First, as the study was multicentric, patient selection and treatment pro-
cedures were not standardized. Second, the study design was retrospective and observational, and no control
group received the best medical treatment. Third, the imaging scoring and evaluation of the mRS at 3 months
were performed in each hospital. Fourth, we measured the transverse diameter of the brainstem regardless of the
region affected. Naturally, this presented a problem since the affected areas differ regionally. Specifically, there
was an issue in that the symptoms varied between cases where the sensory fibers were predominantly affected
and those where the corticospinal tract was predominantly affected. Lastly, the sample size was small, and a larger
cohort might provide better statistical power for accurate analysis.

Conclusions

In this multicenter retrospective study, 37.5% of patients with ABAO experienced miserable outcomes after
MT, whereas successful recanalization was achieved in 93.1% of patients. Our findings show that the transverse
diameter of brainstem infarction is useful in predicting miserable outcomes for ABAO treated with mechanical
thrombectomy and may simplify the decision-making algorithm. Further studies with a larger number of cases
are required.

Methods

Patients

This was a retrospective multicenter study of patients with ABAO who underwent magnetic resonance imaging
(MRI) before MT in multiple hospitals in Chiba Prefecture. All study protocols were approved by the Institutional
Review Board (IRB) of the Chiba University Graduate School of Medicine (approval no. M10386). A total of 10
neurosurgical centers participated in this retrospective study, and the IRBs of all 10 participating centers approved
the study protocol. Given that the design of this study was noninvasive and retrospective, the requirement for
informed written consent from included patients was waived.

We evaluated the data from patients who presented with ABAO and were treated with mechanical thrombec-
tomy at all 10 hospitals between July 2014 and June 2022. The indications for mechanical thrombectomy for acute
basilar artery occlusion were: (1) acute occlusion of the basilar artery confirmed by magnetic resonance (MR)
angiography and (2) a National Institute of Health Stroke Scale (NTHSS) score of > 6. Other indications were
dependent on each hospital. The exclusion criteria were as follows: (1) MR imaging was not performed before
MT (2) modified Rankin Scale (mRS) before MT was >4; (3) loss to follow-up.

Ethics approval and consent to participate

This study was conducted in accordance with the Declaration of Helsinki. Our study was approved with a waiver
of the requirement for informed consent by Research ethics committee of the graduate school of medicine,
Chiba university.

Mechanical thrombectomy

Each center could decide on the strategy for revascularization and select the devices deemed most appropriate
for treatment. During the study period, the usable stent retrievers were second-generation stents, such as Soli-
taire (Covidien, Irvine, CA) or Trevo (Stryker, Fremont, CA). The usable aspiration devices were the Penumbra
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Figure 2. (A) Prethrombectomy diffusion weighted imaging (DWI) of a 72-year-old man with tetraplegia in a
coma. Dashed line showed transverse diameter of brainstem infarction. That length was 25 mm. The modified
Rankin Scale was 5 at 3 months after mechanical thrombectomy. (B) Prethrombectomy DWI of an 81-year-old
woman with right hemiplegia. Dashed line showed transverse diameter of brainstem infarction. That length was
7 mm. The modified Rankin Scale was 2 at 3 months after mechanical thrombectomy.

System (Penumbra, Oakland, CA), Sofia System (Microvention, Aliso Viejo, CA), React System (Covidien), and
Catalyst System (Stryker).

Endpoint

The primary outcome of the present study was a miserable outcome at 3 months. The functional outcome was
evaluated using the modified Rankin Scale (mRS) 3 months after treatment. A miserable outcome was defined as
an mRS score of 5 or 6. Furthermore, factors associated with miserable outcomes were analyzed for background
characteristics, MR imaging characteristics, and treatments. Univariate analyses were performed using a control
group of patients with an mRS score of <4. Background characteristics were patient age, sex, past history, NTHSS
score on admission, and stroke type. MR imaging characteristics were posterior circulation Acute Stroke Progno-
sis Early CT score (pc-ASPECTS 5, brain stem score (BSS) 6, Pons-Midbrain and Thalamus (PMT) score 7, and
transverse diameter of brainstem infarction. The transverse diameter of the brainstem infarction was measured
using Synapse version 3.2.0 (FUJIFILM Medical System USA’s Synapse PACS System, USA). The infarct area was
defined as the high-intensity area on diffusion-weighted imaging (DWI). Representative cases for measuring the
transverse diameter of brainstem infarctions are shown in Fig. 2. Treatments were the use of recombinant tis-
sue plasminogen activator (rtPA), types of revascularization devices used, number of passes required, modified
Thrombolysis In Cerebral Infarction (mTICI) grade time from onset to recanalization (OTR), and a symptomatic
intracerebral hemorrhage (ICH), which was defined as any ICH that caused neurological deterioration with an
increase of >4 on the NIHSS'2 Successful revascularization was defined as a mTICI grade of 2b or 3.

Statistical analysis

Statistical evaluations were performed using JMP 16.1.0 (SAS Institute Inc., NC, USA). For univariate analyses,
data were compared using the Student’s t-test for continuous variables or chi-squared tests for categorical vari-
ables. To determine the predictors of a miserable clinical outcome, a forward, stepwise logistic regression analysis
that included all variables with a p value of <0.2 in the univariate analyses was performed. Statistical significance
was set at p<0.05. Receiver Operating Characteristic (ROC) curves were used to determine the threshold for
predicting miserable outcomes.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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