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Abstract 

Purpose  The aim of this study was to identify factors that predict favorable functional outcomes in elderly patients 
with large-vessel occlusion acute ischemic stroke (LVO-AIS) who underwent mechanical thrombectomy (MT).

Methods  We conducted a retrospective observational study using the prospectively maintained Bigdata Observa‑
tory for Stroke of China (BOSC) to identify eligible patients who underwent MT for LVO-AIS at four comprehensive 
stroke centers between August 2019 and February 2022. Inclusion criteria included patients aged 80 years or older 
with a baseline modified Rankin Scale (mRS) 0–2, baseline National Institutes of Health Stroke Scale (NIHSS) > 6, 
baseline Alberta Stroke Program Early CT Score (ASPECTS) > 6 who received treatment within 24 h from symptom 
onset. Pertinent demographic, clinical, and procedural variables were collected. Multivariable regression analyses were 
performed to identify predictors of favorable long-term functional outcomes, defined as mRS 0–2 at 90 days.

Results  A total of 63 patients were included in the study with a mean age of 83 years. Patients with previous diagno‑
sis of atrial fibrillation were more likely to have a favorable functional outcome (OR 2.09, 95% CI 2.09–407.33, p = 0.012), 
while a higher baseline NIHSS was associated with a less favorable functional outcome (OR 0.64, 95% CI 0.46–0.89, 
p = 0.007). In addition, there was an observed trend suggesting an association between higher baseline ASPECTS 
and favorable functional outcomes. This association did not reach statistical significance (OR 2.49, 95% CI 0.94–6.54, 
p = 0.065).

Conclusion  In this study, we identified factors that predicted a favorable functional outcome in elderly LVO-AIS 
patients undergoing MT. A higher baseline NIHSS decreased the odds of mRS 0–2 at 90 days, whereas a history 
of atrial fibrillation increased the odds of a favorable functional outcome. These results emphasize the complex rela‑
tionship between clinical factors and functional recovery in this vulnerable population.
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Introduction
Mechanical thrombectomy (MT) stands as the first-line 
treatment for patients with acute ischemic stroke (AIS) 
due to proximal large-vessel occlusion (LVO) in the ante-
rior and posterior circulation within 24 h from symptom 
onset [1–3]. The evidence supporting its overwhelming 
benefit is underscored by numerous clinical trials, indi-
vidual patient data-based meta-analysis, and the strong 
recommendations in global guidelines [4–6]. Despite the 
established benefits of mechanical thrombectomy for 
acute ischemic stroke, elderly patients have been under-
represented in clinical trials, leading to uncertainty about 
the efficacy and safety of this intervention in this age 
group.

When compared to medical treatment alone, elderly 
adults benefit from MT [7]. However, prior studies have 
consistently found that rates of favorable outcomes are 
lower than those seen in younger patients [8, 9]. This 
discrepancy likely arises from a combination of factors, 
including age-related physiological and anatomic char-
acteristics, such as decreased resilient brain tissue and 
collateral status, and a higher prevalence of medical 
comorbidities as well as neurological and systemic post-
procedural complications [10–12].

There is a significant research gap regarding the effi-
cacy and safety of mechanical thrombectomy in patients 
aged 80 years and older, as they were underrepresented in 
pivotal clinical trials. Understanding predictors of favora-
ble outcomes in this population is crucial for improving 
patient selection and optimizing treatment strategies. 
This study seeks to address this gap by identifying predic-
tors of favorable outcomes in this specific population.

Methods
The study protocol received approval from the Institu-
tional Review Board of Foshan Sanshui District Peo-
ple’s Hospital institutional review board. All procedures 
involving human participants were conducted in accord-
ance with the institutional and/or national research com-
mittee standards, and followed the principles outlined 
in the 1964 Declaration of Helsinki and its subsequent 
amendments, or comparable ethical standards.

In this retrospective observational study, we included 
consecutive patients diagnosed with LVO-AIS, who 
underwent MT at four comprehensive stroke centers 
between August 2019 and February 2022. These patients 
were part of the Bigdata Observatory Platform for Stroke 
of China (BOSC). Our inclusion criteria included patients 
aged 80  years or older with a baseline modified Rankin 
Scale (mRS) 0–2 and Computed Tomography Angi-
ography (CTA)-defined LVO-AIS, National Institutes 
of Health Stroke Scale (NIHSS) score on presentation 

of > 6, baseline Alberta Stroke Program Early CT Score 
(ASPECTS) > 6, who received treatment within 24 h from 
stroke onset or time from last known well. Patients with 
incomplete follow-up information were excluded from 
the study (Fig. 1).

Data collection
We collected the past medical history, baseline infor-
mation, initial premorbid modified Rankin Scale (mRS), 
door-to-needle time (DNT), stroke onset-to-needle time 
(ONT), door-to-puncture time (DPT), last-known nor-
mal-to-puncture time (LKNPT), door-to-recanalization 
time (DRT), and treatment with intravenous thromboly-
sis (IV-tPA). Procedural variables included site of vessel 
occlusion, complications, and the modified Thrombolysis 
In Cerebral Infarction (mTICI) score post thrombectomy. 
Follow-up variables included parenchymal hematoma 
type 1 (PH1), parenchymal hematoma type 2 (PH2), 
symptomatic intracerebral hemorrhage (sICH, defined as 
the SITS-MOST protocol) [13], mRS at 90  days, length 
of stay, and hospitalization costs. Successful reperfusion 
was defined as mTICI 2b-3, and favorable functional out-
come was defined as mRS 0–2 at 90 days.

Patients were asked to attend a follow-up visit with 
a specialist in the neurology clinic 90  days after MT. 
For patients who could not come to the hospital, out-
come information (mRS or death) was followed up by 
telephone contact between nurses and patients’ fam-
ily members. Demographic and clinical data and proce-
dural variables data were collected by two specialists in 
neurology using the hospital electronic medical records. 
Cerebral baseline imaging was performed on multi-slice 

Fig. 1  Flow-chart of patients’ selection. AIS acute ischemic stroke, MT 
mechanical thrombectomy
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computed tomography (non-contrast CT and CT-angio) 
or magnetic resonance imaging (MRI with diffusion-
weighted imaging [DWI], time-of-flight [TOF], and fluid-
attenuated inversion recovery [FLAIR]) to confirm acute 
cerebral Ischemia.

Statistical analysis
Statistical analyses were performed using IBM SPSS ver-
sion 27 (IBM-Armonk, NY). We used descriptive sta-
tistics to summarize the variables collected. We then 
reported continuous variables as means (SD) or medians 
(IQR), and categorical variables as counts and percent-
ages. We used histograms to assess normality of vari-
ables’ distribution. We compared continuous variables 
with the Mann–Whitney U or Student’s t test, and cat-
egorical variables with the chi-squared or Fisher’s exact 
test. Multivariable regression models were used to exam-
ine predictors of favorable outcome. The results were 
considered statistically significant at a two-sided alpha 
level of ≤ 0.05. Variables with a p value < 0.1 in the univar-
iable analyses were included in the subsequent multivari-
able regression analysis.

Results
Description of the sample
Of the 555 patients initially evaluated, we excluded 487 
patients younger than 80  years old. Five patients were 
excluded due to loss to follow-up. In our final analysis, 63 
patients met the inclusion criteria and were included in 
our study (Fig. 1).

The mean (SD) age was 82.98 ± 3.02 years, and 39.6% 
of the participants were males. Notably, patients with a 
favorable functional outcome had higher rates of atrial 
fibrillation (87.5 vs. 46.8%), MCA-M1 site of occlusion 
(68.8 vs. 36.8%), and better rates of successful recanali-
zation (93.8 vs. 72.3%) in comparison to patients with 
an unfavorable functional outcome. Conversely, they 
had lower rates of CAD (6.3 vs. 31.9%), ICA and tandem 
lesions (6.2 vs. 25.5%, and 6.3 vs. 27.7%, respectively), and 
a lower median baseline NIHSS (13 vs. 18). The median 
baseline ASPECTS was similar between both groups, 
although patients with favorable functional outcomes 
had a higher IQR ([8, 9] vs. [7–9]. Detailed results are 
shown in Table 1.

Predictors of favorable outcome
In the multivariable analysis, we included the follow-
ing variables as candidate predictors: CAD, atrial fibril-
lation, baseline  NIHSS, baseline ASPECTS, successful 
recanalization, and vessel occlusion site. Patients with 
a previous diagnosis of atrial fibrillation had greater 
odds of achieving a favorable functional outcome (OR 
2.09, 95% CI 2.09–407.33, p = 0.012), while a higher 

baseline  NIHSS reduced these odds (OR 0.64, 95% CI 
0.46–0.89, p = 0.007). Moreover, although there was an 
observable trend suggesting a link between higher base-
line ASPECTS and favorable functional outcome, this 
association did not attain statistical significance (OR 
2.49, 95% CI 0.94–6.54, p = 0.065). (Table 2).

Discussion
In this study of AIS-LVO in elderly patients, we observed 
that a higher baseline  NIHSS was a predictor of lower 
rates of favorable functional outcome at 90 days, while a 
prior diagnosis of atrial fibrillation was associated with 
higher rates of favorable functional outcomes.

Prior research has shown that older age is a negative 
predictor of functional outcomes following mechani-
cal thrombectomy [14–16]. When specific selection cri-
teria are used, however, Goyal et  al. reported that in a 
small subgroup of elderly patients, the use of mechanical 
thrombectomy was beneficial compared to intravenous 
thrombolysis alone [4]. Several studies have explored the 
treatment risks and benefits of mechanical thrombec-
tomy in elderly patients [17–20]. For example, a recent 
study from the Endovascular Treatment in Ischemic 
Stroke (ETIS) registry showed that patients older than 
80  years of age undergoing mechanical thrombectomy 
had higher mortality rates compared to patients aged 
18–80 (34.3% vs 20%) and lower chances of achieving a 
good functional outcome (20.5% vs. 44.4%) [21]. Our 
cohort showed similar findings, with a high mortality 
rate (39.68%) and a relatively small number of patients 
(20.4%) achieving mRS 0–2 at 90 days(Fig. 2). Although 
many predictors of worse outcomes after AIS-LVO have 
been already described, understanding the potentially 
differential effects in older age is critical to increasing the 
beneficial effect of MT in this group [11, 12].

In accordance with previous studies, the severity of 
the ischemic event, as indicated by the NIHSS, showed 
a significant correlation with adverse outcomes [22, 23]. 
While this effect has been widely described across the 
general population, it is important to recognize that 
advancing age can translate into diminished physiological 
resilience. Consequently, even in cases where we might 
expect higher NIHSS among elderly patients, a higher 
NIHSS continues to stand as a vital prognostic feature for 
clinical deterioration post-MT.

Conversely, despite anticipated higher rates of AF 
among the elderly, our identification of AF as an inde-
pendent predictor of functional outcomes is contrary to 
prior reports. Most studies have consistently reported 
that, regardless of age, individuals with acute LVO 
attributed to AF tend to experience unfavorable clinical 
outcomes post-MT, compared to those without AF [24, 
25]. The prevailing hypothesis attributes this finding to 
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Table 1  Baseline and procedural characteristics comparing patients with a favorable versus unfavorable outcome

Bold numbers indicate p value < 0.05
a Defined as simultaneous intracranial occlusion (from ICA-C2 to ACM-M2) plus ICA cervical (ICA-C1) occlusion

AF atrial fibrillation, CE cardioembolic, CAD coronary artery disease, DPT door-to-puncture time, DRT door-to-recanalization time, LKNPT last-known normal-to-
puncture time, ICA internal carotid artery, MCA medial cerebral artery, MCA-M1 first segment of the MCA, MCA-M2 second segment of the MCA, mTICI modified 
Thrombolysis in Cerebral infarction

Unfavorable outcome 
(N = 47)

Favorable outcome (N = 16) X2/t/z p value

Age, years, mean ± SD 83.3 ± 3.0 82.1 ± 2.8 1.423 0.160

Male, N (%) 20 (42.6) 5(31.25) 0.637 0.425

Past medical History

 Hypertension, N (%) 39 (82.9) 11 (68.8) 1.476 0.224

 Diabetes mellitus, N (%) 9 (19.2) 3 (18.8) 0.001 0.972

 Coronary heart diseases, N (%) 15 (31.9) 1 (6.3) 4.150 0.042
 Atrial fibrillation, N (%) 22 (46.8) 14 (87.5) 8.070 0.004
 Prior stroke, N (%) 12 (25.5) 3 (18.75) 0.303 0.582

 Dyslipidemia, N (%) 6 (12.8) 2 (12.50) 0.001 0.978

 Baseline NIHSS, median [IQR] 18.0 [14.0–20.0] 13.0 [11.0–16.0] –3.127 0.002
 Baseline ASPECTS, median [IQR] 8.0 [7.0–9.0] 8.0 [8.0–9.0] –1.872 0.061

Site of vessel occlusion

 ICA, N (%) 12 (25.5) 1 (6.2) 14.020 0.015
 MCA-M1, N (%) 17 (36.8) 11 (68.8)

 MCA-M2, N (%) 1 (2.1) 3 (18.8)

 Tandem lesiona, N (%) 13 (27.7) 1 (6.3)

 Basilar artery, N (%) 2 (4.3) 0 (0.0)

 Others 2 (4.3) 0 (0.0)

 Bridging thrombolysis, N (%) 12 (25.5) 7 (43.8) 1.881 0.170

Stroke workflow times

 DPT, min, median [IQR] 123 [80–164] 136 [119.3–183.5] −0.963 0.335

 DRT, min, median [IQR] 215 [140–259] 178 [147.8–245.5] −0.734 0.463

 LKNPT, min, median [IQR] 250 [140–405] 280 [187.7–332] −0.750 0.453

Procedural outcomes

 Successful recanalization
(mTICI ≥ 2b), N (%)

34 (72.3) 15 (93.8) 3.166 0.075

 Parenchymal hematoma (PH1, PH2), N (%) 8 (17.0) 1 (6.3) 1.131 0.288

 Parenchymal hematoma type 2, N (%) 5 (10.6) 0 (0.0) 1.849 0.174

 Length of stay, days, mean ± SD 17.2 ± 16.1 11.8 ± 5.8 1.979 0.052

 Hospitalization cost (Chinese Yuan), mean ± SD 107777.9 ± 40688.4 90766.9 ± 38737.9 1.461 0.149

Table 2  Predictors of favorable outcome

Bold numbers indicate p value < 0.05

Predictors B-coefficient Standard error z Wald χ2 p value OR 95% CI

Coronary artery disease −1.847 1.307 −1.413 1.996 0.158 0.16 0.01–2.05

Atrial fibrillation 3.373 1.345 2.508 6.290 0.012 29.18 2.09–407.33

Baseline NIHSS −0.452 0.169 −2.675 7.156 0.007 0.64 0.46–0.89

Basal ASPECTS 0.910 0.494 1.843 3.396 0.065 2.49 0.94–6.54

Successful recanalization (mTICI ≥ 2b) 1.357 1.290 1.052 1.107 0.293 3.88 0.31–48.66

Large vessel occlusion location: MCA-M1 0.253 0.914 0.277 0.077 0.782 1.29 0.22–7.72
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a greater concurrence of comorbidities and cardiovas-
cular risk factors in AF patients [10, 26]. Moreover, the 
decreased utilization of intravenous thrombolysis stem-
ming from prior treatment with oral anticoagulants could 
contribute to worse outcomes in AF patients. It is an 
interesting observation that in our study, where these dis-
parities are controlled for, non-AF patients did not have 
superior functional outcomes. In our cohort, 30.55% of 
patients with a diagnosis of AF received MT. Further-
more, 77.78% of these patients had successful recanaliza-
tion. Clot composition due to AF might favor the chances 
of better and faster recanalization during MT, which 
could explain a favorable aspect of this disease in the con-
text of AIS-LVO [27]. Prior studies have also shown that 
thrombectomy in AF-related strokes achieved a higher 
proportion of first-pass effect (FPE), defined as achiev-
ing a complete recanalization with a single thrombec-
tomy device pass, compared to non-AF-related strokes 
[28]. Faster and more complete vessel recanalization, in 
turn, correlates with better clinical outcomes—as dem-
onstrated by multi-center prospective studies comparing 
outcomes in FPE to non-FPE patients. [29]. In our cohort, 
elderly patients with unfavorable outcomes had higher, 
albeit not statistically significant, rates of baseline hyper-
tension and ICA and tandem occlusions, and lower rates 
of successful recanalization, which may reflect a higher 
relative incidence of ICAD-related AIS-LVO. Hence, 
while prior research has shown that AF-related strokes 
are associated with worse functional outcomes in the 
general population, AF-related strokes in elderly patients 
are associated with favorable functional outcomes likely, 
in part, due to better recanalization rates [24, 25].

Nonetheless, our study has certain limitations. First, 
the small sample size of 63 patients limits the generaliz-
ability of our findings. This is inherently constrained due 
to the relative scarcity of elderly patients undergoing MT. 
Larger studies are necessary to validate these results and 
ensure their applicability to broader populations. Second, 
important variables like rates of symptomatic ICH, type 
of anesthesia, and collateral status were not available for 
inclusion in our analysis. Thirdly, the lack of blinding in 
outcome adjudication introduces a potential source of 
bias.

Despite these limitations, our findings contribute valu-
able insights to the scarce medical literature focused spe-
cifically on elderly Chinese patients. Future prospective 
and randomized studies should evaluate the safety and 
efficacy of mechanical thrombectomy accounting for the 
predictors of favorable functional outcomes described in 
this and other studies.

Conclusions
Our study sheds light on the predictive factors associ-
ated with functional outcomes in elderly Chinese patients 
with AIS-LVO who undergo MT. Higher baseline NIHSS 
scores were associated with reduced odds of mRS 0–2 at 
90 days, whereas a history of atrial fibrillation was asso-
ciated with higher rates of favorable functional recovery. 
These findings underscore the complex interplay between 
clinical variables and outcomes in this vulnerable popu-
lation. As we move forward, large prospective trials 
are needed to validate these predictors, consequently 
informing the tailored management of these patients and 
improving optimal outcomes.

Fig. 2  Distribution of mRS at 90 days among included patients. mRS modified Rankin Score
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