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Abstract
Background Pooled data of randomized controlled trials investigating mechanical thrombectomy (MT) to treat anterior
circulation large vessel occlusion have demonstrated safety and effectiveness across all age groups, including ≥80 years of
age; however, only a few nonagenarians were in the ≥80 years subgroup. Therefore, the benefit of MT in nonagenarians
is mostly unknown.
Methods Two comprehensive stroke centers retrospectively reviewed all acute ischemic stroke patients who underwent
MT for anterior circulation large vessel occlusion (LVO) stroke between February 2016 and August 2020. Revascularization
TICI2b/3, symptomatic intracranial hemorrhage (ICH), and functional outcome using modified Rankin scale (mRS) were
assessed for cases aged <80 years, 80–89 years, and 90–99 years. Favorable functional outcome was defined as mRS 0–2
or reaching the prestroke mRS and moderate as mRS 0–3.
Results The final data set comprised a total of 736 cases. Of these, 466 aged <80 years, 219 aged 80–89 years, and
51 aged 90–99 years. In nonagenarians, TICI 2b/3 revascularization was observed in 84.3% while symptomatic ICH was
observed in 4%. These rates were similar to 80–89 years and <80 years age groups. Favorable and moderate functional
outcome as well as death rates differed significantly between nonagenarians and <80 years (19.6%, 29.4%, 51.0% vs
47.9%, 60.7%, 18.7%, respectively, p< 0.001), but were similar between nonagenarians and octogenarians (29.7%, 38.8%,
38.8%, p= 0.112–0.211).
Conclusion A moderate outcome among nonagenarians was observed in about 30%, while mortality rates were about
50%. Withholding mechanical thrombectomy does not appear justifiable, although the absolute treatment effect among
nonagenarians remains unknown.
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Introduction

Pooled data of randomized controlled trials (RCTs) inves-
tigating mechanical thrombectomy to treat anterior circu-
lation large vessel occlusion (LVO) has demonstrated effi-
cacy across all age groups [1]. Current guidelines provide
class I recommendation for mechanical thrombectomy in
patients aged 80 years or older [2]; however, since some
of the RCTs excluded patients older than 80 years [3, 4]
or 85 years [5], the role of mechanical thrombectomy in
nonagenarians is essentially unknown [2]. To date, a few
case series in nonagenarians and comparative analyses of
nonagenarians to younger subgroups exist. There is hetero-
geneity in study periods, with only few recent publications
studying cohorts beginning in or after 2015. Recently, Bai
et al. systematically reviewed mechanical thrombectomy in
nonagenarians and identified 13 observational studies. The
authors reported successful revascularization in about 81%
of patients, a modified Rankin scale (mRS) 0–2 in about
22%, an mRS 0–3 in about 23%, and a 90-day mortality
rate of about 44%; however, standardized functional as well
as safety outcomes were inconsistently reported and there-
fore calculated only from a subset of these studies. Fur-
thermore, sample sizes of the studies varied considerably
[6]. Due to scarcity of standardized safety and outcome
data of patients aged 90–99 years undergoing mechanical
thrombectomy for LVO stroke, we sought to evaluate these
in nonagenarians, and compared outcomes to octogenarians
and patients aged <80 years.

Methods

Consecutive patients who underwent mechanical thrombec-
tomy for anterior circulation LVO at two comprehensive
stroke centers between February 2016 and August 2020
were retrospectively reviewed. Each center obtained ap-
proval from the IRB. Following exclusion of patients with
missing data and patients treated for posterior circulation
large vessel occlusion, patients were grouped according
to age at index into age <80 years, 80–89 years (octo-
genarians), and age 90–99 years (nonagenarians). Age
subgroup analysis was performed for nonagenarians com-
pared to octogenarians. Functional outcome was assessed
utilizing the modified Rankin scale (mRS) 90 days after
index. To account for overall morbidity among nonage-
narians, the achievement of mRS of 0–2 or achieving pre-
stroke mRS was defined as a favorable functional outcome,
whereas mRS 0–3 or achieving pre-stroke mRS were de-
fined as a moderate functional outcome. Symptomatic
intracranial hemorrhage (sICH) was evaluated on 24–48h
postthrombectomy computed tomography (CT) or mag-
netic resonance imaging (MRI) and classified according to

ECASS and the Heidelberg bleeding classification. A new
ICH on CT or MRI (i) associated with a total NIHSS
deterioration of ≥4 or NIHSS subcategory deterioration
≥2; and/or (ii) demanding intubation and/or surgical in-
tervention, such as hemicraniectomy, hematoma removal
or external ventricular drain placement in absence of al-
ternative events for deterioration were considered sICH
[7].

Statistical Analysis

Mann-Whitney-U, Kruskal-Wallis, χ2 and Fisher’s exact
tests were performed, as appropriate, to compare variables
between groups. Stepwise backward elimination multi-
variable analysis was performed to assess independent
predictors of functional outcome. P-values of <0.05 were
considered statistically significant. IBM SPSS version 25
(Chicago, IL, USA) and GraphPad Prism 9 (San Diego,
CA, USA) were used for data analysis and presentation.

Results

Collectively, 828 mechanical thrombectomies were identi-
fied in the study period. Posterior circulation large vessel
occlusion stroke (n= 77) and cases with missing premor-
bid mRS or 90-day mRS data sets (n= 15) were excluded.
The final data set comprised a total of 736 cases. Of these,
466 aged <80 years, 219 aged 80–89 years, and 51 aged
90–99 years (Table 1).

Baseline Characteristics

Distinct baseline characteristics such as sex, risk factors,
and premorbid mRS differed significantly across all three
age groups (Table 1). Comparing nonagenarians to octoge-
narians, the proportion of females was significantly higher
among nonagenarians, whereas the proportion of coexist-
ing type 2 diabetes and atrial fibrillation was significantly
lower. The remaining baseline characteristics were equal
between nonagenarians and octogenarians (Fig. 1).

Outcome Parameter

The Thrombolysis in Cerebral Infarction (TICI) 2b/3 revas-
cularization rates were similar among all age groups.
Symptomatic intracranial hemorrhage rates were also equal
among age groups. A favorable functional outcome was
observed in 19.6% of nonagenarians, 29.7% of octogenar-
ians and 47.9% in age <80 years (p< 0.001). A moderate
functional outcome was observed in 29.4% of nonagenar-
ians, 38.8% of octogenarians and 60.7% in age <80 years
(p< 0.001). Death was observed in 51.0% of nonagenari-
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Table 1 Baseline characteristics

Variable Age <80 years
(n= 466)

Age 80–89 years
(n= 219)

Age ≥90 years
(n= 51)

P-value
Across all
3 groups

P-value
Age 80–89 years vs. age
≥90 years

Female 213 (45.7%) 147 (67.1%) 42 (82.4%) <0.001 0.033

Baseline NIHSS (median,
IQR)

18 (12–23) 20 (15–24) 19 (15–24) 0.027 0.803

Risk factors

Hypertension 366 (78.5%) 208 (95.0%) 48 (94.1%) <0.001 0.732

Type 2 diabetes 117 (25.1%) 45 (20.5%) 2 (3.9%) 0.002 0.005

Dyslipidemia 321 (68.9%) 176 (80.4%) 36 (70.6%) 0.007 0.126

Coronary artery disease 100 (21.5%) 71 (32.4%) 12 (23.5%) 0.008 0.215

Atrial fibrillation 149 (32.0%) 159 (72.6%) 27 (52.9%) <0.001 0.006

Smoking (ever) 176 (37.8%) 54 (24.7%) 9 (17.6%) <0.001 0.286

Premorbid mRS

Median (IQR) 0 (0) 0 (0–1) 0 (0–2) <0.001 0.875

<4 458 (98.3%) 214 (97.7%) 48 (94.1%) 0.152 0.176

Site of occlusion

ICA 123 (26.4%) 54 (24.7%) 13 (25.5%) 0.740 0.168

M1 274 (58.8%) 130 (59.4%) 32 (62.8%)

M2 57 (12.2%) 32 (14.6%) 4 (7.8%)

Other 12 (2.6%) 3 (1.3%) 2 (3.9%)

TOAST criteriaa

Cardioembolism 190 (43.8%) 149 (70.3%) 39 (79.6%) <0.001 0.549

Large artery atherosclero-
sis

85 (19.6%) 26 (12.3%) 5 (10.2%)

Unknown 118 (27.2%) 35 (16.5%) 5 (10.2%)

Other 41 (9.4%) 2 (0.9%) 0 (0.0%)

CT-ASPECTS ≥6 419 (89.9%) 204 (93.2%) 50 (98.0%) 0.080 0.321

Intravenous tissue plas-
minogen activator

230 (49.4%) 93 (42.5%) 26 (51.0%) 0.211 0.270

Time to interventionb

Median (IQR) 229 (162–355) 223 (150–375) 235 (135–413) 0.855 0.777

6–24h time window 105 (22.5%) 53 (24.2%) 13 (25.5%) 0.823 0.847
a in 47 patients TOAST criteria were not available
b 64 patients had an unreported last known well that exceeded the 6h time window
NIH National Institute of Health Stroke Scale, mRS modified Rankin scale, IQR interquartile range, ICA internal carotid artery, M1 M1 middle
cerebral artery segment, M2 M2 middle cerebral artery segment, TOAST Trial of ORG 10172 in acute stroke treatment, CT-ASPECTS Alberta
Stroke Program Early CT Score

ans, 38.8% of octogenarians and 18.7% in age <80 years
(p< 0.001). Comparing nonagenarians and octogenarians,
a favorable and moderate functional outcome as well as
death rates differed significantly between nonagenarians
and <80 years (19.6%, 29.4%, 51.0% vs. 47.9%, 60.7%,
18.7%, respectively, p< 0.001), but were similar between
nonagenarians and octogenarians (29.7%, 38.8%, 38.8%,
p= 0.112–0.211). (Table 2, Fig. 1 and 2).

Discussion

The current literature lacks standardized outcome data in
patients in the ninth decade of life undergoing mechanical

thrombectomy for acute large vessel occlusion ischemic
stroke [6]. This retrospective two-center cohort study high-
lights that patient age, including the ninth decade, is not
associated with the risk of symptomatic intracranial hemor-
rhage. A TICI 2b/3 revascularization was equally achieved
across all age groups; however, patient age ≥80 years is
associated with poorer functional outcomes compared to
patient age <80 years with a risk difference for a favor-
able functional outcome, moderate functional outcome, and
death of about 20%. Although not statistically significant,
nonagenarians compared to octogenarians experienced
a further detrimental risk difference of about 10% for a fa-
vorable functional outcome, moderate functional outcome,
or death.
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Fig. 1 Baseline and outcome pa-
rameter among aged <80 years,
80–89 years, and 90–99 years.
b-NIHSS baseline NIHSS, atrial
fib atrial fibrillation, TTI time to
intervention since symptom on-
set. Data missing in 64 patients
beyond the 6-h time window;
mRS 0–3# refers to moderate
outcome in reaching mRS 0–3
or pre-stroke mRS

Observations by Alawieh et al. were in the scope of
our findings. They compared patients aged 60–79 years to
patients aged ≥80 years (including a subset of nonagenari-
ans) and found an about 24% difference in favorable func-
tional outcomes (mRS 0–2) and 14% difference in death.
A TICI2b/3 revascularization and intracranial hemorrhage
rates were equal [8] A meta-analysis by Duffis et al. por-
trayed octogenarians as less likely to achieve functional
independence and have an increased risk of mortality. Addi-
tionally, they observed higher rates of intracerebral hemor-

rhage [9]. The discrepancy regarding the intracerebral hem-
orrhage rates compared to our findings might partially be
explained by the utilization of new generation devices in our
post-2015 cohorts and the strict inclusion of patients with
favorable ASPECTS among octogenarians and specifically
nonagenarians (compare Fig. 1). While only including pa-
tients with pre-stroke mRS <3, Meyer et al. did not find
an increased risk for sICH in nonagenarians in a 3-center
analysis. A 90-day mortality rate of about 47% is in line
with our observations [10]. In a subsequent registry anal-
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Table 2 Outcome data

Variable Age <80 years
(n= 466)

Age 80–89 years
(n= 219)

Age ≥90 years
(n= 51)

P-value
Across all
3 groups

P-value
Age 80–89 years vs. age
≥90 years

Primary aspiration 169 (36.3%) 88 (40.2%) 16 (31.4%) 0.417 0.244

TICI 2b/3 revasculariza-
tion

406 (87.1%) 190 (86.8%) 43 (84.3%) 0.853 0.648

Symptomatic intracra-
nial hemorrhagea

37 (7.9%) 20 (9.3%) 2 (4.0%) 0.463 0.390

Intracranial hemorrhagea

Hemorrhagic infarc-
tion I

55 (11.8%) 23 (10.6%) 4 (8.0%) 0.850 0.545

Hemorrhagic infarc-
tion II

31 (6.7%) 15 (6.9%) 2 (4.0%)

Parenchymal
hematoma I

35 (7.5%) 15 (6.9%) 1 (2.0%)

Parenchymal
hematoma II

16 (3.4%) 7 (3.2%) 2 (4.0%)

Functional outcome

mRS 0–2 or prestroke
mRS

223 (47.9%) 65 (29.7%) 10 (19.6%) <0.001 0.168

mRS 0–3 or prestroke
mRS

283 (60.7%) 85 (38.8%) 15 (29.4%) <0.001 0.211

mRS 6 87 (18.7%) 85 (38.8%) 26 (51.0%) <0.001 0.112
a Data missing in three octogenarians and one nonagenarian
TICI Thrombolysis in Cerebral Infarction, mRS modified Rankin scale

ysis, these outcome rates were substantiated. Among 203
nonagenarians, an mRS of 0–3 was independently predicted
by lower baseline NIHSS and higher ASPECTS [11]. In our
study cohort, nonagenarians had a high TICI 2b/3 revascu-
larization rate, almost uniform ASPECT scores ≥6 (98.0%)
and a low sICH rate. Still, every second patient died within
90 days, and about 30% achieved independent walking or
baseline (pre-stroke) function. These comparably poor out-
come rates among older people have to be appreciated. At
the same time, they do not appear to justify withholding
mechanical thrombectomy since almost every third patient
can achieve a moderate functional outcome in terms of inde-
pendent walking or reaching pre-stroke mRS. Since no ran-
domized controlled data are available for a standard medical
treatment group, the absolute treatment effect of mechan-
ical thrombectomy for LVO stroke among nonagenarians
remains unknown.

Limitations

The study is primarily limited by its retrospective charac-
ter. Notably, patient selection, specifically among the old,
is highly biased by the center and treating physician. Fe-
males being overrepresented in nonagenarians (82.4% in
the present study) treated with mechanical thrombectomy
has also been observed by others and is likely attributed
to different life expectancies [10, 11]. Frailty and coexist-

ing comorbidities causing higher pre-stroke baseline mRS
represent a significant driver of individual patient selection.
Also, baseline imaging likely substantially influences deci-
sion making in this age group, which is also represented by
our observation that 50/51 (98.0%) nonagenarians treated
with mechanical thrombectomy had an ASPECTS ≥6. Al-
though the proportion of benign ASPECTS was relatively
high among nonagenarians, outcomes were still unsatisfac-
tory, reflecting that a more liberal selection of patients in
the ninth decade of life might result in even poorer out-
comes. This study could not explore the value of advanced
imaging to guide patient selection. Further exploration of
in-hospital fatality and post-discharge (time from discharge
to case fatality) is required. In this context, the role of the
clinical course quantified by 24h NIHSS, discharge NIHSS,
as well as primary presentation to a comprehensive stroke
center compared to a primary stroke center require elucida-
tion.

Conclusion

A moderate functional outcome (mRS 0–3) among nona-
genarians undergoing mechanical thrombectomy for LVO
stroke was observed in about 30%, while mortality rates
were as high as 50%. Nevertheless, withholding mechani-
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Fig. 2 Crude functional outcomes 90 days after index among aged <80
years, 80–89 years and 90–99 years. Categories are displayed in mod-
ified Rankin scale scores (0–6)

cal thrombectomy does not appear justifiable since absolute
treatment effects among nonagenarians remain unknown.
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