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Abstract
Introduction: Data on safety and efficacy of endovascular thrombectomy (EVT) for acute ischemic stroke in older 
patients are limited and controversial, and people aged 80 or older were under-represented in randomized trials. Our 
aim was to assess EVT effect for ischemic stroke patients aged ⩾80 at a nationwide level.
Patients and methods: The cohort included stroke patients undergoing EVT from the Italian Registry of Endovascular 
Treatment in Acute Stroke (IRETAS). Patients were a priori divided into younger and older groups (<80 vs ⩾80). 
Primary outcome was good functional outcome (modified Rankin scale, mRS, 0–2 at 90 days). Secondary outcomes 
were symptomatic intracranial hemorrhage (sICH), successful reperfusion, EVT abortion. Propensity score matching 
(PSM) was performed between age groups for baseline features, functional status, stroke severity and neuroradiological 
features. Logistic regression was implemented to test the weight of age group on the predefined outcomes.
Results: Overall, 5872 individuals (1:1 matching, n = 2936 aged ⩾80 vs n = 2936 < 80) were matched from 13,922 records. 
In ⩾80 group 34.1% had good functional outcome, vs 51.2% in <80 group (absolute difference = −17.1%, p < 0.001), with 
a 4.4% excess in EVT abortion. Age ⩾80 was a negative independent predictor of good functional outcome (aOR = 0.4, 
95% CI = 0.3–0.5), but had no impact on sICH.
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Discussion and conclusion: Age ⩾80 years represents a consistent predictor of worse functional outcome, 
independently from successful reperfusion and sICH. Cost-effectiveness studies are needed for tailored and implement 
sustainable care, and research should focus on strategies to improve functional outcome in older age patient groups.
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Introduction

The mean age of people suffering a stroke has gradually 
increased over time, in line with the global aging of the 
population in high and middle income countries.1 People 
aged 80 or older represent up to 15% of all acute ischemic 
stroke cases in western world,2,3 a percentage likely to fur-
ther increase. Revascularization treatment in acute ischemic 
stroke relies on intravenous thrombolysis (IVT) and endo-
vascular thrombectomy (EVT), which have been shown to 
be effective in specific time and tissue-based windows.4 
Despite guidelines not including age-dependent restrictions 
for EVT, solid data supporting consistent efficacy and 
safety of EVT in oldest old are still lacking.5 Randomized 
controlled trials on EVT had age limits for enrollment, end-
ing up in uncertainty on the treatment effect among the old-
est old groups.5,6 The HERMES (Highly Effective 
Reperfusion Evaluated in Multiple Endovascular Stroke 
Trials) collaboration, pooling data from the seven major tri-
als on EVT in acute ischemic stroke, reported a 24% rate of 
good functional outcome (defined as modified Rankin 
scale, mRS, 0–2 at 90 days) in people older than 85 years.5 
However data were based on only 77 patients – 4.4% of all 
those enrolled in the trials (n = 77/1764) –, with even larger 
estimates compared to younger age groups suggesting a 
selection bias.5 Real world-setting studies reported signifi-
cantly higher mortality and lower rates of good functional 
outcome in octogenarians compared to younger age 
groups,3,7 suggesting that expectations differ between com-
mon practice and trials.

In real world setting over patients aged ⩾80 are receiv-
ing EVT, but considering the general frailty of the elderly 
and the more difficult evaluation of the pre-stroke mRS, 
residual disability in this age group despite effective 

recanalization may be hypothesized. Moreover, EVT abor-
tions due to difficult anatomy may further reduce the treat-
ment effect.

We aimed to investigate the efficacy and safety of EVT 
in people aged 80 or older in real-world setting, also high-
lighting rates of EVT failure and EVT-related complica-
tions. using data from the large Italian Registry of 
Endovascular Treatment in Acute Stroke (IRETAS). The 
results of this study are oriented to define the impact of age 
in the context of precision and sustainable medicine, with 
the aim of estimating rate of success despite older age.

Methods

Cohort

This prospective study included data collected in the 
IRETAS, a nationwide multicenter, observational central-
ized registry running since 2011, with predefined collection 
tool and monitoring consortium.8 The data collection tool, 
available items, and longitudinal follow-up details were 
previously described.8 All acute ischemic stroke patients 
receiving EVT between January 2015 and December 2021 
were considered for eligibility in this study. All participat-
ing centers included consecutive cases of EVT for acute 
ischemic stroke, independently from final outcome. An a 
priori stage was set for eligibility, with exclusion of cases 
with data lacking on age (n = 17) and endovascular proce-
dure outcome (n = 4, STROBE checklist in Figure 1). The 
resulting cohort was split according to an a-priori defined 
age threshold of 80 years. Clinical, demographic, imaging 
and laboratory variables were included in the analysis. 
Symptomatic intracranial hemorrhage (sICH) was adjudi-
cated locally by the treating team, and was defined as any 
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intracranial hemorrhage associated with four point increase 
in 24 h NIHSS or leading to death, according to ECASS II 
definition.8 EVT abortion and procedural adverse events 
were also registered.

Outcomes

Primary outcome was good functional outcome, defined as 
mRS 0–2 at 90-day follow-up. Secondary outcome were 
sICH, mortality, spontaneous recanalization (defined as 
complete vessel patency at the moment of first diagnostic 
stage of EVT) and procedural outcomes, including success-
ful reperfusion (defined as TICI 2b–3), rates of EVT abor-
tion (defined as failed positioning or inability to reach 
occlusion site), SAH or vessel perforation, iatrogenic dis-
section, distal embolization and local hematoma requiring 
surgical approach or local invasive intervention.

Statistical analysis

We report continuous variables as means and standard devi-
ations, and binary or ordinal variables as count and percent-
age. Parametric and non-parametric tests were used as 
appropriate depending on distribution of variables, to iden-
tify potential differences in the distribution of cardiovascu-
lar risk factors and outcomes across different age groups. 
Bonferroni adjustment was used for multiple comparisons; 
p-value was used to report statistical differences in factor 
distribution in the unmatched cohort. To account for inter-
group differences in baseline features, matching was imple-
mented using a multivariable logistic regression model 
with baseline characteristics as covariates, including age, 
sex, previous stroke/TIA, atrial fibrillation, diabetes, hyper-
tension, coronary artery disease, heart failure, dyslipidemia, 

Figure 1.  Flowchart for cohort selection and matching.

baseline mRS, thrombolysis treatment, stroke severity, 
ASPECT score, large vessel occlusion, reperfusion timing, 
known/unknown onset and blood pressure measurement at 
baseline. The corresponding propensity score of the group-
ing variable (age) was then calculated for each patient, and 
1:1 Mahalanobis matching was implemented to match 
patients aged ⩾80 to younger pairs within predefined 
thresholds of the logit of the propensity score, ensuring 
exact matching for stroke severity, ASPECT score, gender, 
atrial fibrillation (AF), hypertension, dyslipidemia and 
independent functional status at baseline. To determine 
whether the approach achieved balance in confounders, 
standardized mean differences were estimated for all covar-
iates, with an estimate of 0.15 or lower considered 
acceptable.

After age-related matching in the main groups (⩾80 
vs <80 group), a binary logistic regression with backward 
stepwise elimination was modeled. All variables that 
reached statistical significance in the univariate analysis for 
the primary outcome were included to test for independent 
predictors. Age group was imputed a priori in all models. 
Two models were developed, one including only baseline 
variables (model 1) and one including also EVT procedural 
data (model 2) limiting collinearity, for each stratum. 
C-statistic is reported to provide the model accuracy in out-
come prediction. Last observation carried forward was 
implemented in case of missing data on primary out-
come >5%.9 Sensitivity analysis included a restricted 
cohort excluding all cases of EVT abortion, and inverse 
probability of treatment weighting (IPTW) as an applica-
tion of propensity scores to retain the whole cohort as com-
pared to PSM procedure. Variables used for weighting and 
adjustment are shown in Supplemental Material. R v3.3.1 
(R-project) was used for all analysis (packages: ipw, 
MatchIt, and in-house developed packages by MR), with a 
two-sided p-value <0.05 considered statistically signifi-
cant. Data can be made available on Zenodo platform 
(https://zenodo.org/records/6907296).

Results

Overall, 13,922 unmatched participants (4437 in ⩾80 
group vs 9485 in <80 group) were included from the origi-
nal cohort, with significant differences in the distribution 
of cardiovascular risk factors (Table 1). After 1:1 match-
ing, 5872 individuals were included, 2936 for each group 
(⩾80 group mean age = 84.6 vs 66.6 years in <80 group, 
Table 1). Cardiovascular risk factors, stroke severity and 
neuroradiological features were well-matched between 
groups (Table 1).

In ⩾80 group 34.1% reached good functional outcome, 
versus 51.2% in <80 group (−17.1% absolute difference, 
p < 0.0; Table 2). Mortality was significantly higher in 
the ⩾80 group (27% vs 15.6%, p < 0.001), as was EVT 
abortion (4.4% increase in ⩾80 group, Table 2). sICH, 

https://zenodo.org/records/6907296
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Table 1.  Demographic, clinical and imaging features of people aged 80 or older versus younger people in unmatched and matched 
cohort.

Feature Before matching After matching

80 or older (n = 4437) <80 (n = 9485) p-Value 80 or older (n = 2936) <80 (n = 2936) SMD

Age 84.7 ± 3.7 65.4 ± 11.9 ns 84.6 ± 3.7 66.6 ± 11.7 NAb

Sex (female) 2834 (63.9%) 4208 (44.4%) <0.001 1765 (60.1%) 1923 (65.5%) 0.1
Previous stroke/TIAa 199 (4.8%) 422 (4.9%) ns 142 (4.8%) 137 (4.7%) 0.02
Atrial fibrillation 1923 (43.3%) 2157 (22.7%) <0.001 1244 (42.4%) 1210 (41.2%) 0.02
Diabetes 734 (16.5%) 1424 (15.0%) ns 486 (16.6%) 493 (16.8%) 0.02
Hypertension 3148 (70.9%) 5135 (54.1%) <0.001 2152 (73.3%) 2053 (69.9%) 0.08
Coronary artery diseasea 506 (12.3%) 846 (9.9%) <0.001 374 (12.7%) 262 (8.9%) 0.1
Heart failurea 344 (8.4%) 540 (6.3%) <0.001 221 (5.5%) 163 (5.6%) 0.07
Dyslipidemia 1008 (22.7%) 2176 (22.9%) ns 707 (24.1%) 604 (20.6%) 0.08
mRS 0–2 baseline 3615 (81.5%) 8088 (85.3%) <0.001 2798 (95.3%) 2823 (96.2%) −0.02
  mRS 0–1 3123 (70.4%) 7642 (80.6%) <0.001 2455 (83.6%) 2671 (91.0%) NAb

Thrombolysis 1993 (44.9%) 4357 (45.9%) ns 1378 (48.6%) 1364 (47.8%) 0.03
NIHSS 17 (15–24) 15 (10–20) <0.001 17 (12–20) 17 (12–20) 0.01
ASPECTS 10 (9–10) 10 (9–10) ns 10 (9–10) 10 (9–10) −0.03
Large vessel occlusion 3414 (76.9%) 7165 (75.5%)   0.07 2498 (85.1%) 2570 (87.5%) −0.1
Onset to EVT 283 ± 190 283 ± 208 ns 273 ± 201 281 ± 179 −0.06
Systolic BP (mmHg) 150.6 ± 24.9 145.4 ± 23.8 <0.001 150.1 ± 24 145.6 ± 23.8 0.09
Diastolic BP (mmHg) 81.2 ± 13.3 81 ± 13 ns 81.2 ± 13.1 80.9 ± 12.7 0.04
Wake-up onset 478 (10.8%) 1067 (11.2%) ns 338 (11.5%) 307 (10.5%) 0.07

AF: atrial fibrillation; CAD: coronary artery disease; DBP: diastolic blood pressure; LVO: large vessel occlusion, including internal carotid artery, 
middle cerebral artery M1 and proximal M2 segment, anterior cerebral artery A1 segment; mRS: modified Rankin scale; SBP: systolic blood pressure.
aData available for 12,700 patients in unmatched cohort.
bmRS 0–2 used for matching.

Table 2.  Outcome distribution across age groups.

Outcome 80 or older (n = 2936) (%) <80 (n = 2936) (%) p-Value

mRS 0–2 1000 (34.1) 1503 (51.2) <0.001
Death 792 (27) 457 (15.6) <0.001
sICH 201 (7.2) 203 (7.3) 0.95
Successful reperfusion 2120 (74.5) 2178 (76.4) 0.1
Procedural outcomes
  EVT attempt abortion 345 (11.8) 216 (7.4) <0.001
  SAH or vessel perforation 80 (2.7) 89 (3) 0.44
  Iatrogenic dissection 34 (1.2) 52 (1.8) 0.05
  Distal embolization 201 (6.9) 206 (7) 0.79
  Local hematoma 31 (1.1) 25 (0.9) 0.42

EVT: endovascular thrombectomy; mRS: modified Rankin Scale; SAH: subarachnoid hemorrhage; sICH: symptomatic intracranial hemorrhage;  
Successful reperfusion: TICI score 2b–3.

successful reperfusion and procedural outcomes were simi-
lar across groups (Table 2). The trend against good func-
tional outcome in ⩾80 group also emerged from additional 
analysis excluding EVT abortion cases, and also consider-
ing mRS 0–2 or unchanged compared to baseline as good 
functional outcome (Supplemental Table 1 and 2).

Backward conditional logistic regression confirmed the 
negative impact of age on good functional outcome, with 

age ⩾80 emerging as the most detrimental predictor 
(adjusted ORmodel1 = 0.40, 95% CI = 0.40–0.50, Table 3; 
c-statisticmodel1 = 0.81, 95% CI = 0.80–0.83). When includ-
ing EVT procedural outcomes to the predictive model, age 
⩾80 still represented a factor negatively impacting progno-
sis beyond sICH (aOR = 0.40, 95% CI = 0.40–0.50, Table 3; 
c-statisticmodel2 = 0.85, 95% CI = 0.82–0.87). Such findings 
were confirmed also in sensitivity analysis with good 
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Table 3.  Independent predictors of good functional outcome.

Factor mRS 0–2 
(n =2503)

mRS > 2 
(n =3369)

p-Value Prediction modeling with baseline 
features only

Prediction model including 
procedural data

Adjusted OR 
(95%CI)

p-Value Elimination 
step

Adjusted OR 
(95%CI)

p-Value Elimination 
step

Age > 80 1000 (40%) 1936 (57.5%) <0.001 0.4 (0.4–0.5) <0.001 0.4 (0.4–0.5) <0.001  
Sex (female) 1609 (64.3%) 2079 (61.7%) 0.04 1.0 (0.8–1.2) / 1 1.0 (0.8–1.2) / 1
Previous stroke or TIA 119 (4.8%) 160 (4.7%) 0.99  
AF 929 (37.1%) 1525 (45.3%) <0.001 0.8 (0.7–1) / 5 0.7 (0.6–0.9)   0.003  
Diabetes 290 (11.6%) 689 (20.5%) <0.001 0.6 (0.5–0.8) <0.001 0.6 (0.4–0.8) <0.001  
Hypertension 1733 (69.2%) 2472 (73.4%) 0.01 0.7 (0.6–0.9)   0.003 0.8 (0.6–1)   0.035  
CAD 205 (8.2%) 431 (12.8%) <0.001 0.6 (0.4–0.8) <0.001 0.6 (0.4–0.9)   0.004  
Heart failure 125 (5%) 259 (7.7%) <0.001 1.2 (0.8–1.7) / 3 1.1 (0.7–1.7) / 2
Dyslipidemia 541 (21.6%) 770 (22.9%) 0.25  
Thrombolysis 1262 (51.8%) 1480 (45.5%) <0.001 1.3 (1.1–1.5) <0.001 1.2 (1–1.5) / 5
mRS 0–2 baseline 2467 (98.6%) 3154 (93.6%) <0.001 4.1 (2.3–7.5) <0.001 3.9 (2.1–7.3) <0.001  
NIHSS 14 (9–18) 18 (15–22) <0.001 0.9 (0.9–0.9) <0.001 0.9 (0.9–0.9) <0.001  
ASPECTS 10 (9–10) 10 (8–10) <0.001 1.0 (0.9–1.1) / 2 1.0 (0.9–1) / 3
Large vessel occlusion 2102 (84.6%) 2966 (88.5%) 0.001 0.6 (0.5–0.8) <0.001 0.6 (0.5–0.8) <0.001  
Onset to EVT 283 ± 196 267 ± 195 0.09  
SBP 146.6 ± 22.7 149 ± 25 0.01 0.99 (0.99–1) / 4 0.99 (0.99–1) / 4
DBP 80.8 ± 12 81.2 ± 13.7 0.23  
Wake-up onset 259 (10.3%) 386 (11.5%) 0.179  
Procedural outcomes  
  sICH 35 (1.5%) 369 (11.7%) <0.001 0.1 (0–0.1) <0.001  
  Successful reperfusion 2160 (88.6%) 2138 (65.5%) <0.001 5.0 (3.9–6.4) <0.001  
  EVT attempt abortion 201 (8.2%) 359 (10.8%) 0.01  
  SAH or perforation 31 (1.2%) 138 (4.1%) <0.001  
  Dissection 31 (1.2%) 55 (1.6%) 0.21  
  Distal embolization 134 (5.4%) 273 (8.1%) <0.001  
  Local hematoma 15 (0.6%) 41 (1.2%) 0.02  

AF: atrial fibrillation; CAD: coronary artery disease; DBP: diastolic blood pressure; mRS: modified Rankin scale; SBP: systolic blood pressure.

functional outcome defined as mRS 0–2 or recovery to 
baseline functional status (Supplemental Table 2). No 
impact of age ⩾80 emerged on sICH rate, which was sig-
nificantly influenced solely by factors related to stroke 
severity (Supplemental Table 3).

Sensitivity analysis retaining the whole cohort through 
IPW confirmed a negative trend for all older age strata, 
although mitigating the larger difference found thorugh 
PSM. Age ⩾80 had a significant negative impact on the 
primary outcome (adjusted ORmodel1 = 0.88, 95%CI = 0.85–
0.91; Supplemental Table 4). All older age strata confirmed 
a substantial negative impact on good functional outcome 
(adjusted ORmodel1 for age ⩾ 85 = 0.89, 95% CI = 0.86–0.92; 
adjusted ORmodel1 for age ⩾ 90 = 0.9, 95% CI = 0.85–0.96; 
adjusted ORmodel1 for age ⩾ 95 = 0.83, 95%CI = 0.7–0.98; 
Supplemental Table 5). Older age groups maintained an 
independent negative impact on functional outcome also in 
models including EVT procedural data, therefore indepen-
dently from sICH and successful reperfusion (Supplemental 
Table 6).

Discussion

The impact of age on the outcomes of EVT, particularly in 
older people, is still poorly defined. With an aging popula-
tion, the mean age of people suffering a stroke has gradu-
ally increased over time,1 leading to perform EVT also 
outside the boundaries of exploration of RCT.10 Rates of 
good functional outcome were, however, reported to be 
critically low, around 10%–39% in preliminary reports.10–12

Our results, emerging from a propensity score matched 
study on a real-world setting large national registry of EVT, 
highlight that age ⩾80 has a clear detrimental effect on out-
come. Being 80 or older at the moment of EVT reduces the 
chances of a good functional outcome by around 50% 
regardless from the degree of reperfusion or the occurrence 
of sICH. Indeed, rates of sICH seems to not significantly 
differ between aged population and younger pairs, exclud-
ing that the effect could be driven solely by bleeding com-
plications. The negative impact of age on functional status 
after EVT was confirmed with sensitivity analysis based on 
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IPW, where older age was associated to lower odds of 
achieving a good functional outcome, even after adjusting 
for sICH and successful reperfusion. As a consistent pro-
portion of patients aged ⩾80 can achieve a good functional 
status, efforts should be put toward the identification of the 
best possible strategies to foster recovery, a more ambitious 
challenge in older age groups.

In addition, there seems to be room to support an inde-
pendent reduction in good functional outcome carried by 
older age, independently from successful recanalization. 
Even after adjusting for EVT abortion cases, the distribu-
tion of good functional outcome still negatively affects 
patients ⩾80. Our results seem to suggest that the relation-
ship between successful reperfusion and good functional 
outcome in the ⩾80 population may be less direct than in 
younger age groups. In a previous HERMES study a simi-
lar trend emerged, whose interpretation was however lim-
ited by several factors, including underrepresentation of 
older people in the original trials, selection bias, lack of 
data on pre-stroke functional status/disability and 
ASPECTS consistently favoring EVT group.5 Our study, 
counting on robust matching on a large nationwide registry 
and sensitivity analysis through IPW, confirms that 
age ⩾80 represents a detrimental factor for EVT outcome, 
independently from the degree of reperfusion or sICH. At 
the same time, the detrimental effect does not seem so con-
sistent to recommend any withdrawal of EVT to patients 
meeting functional status requisites for undergoing reper-
fusion treatments. Therefore, the estimates from our study 
can be of help in framing the expected benefit when pro-
posing EVT to older age groups, as well as in informing 
relatives of patients on what to expect from the procedure.

On a broader scale, as EVT rates increase and proce-
dural complications become more rare, these data may help 
the clinician in defining the appropriate pathway for older 
patients. As frail people may be over-exposed to in-hospital 
complications, optimal and tailored care should not stop 
with EVT, but extend daily to ensure that the advantage of 
EVT does not regress over time. Older people can still 
achieve a good functional outcome, therefore efforts should 
be directed to ensure that such treatment effect is met and 
preserved. This particularly applies to the implementation 
of rehabilitation programs,13 with the aim of capitalizing 
the net benefit obtained with recanalization.

A further point raised by our study stands in the signifi-
cantly higher rates of EVT abortion. An absolute 4% higher 
rate of attempt abortion was registered in patients aged ⩾80 
compared to their pairs. This may be considered for techni-
cal development of endovascular tools and alternative vas-
cular access sites, which may allow to reduce this 
percentage even further in the coming decades. On the 
other hand, it could stimulate stroke interventionists to 
face new technical challenges to also overcome these pro-
cedural difficulties in the elderly population. Reducing the 
rate of adverse procedural events may indeed represent a 

first step to contain the economic burden of care, and maxi-
mize the cost-effectiveness profile of EVT in older age 
groups.

Our results should be considered in light of some limita-
tions. First, IRETAS is a nationwide registry which resem-
bles Italian practice. As Italy is among the countries with 
the longest life expectancy, our results may be flawed by 
the good-fitness of the aging population and by local prac-
tice tending to treat people in older age groups similarly to 
younger pairs. At the same time, although IRETAS enrolls 
consecutive patients throughout the whole nation, there is 
still an intrinsic risk of bias, particularly regarding inclu-
sion and ASPECTS assessment. Second, our results derive 
from a dedicated matching procedure, which may still leave 
out unmeasured confounders, including frailty and cogni-
tive status, which will need to be integrated in future stud-
ies. Similarly, the impact of AF detection on stroke severity 
and potential implications for clinical practice should fur-
ther be elucidated.14 Third, as devices for EVT evolve, 
there may be room for thinking that abortion cases will pro-
gressively be limited, also increasing the safety of EVT in 
people ⩾80. Since the effect of EVT was weaker in patients 
aged ⩾80, strategies need to evolve regarding hyperacute 
but also post-acute care. It may be insufficient to guarantee 
EVT treatment in hyperacute stage if people are then dis-
placed from a dedicated rehabilitation path. This can be 
particularly important in the older population, as these 
patients still benefit from rehabilitation, and improvement 
of mRS over time can still occur after the first 3 months, 
though at times limited by the exposure to an active envi-
ronment. On the other side, careful consideration of frailty 
index and age-related conditions15,16 may allow clinicians 
to provide a more reasonable estimate of treatment effect to 
orient patient and caregivers expectations.

Overall, our results suggest that people ⩾80 have halved 
odds of reaching a good functional outcome compared to 
their matched peers after EVT for acute ischemic stroke, 
independently from sICH and successful reperfusion. 
Further studies are needed to optimize prognostication, 
implement tailored care, and maximize the cost-effective-
ness of EVT.
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