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Combined Effect of Age and Baseline Alberta 
Stroke Program Early Computed Tomography 
Score on Post-Thrombectomy Clinical Outcomes 
in the MR CLEAN Registry
Johanna Ospel, MD*; Manon Kappelhof , MD*; Adrien E. Groot, MD; Natalie E. LeCouffe, MD;  
Jonathan M. Coutinho, MD, PhD; Albert J. Yoo, MD, PhD; Lonneke S.F. Yo, MD; Ludo F.M. Beenen , MD;  
Wim H. van Zwam, MD, PhD; Aad van der Lugt, MD, PhD; Alida A. Postma, MD, PhD; Yvo B.W.E.M. Roos, MD, PhD;  
Mayank Goyal, MD, PhD; Charles B.L.M. Majoie , MD, PhD; for the MR CLEAN Registry Investigators†

BACKGROUND AND PURPOSE: Ischemic brain tissue damage in patients with acute ischemic stroke, as measured by the Alberta 
Stroke Program Early CT Score (ASPECTS) may be more impactful in older than in younger patients, although this has 
not been studied. We aimed to investigate a possible interaction effect between age and ASPECTS on functional outcome 
in acute ischemic stroke patients undergoing endovascular treatment, and compared reperfusion benefit across age and 
ASPECTS subgroups.

METHODS: Patients with ischemic stroke from the MR CLEAN Registry (Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the Netherlands; March 2014–November 2017) were included. Multivariable ordinal 
logistic regression was performed to obtain effect size estimates (adjusted common odds ratio) on functional outcome 
(modified Rankin Scale score) for continuous age and granular ASPECTS, with a 2-way multiplicative interaction term 
(age×ASPECTS). Outcomes in four patient subgroups based on age (< versus ≥ median age [71.8 years]) and baseline 
ASPECTS (6–10 versus 0–5) were assessed.

RESULTS: We included 3279 patients. There was no interaction between age and ASPECTS on modified Rankin Scale 
(P=0.925). The highest proportion of modified Rankin Scale 5 to 6 was observed in patients >71.8 years with baseline 
ASPECTS 0 to 5 (68/107, 63.6%). There was benefit of reperfusion in all age-ASPECTS subgroups. Although the adjusted 
common odds ratio was lower in patients >71.8 years with ASPECTS 0 to 5 (adjusted common odds ratio, 1.60 [95% CI, 
0.66–3.88], n=110), there was no significant difference from the main effect (P=0.299).

CONCLUSIONS: Although the proportion of poor outcomes following endovascular treatment was highest in older patients with 
low baseline ASPECTS, outcomes did not significantly differ from the main effect. These results do not support withholding 
endovascular treatment based n a combination of high age and low ASPECTS.
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Patient age and baseline Alberta Stroke Program 
Early CT Score (ASPECTS) are both independent 
predictors of outcome following endovascular ther-

apy (EVT).1,2 Current American Heart Association/Amer-
ican Stroke Association treatment guidelines restrict 
their level 1A recommendation for EVT to patients with 
baseline ASPECTS ≥6. As for age, there is currently no 
upper limit recommended.

Because of the higher rate of comorbidities, decreased 
neuronal plasticity,3 and limited support networks,4 the 
impact of ischemic brain tissue damage may be larger 
for older patients. Possible interaction between age and 
ASPECTS is not considered in current guidelines and 
has not been studied yet, although it may be analyzed in 
future subgroup analyses of the ongoing trials.

We hypothesized there might be an interaction effect 
between age and ASPECTS on functional outcome in 
acute ischemic stroke patients with anterior circula-
tion large vessel occlusions undergoing EVT and that 
the benefit of successful reperfusion is lower in older 
patients with low ASPECTS.

METHODS
Patients and Imaging
The MR CLEAN Registry (Multicenter Randomized Clinical Trial 
of Endovascular Treatment for Acute Ischemic Stroke in the 
Netherlands) is a prospective, multicenter, observational reg-
istry that included data on all patients treated with EVT in the 
Netherlands (see Appendix A in the Data Supplement for more 
details).5 Permission from the local ethics board was obtained. 
The data supporting this study’s findings are available from the 
corresponding author upon reasonable request.

Baseline noncontrast CT, CT-angiography, angiography 
images, and follow-up CT were centrally assessed by an inde-
pendent core-laboratory that was blinded to demographic, 
clinical, and outcome data except for symptom side. ASPECTS 
(www.aspectsinstroke.com) was scored on baseline noncon-
trast CT with 1.0- and 5.0-mm slice thickness.

Outcome Measures
The primary outcome was ordinal functional outcome, defined as 
90-day modified Rankin Scale (mRS) score. Secondary outcome 
measures were functional independence (mRS score, 0–2), 

moderate functional outcome (mRS score, 0–3), poor functional 
outcome (mRS score, 5–6), mRS score, 5, 90-day mortality 
(mRS score, 6), and symptomatic intracranial hemorrhage (sICH; 
death or neurological deterioration of ≥4 points on the National 
Institutes of Health Stroke Scale with intracranial hemorrhage on 
follow-up CT). Successful reperfusion was defined as expanded 
Treatment in Cerebral Infarction score 2b to 3.

Statistical Analysis
Medians and interquartile ranges were reported for patient age and 
baseline ASPECTS. Logistic regression was performed to obtain 
adjusted effect size estimates for age and ASPECTS as predictors 
for primary and secondary outcomes. The analyses were repeated 
with a multiplicative interaction term between continuous age 
and granular ASPECTS (age×ASPECTS) to determine pos-
sible effect modification of age and ASPECTS on outcomes (see 
Appendix A in the Data Supplement for more details).

We then formed four subgroups based on median patient 
age (≥ versus <71.8 years) and baseline ASPECTS (≥ versus 
<6, based on current American Heart Association/American 
Stroke Association guidelines). Raw outcomes were reported 
for all 4 subgroups.

Benefit of successful reperfusion was assessed in each sub-
group by obtaining adjusted effect size estimates for success-
ful reperfusion for outcomes in each age/ASPECTS subgroup. 
In case of nonsignificant interaction, subgroup analyses were 
exploratory. To assess reliability of observed differences between 
subgroup from the main effect, 3-way interaction (dichotomized 
age×dichotomized ASPECTS×successful reperfusion) was tested.

All statistical analyses were performed in Stata 15.1 
(StataCorp LLC). All tests were 2-sided and conventional levels 
of significance (alpha=0.05) were used for interpretation.

RESULTS
Out of 3637 patients included in the MR CLEAN Reg-
istry in the specified time period, we included 3279 
patients (Table I and Figure I in the Data Supplement).

Interaction Between Age and ASPECTS
No significant interaction between age and ASPECTS 
was observed on ordinal mRS or dichotomized mRS 
outcomes (Table II in the Data Supplement). Interaction 
between age and baseline ASPECTS on sICH was sig-
nificant (P=0.043). In younger patients, chance of sICH 
increased minimally with lower ASPECTS. For older 
patients, however, there was a greater increase in sICH 
chance (per ASPECTS point increase in patients <71.8 
years: adjusted odds ratio, 1.08 [95% CI, 0.95–1.05]; 
compared with patients ≥71.8 years: adjusted odds ratio, 
0.92 [95% CI, 0.83–1.03]).

Stratified Outcomes
Clinical outcomes were worse in patients with low base-
line ASPECTS (Figure; Table II in the Data Supplement). 
In both ASPECTS subgroups, outcomes in patients over 

Nonstandard Abbreviations and Acronyms

ASPECTS  Alberta Stroke Program Early CT Score
EVT endovascular therapy
MR CLEAN  Multicenter Randomized Clinical Trial 

of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands

mRS modified Rankin Scale
sICH symptomatic intracranial hemorrhage
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71.8 years were worse compared with younger patients. 
Successful reperfusion rates were similar across the 4 
groups (53.9%–64.5% expanded Treatment in Cerebral 
Infarction 2b/3, 31.2%–41.8% expanded Treatment 
in Cerebral Infarction 2c/3), whereas sICH occurred 
more often in patients over 71.8 years with low baseline 
ASPECTS (8.2%) than in the other groups (5.7%–6.4%; 
Table III in the Data Supplement).

Benefit of Reperfusion
Three-way interaction between dichotomized age, dichot-
omized ASPECTS, and successful reperfusion for ordinal 
mRS (P=0.299), functional independence (P=0.214), 
poor functional outcome (P=0.628), mortality (P=0.530), 
or sICH (P=0.753) indicated no significant difference of 
reperfusion benefit among subgroups. Hence, all subgroup 
analyses regarding reperfusion benefit were exploratory. All 
4 age-ASPECTS subgroups showed benefit of reperfusion 
(Table IV in the Data Supplement). Although this benefit 
was not significant in older patients with ASPECTS 0 to 5 
(n=110), the point estimate was in the direction of benefit. 
A shift away from mRS score of 5 to mRS scores of 6 and 0 
to 4 seemed present with reperfusion in patients with high 
ASPECTS, with a slightly larger shift in older than younger 
patients (Figure II and Table IV in the Data Supplement).

DISCUSSION
This study suggests that EVT should not be withheld 
in patients based on high age and low ASPECTS. All 

predefined subgroups showed benefit of reperfusion, and 
although the beneficial effect of successful reperfusion 
seemed attenuated in older patients with low ASPECTS, 
results of subgroups did not significantly differ from the 
main effect.

Our results are the first to report on a possible inter-
action effect between age and ASPECTS. Although bio-
logically plausible, we could not confirm the hypothesis 
that older patients would have less reserve to recover 
from ischemic brain tissue damage, and would hence 
have poorer outcomes than their younger counterparts 
for the same ASPECTS.

Interestingly, although mortality rates were high in 
elderly patients, the proportion of mRS score of 5, often 
considered a worse outcome than death and the outcome 
associated with the highest healthcare costs,6 was rela-
tively low (8% in the ASPECTS 6–10 group and 6% in the 
ASPECTS 0–5 group), suggesting that EVT could poten-
tially shift patients away from mRS score of 5. This effect 
was mostly present in patients with baseline ASPECTS 6 
to 10 and more pronounced in older patients.

We found a significant interaction between age and 
ASPECTS on sICH as outcome. This could be an obser-
vation due to chance and multiple testing, although age-
related changes in the cerebral vascular architecture7 may 
increase the hemorrhage risk in low ASPECTS patients.

All age-ASPECTS subgroups showed benefit of 
reperfusion. Although the high age-low ASPECTS group 
effect size estimates did not reach statistical significance 
for any of the outcome measures, reperfusion bene-
fit was not significantly different from the main effect. 

Figure. Ninety-day modified Rankin Scale (mRS) score for age–Alberta Stroke Program Early CT Score (ASPECTS) subgroups, 
by reperfusion status.
Numbers in bars are percentages. Successful reperfusion: expanded treatment in cerebral infarction score 2B–3.
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Whether such differences really exist should be investi-
gated further in large prospective studies.

Limitations
Our study has limitations. First, our patient sample included 
few patients in the high age-low ASPECTS group. Sec-
ond, a possible selection bias could have led to inclusion 
of relatively fitter old patients. Third, MR CLEAN Registry 
enrollment comprises several years. With newer devices, 
reperfusion rates may have improved over time. Fourth, 
multiple testing effects should be taken into account in 
the age-ASPECTS interaction on sICH. Finally, the mRS 
distribution will likely continue to change after the 90-day 
cutoff, especially for patients with mRS score of 5.

Conclusions
The proportion of poor outcomes following EVT was 
highest in elderly patients with low baseline ASPECTS. 
However, benefit of reperfusion in patients with high age 
and low ASPECTS was not significantly different from 
the main effect. The current data do not justify withhold-
ing EVT based on combined high age and low ASPECTS.
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