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Background and Purpose  The outcome for older stroke patients who undergo endovascular 
revascularization remains unsatisfactory. We aimed to determine the effect of the extent of 
baseline ischemia on outcome according to age, testing the hypothesis that the restorative ca-
pacity for recovery is only marginal in older patients.
Methods  Two hundred and thirteen patients who underwent endovascular revascularization 
due to occlusion in the M1 segment of the middle cerebral artery (with or without internal ca-
rotid artery occlusions) were selected for analysis. Patients were categorized into three age 
groups: group A (<66 years), group B (66–75 years), and group C (>75 years). Using pretreatment 
diffusion-weighted imaging (DWI), the Alberta Stroke Program Early CT Score (ASPECTS) and 
lesion volume were independently measured and analyzed in relation to a favorable outcome.
Results  A favorable outcome was achieved in 111 of 213 patients overall: in 60 of the 94 
(63.8%) patients in group A, in 36 of the 70 (51.4%) patients in group B, and in 15 of the 49 
(30.6%) patients in group C (p=0.001). In older stroke patients (group C), a DWI ASPECTS 
≥9 and lesion volume ≤5 mL were found to predict a favorable outcome, which was more re-
strictive than the cutoffs for their younger counterparts (groups A and B; DWI ASPECTS ≥8 
and lesion volume ≤20 mL).
Conclusions  The age-adjusted pretreatment DWI lesion volume and ASPECTS may represent 
useful surrogate markers for functional outcome according to age. The use of more-restrictive 
inclusion criteria for older stroke patients could be warranted, although larger studies are nec-
essary to confirm these findings.
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Impact of Baseline Ischemia on Outcome in Older Patients 
Undergoing Endovascular Therapy for Acute Ischemic Stroke

INTRODUCTION

The effectiveness of endovascular revascularization for stroke patients with acute large-ves-
sel occlusion in the anterior circulation has been clearly established in several recent ran-
domized controlled trials.1-5 However, recent increases in life expectancy mean that older 
stroke patients possibly constitute the population with the highest stroke incidence6 but 
are excluded from some of these landmark trials; this is probably due to the prognosis for 
this age group being expected to remain poor even after reperfusion. The rate of favorable 
functional outcome in older patients who undergo endovascular therapy (EVT) report-
edly varies widely, from 0 to 28%, which might be at least partially due to the application 
of diverse patient selection criteria in previous cohort studies.7-14

Reperfusion is futile in almost 50% of older stroke patients; that is, the 3-month modi-
fied Rankin Scale (mRS) score remains ≥3 despite successful reperfusion, with this per-
centage being almost double that for younger patients.15 This may be partly attributed to the 
higher incidence of comorbidities and lower restorative ability of the brain in such patients, 
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which results in poor functional recovery.16 It may therefore 
be necessary to define stricter inclusion criteria for EVT for 
older stroke patients. The low restorative ability of the brain 
in older patients might imply that the threshold of baseline 
ischemia for recovery–which is one of the most-reliable sur-
rogate markers of stroke outcome–17-19could be lower than 
that in their younger counterparts.

We hypothesized that the threshold for baseline ischemia 
as a predictor of good functional outcome is lower in older 
patients. To test this hypothesis, which was not been explored 
previously in the clinical literature, we examined the relation-
ship between the degree of baseline ischemia and clinical 
outcome according to age. 

METHODS

Between May 2006 and December 2014, patients were ret-
rospectively selected from a prospectively maintained acute 
stroke registry at our institution. The criteria for inclusion 
in this study were as follows: 1) EVT performed due to acute 
anterior circulation stroke with proximal vessel occlusion 
[T- or L-type internal carotid artery (ICA), M1 segment of 
the middle cerebral artery (MCA), or ICA/M1 tandem oc-
clusion], 2) arrival at our emergency center within 6 hours of 
symptom onset, 3) evaluable pretreatment diffusion-weight-
ed imaging (DWI), and 4) prestroke mRS score of 0–2. The 
study protocol was approved by the local Institutional Re-
view Board.

Eligible patients underwent transfemoral cerebral angi-
ography with contrast agent injected into both carotid ar-
teries and the dominant vertebral artery during the late ve-
nous phase under local or general anesthesia, in order to 
define the angioarchitecture of the occluded vessel and assess 
the extent of collateral flow from all possible sources. If the 
treatable ICA or MCA occlusion persisted, EVT was initiat-
ed. Treatment strategies were selected on the basis of thera-
pies available at the time of angiography, and they included 
intra-arterial thrombolytic infusion (urokinase or recombi-
nant tissue plasminogen activator), mechanical clot disrup-
tion, mechanical thrombectomy with forced arterial suc-
tion thrombectomy or Solitaire thrombectomy, placement of 
rescue intra- or extracranial stenting, or a combination of 
these approaches.20-22 The angiographic collateral flow grade, 
as observed during pretreatment angiography, was evaluated 
according to the American Society of Interventional and 
Therapeutic Neuroradiology/Society of Interventional Ra-
diology Collateral Flow Grading System. This angiographic 
scale assigns patients to grades 0 to 4 according to the com-
pleteness and rapidity of retrograde collateral filling.23 The 
reperfusion status was measured using the Thrombolysis in 

Cerebral Infarction (TICI) scale.23

Information on demographic and clinical characteristics, 
medical history, admission blood pressure, and blood glucose 
were collected at baseline. The onset of stroke was defined as 
the time when the patient was last observed to be without 
any abnormal signs or symptoms. Before the initiation of 
treatment, baseline stroke severity was assessed using the 
National Institutes of Health Stroke Scale (NIHSS). All pa-
tients underwent a CT or MRI scan at 24–48 hours after the 
initiation of treatment. If evidence of hemorrhage was de-
tected, the subtype of the stroke was classified as hemorrhag-
ic infarction, parenchymal hematoma, subarachnoid hemor-
rhage, intraventricular hemorrhage, or mixed.24 Symptomatic 
intracranial hemorrhage was defined as any type of hemor-
rhage associated with an increase in the NIHSS score of 4 
or more within 24 hours of treatment.25 The DWI findings 
at baseline were assessed using the Alberta Stroke Program 
Early CT Score (ASPECTS) for DWI by two raters (Y.W.K. 
and D.H.K.),26 with any disagreements resolved by consen-
sus. The volume of the lesion on DWI was calculated using 
open-source image analysis software (OsiriX, Pixmeo, Ge-
neva, Switzerland) by an experienced neurologist (Y.W.K.) 
who was blinded to the clinical status of the patient. Recov-
ery of neurological function was assessed at 3 months using 
the mRS, with a favorable outcome being defined by an mRS 
score of 2 or less.25,27

Statistical analysis was performed using the SPSS statisti-
cal package (version 20.0, SPSS Inc., Chicago, IL, USA). The 
statistical significance of intergroup differences was as-
sessed using the chi-square test for categorical variables, one-
way ANOVA for continuous variables, and the Kruskal-Wal-
lis test for ordinal variables and continuous variables with 
skewed distributions. A receiver operator characteristic curve 
was plotted to calculate the sensitivity and specificity of the 
cutoff values for the DWI ASPECTS and lesion volume that 
predicted a favorable outcome. Multivariable regression anal-
ysis was performed to identify independent predictors of a 
favorable outcome relative to the prespecified cutoff AS-
PECTS and lesion volumes. The results were expressed as 
odds ratio (OR) estimates of the relative risk with a 95% con-
fidence interval (CI). Probability values less than 0.05 were 
considered statistically significant.

RESULTS

Two hundred and fifty-seven patients who had proximal 
vessel occlusion in the anterior circulation and arrived with-
in 6 hours of symptom onset were screened for inclusion in 
this study. Forty-four of these patients were excluded for the 
following reasons: nonavailability of pretreatment DWI 
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(n=32), poor quality images (n=2), and prestroke mRS score 
of ≥3 (n=10). Thus, 213 patients were finally included in the 
analysis. 

Clinical and imaging characteristics based on age 
groups
The following groups were defined based on the age at stroke 
onset to explore the trend between the degree of baseline 
ischemia and functional outcome relative to age: group A 
(n=94; <66 years), group B (n=70; 66–75 years), and group 
C (n=49; >75 years). At baseline and relative to the other 
two groups, group C had higher prestroke mRS and NIHSS 
scores, a different profile of stroke etiologies, a higher prev-
alence of left hemispheric involvement, a higher prevalence 
of underlying hypertension, and a lower prevalence of cur-
rent smoking. The details of these baseline characteristics 

are provided in Table 1.
At baseline, the collateral-flow status tended to be worse 

in older patients [collateral flow grade 0 or 1: 26 of 49 pa-
tients (53.1%) in group C vs. 66 of 164 patients (40.2%) in 
groups A and B; p=0.112]. The duration from arterial punc-
ture to the start of EVT tended to be longer in group C (p= 
0.101), which reflect the highest burden of vascular tortu-
osity and atherosclerosis in older patients during the prepa-
ration of EVT, but the total time spent on EVT (procedure 
time) was not different significantly in the groups, which 
may imply that the procedure itself was unrelated to the un-
derlying vascular status. A favorable functional outcome 
was achieved in 111 of the 213 patients (52.1%) overall: in 60 
of the 94 (63.8%) patients in group A, in 36 of the 70 (51.4%) 
patients in group B, and in 15 of the 49 (30.6%) patients in 
group C (p=0.001). The percentage of patients with TICI 

Table 1. Baseline characteristics in different age groups*

Characteristics All (n=213) Group A (n=94) Group B (n=70) Group C (n=49) p value
Age, years 67.0 (60.0–75.0) 58.5 (51.8–63.0) 70.5 (68.0–73.3) 81.0 (77.0–83.0) <0.001†

Males (%) 126 (59.2) 58 (61.7) 42 (60.0) 26 (53.1) 0.599

Prestroke mRS score (%) 0.011

0 190 (89.2) 87 (92.6) 66 (94.3) 37 (75.5)

1 20 (9.4) 6 (6.4) 4 (5.7) 10 (20.4)

2 3 (1.4) 1 (1.1) 0 (0.0) 2 (4.1)

Baseline NIHSS score 16 (12–19.5) 15 (12–19) 16 (12–20) 18 (15–20) 0.002

Baseline DWI ASPECTS 7 (6–8) 7 (6–8) 8 (5–8) 8 (6–9) 0.273†

Baseline DWI lesion volume, mL 12.50 (4.85–41.76) 14.97 (6.46–41.76) 11.83 (6.81–43.54) 7.12 (2.30–32.91) 0.179†

Onset-to-door time, min 156 (59.5–237.5) 184.5 (63.5–261.8) 161 (79.3–227.3) 106 (40–195) 0.115

Left hemisphere (%) 107 (50.2) 38 (40.4) 38 (54.3) 31 (63.3) 0.025

Stroke risk factors (%)

Hypertension 131 (61.5) 46 (48.9) 49 (70.0) 36 (73.5) 0.003

Dyslipidemia 80 (37.6) 38 (40.4) 28 (40.0) 14 (28.6) 0.334

Diabetes mellitus 47 (22.1) 16 (17.0) 16 (22.9) 15 (30.6) 0.174

Atrial fibrillation 115 (54.0) 47 (50.0) 36 (51.4) 32 (65.3) 0.191

Current smoking 72 (33.8) 39 (41.5) 23 (32.9) 10 (20.4) 0.040

History of stroke/TIA 37 (17.4) 14 (14.9) 15 (21.4) 8 (16.3) 0.537

History of MI/angina pectoris 30 (14.1) 10 (10.6) 11 (15.7) 9 (18.4) 0.403

Current antiplatelet use 64 (30.0) 27 (28.7) 21 (30.0) 16 (32.7) 0.888

Current oral anticoagulation 15 (7.0) 8 (8.5) 5 (7.1) 2 (4.1) 0.617

Stroke etiologies (%) 0.025

LAA 60 (28.2) 28 (29.8) 24 (34.3) 8 (16.3)

CE 119 (55.9) 52 (55.3) 39 (55.7) 28 (57.1)

UE-NE 22 (10.3) 12 (12.8) 4 (5.7) 6 (12.2)

UE-ME, UE-IE, or OE 12 (5.6) 2 (2.1) 3 (4.3) 7 (14.3)

Use of IV tPA (%) 130 (61.0) 57 (60.6) 45 (64.3) 28 (57.1) 0.730

Data are median (interquartile range) or number (%) values.
*Age groups: group A (<66 years), group B (66–75 years), and group C (>75 years), †Kruskal-Wallis test.
ASPECTS: Alberta Stroke Program Early CT Score, CE: cardioembolism, DWI: diffusion-weighted imaging, IE: incomplete evaluation, IV tPA: intravenous 
tissue plasminogen activator, LAA: large artery atherosclerosis, ME: multiple etiologies, MI: myocardial infarction, mRS: modified Rankin Scale, NE: 
negative evaluation, NIHSS: National Institutes of Health Stroke Scale, OE: other determined etiology, TIA: transient ischemic attack, UE: undetermined 
etiology.
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grade 2 or 3 reperfusion did not differ significantly in the 
three groups, but the percentage of patients with futile re-
perfusion was much higher in group C (55.1%, p=0.001). The 
rate of procedure-related complications was higher in older 
patients (12.2% in group C vs. 5.3 and 0% in groups A and B, 
respectively). The incidence rates of symptomatic intracra-
nial hemorrhage and ischemic brain edema did not differ sig-
nificantly in the groups. The details of angiographic and out-
come characteristics are presented in Table 2.

Pretreatment DWI threshold for favorable outcome 
based on age groups
To determine the age-specific cutoffs for the pretreatment 
DWI ASPECTS and lesion volume, a receiver operating char-
acteristic curve was constructed (Fig. 1). A DWI ASPECTS 
of 8 was found to predict a favorable outcome in groups A 
and B (sensitivity=51.67 and 66.67%, respectively; specifici-
ty=70.59 and 64.71%, respectively), while ASPECTS=9 was 
identified as favorable for group C (sensitivity=60.0%, speci-

Table 2. Variables regarding endovascular therapy (EVT) and clinical outcome based on age groups

Characteristics All (n=213) Group A (n=94) Group B (n=70) Group C (n=49) p value
Target arterial lesions (%) 0.109

T- or L-type ICA 61 (28.6) 19 (20.2) 25 (35.7) 17 (34.7)

M1 segment of the MCA 130 (61.0) 65 (69.1) 36 (51.4) 29 (59.2)

ICA/M1 tandem lesion 22 (10.3) 10 (10.6) 9 (12.9) 3 (6.1)

Collateral flow (%) 0.372

Poor (grade 0 or 1) 92 (43.2) 37 (39.4) 29 (41.4) 26 (53.1)

Intermediate (grade 2) 32 (15.0) 12 (12.8) 13 (18.6) 7 (14.3)

Good (grade 3 or 4) 89 (41.8) 45 (47.9) 28 (40.0) 16 (32.7)

EVT modalities (%) 0.804

Mechanical thrombectomy 161 (75.6) 68 (72.3) 55 (78.6) 38 (77.6)

Mechanical clot disruption 32 (15.0) 16 (17.0) 10 (14.3) 6 (12.2)

Thrombolytics (urokinase or tPA) 13 (6.1) 7 (7.4) 2 (2.9) 4 (8.2)

Rescue stent/angioplasty 7 (3.3) 3 (3.2) 3 (4.3) 1 (2.0)

Door-to-puncture time, min 101 (79–135) 105.5 (79–139.5) 98 (78.3–126.3) 100 (82–130) 0.815*

Puncture-to-EVT time, min 22 (17–28) 21 (15–28.3) 20.5 (18–28) 25 (19–30) 0.101*

EVT-to-reperfusion (procedure) time, min 45 (23–67) 42 (23.8–62.5) 50.5 (23.8–69.8) 37 (21–75) 0.537*

Puncture-to-reperfusion time, min 67 (46–90) 64.5 (45.8–90) 75 (50.8–90.5) 65 (48–95) 0.514*

Posttreatment reperfusion grade (%) 0.471

TICI grade 0 or 1 39 (18.3) 21 (22.3) 10 (14.3) 6 (16.3)

TICI grade 2a 55 (25.8) 20 (21.3) 19 (27.1) 16 (32.7)

TICI grade 2b or 3 119 (55.9) 53 (56.4) 41 (58.6) 25 (51.0)

Favorable outcome 111 (52.1) 60 (63.8) 36 (51.4) 15 (30.6) 0.001

Outcome based on TICI grade (%) 0.001

mRS score 0–2 with TICI grade 0 or 1 7 (3.3) 6 (6.4) 0 (0) 1 (2.0)

mRS score 0–2 with TICI grade 2 or 3 104 (48.8) 54 (57.4) 36 (51.4) 14 (28.6)

mRS score 3–6 with TICI grade 0 or 1 32 (15.0) 15 (16.0) 10 (14.3) 7 (14.3)

mRS score 3–6 with TICI grade 2 or 3 70 (32.9) 19 (20.2) 24 (34.3) 27 (55.1)

Mortality at 3 months (%) 21 (9.9) 8 (8.5) 5 (7.1) 8 (16.3) 0.214

Procedure-related complications (%) 11 (5.2) 5 (5.3) 0 (0.0) 6 (12.2) 0.012

Any ICH excluding HI (%) 0.242

PH 16 (7.5) 4 (4.3) 9 (12.9) 3 (6.1)

SAH 14 (6.6) 9 (9.6) 3 (4.3) 2 (4.1)

IVH 2 (0.9) 1 (1.1) 1 (1.4) 0 (0.0)

Mixed/other 5 (2.3) 4 (4.3) 1 (1.4) 0 (0.0)

Symptomatic ICH (%) 16 (7.5) 8 (8.5) 4 (5.7) 4 (8.2) 0.783

Ischemic brain edema (%) 35 (16.4) 16 (17.0) 14 (20.0) 5 (10.2) 0.358

Data are median (interquartile range) or number (%) values.
*Kruskal-Wallis test.
HI: hemorrhagic infarction, ICA: internal carotid artery, ICH: intracranial hemorrhage, IVH: intraventricular hemorrhage, MCA: middle cerebral artery, 
PH: parenchymal hematoma, SAH: subarachnoid hemorrhage, TICI: Thrombolysis in Cerebral Infarction, tPA: tissue plasminogen activator.
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Fig. 1. Receiver operating characteristic (ROC) curves for favorable outcome and the baseline diffusion-weighted imaging (DWI) Alberta Stroke 
Program Early CT Score (ASPECTS) and lesion volume according to the age groups. The tables display the test characteristics for the prespecified 
ASPECTS and lesion volume, including optimal values (*). AUC: area under the ROC curve, CI: confidence interval, mRS: modified Rankin scale.
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F  
Cutoff criteria mRS 0 to 2 (%)

Sensitivity (%) Specificity (%) p  value
ASPECTS (x) ≥x <x

A. Group A (age <66 years): AUC=0.661, 95% CI=0.547–0.775, p=0.010

7 39/55 (70.9) 21/39 (53.8) 65.00 52.94 0.090

8* 31/41 (75.6) 29/53 (54.7) 51.67 70.59 0.037

9 16/19 (84.2) 44/75 (58.7) 26.67 91.18 0.038

B. Group B (age 66-75 years): AUC=0.693, 95% CI=0.569–0.817, p=0.006

7 30/48 (62.5) 6/22 (27.3) 83.33 47.06 0.006

8* 24/36 (66.7) 12/34 (35.3) 66.67 64.71 0.009

9 10/15 (66.7) 26/55 (47.3) 27.78 85.29 0.183

C. Group C (age >75 years): AUC=0.683, 95% CI=0.502–0.865, p=0.043

7 12/35 (34.3) 3/14 (21.4) 80.00 32.35 0.378

8 10/29 (34.5) 5/20 (25.0) 66.67 44.12 0.479

9* 9/17 (52.9) 6/32 (18.8) 60.00 76.47 0.013

Cutoff criteria mRS 0 to 2 (%)
Sensitivity (%) Specificity (%) p  value

Lesion volume (x; mL) ≤x >x

D. Group A (age <66 years): AUC=0.712, 95% CI=0.606–0.819, p=0.001

5 20/22 (90.9) 40/72 (55.6) 33.33 94.12 0.003

10 25/28 (89.3) 35/66 (53.0) 41.67 91.18 0.001

20* 41/55 (74.5) 19/39 (48.7) 68.33 58.82 0.010

E. Group B (age 66-75 years): AUC=0.814, 95% CI=0.714–0.914, p=0.000

5 12/15 (80.0) 24/55 (43.6) 33.33 91.18 0.012

10* 25/32 (78.1) 11/38 (28.9) 69.44 79.41 0.000

20* 29/41 (70.7) 7/29 (24.1) 80.56 64.71 0.000

F. Group C (age >75 years): AUC=0.708, 95% CI=0.531–0.885, p=0.021

5* 9/18 (50.0) 6/31 (19.4) 60.00 73.53 0.025

10 11/28 (39.3) 4/21 (19.0) 73.33 50.00 0.128

20 11/32 (34.4) 4/17 (23.5) 73.33 38.24 0.433
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ficity=76.47%). A DWI lesion volume of 20 mL was selected 
as the criterion for predicting a favorable outcome in groups 
A and B (sensitivity=68.33 and 80.56%, respectively; speci-
ficity=58.82 and 64.71%, respectively), while a volume of 5 
mL was selected as for group C (sensitivity=60.0%, specifici-
ty=73.53%). After adjusting for age, prestroke mRS score, 
baseline NIHSS score, final TICI grade 2b or 3 reperfusion, 
and procedure time, age-specific DWI ASPECTS cutoff val-
ues remained statistically significant in predicting a favor-
able outcome (OR=2.387, 95% CI=1.219–4.676, p=0.011). 
Additionally, after adjusting for age, prestroke mRS score, 
baseline NIHSS score, final TICI grade 2b or 3 reperfusion, 
and procedure time, the age-specific DWI lesion volume 
cutoff values continued to remain statistically significant in 
predicting a favorable outcome (OR=3.595, 95% CI=1.789–
7.223, p<0.001).

DISCUSSION

The novel finding in this study was that the baseline DWI AS-
PECTS and lesion volume cutoffs for a favorable outcome 
were much stricter in older stroke patients (≥9 and ≤5 mL, 
respectively) than in their younger counterparts (≥8 and ≤20 
mL, respectively). Further, the rate of futile reperfusion ex-
ceeded 50% in group C (age >75 years). Both of these find-
ings suggest that the restorative ability of the brain is weaker 
in older patients (Fig. 2).

In general, the risk of stroke is closely associated with age. 
A related finding is that the incidence of stroke is continuing 
to increase exponentially as an inevitable result of increased 

life expectancy. Older stroke patients have increased mor-
tality and more-severe disability compared to their younger 
counterparts for a similar spectrum of stroke severity and pa-
thology.28 This situation can result in physicians being reluc-
tant to offer EVT to older stroke patients.

In our cohort, the rate of a favorable outcome was about 
31% in older patients (>75 years), and the probability of 
them achieving a favorable outcome was much lower com-
pared to their younger counterparts despite the similarity 
of their baseline characteristics and reperfusion rates. Pre-
vious studies have already shown that poor outcomes are 
more frequent in octogenarians.7-14 Poor outcomes in older 
patients have been attributed to higher levels of baseline 
disabilities, higher incidence rates of medical comorbidities 
and poststroke medical complications, less familial support, 
and withdrawal of care.29 Further, the poor restorative abili-
ty of the brain in older stroke patients (>75 years) can be a 
contributing factor.16 Also, a tendency for the collateral flow 
to be worse in older patients in our cohort could be a con-
tributing factor to the endovascular outcome, with it being 
reported that the interaction between collateral adequacy 
and age could contribute to an adverse outcome.30 

Our hypothesis that older stroke patients have a different 
ischemia cutoff for a favorable outcome can be investigated 
using baseline brain imaging. To accurately define the cut-
off value for baseline ischemia, DWI is arguably superior to 
CT in predicting outcome.31 Ribo et al.19 examined follow-up 
CT images of patients obtained after 24–36 hours to deter-
mine the age-specific posttreatment infarct size predictive 
of a favorable outcome. They found that the target cutoff 
infarct volume that predicted a favorable outcome decreased 
with increasing age (49 mL for age <70 years, 32.5 mL for 
age 70–79 years, and 15.2 mL for age ≥80 years). However, 
that study did not examine the age-adjusted pretreatment 
infarct volumes. The present study examined the pretreat-
ment lesion volume and ASPECTS, which were found to de-
crease and increase, respectively, with increasing age. 

The limitations of this study include its retrospective de-
sign and the lack of control patients. Additionally, the type 
of acute treatment given or recommended to each individ-
ual patient varied considerably since it was based on the best 
available treatment at that time at our institute and the will-
ingness of the patient’s next of kin to proceed with the sug-
gested active treatment approach. This means that the rate 
of TICI grade 2b or 3 reperfusion was lower than in recent 
endovascular trials, which may hinder the ability to define 
the optimal baseline ischemia threshold for clinical out-
come despite TICI grades being adjusted in the statistical 
analyses. Another limitation is that the lower baseline in-
farct volume or higher DWI ASPECTS cutoffs for a favor-

Fig. 2. Schematic of the hypothetical inverse sinusoidal relationships 
between advancing age and restorative brain capacity. Between points 
A and B, the restorative capacity decreases steeply for small age in-
crease. ASPECTS: Alberta Stroke Program Early CT Score, DWI: diffu-
sion-weighted imaging.

Po
te

nt
ia

l b
ra

in
 c

ap
ac

ity
 fo

r f
un

ct
io

na
l r

ec
ov

er
y

DWI lesion volume: 20 mL
DWI ASPECTS: 8 or more

DWI lesion volume: 5 mL
DWI ASPECTS: 9 or more

Advancing age
75 years



168  J Clin Neurol 2017;13(2):162-169

Baseline Ischemia on Outcome in Older PatientsJCN
able outcome might be related to a high prevalence of base-
line intracranial atherosclerosis in our cohort. Finally, older 
patients were defined as those aged ≥76 years, which differs 
from many previous studies that analyzed patients aged 
≥80 years.

In conclusion, our findings suggest that the age-adjusted 
pretreatment DWI lesion volume and ASPECTS are useful 
surrogate markers for functional outcome in older stroke pa-
tients. We further suggest that these results may help to de-
fine more-restrictive imaging criteria for older stroke patients 
in future trials. Further investigations of larger data sets from 
recent clinical trials would help to confirm our findings and 
justify their widespread clinical application.
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