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ABSTRACT

Background The efficacy of endovascular
thrombectomy (ET) for acute ischemic stroke (AIS) in
octogenarians is still controversial.

Objective To evaluate, using a large multicenter

cohort of patients, outcomes after ET in octogenarians
compared with younger patients.

Methods Data from prospectively maintained
databases of patients undergoing ET for AIS at seven
US-based comprehensive stroke centers between January
2013 and January 2018 were reviewed. Demographic,
procedural, and outcome variables were collected.
Outcomes included 90-day modified Rankin Scale (mRS)
score, postprocedural National Institutes of Health Stroke
Scale score, postprocedural hemorrhage, and mortality.
Univariate and multivariate analyses were performed to
assess the independent effect of age =80 on outcome
measures. Subgroup analyses were also performed based
on location of stroke, success of recanalization, or ET
technique used.

Results Rates of functional independence (mRS score
0-2) after ET in elderly patients were significantly

lower than for younger counterparts. Age =80 was
independently associated with increased mortality

and poor outcome. Age =80 showed an independent
negative prognostic effect on outcome even when
patients were divided according to thrombectomy
technique, location of stroke, or success of recanalization.
Age =80independently predicted higher rate of
postprocedural hemorrhage, but not success of
recanalization. Baseline deficit and number of
reperfusion attempts, but not Thrombolysis in Cerebral
Infarction score were associated with lower odds of good
outcome.

Conclusion The large effect size of ET on AIS outcomes
is significantly diminished in the elderly population

when using comparable selection criteria to those

used in younger counterparts. This raises concerns

about the risk—benefit ratio and the cost-effectiveness

of performing this procedure in the elderly before
optimizing patient selection.

To cite: Alawieh A,

Starke RM, Chatterjee AR,
et al. / Neurolntervent Surg
2019;11:545-553.

INTRODUCTION

Endovascular thrombectomy (ET) for acute isch-
emic stroke has been widely accepted as a first-
line, standard of care intervention with level

1 evidence from multiple randomized controlled
trials (RCTs).'™ The large effect size of ET has led

physicians and investigators to extend the eligibility
for this intervention to patients who were not the
focus of these randomized controlled trials.”” As
a consequence, the current ‘real-world’ practice of
ET in the United States today extends far beyond
the narrow constraints of eligibility determined
by the major RCTs and has included patients with
low presenting National Institutes of Health Stroke
Scale (NIHSS) score, low Alberta Stroke Program
Early CT (ASPEC))T scores, posterior circulation
infarcts, and elderly patients.”?? As an ongoing
quality assurance measure, it is thus imperative
that we routinely monitor patient outcomes among
cohorts for which there is no level 1 evidence to
evaluate their candidacy for thrombectomy.

The case for ET in the elderly population (patients
aged =80 years), who were often excluded from, or
under-represented, in RCTs, or for whom RCT data
are not conclusive, is still controversial.” 2> This is
an important area of investigation as the propor-
tion of patients eligible for ET who are over the
age of 80 is increasing. Many conclusions about
the efficacy and safety of ET in the elderly have
been reached based on single-arm, single-institu-
tion studies with significant heterogeneity across
studies,”"* 17720 2 often without comparison with
optimal medical management. Previous single-insti-
tution, retrospective evaluations of elderly patients
presenting with acute stroke demonstrated no
additional benefit of ET using aspiration at first
pass compared with matched controls receiving
optimal medical management. Furthermore, the ET
group had a higher rate of mortality and hemor-
rhage.” In this multicenter expansion of prior
work, we selected one of the largest datasets of
patient outcomes after level 1 evidence backed ET
approaches (aspiration and stent retriever) in ‘real-
world’ practice across multiple centers to evaluate
thrombectomy outcomes in octogenarians. We also
evaluated the associations between advanced age
and negative outcomes across different anatomic
and technical subgroups.

METHODS

Seven US-based comprehensive stroke centers
independently maintained prospectively collected
databases of consecutive patients treated with ET
for acute ischemic stroke with large vessel occlu-
sion between January 2013 and December 2017.
Patients aged =18 years with anterior or posterior
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circulation stroke were included, irrespective of time from onset
to groin, NIHSS score at presentation, or whether IV tissue plas-
minogen activator (tPA) was administered. Patients treated with
stent retriever or aspiration thrombectomy as first approach were
included. De-identified data from all sites were collected, orga-
nized, and analyzed at the Medical University of South Carolina
with approval of the institutional review board at each site.

Data collection

Patient charts and procedure notes were reviewed for demo-
graphics, preprocedural deficit, and the procedural variables.
Patient charts were also reviewed for comorbidities including,
hypertension, hyperlipidemia, atrial fibrillation, and diabetes.
Procedural variables collected for each patient included the time
to achieve recanalization (procedure time), IA tPA administra-
tion, the number of vessels/branches subjected to thrombectomy,
the aspiration, and at the end of procedure, intraprocedural
complications, the number of devices used, the number of passes
including aspiration and other devices. Procedural outcome
included reperfusion classification using the Thrombolysis in
Cerebral Infarction (TICI) score and postprocedural hemorrhage
using the European Cooperative Acute Stroke Study (ECASS)
radiological classification of hemorrhagic infarcts (HI1 and
HI2), parenchymal hematomas (PH1 and PH2), and subarach-
noid hemorrhage.*®

Clinical outcomes

The modified Rankin Scale (mRS) score at 90 days was used as
the primary clinical outcome and was dichotomized into good
outcome (mRS score 0-2) and poor outcome (mRS score 3-6).
Length of hospitalization was also recorded. The 90-day mRS
scores were recorded by a stroke neurologist during follow-up
visits at 90 days (£14) after stroke or via telephone encoun-
ters with rehabilitation facilities or nursing homes for patients
in a hospice or who had died during this interval. Mortality
data were collected using follow-up calls, death certificates, or
communication with nursing facilities.

Statistical analysis

Statistical analyses were performed using SPSS v24 (IBM Corpo-
ration, New York, USA) and Graphpad Prism 6 (Graphpad,
La Jolla, California, USA). Descriptive statistics and univariate
comparisons were used. Comparisons were performed using the
Student’s t test or analysis of variance with Bonferroni’s multiple
comparisons for continuous measures, non-parametric t test
or Mann-Whitney test with Dunn’s multiple comparisons for
non-continuous variables, and a y* test with likelihood ratios
for categorical measures. All tests were two-sided and an o value
<0.05 was considered significant. Three baseline variables—
namely, race, onset-to-groin time, and baseline mRS—were
not available for 15% of the patients, and were interpolated to
avoid exclusion of data on multivariate analysis. Several machine
learning classifiers were used for data interpolation using WEKA
(University of Waikato), as described below.

A panel of machine learning appropriate for each variable
was implemented on a training set of 85% of the patients,
including all demographic and procedural features without
outcomes, followed by 10-fold cross validation. The best
performing model was chosen for interpolation of the remaining
15% of patients. Interpolation was performed when one or
two of the four variables were missing. The models used were
J48-decision trees for race (area under the curve: 0.7), REP-Tree
algorithm for onset-to-groin (mean absolute error: 2hours),

meta-vote classifier for baseline mRS (mean absolute error:
0.15), and MS5-rules for admission NTHSS score (mean absolute
error: 4). Multivariate logistic regression analyses were used
for predictors of good outcome and mortality (two indepen-
dent models), and included patients with a complete dataset. All
multivariate models were assessed using the Hosmer-Lemeshow
test and c-statistics. Variables were included in models based
on statistical significance on univariate analysis and/or clinical
relevance.

RESULTS

Patient cohort characteristics and outcomes

A total of 1442 patients who matched the inclusion criteria were
enrolled during the study period. Of these patients, 96 were
excluded because of missing more than two baseline or demo-
graphic characteristics or missing procedural data. Univariate
analysis was performed on the remaining 1346 patients.

The mean age of included patients was 68%15 years, of
whom 52% were women and 62% were white. The average
symptom onset-to-groin time was 400 with SD of 517 min, the
mean NIHSS score at presentation was 16.5+7, and the median
mRS before stroke was 0 (IQR 1). Posterior circulation strokes
were treated in 12% of patients. Treatment with IV tPA was
provided to 45.5% of all patients. Aspiration catheters were used
at first pass (ADAPT) in 58% of patients; the remainder under-
went stent retriever thrombectomy as first-line therapy. Post-
procedural reperfusion with TICI =2b was reported in 89% of
cases, a good outcome (mRS score 0-2) was observed in 37.5%
of the cases at 90 days, and the overall mortality at 90 days was
24.4%. The overall rate of postprocedural hemorrhage was
31%, and the rate of PH2-type hemorrhage was 4.4%.

Patient features and outcomes for each age group
When functional outcomes were stratified by age group, an
age-dependent decrease in rates of functional independence
and increased likelihood of higher mRS scores with age was
observed (figure 1A). The rates of good and poor outcomes are
nearly comparable between 40 and 75 years of age, followed by
a cumulative increase of likelihood of poor outcomes (figure 1B)
and mortality (figure 1C) after 80 years of age. The receiver
operating characteristic curve correlating age and likelihood
of good outcomes showed optimal sensitivity and specificity
trade-off at 80 years of age, and a similar pattern was observed
when correlating age at presentation and likelihood of mortality
(figure 1D,E). Based on these data, and prior findings reporting
higher rates of poor outcomes in the elderly, patients were
dichotomized by age using 80 years as the cut-off point, and the
elderly were defined as those aged =80 years at presentation.
The average age in elderly group was 85=5 years compared
with 62+13 years in the younger population. Univariate analysis
showed a significantly higher percentage of women in the elderly
group (66% vs 47%, p<0.01), without significant difference in
the distribution by race, time from onset to groin, or history of
prior stroke between the two groups (table 1). Elderly patients
had a significantly higher number of comorbidities than the
younger group, including hypertension and atrial fibrillation.
There was no significant difference in history of prior stroke
between the two groups, but a slightly higher NIHSS score on
admission was found in the elderly population compared with
younger adults (177 vs 16+7, p<0.01) (table 1). There was no
significant difference in the rates of posterior circulation strokes
or use of IV tPA between the two groups (table 1). Patients in the
elderly population had slightly higher ASPECT scores (median
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Figure 1  Outcomes after endovascular thrombectomy by age

groups. (A) Distribution of 90-day modified Rankin Scale (mRS) scores
by age groups. (B) Receiver operating characteristic (ROC) curve
demonstrating the specificity and sensitivity of age as a predictor of
good outcome at 90 days . An age of 80 (75-85) denotes the optimal
sensitivity — specificity trade-off of the curve. (C) Similar to (B) when age
is used as a predictor of 90 - day mortality. (D) Distribution of rates

of good outcome (MRS score 0-2, blue) and poor outcome (mRS score
3-6) by age groups. (E) Rate of mortality by different age groups.

9 vs 8, p<0.01) compared with the younger adults, which was
statistically significant (table 1).

Procedural endpoints, outcomes, and age

No significant differences between the elderly and younger
patients were found for the majority of procedural variables,
including procedure time, use of IA tPA, use of aspiration at
first pass, use of stent retrievers or alternative devices, final TICI
scores, or complication rates (table 1). A significantly lower total
number of attempts was used in the elderly patients compared
with younger adults, and a smaller percentage of patients in the
elderly group received more than three reperfusion attempts
(32% vs 39%, p<0.05) (table 1). However, the rate of successful
TICI 2b or greater recanalization was comparable between
the two groups (p>0.05). The rate of postprocedural hemor-
rhage was significantly higher in the elderly patients than in the
younger adults (42% vs 28%, p<0.01), but there was no signifi-
cant difference in the rate of PH2-type hemorrhage (7% vs 4%,
p=0.07) (table 1).

For clinical outcomes, the median mRS score at 90 days was
4 in the elderly group compared with 3 in younger adults,
and the rates of good outcomes (mRS score 0-2) were 21%
compared with 44%, respectively (p<0.001) (table 1). Similarly,
the mortality rate at 90 days was significantly higher in the elderly
population than in younger adults (35% vs 20%, p<0.001)
(table 1). Elderly patients had higher NIHSS at discharge and
a smaller improvement in NIHSS score between admission
and discharge compared with younger counterparts (p<0.01,
table 1). There was no difference in the length of hospital stay
between the two groups.

Predictors of outcome and mortality

We then used multivariate logistic regression to determine
whether an age of =80 is an independent predictor of outcome
and mortality at 90 days. For multivariate regression analysis,
patients missing outcome or procedural variables were excluded
(n=120), and 1226 patients were included in the multivariate
models. As shown in table 2, age =80 was associated with signifi-
cantly decreased odds of good outcome (OR=0.4, p<0.001),
and higher odds of mortality at 90 days (OR=2.23, p<0.001)
(table 2). Additional significant predictors of poor outcome and
mortality were higher baseline mRS score, higher admission
NIHSS score, location in posterior circulation, higher number
of attempts to recanalization, and lower TICI scores after the
procedure (table 2). Female gender was associated with lower
odds of good outcome (OR=0.66, p<0.01), and complica-
tions were associated with higher odds of mortality at 90 days
(OR=1.97, p<0.05) (table 2). Age =80 was consistently associ-
ated with lower odds of good outcome on multivariate analysis
when good outcome was defined as an mRS score of 0-1 at 90
days (OR=0.47, p<0.001) (online supplementary table 1).

Subgroup analysis for outcome predictors
To determine if a specific clinical subset of patients was associ-
ated with a higher risk of poor outcome, we performed multi-
variate regression analysis to predict an mRS score of a 0-2 at 90
days when patients were divided according to stroke location,
aspiration techniques, or extent of recanalization (TICI score).
When stratified by location (anterior or posterior circula-
tion stroke), age at presentation of =80 was associated with
lower odds of good outcomes in both anterior circulation
(OR=0.35, p<0.001) and posterior circulation (OR=0.23,
P=0.039) (table 3). Since ASPECT scores were available only for
a subset of patients in the anterior circulation group, analysis
was performed independently on these subjects while incorpo-
rating ASPECT scores (online supplementary table 2). Results
confirm those shown in table 3, and also emphasize ASPECT
scores as independent predictors of good outcome. Stratifi-
cation by the initial thrombectomy approach (aspiration or
stent retriever) also showed that age at presentation of =80
was associated with lower odds of good outcomes in patients
treated with aspiration (OR=0.4, p<0.001) or stent retriever
(OR=0.43, p<0.001) thrombectomy at first pass (table 4).
Patients were then stratified based on TICI scores into TICI 2b
or TICI 2¢/3, and similar multivariate regression analysis was
performed to predict good outcomes (table 5). An age of =80
years was also associated with lower odds of good outcome in
patients with TICI 2¢/3 (OR=0.43, p<0.001) and patients with
TICI 2b (OR=0.43, p<0.001) independently (table 5). Notably,
age =80 was not an independent predictor for complete recanal-
ization after ET on multivariate analysis, confirming the findings
on univariate analysis (p=0.709) (online supplementary table
3). Similarly, elderly patients had a significantly higher odds of
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Table 1 Comparison of baseline characteristics, procedural and outcome measures in patients aged <80 years and those aged > 80 years

Age Age
<80 =80
Variable N (n=1000) (n=346) Test used Test summary
Preprocedure
Age (years) 1346 62 (13) 85 (5) t Test <0.001
Female (n (%)) 1346 474 (47) 230 (66) v <0.01
White (n (%)) 1346 666 (67) 240 (69) xz >0.05
Pre-stroke mRS score (median (IQR)) 1346 0(1 0(1) MW >0.05
Baseline NIHSS score 1346 16 (7) 17 (7) t Test <0.01
Time from onset to groin (hours) 1346 399 (402) 369 (527) t Test >0.05
IV tPA (n (%)) 1346 445 (45) 168 (49) XZ >0.05
Number of comorbidities*(median (IQR)) 1224 2(1 2(2) MW <0.05
Diabetes mellitus (n (%)) 1224 243 (27) 73 (23) xz >0.05
Hypertension (n (%)) 1224 575 (63) 229 (73) XZ <0.05
Atrial fibrillation (n (%)) 1224 241 (27) 119 (38) X2 <0.05
Hyperlipidemia (n (%)) 1224 301 (33) 120 (38) XZ >0.05
Prior stroke 1346 59 (6) 28 (8) e >0.05
Location
Anterior circulation (n (%)) 1346 870 (87) 310 (90) XZ >0.05
Vessel involved (n (%)) 1334 o >0.05
ICA 144 (15) 50 (15)
Tandem 313) 13 (4)
M1 495 (50) 182 (53)
M2 156 (16) 55 (16)
M3 25(3) 9(3)
Basilar 106 (11) 21 (6)
Othert 36 (4) 11(3)
ASPECT score (median (IQR)) 875 8(2) 9(3) MW <0.01
Procedure
Time to recanalization (min) 1022 48 (41) 45 (33) t Test >0.05
1A tPA (n (%)) 1298 155 (16) 53(16) XZ >0.05
Aspiration at first pass (n (%)) 1336 592 (59) 188 (55) xz >0.05
Use of stent retrievers (n (%)) 1336 531 (53) 191 (56) XZ >0.05
Use of additional devicest (n (%)) 1336 131 (13) 36 (10) xz >0.05
Number of passes (Mean (Median)) 1299 2.5(2) 23(2) MW <0.05
Number of passes (n (%)) 1299 a <0.05
<3 590 (61) 227 (68)
>3 375 (39) 107 (32)
Final TICI score (n (%)) 1346 XZ >0.05
2b-3 884 (88) 304 (88)
0-2a 116 (12) 42 (12)
TICl score 2C-3 (n (%)) 1346 404 (40) 130 (38) XZ >0.05
Complications (n (%)) 1346 50 (5) 15 (4) x >0.05
Hemorrhage, all types (n (%)) 1101 251 (28) 93 (42) XZ <0.01
Hemorrhage, PH2 1101 33 (4) 15(7) e 0.07
Outcome (90 day)
mRS (median (IQR)) 1226 3(4) 4(3) MW <0.001
mRS dichotomized (n (%)) 1226 x <0.001
mRS score 0-2 398 (44) 65 (21)

Continued
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Table 1 Continued
Age Age
<80 =80
Variable N (n=1000) (n=346) Test used Test summary
mRS score >2 515 (56) 247 (79)
Death (n (%)) 1226 184 (20) 118 (38) XZ <0.001
NIHSS at discharge 919 8.3(10) 13(12) t Test <0.001
ANIHSS (discharge-admission) 919 -7.5(10) -4(12) t Test <0.01
Length of hospitalization (days) 1094 11(12) 10 (11) t Test >0.05

Values are n (%) or mean (SD) or median (IQR).

x*Test for categorical variables, Student's t test was used for parametric variables, or the Mann-Whitney test for non-parametric variables.

*Number of comorbidities includes the number of comorbidities (hypertension, hyperlipidemia, diabetes, atrial fibrillation) present in each patient and ranges from 0 to 4.
tOther vessels include posterior cerebral artery, anterior cerebral artery, and vertebral arteries.

$Other devices include reperfusion catheters, Penumbra separators, embolic protectors, and others.

ICA, internal carotid artery; mRS, modified Rankin Scale; MW, Mann-Whitney test; NIHSS, National Institutes of Health Stroke Scale; PH2, parenchymal hematoma 2; TICI,

Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.

postprocedural hemorrhage than younger patients (OR=1.59,
p<0.01) (table 6).

Predictors of good outcome in each group

Finally, we assessed whether different variables predict outcomes
after ET in elderly patients compared with younger adults using
multivariate logistic regression. As shown in table 7, higher base-
line and pre-stroke deficits as well as higher number of reca-
nalization attempts were associated with lower odds of good
outcome in the two groups; however, posterior circulation
strokes were associated with lower odds of good outcome in the
young population (OR=0.35, p<0.001) compared with higher
odds of good outcome in the elderly (OR=3.43, p<0.05). Male
gender was associated with increased odds of good outcome in
younger adults, but not in elderly patients (table 7). When TICI
scores were analyzed as an ordinal variable, increasing TICI
scores were associated with higher odds of good outcomes in
younger adults, but not in octogenarians.

DISCUSSION

This multicenter study recapitulated previous single-center
studies describing low rates of functional independence after ET
in elderly patients compared with younger counterparts. This
study suggests an age of =80 years is associated with increased
mortality and poor outcome rates despite comparable baseline
and procedural variables. Additionally, age of =80 was found to
be an independent predictor of poor outcome (mRS score 2-6)
and mortality after thrombectomy at multiple centers. The
negative prognostic effect of octogenarian age persisted when
patients were split by thrombectomy technique (aspiration vs
stent retriever), location of stroke (posterior vs anterior circula-
tion), or by success of recanalization. We also demonstrate that
an age of =80 years is not an independent predictor of reca-
nalization success, but independently predicts a higher rate of
postprocedural hemorrhage. This discrepancy in response to
ET between the two distinct age groups raises concerns about
the risk—benefit ratio and the cost-effectiveness of performing

Table 2 Multivariate analysis for predictors of good outcome and mortality at 90 days after endovascular thrombectomy

Multivariate model for good outcome (n=1226)

Multivariate model for mortality (n=1226)

Variable OR 95%Cl P values OR 95%Cl P values
Female gender 0.66 0.58 to 0.75 0.003 0.95 0.82to 1.1 0.752
White 0.97 0.84t01.11 0.814 1.85 1.561t02.19 0.001
Age =80 0.40 0.34 to 0.47 <0.001 2.23 1.9 to 2.61 <0.001
Onset to groin time 1.00 1Tto1 0.525 1.00 Tto1 0.31
Pre-stroke mRS score 0.75 0.7t0 0.8 <0.001 1.29 1.22 to 1.36 <0.001
Baseline NIHSS score 0.90 0.89 to 0.91 <0.001 1.09 1.08 to 1.1 <0.001
Number of comorbidities 0.95 0.89t0 1 0.319 1.08 1.02to 1.15 0.225
Posterior circulation stroke 0.48 0.38 to 0.59 0.001 2.14 1.74 t0 2.64 <0.001
Prior stroke 1.14 0.87t0 1.49 0.639 0.53 0.39t00.73 0.062
IV tPA 1.13 09910 1.3 0.395 0.77 0.66 to 0.89 0.092
IA tPA 0.87 0.73t0 1.04 0.471 0.99 0.82t0 1.2 0.967
Number of attempts 0.84 0.8 to 0.87 <0.001 0.88 0.85 to 0.92 0.004
Use of aspiration at first pass 0.90 0.78 to 1.05 0.519 0.83 0.71 t0 0.97 0.248
TICI score 1.24 1.17 to 1.31 <0.001 1.14 1.07 to 1.21 0.038
Complications 0.55 0.39t0 0.77 0.09 1.97 1.46 to 2.67 0.032

Variables showing statistical significance (p<0.05) are in bold.

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator.
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Table 3 Multivariate analysis for predictors of good outcome at 90 days after endovascular thrombectomy by location

Multivariate - anterior circulation (n=1033)

Multivariate - posterior circulation (n=144)

Variable OR 95%Cl P values OR 95%Cl P values
Female gender 0.64 0.48 to 0.86 0.003 0.88 0.34t02.29 0.792
White 0.94 0.69 to 1.28 0.700 1.30 0.44 t0 3.88 0.637
Age =80 0.35 0.24 to 0.5 <0.001 0.23 0.06 to 0.93 0.039
Onset-to-groin time 1.00 1to1 0.928 1.00 1to1 0.162
Pre-stroke mRS 0.70 0.6 to 0.82 <0.001 1.59 1.03 to 2.44 0.050
Baseline NIHSS 0.90 0.88 to0 0.92 <0.001 0.88 0.83t0 0.93 <0.001
Number of comorbidities 0.96 0.851t0 1.08 0.525 0.66 0.43 to 1.02 0.064
Prior stroke 1.03 0.58 to 1.84 0.919 1.04 0.14t0 7.74 0.968
IV tPA 1.13 0.84 to 1.52 0.438 1.36 0.44 to 4.14 0.594
IA tPA 0.92 0.62 t0 1.36 0.683 1.18 0.31to 4.41 0.811
Number of attempts 0.82 0.75to0 0.9 <0.001 0.93 0.7t01.23 0.596
TICI Score 1.21 1.07 to 1.37 0.002 2.1 1.3t03.41 0.002
Complications 0.58 0.28 to 1.23 0.156 19.05 1.1to 32 0.043
Variables showing statistical significance (p<0.05) are in bold.
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TICI, Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.
Table 4 Multivariate analysis for predictors of good outcome at 90 days after endovascular thrombectomy by initial technique

Multivariate - stent retriever (n=444) Multivariate - aspiration (n=734)
Variable OR 95%Cl P values OR 95%Cl P values
Female gender 0.62 0.4 to0 0.97 0.037 0.68 0.48 to 0.97 0.031
White 1.52 0.84102.73 0.162 0.84 0.59t0 1.2 0.332
Age =80 0.40 0.24 to 0.68 <0.001 0.43 0.27 to 0.69 <0.001
Onset-to-groin time 1.00 1to1 0.428 1.00 1to1 0.625
Pre-stroke mRS 0.82 0.67 to 1.01 0.059 0.70 0.57 to 0.86 0.001
Baseline NIHSS 0.91 0.88 to 0.94 <0.001 0.89 0.87 to 0.92 <0.001
Posterior circulation stroke 0.29 0.14 to 0.61 0.001 0.66 0.36 to 1.21 0.181
Number of comorbidities 0.93 0.77 to 1.11 0.398 0.93 0.8101.08 0.351
IV tPA 1.30 0.81to 2.1 0.278 0.97 0.68to0 1.4 0.885
IA tPA 0.75 0.42101.35 0.336 1.07 0.65t0 1.76 0.788
Number of attempts 0.86 0.73 t0 1.02 0.092 0.83 0.75 to 0.93 0.001
TICI score 1.05 0.86 to 1.29 0.608 1.35 1.16 to 1.57 <0.001
Comeplications 0.48 0.17 to 1.36 0.167 0.58 0.22 to 1.52 0.265

Variables showing statistical significance (p<0.05) are in bold.

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TICI, Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.

this procedure in the elderly using comparable selection criteria
to those used for younger counterparts. Practitioners should be
aware that the large treatment effect is significantly mitigated in
the elderly population.

Previous work on the impact of age on outcomes after throm-
bectomy have consistently shown that age is an independent
predictor of functional independence and mortality at 90 days
after ET.” 1 773% Subsequent studies evaluated the rate of change
in rates of functional independence after ET with age, and a
cut-off point of 80 years of age that was used as the upper limit
in the RCTs was described as the point beyond which there is a
rapid decline in rates of good outcomes after ET.” 204

We have confirmed, in this multicenter study, the rapid
age-dependent increase in mortality rate and rate of poor
outcomes after ET in octogenarians. The reduced efficacy of
ET in octogenarians compared with younger counterparts has
been also confirmed by prior studies,'” *' ** which demonstrated

questionable efficacy and/or higher complication rates and
mortality in octogenarians after ET. However, several reports
argue that despite the reduced efficacy of ET in octogenarians,
they still have significant rates of functional independence after
ET.'720232% A major limitation of these studies is the small sample
size and the comparison of elderly patients with trial patients or
historic controls.” '3 17 18 20 23-25

The discrepancy in reported outcomes has been recently
emphasized in a meta-analysis by Hilditch ez al*® of prospec-
tive and retrospective data from 860 patients. The study noted
significant heterogeneity between published reports, with
[*=70%when assessing 90-day functional independence. The
study also demonstrated a relatively high rate of postproce-
dural symptomatic intracranial hemorrhage (8%) and complica-
tions (11%) in the elderly population.”® Because our work was
retrospective it does not resolve this controversy, but it does
add several valuable key points. First, we report on a large
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Table 5 Multivariate analysis for predictors of good outcome at 90 days after endovascular thrombectomy by TICI score

Multivariate - TICI 2b (n=554)

Multivariate - TICI 2¢/3 (n=489)

Variable OR 95%Cl P values OR 95%Cl P values
Female gender 0.83 0.54t0 1.26 0.376 0.58 0.39 to 0.85 0.006
White 0.89 0.56t0 1.4 0.604 1.25 0.831t01.88 0.280
Age =80 0.43 0.25 t0 0.74 0.002 0.43 0.27 to 0.69 <0.001
Onset-to-groin time 1.00 1to1 0.317 1.00 1to01 0.762
Pre-stroke mRS 0.58 0.43 t0 0.78 <0.001 0.80 0.67 to 0.95 0.011
Baseline NIHSS 0.88 0.85 to 0.91 <0.001 0.91 0.88 t0 0.93 0.000
Posterior circulation stroke 0.57 0.29to 1.12 0.101 0.40 0.2t00.79 0.009
Number of comorbidities 0.95 0.8t01.13 0.553 0.92 0.79 to 1.09 0.349
IV tPA 1.01 0.65 to 1.57 0.967 1.12 0.75t0 1.68 0.573
IA tPA 0.89 0.49 to0 1.61 0.700 1.09 0.65 to 1.84 0.736
Number of attempts 0.90 0.78 to 1.04 0.160 0.85 0.75 to 0.95 0.005
Complications 0.15 0.03 t0 0.8 0.026 0.80 0.32t0 1.98 0.625

Variables showing statistical significance (p<0.05) are in bold.

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TICI, Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.

dataset of 1346 patients undergoing ET at tertiary centers from
geographically diverse regions in the USA, providing supporting
evidence that octogenarians have higher rates of postprocedural
hemorrhage, mortality, and poor outcomes than younger coun-
terparts. Second, in contrast to studies that report that comor-
bidities and baseline deficits are responsible for the differences
in outcomes between the young and elderly, our data suggest
that the increased morbidity of ET in the elderly is independent
of comorbidities, procedural variables, and baseline deficits.
Thus, it is age that accounts for this disparity in outcomes. Third,
our data suggest that the lower rates of functional independence
in octogenarians are not explained by lower recanalization, the
thrombectomy approach used, or the location of the stroke. In
contrast, prior work has shown that successful recanalization
resulted in higher odds of good outcomes in patients aged =70

Table 6 Multivariate analysis for predictors of postprocedural
hemorrhage after endovascular thrombectomy.

Multivariate model - hemorrhage (n=1226)

Variable OR 95%Cl P values
Female gender 1.31 0.99t01.74 0.060
White 1.07 0.8t01.44 0.630
Age =80 1.59 1.13 to 2.24 0.008
Onset-to-groin time 1.00 1to1 0.492
Pre-stroke mRS 0.76 0.67 to 0.87 <0.001
Baseline NIHSS 1.04 1.02 to 1.07 <0.001
Number of comorbidities 1.04 0.92t0 1.17 0.513
Posterior circulation stroke 0.56 0.34t0 0.9 0.018
Prior stroke 1.00 0.6 to 1.66 0.992
IV tPA 1.04 0.78t0 1.39 0.796
1A tPA 0.95 0.65 to 1.39 0.787
Number of attempts 1.05 0.98t0 1.14 0.179
TICI score 1.16 1.03to 1.3 0.013
Complications 1.62 0.9t02.95 0.110

Variables showing statistical significance (p<0.05) are in bold.
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TICI,
Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.

years compared with younger counterparts.*® This effect was not
seen in our data when we used multivariate analysis controlling
for additional variables, including complications, onset-to-groin
time, number of recanalization attempts, and location of stroke
(anterior vs posterior).

Our findings and the accumulating literature on ET in octoge-
narians should be interpreted with caution. Rather than provide
a blanket age cut-off point for exclusion of patients potentially
eligible for thrombectomy, our data underscore the need to opti-
mize the selection criteria for elderly patients undergoing ET.
In this manner, the disparity between outcomes in the two age
groups could be minimized. There is no validated selection para-
digm for ET in the elderly, and the real-world practice of liberal
inclusion of elderly patients as candidates for ET based on criteria
applicable to younger counterparts should be re-examined.

Previous studies have suggested the use of pre-stroke mRS
score at baseline as a selection criterion®; however, in our work
the low rates of functional independence in elderly people were
not explained by baseline mRS score, and age =80 years was an
independent predictor of outcomes even when controlling for
pre-stroke deficits. Also, it is worth noting that in the present
dataset more than 90% of patients in both age groups had a
baseline mRS of between 0 and 1, indicating that this selection
criterion is already applied by providers. In addition, elderly
patients were taken for thrombectomy with smaller core infarcts
(higher ASPECTS), suggesting again that some mild degree of
closer scrutiny was applied to the elderly patients in this dataset,
although in a non-standardized fashion.

Therefore, future emphasis should be on using data from the
current literature to test different selection algorithms based on
baseline, demographic, and procedural data to determine patient
eligibility for ET, and optimize selection. For this, retrospective
data and large repositories are of specific importance. These
datasets may not provide level 1 evidence for implementation
but do provide an appropriate resource to test an optimal selec-
tion strategy to be used in future prospective studies. With the
expansion of indications for ET, the design of an RCT to eval-
uate the different settings of potential ET usefulness may not be
feasible or cost-effective. Despite these data, conclusive evidence
is still required from RCTs, but data from large multicenter
repositories are highly significant since they allow for optimal
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Table 7 Multivariate analysis for predictors of good outcome at 90 days after endovascular thrombectomy by age group

Multivariate model (<80 years) (n=879)

Multivariate model (=80 years) (n=301)

Variable OR 95%Cl P values OR 95%Cl P values
Female gender 0.64 0.47 to 0.87 0.004 0.72 0.37t01.4 0.337
White 0.96 0.69 to 1.32 0.788 0.92 042102 0.834
Onset to groin time 1.00 1to1 0.178 1.00 1to1 0.420
Pre-stroke mRS 0.78 0.66 to 0.92 0.003 0.66 0.48 t0 0.9 0.010
Baseline NIHSS 0.90 0.88 to 0.92 <0.001 0.88 0.83 to 0.92 <0.001
Number of comorbidities 0.88 0.78t0 1 0.055 1.32 0.99t0 1.75 0.057
Posterior circulation stroke 0.35 0.21 to 0.57 <0.001 3.43 1.09 to 10.78 0.035
Prior stroke 1.03 0.55t0 1.94 0.924 1.13 0.36 to 3.59 0.834
IV tPA 1.09 0.79t0 1.5 0.604 1.27 0.62 to 2.57 0.513
IA tPA 0.89 0.59 t0 1.35 0.594 0.88 0.35t02.2 0.792
Number of attempts 0.87 0.79 to 0.96 0.005 0.68 0.53 to 0.87 0.003
Use of aspiration at first pass 0.91 0.64t01.27 0.568 0.95 0.47 t0 1.93 0.891
TICI score 1.28 1.12 to 1.47 <0.001 1.22 0.9 to 1.64 0.204
Complications 0.48 0.22t0 1.04 0.063 0.39 0.06 to 2.42 0.310

Variables showing statistical significance (p<0.05) are in bold.

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TICI, Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.

design of RCTs and reflect real-world practice, especially when
selectively choosing patients cannot be easily implemented.

Several new observations are reported in our work. We show
that a higher TICI score is associated with increased odds of func-
tional independence in younger but not elderly population. These
data suggest the need for careful attention to expected outcomes
and endpoints when the decision to perform ET in octogenar-
ians is made. Although perfection of angiographic outcomes by
progression of reperfusion attempts to achieve complete revas-
cularization in the young is justified, this may not be the case in
the elderly, where discretion is needed when considering accept-
able intraprocedural outcomes.>* In general, a post-thrombec-
tomy TICI 2b result may be more acceptable in the elderly even
if further attempts to achieve TICI 3 may have been used in
younger counterparts.

In addition, an important observation of this work is that
posterior circulation strokes were associated with poorer
outcomes in the young adults but with better outcomes in the
elderly patients (table 7). This needs further investigation, but a
likely explanation in this retrospective dataset is selection bias
for ET, with exclusion of elderly patients with the less favorable
posterior circulation strokes and broader inclusion of prognosti-
cally worse posterior strokes in the younger population.

We also evaluated the difference in immediate benefit of
ET between groups and found that the change in NIHSS
score between admission and postprocedure was significantly
lower in the elderly than in younger adults. The similarity in
length of hospitalization post-thrombectomy between groups
suggests this difference in change of the NIHSS score is probably
not due to non-procedural complications. A possible explanation
is that elderly patients as a group have lower baseline neuronal
reserve, capacity for remodeling, and plasticity, limiting their
potential for improvement post-thrombectomy.

Limitations

The retrospective nature of the study is one of the limitations of
this work; however, observations from large multicenter retro-
spective studies provide essential guidelines for the design and
implementation of meaningful future RCTs. Another limitation

is that the data presented here are from unique high-volume
comprehensive stroke centers using a variety of currently
accepted selection and technical strategies for ET, including a
combination of aspiration and stent retriever thrombectomy;
however, we performed subgroup analysis for each technique
independently to establish the robustness of the findings. Finally,
the observation that length of stay did not differ between
the groups (elderly vs young) should be interpreted with caution
owing to the significantly higher mortality, including in-hospital
mortality, in the elderly.

CONCLUSION

This large, geographically diverse multicenter experience of
patients treated for emergent large vessel occlusion with both
direct aspiration and stent retriever thrombectomy has demon-
strated that outcomes among the elderly (= 80 years) are inferior.
This outcome disparity is apparent despite evidence suggesting
a non-standardized degree of ‘hyperselection’ of the elderly, as
reflected in higher rates of low baseline mRS score and higher
ASPECTS (smaller core infarcts) at presentation, a phenomenon
that may reflect practitioners more stringent selection criteria
for elderly patients. Given the US healthcare system’s emphasis
on cost-effectiveness and value-based care with an increasingly
ageing population further emphasizing these systems of care, our
findings underline the need for further refinement and optimi-
zation of selection criteria for elderly patients being considered
for thrombectomy.
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