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ABSTRACT

Background To evaluate the association of age with
long-term outcome after thrombectomy.

Methods In a retrospective cohort study based on
routine healthcare data from Germany between 2010
and 2018, we included 18 506 patients with acute
ischaemic stroke treated with mechanical thrombectomy.
Association between age and mortality, disability, and
level of care at 1 year was assessed.

Results The median age was 76 years, 36.3% were
aged =80 years and 55.8% were women. Patients

aged =80 compared with those <80 years had a higher
mortality (55.4% vs 28.5%; adjusted HR 1.13; 95% Cl
1.05 to 1.31), more often had moderate/severe disability
(35.5% vs 33.2%, adjusted HR 1.14; 95% CI 1.06 to
1.23) and less frequently had nofslight disability (17.4%
vs 41.0%) at 1 year. Older age was associated with a
higher likelihood of living in a nursing home (13.4% vs
9.2%, adjusted HR 1.09; 95% C1 0.97 to 1.22) and a
lower likelihood of living at home (33.8% vs 62.8%) at 1
year. These associations were also robust when analysed
in patients with no disability prior to stroke. Factors

most strongly associated with worse 1-year outcomes in
elderly patients were chronic limb-threatening ischaemia
(67.9% vs 56.4%; HR 1.59, 95% ClI 1.38 to 1.82),
dementia at baseline (65.2% vs 47.3%; HR 1.29, 95%
Cl 1.17 to 1.44) and ventilation >48 hours (79.3% vs
52.2%; HR 2.91, 95% Cl 2.66 to 3.18).

Conclusions In this large real-world’ cohort, outcomes
after mechanical thrombectomy were strongly associated
with age. Of patients aged =80 years more than half
were dead and less than one-fifth were functionally
independent at 1 year. Certain comorbidities and
ventilation >48 hours were associated with even worse
outcomes.

INTRODUCTION

Clinical trials have shown that mechanical throm-
bectomy is a highly effective therapy in acute isch-
aemic stroke due to proximal large artery occlusion.
Overall, 11 randomised controlled trials, which
recruited a total of about 1050 patients treated with
mechanical thrombectomy, demonstrated that early
treatment with mechanical thrombectomy devices is
safe and effective for reducing disability in patients
who had a stroke.”™" As a result, mechanical throm-
bectomy has been accepted as the standard of care

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Although an aging population leads to a higher
frequency of age-related diseases such as
ischemic stroke, patients aged 80 years or older
are severely underrepresented in randomised
controlled trials of mechanical thrombectomy.
Therefore, current knowledge of outcomes after
thrombectomy in elderly patients is based on an
overall small number of patients.

WHAT THIS STUDY ADDS

= This German nationwide real-world analysis of
patients treated for acute ischemic stroke with
mechanical thrombectomy found that outcomes
were strongly related to age. Of patients aged
80 years and older, more than half were dead
and less than one-fifth were functionally
independent after one year.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our study provides evidence on the outcome of
elderly stroke patients treated with mechanical
thrombectomy and identifies clinically relevant
comorbidities that may help guide treatment
decisions in elderly stroke patients.

for reperfusion therapy in acute ischaemic stroke.”
However, within these randomised controlled trials
on mechanical thrombectomy, only about 20% of
all included patients are aged 80 years or older.” 2
Therefore, findings on outcomes after thrombec-
tomy in the elderly are based on an overall small
number of patients. Conclusions on outcomes are
further limited by rather short observations in large
clinical trials of only 3 months.” '

To address the current knowledge gap, our study
was designed to investigate the association of age
on long-term outcome after mechanical thrombec-
tomy, in particular in patients aged 80 years and
older, in a real-world cohort of patients who had a
stroke with a longer follow-up.

METHODS

Data source and study population

In brief, the German remuneration system is
based on the ‘German Diagnosis Related Groups’

BM)
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(G-DRG) system. Please refer to online supplemental methods
for further information.

The Allgemeine Ortskrankenkasse (AOK) is a consortium of
16 regional health insurances, which build together the largest
public German health insurance; it is currently responsible for
more than 26 million people representing about 30% of the
entire German population. All patients’ data are stored in a
central computerised database at the AOK Research Institute
(WIdO, Berlin), from which we obtained aggregated and anony-
mised data of all patients who fulfilled the following criteria. All
patients =18 years hospitalised with an encoded main diagnosis
of acute ischaemic infarction, who received mechanical throm-
bectomy (International Statistical Classification of Diseases
and Related Health ProblemsICD-10 GM 163 and OPS code
8-836.80 or 8-836.81) in the years 2010 to 2018 were included
in the analysis. Patients with incomplete basic information or
incomplete insurance status within 2 years before index were
excluded from the analysis (online supplemental figure 1). This
hospitalisation was defined as the index hospitalisation. Patients
were grouped according to age at the index hospitalisation into
distinct subgroups as follows: < 60 years, 60—-69 years, 70-79
years, 80-84 years, 85-89 years, 90-94 years and >94 years.
Baseline characteristics included also other encoded diagnoses
for, for example, hypertension, diabetes mellitus, dyslipidaemia,
prior stroke, atrial fibrillation, dementia at or within 2 years
before index hospitalisation. Definitions of all variables are
presented in online supplemental table 1.

We further obtained and analysed data from the Research
Data Centers of the Federal Statistical Office and the Statistical
Offices of the Laender (Statistisches Bundesamt, DESTATIS;
https://www.destatis.de) for the years 2010-2018 with respect
to mortality and care situation in patients aged. The database
comprises all people living in Germany.

The data present here were assessed in the GenderVasc
research project.

Outcomes

With a median follow-up time of 42.7 months, patients were
followed up for a minimum of 1 year and a maximum of 9 years
after index hospitalisation. The main clinical outcomes were as
follows: (1) overall survival (OS); (2) degree of disability and (3)
care situation. Patients were observed from date of admission to
end of follow-up, given by death from any cause, exit from the
data base or end of study (31 December 2019). The degree of
disability was derived from the so-called care level or care-grade
assigned by the German healthcare system and was divided into
no/slight disability and moderate to severe disability. From 1995
to 2017, three levels of care based on the severity of the health
condition were distinguished: care level 1 (considerable need for
care): a person requires help at least once a day, and an average
of at least 90 min of help every day of the week; care level 2
(severe need for care): a person needs help at least three times
a day and requires an average of at least 180 min of help every
day of the week; care level 3 (extreme need for care): a person
needs round-the-clock help every day and requires an average of
at least 300 min of help every day of the week." '* Since 2017,
the previous definition of the above-mentioned three care levels
(‘Pflegestufen’) was replaced by five care grades (‘Pflegegrade’)
based on physical, mental and psychological disabilities. The
scale goes from ‘grade 1: Little impairment of independence’
up to ‘Grade 5: Hardship cases’ and is determined by impair-
ments of independence or incapacitation in six fields (modules),
which are weighted as follows: mobility (10%), cognitive and

communicative abilities (15%), behaviour patterns and psycho-
logical problems (15%), level of self-sufficiency (40%), health
restrictions, demands and stress due to therapies (20%), and
structure of everyday life and social contacts (20%)."* '* The
different care grades are divided as follows: care grade 1: slight
loss of independence, care grade 2: considerable loss of indepen-
dence, care grade 3: severe loss of independence, care grade 4:
very severe loss of independence and care grade 5: very severe
loss of independence. We distinguished no/slight disability (care
level=0 or care grade <1) from moderate to severe disability
(care level >0 or care grade >1).

Data accessibility
A detailed description of data accessibility is provided in online
supplemental methods.

Statistical analysis

Patient data were grouped for their age for the descriptive anal-
ysis. Qualitative data were tested via two-sided > test and quan-
titative data were tested using a two-sided Wilcoxon test. The
1-year OS rate was estimated with a Kaplan-Meier estimator,
all p values of the test procedures described above are purely
descriptive and unadjusted. Univariate analysis for the degree
of disability and the care situation were evaluated using multi-
state models. Statistical analyses were performed using SAS soft-
ware V.9.4, SAS Institute and R V.4.1.0, R foundation, Vienna,
Austria. The actual state probability 1 year after thrombectomy
was calculated using Nelson-Aalen estimator and presented with
unadjusted 95% CIs. Furthermore, all primary endpoints were
analysed using multivariable Cox regression model. To analyse
the outcome 1 year after thrombectomy, patients without an
event within 1 year were censored after 1 year. The models
included risk profiles of patients at baseline. All presented Cls
and p values are standard unadjusted and purely descriptive.
HRs and unadjusted 95% CI for all features are shown in the
tables and figures. All analyses are intended to be fully explor-
ative (hypotheses generating), not confirmatory and are inter-
preted accordingly.

RESULTS

During the study period, a total of 18 506 patients with acute
ischaemic stroke treated with mechanical thrombectomy were
registered. Patient median age was 76 years (IQR 11 years) and
55.8% were female (table 1). Among the study population, 6729
patients were aged =80 years (36.4%) and 11 777 (63.6%) <80
years, who received mechanical thrombectomy. The age distribu-
tion of the study population is shown in figure 1. Patient baseline
characteristics for each age group are shown in table 1. Patients
aged 80 years and older were more likely to have comorbidities,
such as arterial hypertension (97.0% vs 84.7%), atrial fibrilla-
tion (72.7% vs 42.3%), dementia (5.2% vs.<1%), chronic heart
failure (52.8% vs 28.3%) and chronic kidney disease (26.1% vs
21.6%). Prior to admission, elderly patients were more often in
need of care (outpatient care or nursing home care) compared
with patients <80 years. Systemic thrombolysis was equally
conducted among all age groups. Similarly, in-hospital parame-
ters, such as ventilation >48 hours and acute renal failure, were
equally distributed in all age groups. Overall, there were 4889
(26.4%) in-hospital deaths, 2426 (49.6%) of whom were aged
=80 years and 2463 (50.4%) <80 years.

Association of age and comorbidities with mortality
The OS in patients who had a stroke treated with mechanical
thrombectomy reported over a period of up to 9 years after the
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Table 1 Baseline characteristics of study population
All patients <60 years 60-69 years  70-79 years 80-84 years 85-89years =90 years P value
No of patients (%) 18 506 (100) 3005 (16.2) 3059 (16.5) 5713 (30.9) 3484 (18.8) 2298 (12.4) 947 (5.1) <0.001
Demographics
Age, median (IQR), years 76 (11) 52 (9) 65 (4) 76 (4) 82 (2) 87 (2) 92 (4) <0.001
Women, n (%) 10 325 (55.8) 1249 (41.6) 1238 (40.5) 3146 (55.1) 2228 (64.0) 1699 (73.9) 765 (80.8) <0.001
Comorbidities, n (%)
Hypertension 16 495 (88.7) 1957 (65.1) 2648 (86.6) 5366 (93.9) 3361 (96.5) 2242 (97.6) 921 (97.3) <0.001
Diabetes mellitus 7213 (39.0) 588 (19.6) 1118 (36.6) 2559 (44.8) 1582 (45.4) 990 (43.1) 376 (39.7) <0.001
Dyslipidaemia 11 675 (63.0) 1533 (51.0) 1929 (63.1) 3805 (66.6) 2342 (67.2) 1480 (64.4) 568 (60.0) <0.001
Prior stroke 4741 (25.6) 618 (20.6) 705 (23.1) 1500 (26.3) 984 (28.2) 665 (28.9) 269 (28.4) <0.001
Prior myocardial infarction 1415 (7.6) 155 (5.2) 226 (7.4) 492 (8.6) 301 (8.6) 181 (7.9) 60 (6.3) <0.001
Atrial fibrillation 9877 (53.4) 449 (14.9) 1134 (37.1) 3400 (59.5) 2422 (69.5) 1741 (75.8) 731(77.2) <0.001
Dementia * <10 16 (0.5) 82 (1.4) 137 3.9) 137 (6.0) 78 (8.2) <0.001
Chronic heart failure 6879 (37.2) 440 (14.6) 757 (24.8) 2131 (37.3) 1641 (47.1) 1327 (57.8) 583 (61.6) <0.001
Chronic kidney disease 5616 (30.3) 247 (8.2) 549 (18.0) 1752 (30.7) 1479 (42.5) 1109 (48.3) 480 (50.7) <0.001
Cancer 4007 (21.7) 288 (9.6) 516 (16.9) 1380 (24.2) 950 (27.3) 629 (27.4) 244 (25.8) <0.001
Level of care before admission, n (%)
Outpatient care 3743 (20.2) 112 (3.7) 249 (8.1) 793 (13.9) 939 (27.0) 1055 (45.9) 595 (62.8) <0.001
Nursing home care 915 (4.9) 15 (0.5) 42 (1.4) 152 (2.7) 200 (5.7) 272 (11.8) 234 (24.7) <0.001
In hospital parameters, n (%)
Systemic thrombolysis 8157 (44.1) 1308 (43.5) 1340 (43.8) 2598 (45.5) 1520 (43.6) 973 (42.3) 418 (44.1) 0.152
Ventilation >48 hours 4595 (24.8) 882 (29.4) 872 (28.5) 1533 (26.8) 794 (22.8) 424 (18.5) 90 (9.5) <0.001
Acute renal failure 973 (5.2) 99 (3.3) 130 (4.3) 305 (5.3) 225 (6.5) 163 (7.1) 51 (5.4) <0.001
In hospital death 4889 (26.4) 373 (12.4) 589 (19.3) 1501 (26.3) 1159 (33.3) 874 (38.0) 393 (41.5) <0.001

Differences between age groups for categorical and continuous variables were tested via x> and Kruskal-Wallis test, respectively.

P value ‘for comparisons of patients in all groups'.

*This number was removed because of data protection, that is, cell number was smaller than 5.

index hospitalisation as related to age groups and sex is shown
by Kaplan-Meier curves in figure 2. Patients aged =80 years had
notably lower survival rates throughout the whole period of
follow-up. One-year survival decreased with age (figure 2). The
1-year mortality in patients who had a stroke over 80 years of age
treated with thrombectomy was 55.4% compared with a 1-year
mortality of 19.3% in the general population over 80 years of
age (online supplemental figure 2A). The differences in survival
rates of distinct age groups maintained across time after index

Sex: M female M male

=
8
¢
20 40 60 80 100
Age in years
Figure 1 Age distribution of study population. Histogram shows the age

distribution of female (red) and male individuals (blue). The x-axis shows
age (2-year interval); y-axis shows percentage of female patients and male
patients for a given age group.

hospitalisation. Multivariable Cox regression analysis showed
that the patient factor most strongly associated with death was
older age at the time of index hospitalisation (figure 3B). More-
over, comorbidities with a statistically noticeable increased HR
for death were observed for diabetes mellitus (HR 1.28; 95% CI
1.22 to 1.35), previous acute myocardial infarction (HR 1.21;
95% CI 1.12 to 1.32), chronic limb-threatening ischaemia (HR
1.40; 95% CI 1.25 to 1.58), chronic heart failure (HR 1.24;
95% CI 1.17 to 1.30), previous residential care (HR 1.65; 95%
CI 1.50 to 1.80) and ventilation >48 hours (HR 2.56; 95%
CI 2.43 to 2.69). In contrast, dyslipidaemia (HR 0.80; 95%
CI 0.76 to 0.84), previous stroke (HR 0.64; 95% CI 0.60 to
0.68), atrial fibrillation and flutter (HR 0.84; 95% CI 0.79 to
0.88) and systemic thrombolysis (HR 0.82; 95% CI 0.78 to
0.86) were associated with improved OS. The effect of various
cofactors on the OS HR was comparable at 3 months and 1 year
(figure 3A,B). In the adjusted analyses, patients aged >80 years
with certain comorbidities had strongly increased HR for death
at 1-year follow-up: chronic kidney disease (HR 1.265 95%
CI 1.15 to 1.37), dementia (HR 1.29; 95% CI 1.17 to 1.44),
previous acute myocardial infarction (HR 1.37; 95% CI 1.23 to
1.53), diabetes mellitus (HR 1.44; 95% CI 1.31 to 1.57), chronic
limb-threatening ischaemia (HR 1.59; 95% CI 1.38 to 1.82) and
ventilation >48 hours (HR 2.91; 95% CI 2.66 to 3.18) (table 2).

Association of age and comorbidities with functional
outcomes

Associations between patient baseline characteristics and the
level of disability and care at 1 year after stroke are shown in
figure 3C,D. Multivariable Cox regression analysis showed
that the likelihood of moderate to severe disability noticeably
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Figure 2 Kaplan-Meier survival curves in patients who had ischaemic stroke treated with mechanic thrombectomy for all-cause mortality by age (<60
years, 60—69 years, 7079 years, 80-84 years, 8589 years and =90 years). (A) Survival probability in male sex. (B) Survival probability in female sex.

increased with age (figure 3C). Along with age, hypertension
(HR 1.28; 95% CI 1.17 to 1.41), obesity (HR 1.18; 95% CI
1.11 to 1.25), dementia (HR 1.55; 95% CI 1.36 to 1.78), and
atrial fibrillation and flutter (HR 1.13; 95% CI 1.07 to 1.20)
showed a higher likelihood of moderate to severe disability
(figure 3C). In multivariable Cox regression, older age, obesity
(HR 1.22; 95% CI 1.11 to 1.32), dementia (HR 1.36; 95% CI
1.18 to 1.56), nicotine abuse (HR 1.28; 95% CI 1.13 to 1.45),
atrial fibrillation and flutter (HR 1.22; 95% CI 1.11 to 1.33),
and ventilation >48 hours (HR 1.27; 95% CI 1.17 to 1.39) were
independently associated with higher likelihood of living in a
nursing home 1 year after stroke (figure 3D). Parameters notice-
ably associated with a decreased likelihood of living in a nursing

home were previous acute myocardial infarction (HR 0.78; 95%
CI 0.66 to 0.92) and previous cerebrovascular disease (HR 0.84;
95% CI 0.74 to 0.94) (figure 3D).

Unfavourable outcomes defined as moderate to severe
disability, living in a nursing home and death were independently
linked to older age (figure 4A,B). Of all patients treated with
mechanical thrombectomy, 34.3% (5064/14 763) had no/slight
disability, 33.8% (4996/14 763) had moderate to severe disability
and 31.8% (4695/14 763) were dead at 1 year (figure 4A). In
the subgroup analyses for age, in comparison to patients aged
<80 years, patients aged =80 years had lower rates of no/slight
disability (17.4% vs 41.0) and had higher rates of moderate
to severe disability (35.5% vs 33.2%, adjusted HR 1.14; 95%
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Figure 3  Forest plots of outcome parameters. (A) Forest plot of overall survival HR and 95% Cls analysed by multivariable Cox regression model at 3
months. (B) Forest plot of overall survival HR and 95% Cls analysed by multivariable Cox regression model at 1 year. (C) Forest plot analysed by multivariable
Cox regression model representing the HR and 95% Cls for moderate to severe disability. (D) Forest plot analysed by multivariable Cox regression model
representing the HR and 95% Cls for nursing home care. AMI, acute myocardial infarction; CHF, chronic heart failure; CKD, chronic kidney failure; CLTI,
chronic limb-threatening ischaemia; CVD, cerebrovascular disease; LEAD, lower extremity arterial disease.
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Table 2 Multivariable Cox regression for overall survival

Comorbidities HR 95% Cl P value
Age >80 years+ventilation >48 hours 2.91 2.66t03.18  <0.001
Age >80 years+diabetes mellitus 1.44 131t01.57  <0.001
Age >80 years+previous myocardial 137 1.23t01.53  <0.001
infarction

Age >80 years+chronic limb-threatening 1.59 138t01.82  <0.001
ischaemia

Age >80 years+chronic kidney disease 1.26 1.15t01.37  <0.001
Age >80 years+dementia 1.29 11710 1.44  <0.001

P value ‘for comparisons of patients in all groups'.

CI 1.06 to 1.23, p<0.001) and mortality (47.2% vs 25.8%;
adjusted HR 1.13; 95% CI 1.05 to 1.22, p<0.001) (figure 4A).
At 1-year follow-up, 52.9% (9305/17 7591) of patients from all
age groups were living at home, 10.6% (1864/17 7591) were
living in a nursing home and 36.5% (6421/17 7591) were dead
(figure 4B). Patients aged =80 years compared with those <80
years were less likely living at home (33.8% vs 62.8%) and had
higher rates of nursing home care (13.4% vs 9.2%, adjusted HR
1.09; 95% CI 0.97 to 1.22, p=0.143) and mortality (52.9% vs
27.9%) (figure 4B). Of patients with stroke aged 80-84 years
13.7% lived in a nursing home after mechanical thrombectomy,
whereas 5.9% of the general population aged 80-84 years live
in a nursing home. Patients aged >85 years who have under-
gone thrombectomy less likely live in a nursing home compared
with subjects from the general population of that age (13.0%
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Figure 4  Ordinal outcomes for age subgroups and comorbidities

for status at 1-year follow-up. (A) Disability status (no/slight disability,
moderate/severe disability or dead) for distinct age subgroups (<60 years,
60-69 years, 70—79 years, 80—84 years, 85-89 years and =90 years) at
1-year follow-up. (B) Care situation (living at home, nursing home care or
dead) for distinct age subgroups (<60 years, 60—69 years, 70—79 years,
80-84 years, 85-89 years and =90 years) at 1-year follow-up. (C) Disability
status (no/slight disability, moderate/severe disability or dead) for patients
aged >80 years with distinct comorbidities (dementia, chronic kidney
disease or ventilation >48 hours) at 1-year follow-up. (D) Care situation
(living at home, nursing home care or dead) for patients aged >80 years
with distinct comorbidities (dementia, chronic kidney disease or ventilation
>48 hours) at 1-year follow-up.

Table 3 Multivariable Cox regression for moderate to severe
disability

Comorbidities HR 95% Cl P value
Age >80 years+ventilation >48 hours 1.15 1.05t01.27  <0.001
Age >80 years+diabetes mellitus 1.25 11410137 <0.001
Age >80 years+previous myocardial 0.92 0.80t0 1.05 <0.001
infarction

Age >80 years+chronic limb-threatening 1.19 0.97t01.46  <0.001
ischaemia

Age >80 years+chronic kidney disease 1.13 1.03t01.25 <0.001
Age =80 years+dementia 1.77 1.52t02.06 <0.001

P value ‘for comparisons of patients in all groups'.

vs 18.5%) (online supplemental figure 2B). Furthermore, as
expected, the comparison of outcomes in patients >80 years
of age with and without thrombectomy showed that patients
without thrombectomy had lower mortality and were less likely
to have moderate to severe disability or to be living in a nursing
home (online supplemental figure 3A,B). Certainly, the outcome
of patients who had a stroke with thrombectomy and also of
those without thrombectomy is age-dependent. However, we
focused our study on quantifying the worse outcome in patients
>80 years of age. In sensitivity analyses, these associations were
robust when evaluated both, only patients with no disability
living at home prior to stroke and the entire study cohort. In
patients aged >80 years the following parameters were most
strongly associated with increased HR for moderate to severe
disability: chronic kidney disease (HR 1.13; 95% CI 1.03 to
1.25), ventilation >48 hours (HR 1.15; 95% CI 1.05 to 1.27),
diabetes (HR 1.25; 95% CI 1.14 to 1.37) and dementia (HR
1.77595% CI 1.52 to 2.06) (figure 4C, table 3). In patients aged
>80 years the following comorbidities were most strongly asso-
ciated with increased HR for nursing home care: chronic kidney
disease (HR 1.08; 95% CI 1.03 to 1.25), diabetes (HR 1.16;
95% CI 1.00 to 1.34), ventilation >48 hours (HR 1.40; 95%
CI 1.21 to 1.62) and dementia (HR 1.48; 95% CI 1.24 to 1.76)
(figure 4D, table 4). A subgroup analysis showed that patients
who had prior need for care had an increased mortality rate
compared with patients without prior need for care (56.9% vs
22.6%) after mechanical thrombectomy.

DISCUSSION

This German nationwide real-world analysis of patients treated
with mechanical thrombectomy for acute ischaemic stroke
represents the cohort with the largest number of patients
aged =80 years and reports clinically valuable findings. First,
outcomes after mechanical thrombectomy were strongly associ-
ated with age. Second, of patients aged 80 years and older more

Table 4 Multivariable Cox regression for nursing home care

Comorbidities HR 95% Cl P value
Age >80 years+ventilation >48 hours 1.40 1.21101.62 <0.001
Age >80 years+diabetes mellitus 1.16 1.00t0 1.34 <0.001
Age >80 years+previous myocardial 0.85 0.70to 1.04 <0.001
infarction

Age >80 years+chronic limb-threatening ~ 1.14 0.88to 1.49 <0.001
ischaemia

Age >80 years+chronic kidney disease 1.08 0.93t0 1.25 <0.001
Age >80 years+dementia 1.48 1.2410 1.76 <0.001

P value ‘for comparisons of patients in all groups'.
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than half were dead and less than one-fifth were functionally
independent at 1 year. Third, in patients aged =80 years with
dementia, more than 80% were either dead or had moderate to
severe disability at 1-year follow-up. Fourth, more than a quarter
of patients who had a stroke aged =80 years with ventilation
duration >48 hours were dead at 1-year follow-up.

Our findings provide thorough information regarding the
association of age on long-term outcome after mechanical
thrombectomy. The most recent analysis of pooled data from
clinical trials of mechanical thrombectomy showed a clinically
and statistically significant absolute reduction in mortality in
patients aged =80 years.” 1> However, the power of these trials
to probe for mortality effects in elderly patients was limited
by the small sample size of patients aged 80 years or older. In
addition, data from recent large clinical trials are limited to 3
months outcome data. Our population of 6729 patients who had
an acute stroke aged =80 years treated with mechanical throm-
bectomy in the current study was substantially larger than the
pooled clinical trial sample and outcome data were analysed for
a follow-up period up to 9 years. Hence, with a larger dataset,
the current study found statistically noticeable higher mortality
rates and grades of disability associated with age. Of note, data
obtained from previous studies are exclusively obtained from
subgroup analyses.” '?

Older age has often been used as an exclusion criterion for
mechanical thrombectomy, and in this respect, two randomised
clinical trials on mechanical thrombectomy in patients with
acute ischaemic stroke had an upper age limit.'" '" However,
an ageing population leads to a higher frequency of age-related
diseases such as dementia, cancer and stroke, in particular in
patients with multimorbidity.” Our data provide novel findings
regarding the relation between certain comorbidities and patient
characteristics with outcomes after acute ischaemic stroke. Our
analysis of pretreatment factors validates the importance of age
and comorbidities in poor outcomes among patients treated
with mechanical thrombectomy. Moreover, our data identify the
most important parameters associated to outcomes as diabetes,
chronic limb-threatening ischaemia and dementia. We further
identified ventilation >48 hours as an important posttreatment
factor. Indeed, comorbidities and other clinical effect modifiers
worsening outcome in elderly patients identified in our study are
already known to have a significant impact on stroke outcome.
For instance, in a recent cohort study, prolonged ventilation time
(>24 hours) in patients undergoing mechanical thrombectomy
for anterior circulation large vessel occlusion was associated with
independently predicted unfavourable functional outcome at 3
months poststroke.'® Moreover, it has been shown that patients
with diabetes and acute ischaemic stroke have more in-hospital
complications, worse discharge outcomes, higher mortality and
stroke recurrence at 90 days, compared with pre-diabetes and
no diabetes.'” However, all of these studies were not primarily
focusing on the association with older age. Surprisingly, certain
pretreatment factors, such as dyslipidaemia, prior stroke and
atrial fibrillation/flutter were associated with improved survival.
The better outcome in patients with atrial fibrillation may be due,
for example, to the fact that cardiogenic emboli can be removed
more effectively by mechanical thrombectomy compared with
vascular occlusions in other causes of stroke.'® A further poten-
tial reason for counterintuitive results might be that patients with
these prediagnoses had undergone regular medical check-ups
beforehand and were therefore better adjusted with regard to
any risk factors for possible complications. Our data show, that
frailty and disability are further cofactors regarding the neuro-
logical outcome in elderly patients. Patients over 80 years of

age who have previously lived in a nursing home have twice the
risk of mortality when mechanical thrombectomy is performed
compared with patients without prior inpatient care. Therefore,
the degree of previous disability or frailty is an important factor
in the prognostic evaluation of mechanical thrombectomy in
elderly patients.

According to current stroke guidelines, patients aged 80 years
or older, with acute ischaemic stroke due to large vessel occlu-
sion within 6 hours of symptom onset should be treated with
mechanical thrombectomy plus best medical treatment, and
those between 6 and 24 hours from time last known well should
be treated with mechanical thrombectomy plus best medical
treatment, if they meet the eligibility criteria of the DEFUSE-3
or DAWN trials.”” In randomised clinical trials, there was no
evidence of reduced treatment effect in elderly patients with
good or independent premorbid function and, moreover, a clin-
ically and statistically significant reduction in mortality in stroke
patients aged 80 years or older treated with mechanical throm-
bectomy was reported.'? Based on the data from our study,
physicians should be aware of the association of age and comor-
bidities with mortality and neurological outcomes in elderly
stroke patients when undergoing mechanical thrombectomy.

Strengths and limitations

The present study has several strengths, including a large sample
size with 9-year follow-up data from the largest public German
health insurance. For our data analysis, there are the generally
recognised limitations of the retrospective study design, which
harbour the risk of selection and information bias. In general,
data were retrospective data not collected for research purpose.
However, due to legal regulations and integrated monitoring
systems, the reliability of the database is extremely high. A
further limitation of our study is that some residual confounding
by unmeasured factors cannot be excluded. Such factors are
likely to be associated with the expectation of good outcome and
thus with the decision to perform a mechanical thrombectomy.
The spectrum of outcomes observed in our study must be inter-
preted against this background. The data reported are depen-
dent on the accuracy and completeness of abstraction from the
medical record. Therefore, the focus of our study was on ‘hard’
endpoints such as all-cause death, which is very unlikely to be
incorrectly coded. Precise coding rules for main and secondary
diagnoses as well as procedures were used in this field and
have not been changed for more than 15 years in Germany and
regarding the diagnoses analysed in this study. Since a complete
coding is necessary for a correct, complete reimbursement of the
treatment costs of a hospital, a possible undercoding should be
considered unlikely. A further potential weakness is the lack of
a control group of patients who had a stroke with large vessel
occlusion without mechanical thrombectomy. However, data on
the type of vessel occlusion in patients who had ischaemic stroke
are not systematically recorded in the G-DRG system and are
therefore not available. However, a direct comparison between
patients who had a stroke treated and not treated with throm-
bectomy is not meaningful because these cohorts differ signifi-
cantly with respect to the type of occlusion and other clinical
parameters and thus the outcome.

CONCLUSIONS

In conclusion, this cohort study demonstrates that outcomes
after mechanical thrombectomy were strongly associated with
age. Patients aged 80 years and older undergoing mechanical
thrombectomy were dead in more than half of the cases and
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less than one-fifth were functionally independent at 1-year
follow-up compared with younger patients. Certain comorbid-
ities and ventilation >48 hours were associated with even worse
outcomes.
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