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Impact of age on mechanical thrombectomy and clinical
outcome in patients with acute ischemic stroke

Nadine Rhiner,a Mara Z. Thut,a Patrick Thurner, MD,
b Jawid Madjidyar, MD,

b

Tilman Schubert, MD,
b Christoph Globas, MD,

c Susanne Wegener, MD,
c

Andreas R. Luft, MD,
c,d Lars Michels, PhD,

b and Zsolt Kulcsar,b

Background and purpose: Mechanical thrombectomy is less effective in patients aged

80 years or older. Our goal was to better understand the impact of age in general on

recanalization rates and clinical outcome. Methods: We performed a retrospective

analysis of our prospective database of adult patients with acute ischemic stroke

due to large vessel occlusions, who had undergone mechanical thrombectomy

between 2019 and mid-2021. The cohort was categorized into five age groups: 18 �

49, 50 � 59, 60 � 69, 70 � 79 and � 80 years. Our primary outcome measure was

clinical outcome at three months after mechanical thrombectomy, measured by the

mRS score. Secondary outcomes were procedure times and rates of successful

recanalization, defined by mTICI � 2b. Results: Data of 264 patients were analyzed.

There were no significant differences in procedure times (p = 0.46) or in rates of suc-

cessful recanalization (p = 0.49) between age groups. There was a significant associ-

ation of age and mRS score at three months (p < 0.0001): From youngest to oldest

group, odds of functional independence (mRS � 2) decreased (80.0% vs. 21.3%) and

odds of death (mRS 6) increased (13.3% vs. 57.3%). Increasing age was significantly

associated with lower rates of functional independence (OR 0.93; [95% CI 0.90 �

0.95]), higher rates of care dependency (OR 1.04; [95% CI 1.01 � 1.07]) and higher

mortality rates (OR 1.06; [95% CI 1.04 � 1.09]). Conclusion:Higher age had no signif-

icant impact on recanalization times or recanalization rates but was strongly associ-

ated with worse clinical outcome after mechanical thrombectomy.

Keywords: Acute ischemic stroke—Large vessel occlusion—Mechanical

thrombectomy—Age-related outcome
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Introduction

Mechanical thrombectomy (MT) has proven to be an

effective and safe treatment for patients with acute ische-

mic stroke due to large vessel occlusion and its use has

therefore rapidly increased over the past decade.1�3

Although MT has been demonstrated to be effective inde-

pendent of age, age seems to strongly affect clinical out-

come after MT.1. The reasons are manifold. Besides the

natural process of aging, elderly patients tend to have

more significant comorbidities, such as atherosclerosis,

arterial hypertension and diabetes mellitus, all influencing

brain plasticity, arterial collateral network and the ability

to recover in general.4,5 These factors may also lead to

remodelling of the vasculature, and as such, increased

technical difficulty of and eventually longer procedure

times of MT.6 Several studies have shown lower
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functional outcome and higher mortality rates in older

patients after MT. However, patients are typically divided

into groups of < 80 and � 80 years, leaving age-related

differences within the large group of < 80 unclear.7�10

Furthermore, analyses of differences in procedure times

and reperfusion rates between multiple age groups have

been performed infrequently and available findings are

inconclusive, although these two factors have been clearly

associated with clinical outcome.11,12 The aim of this

study was to explore clinical outcome, procedure times

and recanalization rates across the total age range of adult

stroke patients and to gain a more profound understand-

ing of age-related effects on MT.

Methods

Study population

We conducted a retrospective study on consecutive

adult patients with acute ischemic stroke (AIS) caused by

large vessel occlusion (LVO), treated with MT at a com-

prehensive stroke centre between January 1, 2019, and

September 14, 2021. The decision for MT was taken

according to the international guidelines for MT.13,14 In

borderline cases, such as medium vessel occlusion, low

NIHSS and low Alberta Stroke Program Early CT Score

(ASPECTS), the treatment decision was made through

agreement between stroke neurologists and neurointer-

ventionalists. Patient data was extracted from the pro-

spectively collected database of MT-patients, from the

electronic patient information records and from the Swiss

Stroke Registry (SSR), a prospective database with stroke

patient data of all certified Swiss stroke centres. The study

was approved by the regional ethics committee, under the

number 2014-0304. Patients refusing to participate were

excluded from the analysis.

Patient selection

Patients with a LVO of both anterior and posterior cir-

culation, confirmed by computed tomographic angiogra-

phy (CTA) or magnetic resonance angiography (MRA),

were included in the analysis. Time from last-seen-well to

reperfusion was restricted to � 24h. Occlusions of the

internal carotid artery (ICA), middle cerebral artery (seg-

ments M1-M3), anterior cerebral artery (segments A1-A3),

vertebral artery (VA), basilar artery (VA) and posterior

cerebral artery (segments P1-P2) were included. Patients

eligible for intravenous thrombolysis therapy (IVT)

received standard-dosing (0.9mg/kg body weight) intra-

venous alteplase before MT. MT was performed with

stent retrievers, direct aspiration or the combination of the

two, based on the individual decision of the intervention-

alist. Patients with spontaneous recanalization before MT

were excluded. Clinical re-evaluation and follow-up

imaging of patients were conducted approximately three

months after MT procedure.

Data collection

We assessed baseline characteristics, MT performance

variables and clinical outcome of included patients. These

variables are displayed in Table 1 and 2.

To evaluate stroke severity at admission, the NIHSS

was used. As an estimation of symptom onset, we used

the time of last-seen-well. We categorized occlusion loca-

tion into anterior circulation and posterior circulation.

Complete or nearly complete recanalization after one sin-

gle MT-device-pass was defined as the first-pass effect

(FPE).15 We included the following risk factors (RF) into

our analyses: medical history of hypertension, diabetes

mellitus, hyperlipidemia, smoking and atrial fibrillation.

Stroke aetiology was described by the TOAST classifica-

tion: Large vessel atherosclerosis, cardioembolism, stroke

of other determined aetiology and stroke of undetermined

aetiology, corresponding to TOAST 1, 2, 4 and 5. Pre-

stroke disability was not available due to incomplete

records of patients transferred from regional hospitals.

Outcomes

Our primary outcome measure was clinical outcome

three months after MT, described by the Modified Rankin

Scale score (mRS). We defined favorable outcome as mRS

0-2 (functional independence) and unfavorable outcome

as mRS > 2. Unfavorable outcome was further divided

into mRS 3-5 (care dependency) and mRS 6 (death of the

patient).

Secondary outcomes were procedure time (PT) and

rates of successful recanalization (RR). Procedure time

was defined as time from groin puncture to angiographic

reperfusion or, in case of failed recanalization, as time

from groin puncture to the end of procedure. Successful

recanalization was defined as an mTICI score of � 2b.

Unfavorable outcome despite mTICI � 2b was defined as

futile recanalization.16

Statistical analyses

In order to compare our results to findings in previous

studies, we first examined baseline characteristics and

aforementioned outcomes in patients < 80 and � 80 years

and then across five smaller age-subgroups: 18 - 49, 50 -

59, 60 - 69, 70 - 79 and � 80 years. We chose cut-offs in

accordance with the definition of stroke in young adults

(< 50 years)2,17 and the grouping in the HERMES study.1

We performed all analyses and created all Figs in R Statis-

tical Software, version 4.2.1; R Core Team 2022. Tables

were created in Microsoft Word.

As Shapiro-Wilk tests and visual inspection of q-q plots

revealed non-normal distribution of all our continuous

variables (NIHSS at admission, last-seen-well-to-groin-

puncture and PT), we used Mann-Whitney U tests to com-

pare these variables between < 80 and � 80 and Kruskal-

Wallis tests to compare the five age groups. Results are

2 N. RHINER ET AL.



Table 1. Baseline characteristics.

Variables

Overall sample

(N = 264)

18 - 80

(N = 185)

� 80

(N = 79)

p value* 18-49

(N = 17)

50-59

(N = 31)

60-69

(N = 61)

70-79

(N = 76)

p valuey

Age in years (median, IQR) 72 (63-81) 68 (58-73) 86 (82.5-89) 42 (35-46) 55 (51.5-57) 65 (62-68) 75 (72-77)

Male sex (No. (%)) 143 (54.2) 109 (59) 34 (43) 0.022 12 (70.6) 17 (54.8) 32(52.5) 48 (63.2) 0.081

NIHSS at admission

(median, IQR)

13 (7-17) 12 (6-17) 13.5 (8-18) 0.086 12 (6-16) 12 (7-17) 12 (7-16) 13(6-17) 0.437

Last-seen-well-to-groin-punc-

ture in min (median, IQR)

279

(193-514)

269

(190-500)

335

(219-561)

0.246 300

(189-451)

327

(177.5-436.5)

251

(183-535)

273.5

(205-533)

0.689

Anterior / posterior

circulation stroke (No. (%))

245 (92.8) / 16 (6.1) 169 (91.3) / 14 (7.6) 76 (96.2) / 2 (2.5) 0.260 17 (100) 27 (87.1) /

3 (9.7)

57 (93.4) /

4 (6.6)

68 (89.5) / 7 (9.2) 0.410

IVT (No. (%)) 76 (28.8) 54 (29.2) 22(27.8) 0.883 5(29.4) 7(22.6) 22 (36.1) 20 (26.3) 0.674

AIS risk factors (No. (%)):

Hypertension

Diabetes mellitus

Hyperlipidemia

Smoking

Atrial fibrillation

135 (58.2)

28 (12.1)

93 (40.1)

57 (24.6)

88 (37.9)

84 (50.9)

17 (10.3)

69 (41.8)

50 (30.3)

43 (26.1)

51 (76.1)

11 (16.4)

24 (35.8)

7 (10.4)

45 (67.2)

0.0004

0.265

0.461

0.001

< 0.0001

5 (33.3)

1 (6.7)

7 (46.7)

5 (33.3)

0

10 (35.7)

3 (10.7)

15 (53.6)

12 (42.9)

2 (7.1)

31 (55.4)

4 (7.1)

24 (42.9)

20 (35.7)

11 (19.6)

38 (57.6)

9 (13.6)

23 (34.8)

13 (19.7)

30 (45.5)

0.0008

0.602

0.427

0.001

< 0.0001

TOAST classification of stroke

aetiology (No. (%)):

LVA (TOAST 1)

Cardioembolic (TOAST 2)

Other (TOAST 4)

Cryptogenic (TOAST 5)

56 (19.3)

108 (38.6)

24 (9.1)

76 (28.8)

41 (22.2)

63 (34.1)

22 (11.9)

59 (31.9)

15 (19.0)

45 (57.0)

2 (2.5)

17 (21.5)

0.624

0.0006

0.018

0.103

1 (5.9)

7 (41.2)

6 (35.3)

3 (17.6)

9 (29.0)

10 (32.3)

4 (12.9)

8 (25.8)

16 (26.2)

13 (21.3)

7 (11.5)

25 (41)

15 (19.7)

33 (43.4)

5 (6.6)

23 (30.3)

0.312

0.0005

0.002

0.116

Abbreviations: NIHSS = National Institutes of Health Stroke Scale; IVT = intravenous thrombolysis; AIS = acute ischemic stroke; TOAST = Trial of Org 10172 in Acute Stroke Treatment;

LVA = large vessel atherosclerosis.

*Comparison of < 80 vs. � 80.
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Table 2. MT performance variables and clinical outcome.

Variables

Overall sample

(N = 264)

18 - 80

(N = 185)

� 80

(N = 79)

p value* 18-49

(N = 17)

50-59

(N = 31)

60-69

(N = 61)

70-79

(N = 76)

p valuey

PT in min (median, IQR) 67 (40-112) 65 (40-113) 76 (35-111) 0.955 61 (42-116) 54 (35-85) 70 (47-120) 67 (40-111) 0.445

mTICI � 2b (No. (%)) 240 (90.9) 170 (91.9) 70 (88.6) 0.483 14 (82.4) 28 (90.3) 57 (93.4) 71 (93.4) 0.490

mTICI � 2c (No. (%)) 197 (74.6) 137 (74.1) 60 (75.9) 0.877 11 (64.7) 26 (83.9) 40 (65.6) 60 (78.9) 0.223

FPE 111 (42.7) 72 (39.6) 39 (50) 0.133 7 (41.2) 10 (32.3) 23 (38.3) 32 (43.2) 0.475

mRS at 3 months follow-upz:

mRS 0-2 106 (42.9) 90 (52.3) 16 (21.3) < 0.0001 (OR 4.02, CI 2.09-8.11) 12 (80.0) 22 (73.3) 30 (51.7) 26 (37.7) < 0.0001

mRS 3-5 47 (19.0) 31 (18.0) 16 (21.3) 0.598 (OR 0.81, CI 0.40 � 1.71) 1 (6.7) 1 (3.3) 11 (19.0) 18 (26.1) 0.051

mRS 6 94 (38.1) 51 (29.7) 43 (57.3)

< 0.0001 (OR 0.32, CI 0.17-0.57) 2 (13.3) 7 (23.3) 17 (29.3) 25 (36.2) 0.0004

Futile recanalization (No. (%))x 124 (54.9) 73 (45.9) 51 (76.1) < 0.0001 (OR 0.27, CI 0.13-0.53) 2 (15.4) 6 (23.1) 25 (46.3) 40 (60.6) < 0.0001

Abbreviations: PT = procedure time; mTICI = modified treatment in cerebral infarction; FPE = first-pass effect; mRS = Modified Rankin Scale score.

*Comparison of < 80 vs. � 80.
†Comparison of 18-49 vs. 50-59 vs. 60-69 vs. 70-79 vs. � 80.
‡Seventeen missing values.
§Fourteen missing values.
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presented as medians with interquartile range (IQR). For

correlation analyses between continuous variables, we

conducted Kendall’s rank correlation. Weak, moderate

and strong correlation was defined as r = 0.1 - 0.3, r = 0.3 -

0.5 and r > 0.5, according to Cohen (1988). To investigate

the relationship between our age groups and categorical

variables (sex, site of occlusion, IVT, RF, TOAST, mTICI,

FPE and mRS), we generated contingency tables and per-

formed Fisher’s exact tests and pairwise Fisher tests, with

corrections for multiple testing using the Holm-Bonferroni

method. Results are reported as absolute and relative fre-

quencies and odds ratios (OR) with their 95% confidence

interval (CI). To determine the association of age and clin-

ical outcome, we performed binary logistic regression

analyses with age as the predictor for each of the prespeci-

fied mRS categories. Linearity of the logit was controlled

by running logistic regression with the interaction term of

age and its logit and influential observations were deter-

mined with Cook’s D. We used omnibus tests (chi-square

tests) to verify significance of the logistic regression mod-

els and Cohen’s f2 to estimate the effect size of the calcu-

lated Nagelkerke R2. According to Cohen (1988), we

defined f2 = 0.02, f2 = 0.15 and f2 = 0.35 as small, medium

and large effect sizes. Results of logistic regression analy-

ses are presented as changes in odds, as OR and as aver-

age marginal effects (AME).

Statistical significance of our results was determined by

a two-sided p-value < 0.05.

Results

Altogether, 264 individual patients were eligible for

analyses. All baseline characteristics according to the pre-

defined age groups are shown in Table 1. Age of the total

sample ranged from 24 to 96 years and the median age

was 72 years (IQR 63-81). 143 (54.2%) of patients were

male, 121 (45.8%) were female. Our age groups were com-

parable regarding NIHSS at admission, time of last-seen-

well-to-groin-puncture, site of occlusion and rates of IVT.

There were significantly more male patients in the < 80

group than in the � 80 group (59% vs. 43%, p = 0.022),

while sex was more evenly distributed across the five pre-

defined age groups (p = 0.081). We identified risk factors

in 232 patients (87.9%). Groups differed significantly in

rates of hypertension and atrial fibrillation with both

being more present in older patient groups. Smoking, on

the contrary, was more frequently observed in younger

patients. Stroke aetiology remained unclear in 76 cases

(28.8%). In the overall sample, cardioembolic stroke

(TOAST 2) was the most frequent aetiology and

accounted for 38.6% of analyzed cases. Rates of cardioem-

bolic stroke were significantly higher in patients � 80

than < 80 (57% vs. 34.1%, p = 0.0006), whereas stroke of

other determined aetiology (TOAST 4) was significantly

more frequent in younger age groups. Large artery ath-

erosclerosis was equally distributed across all age groups.

Procedure time

Procedure time ranged from 10 to 240 min in the total

sample, median time was 67min (IQR 40-112). PTs of all

age groups are displayed in Table 2. There was no statisti-

cally significant difference in procedure times between

groups< 80 and � 80 years (65 vs. 76 min, p = 0.955). Sim-

ilarly, we found no significant difference comparing PTs

of the five age groups (p = 0.445, Fig. 1). Age was not sig-

nificantly correlated with procedure time (Kendall’s tau

coefficient = 0.03, p = 0.459).

Rates of successful recanalization

Altogether, in 240 patients (90.9%) an mTICI score of �

2b was achieved. No significant difference in rates of suc-

cessful recanalization was found between < 80 and �

80 years (91.9% vs. 88.6%, p = 0.483), nor between the five

age groups (p = 0.490), as shown in Table 2 and Fig. 2.

Also, first-pass effects were not significantly different

between both analyzed sets of groups (Table 2).

Clinical outcome

We removed 17 patients (6%) who had been lost to fol-

low-up. Of the remaining 247 patients, 42.9% reached

mRS � 2, 19.0% reached mRS 3-5 and 38.1% were dead

three months after MT (Table 2). Of all patients alive at

follow-up, 69.3% were functionally independent.

Outcome analysis of different age groups

There was a significant association of age and mRS

three months after MT: The < 80 group showed signifi-

cantly higher rates of mRS � 2 (OR 4.02, [95% CI 2.09-

8.11], p < 0.0001) and significantly lower rates of mRS 6

(OR 0.32, [95% CI 0.17-0.57], p < 0.0001) compared to the

� 80 group (Fig. 2). These differences in outcome

remained in patients with successful recanalization after

MT: 45.9 % of patients < 80 vs. 76.1 % of patients � 80

achieved unfavourable outcome despite mTICI � 2b (OR

0.27, [95% CI 0.13�0.53], p < 0.0001). No significant dif-

ference in mRS 3-5 between the < 80 and � 80 group was

found (OR 0.81, [95% CI 0.40-1.71], p = 0.598), but among

patients alive at follow-up, the � 80 group showed signifi-

cantly higher rates of mRS 3-5 compared to the < 80

group (50% vs. 25.6%, p= 0.029).

Table 2 and Fig. 3 show the distribution of mRS scores

by age groups and corresponding OR and p-values. We

found that rates of mRS � 2 (p < 0.0001) and mRS 6

(p = 0.0004) differed significantly between the five age

groups. Odds of mRS � 2 tended to progressively

decrease from youngest to oldest group, whereas odds of

mRS 6 increased from youngest to oldest group. In addi-

tion, rates of futile recanalization were also significantly

higher in older groups (p < 0.0001, Table 2). Proportions

of mRS 3-5 were just not significantly different between

groups (p = 0.051). But again, focusing on patients alive

IMPACT OF AGE ONMECHANICAL THROMBECTOMY 5



by three months after MT, odds of mRS 3-5 increased

stepwise from the 50 - 59 group to the � 80 group, indicat-

ing a higher degree of disability in older patients.

Analysis with age as the predictor for outcome

Age, as a continuous variable, was a significant predic-

tor for each of the predefined mRS categories in our logis-

tic regression models (Fig. 4): With every 1-year increase

in age, odds of mRS � 2 at three months follow-up

decreased by factor 0.07/7% (95% CI 0.90 � 0.95), odds of

mRS 3-5 increased by 1.04/4% (95% CI 1.01-1.07) and

odds of mRS 6 increased by 1.06/6% (95% CI 1.04 � 1.09).

The effect of age on the likelihood of mRS � 2 (Cohen’s

f2 = 0.30) and mRS 6 (Cohen’s f2 = 0.17) was medium, the

effect of age on the likelihood of mRS 3-5 (Cohen’s

f2 = 0.05) was small. Average marginal effects of mRS 0-2,

mRS 3-5 and mRS 6 were -1.5, 0.5 and 1.22 percentage

points respectively.

Discussion

In this study, we showed that age did not affect proce-

dure times of MT or rates of successful recanalization.

However, higher age was clearly associated with lower

functional independence, more disability and higher mor-

tality at three months after MT.

Procedure time and rates of successful recanalization

Older patients showing comparable PT and RR was

somewhat surprising. Elongation, tortuosity and

increased atherosclerosis of the supraaortic arteries are

more common in older patients and make catheter access

more difficult, which generally results in longer PT and

lower RR.6,18,19 In addition, histological thrombus compo-

sition might play a role. It has been shown that clots of

cardioembolic origin may present stiffer mechanical prop-

erties and are thus more difficult to remove18,20�22; at the

same time, cardioembolic strokes are more often present

in the elderly population.23 Taken together, these facts

may predict longer procedural times and lower recanali-

zation rates in the elderly. Besides, low collateral status

and arterial hypertension, which both are more prevalent

in older patients,4 increase the force needed to retrieve a

Fig. 1. Boxplot showing procedure time characteristics for each age group. n = sample size.

Fig. 2. Barplot showing rates of mTICI � 2b in each age group. 100% cor-

responds to the total number of patients per group. n = sample size.

6 N. RHINER ET AL.



clot. This might also lead to longer PTs and lower mTICI

scores.18,24

The majority of studies addressing age-related MT-per-

formance have dichotomized age groups to above and

below 80 or 50 years. These studies reported inconsistent

findings with some also reporting no significant differen-

ces in both variables5,9,10 and others reporting longer PT

or lower RR in the older group.7,25 We identified one sin-

gle study that also compared recanalization rates between

multiple age categories. Singer et. al. (2013) studied differ-

ences between age groups 18 � 56, 57 � 68, 69 � 76 and

77 � 94 and found lower RR in the older groups.26 How-

ever, multimodal recanalization techniques were applied

and only occlusions of the proximal MCA and tandem

occlusions were included. Hence, to our knowledge, this

is the first study to compare PT and RR between multiple

age groups of patients, that all have been treated with

MT.

Fig. 3. Barplots showing (a) the distribution of mRS scores, (b) rates of mRS � 2 and (c) rates of mRS 6 in each age group at 3 months follow-up. n = sample

size.

Fig. 4. Plots of binary logistic regression models showing predicted probabilities of (a) mRS � 2 and (b) mRS 6 at 3 months follow-up with age as a continuous

variable. Gray areas correspond to the 90% confidence interval.

IMPACT OF AGE ONMECHANICAL THROMBECTOMY 7



One possible explanation for similar PT and RR despite

mentioned factors may lie in the continuous development

of more effective thrombectomy devices and techniques,

as well as in the increasing experience of interventional-

ists. Over the past years, these factors have led to substan-

tially shorter procedure times, fewer device passes till

recanalization and higher recanalization rates in

general.18,27 This might have contributed to faster and

more successful reperfusion also in older, more complex

patients and possibly led to smaller differences in MT per-

formance between younger and older populations.

Clinical outcome

Longer procedure times and lower recanalization rates

have been clearly associated with worse clinical

outcome.7,11,12,24,28 However, in our series outcomes three

months after MT were worse in older patients despite

comparable PT and RR in different age groups (Table 2,

Fig. 2). The � 80 group showed significantly lower rates

of functional independence and higher mortality rates

compared to the < 80 group, which is consistent with

prior findings.9,10,29 Moreover, we found odds of favor-

able outcome not only to differ between groups of < 80

and � 80 years but to actually start to decrease stepwise

from the 5th decade on (Table 2, Fig. 3). In contrast, mor-

tality rates increased from youngest (13.3 %) to oldest

(57.3 %) group.

Similar to our study, S€oderqvist et.al. (2016) divided

patients into groups of 16 - 49, 50 - 64, 65 - 79 and 80 - 91

and also observed lower proportions of mRS � 2 in older

groups, while they did not mention differences in mortal-

ity, care dependency, procedure times or recanalization

rates.30 Roland et.al. (2019) mainly explored differences in

outcomes of working ages (18 - 64) vs. the elderly (� 65

years) and similarly reported worse outcomes in the older

group. Secondary subgroup analyses of groups 18 - 49, 50

- 64, 65 - 80 and � 81 showed higher odds of death and

lower odds of functional independence in older groups.2

Patient selection in both studies was similar to our own,

except that they only included occlusions of the anterior

circulation.

Despite these age-related differences in clinical out-

come, MT is a safe and effective therapy for AIS of LVO

also in the elderly. The HERMES study demonstrated bet-

ter outcomes of patients treated with MT vs. standard

medical care at three months follow-up and revealed that

older patient populations benefit even more from MT

than younger patients.1

One explanation for higher rates of disability, mortality

and futile recanalization in older patients after MT could

be the more frequent cardiovascular risk factors and

comorbidities. We showed significantly higher rates of

hypertension and atrial fibrillation and a tendency of

more diabetes mellitus in older stroke patients, which is

consistent with previous findings2,5,31 and was positively

correlated with worse outcome.11,24,32 Some other factors,

that have shown to be more prevalent in older patients

and have been identified as possible predictors for worse

outcome in previous studies, are female sex,33 higher

NIHSS at admission,11,24 symptomatic intracranial hae-

morrhage after MT,33 poststroke complications and

reduced capacity for neurogenesis and neuroplasticity.

Overall, the clear effect of age on clinical outcome after

MT emphasises the importance of better identification

and deeper understanding of underlying causes to

improve and adapt treatment for older stroke patients

and achieve better outcomes after MT.

Limitations

Our study has some limitations. First, pre-stroke mRS

scores of patients were inconsistently available due to

incomplete medical records and have therefore not been

included in our analysis. Furthermore, potential con-

founding factors, such as comorbidities and sex, were not

analyzed in detail. The results were therefore not adjusted

to these. Also, this is a single-centre study of observational

character. In addition, sample sizes of the younger age

groups were rather small. Lastly, we conducted multiple

statistical tests on our patient sample, which increases

type 1 error. However, our analyses of the primary and

secondary outcomes were either clearly not significant

without correction for multiplicity or were significant at

an a level of < 0.0001 (except for mRS 6 across the five

age groups with a p-value of 0.0004).”

Conclusion

Age had no significant impact on procedure times or

rates of successful recanalization in our patient popula-

tion. Nevertheless, age was a significant predictor for clin-

ical outcome three months after MT. From the youngest

(18 - 49 years) to the oldest (� 80 years) subgroup, rates of

functional independence decreased and mortality rates

increased gradually.

Funding

This study did not receive any specific funding.

Data sharing

Data are available on request from the corresponding

author.

Declaration of Competing Interest

The authors declare that they have no known compet-

ing financial interests or personal relationships that could

have appeared to influence the work reported in this

paper.

8 N. RHINER ET AL.



References

1. Goyal M, Menon BK, van ZwamWH, et al. Endovascular
thrombectomy after large-vessel ischaemic stroke: a
meta-analysis of individual patient data from five rando-
mised trials. Lancet North Am Ed 2016;387(10029):1723-
1731.

2. Roland M, Markaki I, Andersson T, et al. Mechanical
thrombectomy in stroke patients of working age: Real-
world outcomes in Sweden. Original Research Article
European Stroke Journal 2019;2022(1):41-47.

3. Yeo LLL, Jing M, Bhogal P, et al. Evidence-based updates
to thrombectomy: targets, new techniques, and devices.
Front. Neurol. 2021;12:712527.

4. Wiegers EJA, Mulder MJHL, Jansen IGH, et al. Clinical
and Imaging Determinants of Collateral Status in Patients
with Acute Ischemic Stroke in MR CLEAN Trial and Reg-
istry. Stroke. Published online 2020:1493-1502.

5. Brouwer J, Smaal JA, Emmer BJ, et al. Endovascular
thrombectomy in young patients with stroke: a mr clean
registry study. Stroke 2022;53(1):34-42.

6. Leischner H, Flottmann F, Hanning U, et al. Reasons for
failed endovascular recanalization attempts in stroke
patients. J Neurointerv Surg 2019;11(5):439-442.

7. Imahori T, Tanaka K, Arai A, et al. Mechanical thrombec-
tomy for acute ischemic stroke patients aged 80 years or
older. J Stroke Cerebrovas Dis 2017;26(12):2793-2799.

8. Sallustio F, Koch G, Motta C, et al. Efficacy and safety of
mechanical thrombectomy in older adults with acute
ischemic stoke. J Am Geriatr Soc 2017;65(8):1816-1820.

9. Sharobeam A, Cordato DJ, Manning N, et al. Functional
outcomes at 90 days in octogenarians undergoing throm-
bectomy for acute ischemic stroke: a prospective cohort
study and meta-analysis. Front Neurol 2019;10:254.

10. Martini M, Mocco J, Turk A, et al. An international multi-
center retrospective study to survey the landscape of
thrombectomy in the treatment of anterior circulation
acute ischemic stroke: outcomes with respect to age. J
Neurointerv Surg 2020;12(2):115-121.

11. Pan H, Lin C, Chen L, et al. Multiple-factor analyses of
futile recanalization in acute ischemic stroke patients
treated with mechanical thrombectomy. Front Neurol
2021;12:704088.

12. Alawieh A, Vargas J, Fargen KM, et al. Impact of proce-
dure time on outcomes of thrombectomy for stroke. J Am
Coll Cardiol 2019;73(8):879-890.

13. Turc G, Bhogal P, Fischer U, et al. European Stroke Orga-
nisation (ESO) - European Society for Minimally Invasive
Neurological Therapy (ESMINT) guidelines on mechani-
cal thrombectomy in acute ischemic stroke. J Neurointerv
Surg 2019. Published online.

14. Powers WJ, Rabinstein AA, Ackerson T, et al. 2018
Guidelines for the early management of patients with
acute ischemic stroke: a guideline for healthcare profes-
sionals from the American Heart Association/American
Stroke Association. Stroke 2018;49(3):e46-e110.

15. Zaidat OO, Castonguay AC, Linfante I, et al. First pass
effect. Stroke 2018;49(3):660-666.

16. Yang S, Yao W, Siegler JE, et al. Shortening door-to-punc-
ture time and improving patient outcome with workflow
optimization in patients with acute ischemic stroke asso-
ciated with large vessel occlusion. BMC Emerg Med
2022;22(1):1-8.

17. Putaala J, Yesilot N, Waje-Andreassen U, et al. Demo-
graphic and geographic vascular risk factor differences in
european young adults with ischemic stroke: The 15 cities
young stroke study. Stroke 2012;43(10):2624-2630.

18. Yoo AJ, Andersson T. Thrombectomy in acute ischemic
stroke: challenges to procedural success. J Stroke 2017;19
(2):121-130.

19. Mont`Alverne FJA, Lima FO, Rocha F de A, et al. Unfa-
vorable vascular anatomy during endovascular treatment
of stroke: challenges and bailout strategies. J Stroke
2020;22(2):185-202.

20. Sporns PB, Hanning U, Schwindt W, et al. Ischemic
stroke: what does the histological composition tell us
about the origin of the thrombus? Stroke 2017;48(8):2206-
2210.

21. Ikenberg B, Boeckh-Behrens T, Maegerlein C, et al. Ische-
mic stroke of suspected cardioembolic origin despite anti-
coagulation: does thrombus analysis help to clarify
etiology? Front Neurol 2022;13.

22. Gunning GM, McArdle K, Mirza M, et al. Clot friction
variation with fibrin content; implications for resistance
to thrombectomy. J Neurointerv Surg 2018;10(1):34-38.

23. Grifoni E, Giglio D, Guazzini G, et al. Age-related burden
and characteristics of embolic stroke of undetermined
source in the real world clinical practice. J Thromb
Thrombolysis 2020;49(1):75-85.

24. Nogueira RG, Liebeskind DS, Sung G, et al. Predictors of
good clinical outcomes, mortality, and successful revas-
cularization in patients with acute ischemic stroke under-
going thrombectomy. Stroke 2009;40(12):3777-3783.

25. Finitsis S, Epstein J, Richard S, et al. Clinical research in
stroke age and outcome after endovascular treatment in
anterior circulation large-vessel occlusion stroke: ETIS
registry results. Cerebrovasc Dis 2021;50:68-77.

26. Singer OC, Haring HP, Trenkler J, et al. Age dependency of
successful recanalization in anterior circulation stroke: the
endostroke study. Cerebrovasc Dis 2013;36(5-6):437-445.

27. Friedrich B, Boeckh-Behrens T, Kr€ussmann V, et al. A short
history of thrombectomy � Procedure and success analy-
sis of different endovascular stroke treatment techniques.
Interventional Neuroradiology 2021;27(2):249-256.

28. Castonguay AC, Zaidat OO, Novakovic R, et al. Influence
of age on clinical and revascularization outcomes in the
North American solitaire stent-retriever acute stroke reg-
istry. Stroke 2014;45(12):3631-3636.

29. Broussalis E, Weymayr F, Hitzl W, et al. Endovascular
mechanical recanalization of acute ischaemic stroke in
octogenarians. Eur Radiol 2016;26(6):1742-1750.

30. Kuntze S€oderqvist A
�

, Andersson T, Wahlgren N, et al.
Mechanical thrombectomy in acute ischemic stroke—
patients with wake-up stroke and the elderly may benefit
as well. J Stroke Cerebrovas Dis 2016;25(9):2276-2283.

31. Weller JM, Dorn F, Meißner JN, et al. Endovascular
thrombectomy in young patients with stroke. Int J Stroke
2022:174749302211196. Published online September 7.

32. Jiang S, Fei A, Peng Y, et al. Predictors of outcome and
hemorrhage in patients undergoing endovascular ther-
apy with solitaire stent for acute ischemic stroke. PLoS
One 2015;10(12).

33. Deng G, Xiao J, Yu H, et al. Predictors of futile recanaliza-
tion after endovascular treatment in acute ischemic
stroke: a meta-analysis. J Neurointerv Surg 2022;14
(9):881-885.

IMPACT OF AGE ONMECHANICAL THROMBECTOMY 9


	Impact of age on mechanical thrombectomy and clinical outcome in patients with acute ischemic stroke
	Introduction
	Methods
	Study population
	Patient selection
	Data collection
	Outcomes
	Statistical analyses

	Results
	Procedure time
	Rates of successful recanalization
	Clinical outcome
	Outcome analysis of different age groups
	Analysis with age as the predictor for outcome

	Discussion
	Procedure time and rates of successful recanalization
	Clinical outcome
	Limitations

	Conclusion
	Funding
	Data sharing

	Declaration of Competing Interest
	References


