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Abstract
Introduction: The aim of this study was to evaluate the effect 
of mechanical thrombectomy (MT) on the incidence of post-
stroke cognitive impairment (PSCI) in anterior circulation 
stroke. Methods: Literature research was performed on 
PubMed/OVID/Cochrane CENTRAL for studies published in 
2015–2022. A review of the references of the included pa-
pers was performed for further eligible articles. Clinical char-
acteristics, NIHSS, dementia tests, and outcomes were re-
corded. The exclusion criteria were nonhuman and non-Eng-
lish. Studies qualities were assessed with MINORS/RoB2 and 
GRADE. A meta-analysis was performed using the standard-
ized mean difference (Cohen’s d) to measure effect size. Re-
sults: Four studies were included in the systematic review 
after screening 749 articles. No significant differences were 

found for age and gender (years: 66.70 ± 11.14 vs. 67.59 ± 
10.11, p = 0.37; male 53.8% vs. 56.4%, p = 0.57). MT patients 
had a more severe stroke than that of the control group (NI-
HSS: 14.70 ± 4.31 vs. 11.17 ± 4.12; p < 0.0001). The control 
group consisted of medical therapy-alone patients in all 
studies. I2 was 76.95%, and Q was 43.4%. MT patients have 
better performance in overall cognition (d = 0.33 [0.074–
0.58]) and in several cognitive domains than in the control 
group (TMT-A, d = 0.37 [0.04–0.70]; TMT-B, d = 0.35 [0.12–
0.58]; digit span test [backward], d = 0.61 [0.18–1.06]; colored 
progressive matrices, d = 0.48 [0.05–0.91]; Stroop test [word 
reading], d = 0.60 [0.17–1.03]; color naming, d = 0.51 [0.08–
0.94]; Rey-Osterrieth Complex Figure [immediate recall], d = 
0.79 [0.35–1.23]; Rey Auditory Verbal Learning Test [immedi-
ate recall], d = 0.79 [0.36–1.23]; delayed recall, d = 0.46 
[0.035–0.89]; and MOCA, d = 0.46 [−0.04 to 0.96]). Medical 
therapy patients had a higher score in coping strategy than 
MT patients (COPE-28 acceptance, d = −1.00 [−1.53 to −0.48]). 
Conclusions: The incidence of PSCI is lower in MT patients 
than in the control group. © 2023 S. Karger AG, Basel
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Introduction

Ischemic stroke is one of the leading causes of disabil-
ity in Western countries and the second cause of death [1, 
2]. However, the age-standardized death rate due to 
stroke decreased by 36.2% from 1990 to 2016, with a cor-
responding increase in disability-adjusted life years [3]. 
Mechanical thrombectomy (MT) is now an established 
and effective therapy in patients with acute ischemic 
stroke [4].

The National Institute of Health Stroke Scale (NIHSS) 
is widely accepted as the main score system for assessing 
stroke severity, although several limitations are known 
[5]. However, this scale does not accurately evaluate a pa-
tient’s coordination, gait impairment, cortical sensory 
function, distal motor function, memory, and cognition 
[6]. The incidence of poststroke dementia at 1 year is 
34.4% (95% confidence interval [CI]: 29.7–41.5) in pa-
tients with a stroke NIHSS score >10 [7]. Furthermore, 
greater acute declines in global cognition were reported 
in African-Americans and males after cardioembolic or 
large artery stroke [8]. In addition, a Montreal Cognitive 
Assessment (MoCA) score <26 after first-event stroke 
was independently associated with an increased mortality 
hazard ratio (7.24 [95% CI: 1.99–26.35]) [9].

Little is known concerning the effect of stroke treat-
ment, including intravenous fibrinolysis and MT, on the 
incidence of poststroke dementia. Furthermore, post-
stroke cognitive impairment (PSCI) has no standard and 
clear diagnostic criteria defined as the decline of cognitive 
performance after a cerebrovascular event [7]. A system-
atic review [10] failed to draw a strong result due to the 
heterogeneity of endpoints measured and the small sam-
ple size of the single studies. At the same time, a positive 
trend was observed in some cognitive domains. More re-
cently, Cerasuolo et al. [11], in a population-based study 
with 7,072 patients, demonstrated a significantly lower 
incidence of dementia in patients who had undergone 
thrombolysis compared with a control group at 5 years 
(35.9 [95% CI: 31.5–38.7] vs. 39.8 [95% CI: 36.8–43.0], 
respectively, p = 0.048) despite more severe stroke (NI-
HSS 11.33 ± 5.95 vs. 5.09 ± 5.26, respectively, p = 0.035). 
Furthermore, the prevalence of impairment of at least one 
cognitive domain remains significant (25%) in excellent 
clinical recovery (mRS ≤1) with a Mini-Mental State Ex-
amination (MMSE) score <27 of 31% [12]. The present 
systematic review aimed to compare the rate of PSCI in 
MT and control groups and the potential impact of MT 
on the incidence of PSCI in anterior circulation stroke.

Material and Methods

The study protocol is available upon reasonable request by 
mailing the corresponding author. In addition, the data used for 
the systematic review are publicly available. The study was drafted 
according to PRISMA guidelines [13].

A literature review was performed on PubMed, Ovid, and Co-
chrane CENTRAL for the literature from January 1, 2015 (publica-
tion of MR CLEAN trial) to the end of March 2022. The publica-
tion of the MR CLEAN trial was used as the starting point of the 
first successful trial on endovascularly treated stroke to ensure in-
clusion criteria coherence. The MeSH words used were “Stroke,” 
“Dementia,” “Thrombectomy,” and “Mental Status and Dementia 
Tests.” The search strategy was “Stroke” AND “Thrombectomy” 
AND “Mental Status and Dementia Tests” OR “Dementia.” The 
inclusion criteria for studies were anterior circulation stroke pa-
tients, MT in one of the study arms, and the presence of PSCI 
evaluation. The exclusion criteria for the review were no-English 
literature and no humans. For OVID, we selected “MEDLINE® 
and Epub Ahead of Print, In-Process, In-Data-Review & Other 
Non-Indexed Citations, Daily and Versions” as databases. Initial-
ly, an automatic tool for deduplication was used in Ovid, and sub-
sequently, Rayyan (https://www.rayyan.ai) was used for duplica-
tion screening [14]. PSCI was defined as described previously by 
Pendlebury et al. [7].

Furthermore, titles and abstracts were reviewed. After that, a 
revision of the references of the included papers was performed for 
papers, and a new assessment was done for potentially eligible ar-
ticles for a total of 1 time (for each newly included study). Finally, 
the results are displayed in Figure 1. One neuro-interventional ra-
diologist did the research with 4 years of experience.

Study Quality and Reporting Bias
The study quality was assessed using the methodological index 

for non-randomized studies (MINORS) criteria [15] for registries 
and the Risk of Bias 2 (RoB2) tool [16] for RCTs. The results are 
displayed in online supplementary Table S1 and S2 (for all online 
suppl. material, see www.karger.com/doi/10.1159/000529265). A 
neuro-interventional radiologist with 4 years of experience per-
formed the evaluation. The body of evidence was evaluated with 
Grading of Recommendations, Assessment, Development, and 
Evaluations (GRADE) [17] (online suppl. Table S3).

Data Extraction and Statistical Analysis
For each study, we collected the number of patients in both 

arms; stroke characteristics including age, gender, NIHSS, and Al-
berta Stroke Program Early CT (ASPECT) score; and all measured 
outcomes used for dementia (Table 1). Synthesis measures were 
used accordingly to normality distribution. For synthesis mea-
sures, if the median and interquartile range were used in the paper, 
the mean and standard deviation were estimated using quantile 
estimation methods [18]. Student’s t test was used for comparing 
age, gender, and NIHSS among groups. R-Studio (R-project http://
www.R-project.org) and OpenMeta version 12.11.14 (http://www.
cebm.brown.edu/openmeta/index.html) were used as statistical 
software.

Despite papers included in the present systematic review evalu-
ating different cognitive domains, a synthesis of the effect of 
thrombectomy on cognitive impairment can be attempted. Fur-
thermore, as described by Pendlebury et al. [7], PSCI can be de-
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fined as cognitive impartment after cerebrovascular disease. How-
ever, due to the lack of homogeneity among dementia tests used, 
standardized mean difference (Cohen’s d) was utilized for compar-
ing different methods used (results displayed in Table 2) [18]. In 
the study by Xu et al. [19], which evaluated general cognitive im-
pairment with both MMSE and MoCA, to avoid redundancy, 
MoCA was selected for the analysis according to the literature [20]. 
On the contrary, in the remaining articles, different tests analyzed 
different cognitive domains; thus, all values were included in the 
Forest plot to avoid loss of information. Moreover, in the case of 
multiple follow-up times, only the last one was selected. I2 and Co-
chran’s Q were calculated as a measurement of homogeneity. After 
that, a meta-analysis was performed using the random-effect mod-
el (Fig. 2). Furthermore, Cohen’s d was converted into a number 
needed to treat (NNT) for better clinical comprehension [21].

Results

Search and Screening Results
Six hundred forty-one studies were initially included. 

130/645 (20.2%) were removed by automatic tools (Ovid 
deduplication system and Rayyan [https://www.rayyan.
ai]). 512/515 (99.4%) studies were excluded by reviewing 

titles and abstracts. For each newly included article (3), an 
iterative references review was performed (Fig. 1). The final 
population encompassed four studies [19, 22–24] listed in 
Table 1, 3. 2/4 (50%) are sub-studies of REVASCAT trial 
[25]. 3/4 (75%) are randomized studies. The total number 
of patients was 472 (118 per study). The follow-up time 
ranges from 3 months to 1 year. All studies are focalized on 
anterior circulation. 3/4 (75%) studies compared best med-
ical treatment (BMT) versus BMT + endovascular treat-
ment (EVT), and 1/4 (25%) compared EVT versus BMT. 
No differences were found for age and sex percentage at 
baseline between the MT group and control group (years: 
66.70 ± 11.14 vs. 67.59 ± 10.11, p = 0.37; male 53.8% vs. 
56.4%, p = 0.57). The MT group had a more severe stroke 
than the control group (NIHSS: 14.70 ± 4.31 vs. 11.17 ± 
4.12; p < 0.0001). The details are shown in Tables 1, 3.

Study Characteristics and Risk of Bias
There was a lack of homogeneity among cognitive tests 

used for dementia evaluation. Only TMT-A and TMT-B 
were used in 2/4 (50%) separated studies [18, 19]. The 

Fig. 1. Flowchart of the study.
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other tests used were MMSE, MoCA, Coping Orientation 
to the Problems Experienced (COPE)-28, Stroop test, 
digit span test, Rey complex figure test, and Rey auditory-
verbal. The risk of bias is displayed in online supplemen-
tary Table S1. The GRADE results were marked “moder-
ate” considering RCTs and “low” including observational 
study (online suppl. Table S3).

Cognitive Impairment
Patients treated with EVT performed better than BMT 

in several cognitive domains: visual scanning and work-
ing memory (TMT-A and -B); selective attention, cogni-
tive flexibility, processing speed (Stroop test); working 
memory (digit span test); visuoconstructional ability and 
visual memory (Rey-Osterrieth Complex Figure); imme-
diate, delayed memory and recognition (Rey Auditory 
Verbal Learning Test); and overall cognition (MoCA and 
MMSE) (see details in Table 3). On the contrary, BMT 
patients scored better in COPE-28 than EVT in active 
coping and acceptance (Table 3).

The overall I2 was 76.95%, and Cochran’s Q was 43.40%, 
with a cumulative effect size of 0.33 (95% CI = 0.074–0.58) 
with p < 0.001 (Fig. 2). The NNT was 5.4; this is to say that 
potentially about 5 patients needed to experienced MT to 
obtain the clinical benefit of cognitive impairment.

Discussion

MT group patients tend to perform better at follow-up 
in several cognitive domains and overall cognition de-
spite a higher NIHSS at baseline (14.70 ± 4.31 vs. 11.17 ± 

4.12; p < 0.0001). However, there is a lack of homogene-
ity among studies included in the present systematic re-
view according to the test used for cognitive impairment 
assessment and follow-up time, which introduces a bias 
in this specific analysis. The positive effect size was 0.33 
(95% CI = 0.07–0.58).

Recombinant tissue plasminogen activator and MT 
had profound beneficial effects on mortality and disabil-
ity (mRS ≤2; odds ratio: 1.17 [95% CI 1.06–1.29] and 2.49 
[95% CI 1.76–3.53], respectively) [4, 26]. Although mRS 
is considered the standard endpoint for stroke trials [27], 
it is a no-domain-specific one, lacking the possibility to 
assess specific behaviors [28]. Using domain-specific out-
comes may increase measurement resolution, helping to 
detect small treatment benefits [28]. Furthermore, mRS 
may neglect some poststroke deficits, including emotion-
al and cognitive impairment, focusing mainly on disabil-
ity [28]. However, Rudberg et al. [29] demonstrated that 
14.1% of stroke survivors considered cognitive impair-
ment the priority. One study [19] included in the present 
systematic review showed that in the MoCA test, patients 
treated with EVT scored “normal cognition” (26.23 ± 
3.85) and the BMT group marked “cognitive impair-
ment” (24.62 ± 2.2).

Moreover, Hommel et al. [30] demonstrated that 
stroke survivors had a lower performance in working 
memory compared with healthy controls (effect size: 
−0.65 [95% CI –0.80 to –0.51]), which is the main deter-
minant of decreasing social function in stroke patients. 
Two studies demonstrated better performance in EVT 
patients compared with the control group in working 
memory, especially in time to competition (TMT-A of 3 

Fig. 2. Meta-analysis results and Forrest plot. Lopez-Cancio et al. [22]; Xu et al. [19]; Reverté-Villaroya et al. [24]; 
Lattanzi et al. [23].
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months and 1 year: 73.2% vs. 67.4%; 76.0% vs. 67.4%), 
overall score {TMT-A: 36.0 (interquartile range [IQR] 
27.0–87.0) vs. 90.5 (IQR 36.0–307.0), p = 0.005, and TMT-
B 73.0 (IQR 41–227) vs. 233.5 (IQR 57.0–562.0), p = 
0.003} and in forward/backward digit span test (5.2 [IQR 
4.3–5.8] vs. 4.8 [IQR 3.1–5.3], p = 0.018; 4.1 [IQR 3.3–5.0] 
vs. 3.2 [IQR 2.0–4.3], p = 0.005, respectively) [22, 23] (Ta-
ble 2).

In addition, a visuoconstructional ability detriment in 
stroke survival may have an important effect on daily life, 
including driving license release [31]. The ability to drive 
is a major contributor to poststroke independence [32], 
significantly correlated with community integration [33]. 
However, only 54% of stroke survivors pass the exam for 
license renewal [34]. Another study included in the pres-
ent systematic review [23] demonstrated that EVT pa-
tients had a significantly higher score in the Rey complex 
figure test, which evaluates the visuoconstructional abil-
ity. Furthermore, problem-focused coping strategies im-
prove psychological outcomes in people with chronic ill-
nesses [35]. Interestingly, BMT patients had a better ac-
ceptance and active coping compared with EVT patients 
despite worst functional independency (mRS ≤2 50% vs. 
27.5%, p = 0.020) as described by one study in this sys-
temic review [24].

Cognitive impairment may impact patients with mi-
nor strokes who are traditionally considered to have a 
good recovery and are less likely to receive follow-up ser-
vices [36]. These patients, by definition, have fewer dis-
ability sequelae, but a neglected cognitive deficit can have 
a significant impact on daily life proportionately greater 
than those with stroke with an NIHSS score >6 [28, 37]. 
Patients with “minor” stroke report alterations in execu-
tive functioning, memory, attention, and language [37], 
and they have a prevalence of dementia as high as 7.45% 
[7]. In addition, mental patient-reported outcomes are 
abnormal in 39.13% of patients with mRS 0–1 [38]. Fur-
thermore, around 1/3 of patients with mRS ≤1 had a bor-
derline MMSE [12], suggesting only a little correlation 
between PSCI and excellent clinical recovery. These data 
and observations suggest that cognitive function could be 
a new treatment target in minor stroke patients being NI-
HSS and mRS not sensitive and specific for cognitive im-
pairment, with a great impact on their daily lives.

Despite the high/moderate degree of heterogeneity 
both from a clinical side (different tests for different do-
mains) and from the statistical sides (Cochran’s Q = 
43.4% and I2 = 76.95%), MT demonstrated a potentially 
moderate/small effect on cognitive impairment (0.33 
[95% CI 0.07–0.55]) [18]. This datum has to be read un-

der the light of the prevalence of dementia in the two age-
groups closer to the present systematic review mean age 
(65–69 years: 0.8% [0.7–0.8]; 70–74 years: 2.0 [1.9–2.0] vs. 
66.70 ± 11.14 and 67.59 ± 10.11 [see Table 1]) [39]. In fact, 
this evidence could permit us to assume a substantial neg-
ligible prevalence of the studies’ population. The NNT 
was 5.4, which is higher than NTT for MT in acute ische-
mic stroke for reducing disability at 90 days (n = 2.6) but 
similar for achieving functional independence at 90 days 
(n = 5) [4, 26]. Although the present meta-analysis had a 
body of evidence scored moderate to low according to 
GRADE systems with a high-grade inhomogeneity 
among studies, NNT may help in understanding the po-
tential magnitude of the effect of MT on PSCI.

This systematic review showed high inhomogeneity 
among cognitive impairment tests, which reduces the read-
ability of synthesis measurement and meta-analysis. Other 
authors already reported this issue [10, 37] and further sug-
gested that it would be useful to identify shared methods to 
assess cognitive performance in poststroke patients. In fact, 
there are no standardized assessment tools for testing cog-
nitive impairment in stroke patients [40]. Although Rost et 
al. [41] proposed a two-step approach with a screening test 
with MoCA or Oxford Cognitive Screen, only in positive 
patients, a more complex test battery with a 60- or 30-min 
protocol was performed. More efforts should be made to 
determine Common Data Elements for thrombectomy tri-
als, especially for minor stroke ones.

The present study presents several limitations. First, 
the authors did not have access to original data at the pa-
tients’ level. Second, the lack of homogeneity among 
studies reduced the possibility of generalizing results. 
Third, we mixed the general cognition test (MoCA) with 
specific domains due to the lack of data. However, the 
MoCA test involves different items exploring different 
cognitive domains. Furthermore, Moafmashhadi et al. 
[42] demonstrated a moderate correlation of MoCA with 
neuropsychological tests. Fourth, the meta-analysis was 
performed in a cohort that mixed randomized (n = 3) and 
observational (n = 1) studies to increase the sample size 
using the assumption of Shrier et al. [43].

In conclusion, PSCI seems less prevalent in thrombec-
tomy patients than in the control group across this sys-
tematic review. However, PSCI diagnosis’s inhomogene-
ity does not allow for synthesis measurement and meta-
analysis. Therefore, further studies and RCTs are 
necessary to evaluate the effect of thrombectomy on cog-
nitive impairment poststroke. Moreover, an effort to set 
Common Data Elements for assessing cognition in 
thrombectomy trials should be made.
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