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Abstract: Background: We evaluated the impact of prior statin use on successful reperfusion
and stroke outcomes after endovascular treatment (EVT). Method: Using consecutive multicen-
ter databases, we enrolled acute ischemic stroke patients receiving EVT between 2015 and 2021.
Patients were classified into prior statin users and no prior statin users after a review of premorbid
medications. The primary outcome measure was successful reperfusion defined as modified TICI
grade 2b or 3 after EVT. Secondary outcome measures were early neurologic deterioration (END)
and a 3-month modified Rankin Scale (mRS) score of 0 to 2. Results: Among 385 patients receiving
EVT, 74 (19.2%) were prior statin users, who had a significantly higher successful reperfusion rate
compared with no prior statin users (94.6% versus 78.8%, p = 0.002). Successful reperfusion and
END occurrence were improved according to statin intensity with a dose–response relationship. In
multivariate analysis, prior statin was associated with successful reperfusion after EVT (adjusted
odds ratio (95% confidence interval) 5.31 (1.67–16.86)). In addition, prior statin was associated with a
lower occurrence of END and good functional status. Conclusion: Our study showed that prior statin
use before ischemic stroke might improve successful reperfusion and stroke outcomes after EVT.

Keywords: prior statin; endovascular treatment; reperfusion rate; early neurologic deterioration;
stroke outcome

1. Introduction

Endovascular treatment (EVT) has an important role in improving stroke outcomes in
patients with large vessel occlusion [1]. However, major clinical trials reported that 67% of
patients undergoing EVT had poor outcomes despite successful reperfusion [2]. Reasons
for this might be that reperfusion injury, re-occlusion, and no-reflow phenomenon are
responsible for the poor outcomes [3]. To overcome this, several studies investigated which
indicators influenced a good or poor prognosis in patients who underwent EVT [4,5].

Statin, an HMG Co-A reductase inhibitor, is used widely for the primary and sec-
ondary prevention of stroke [6]. Statins have pleiotropic effects, including anti-inflammatory,
anti-thrombotic, and antioxidative effects, as well as cholesterol-lowering effects [7–9].
Therefore, in the acute stage of ischemic stroke, statins were expected to enhance throm-
bolytic effects, increase cerebral blood flow, and have neuroprotective effects that reduced
reperfusion injury and prevented re-occlusion by suppressing MMP-9 [10–13]. Because
oxidative stress and inflammatory cascades are widespread at the onset of acute stroke,
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we assumed that the use of statins would induce a good prognosis in patients receiving
EVT. Most studies of early statin administration have focused on patients receiving IV
thrombolysis (IVT), and studies in patients receiving EVT are lacking [14–18]. In addition,
previous studies on EVT focused on the early administration of statins after EVT [19],
whereas no studies have evaluated the effect of prior use of statins before a stroke on
outcomes after EVT.

In the current real-world practice of statin use, which is continuously increasing [20,21],
we aimed to investigate the effect of prior use of statins on reperfusion and outcomes in
patients receiving EVT.

2. Methods
2.1. Study Population

We consecutively registered all acute ischemic stroke patients between March 2015 and
March 2021 in three university-affiliated institutions (Chuncheon Sacred Heart Hospital,
Dongtan Sacred Heart Hospital, and Kangdong Sacred Heart Hospital). We identified acute
ischemic stroke patients treated with EVT. All the enrolled patients received acute stroke
management according to institutional protocols based on recent guidelines. In this study,
we excluded the following patients: (1) patients without followed-up brain computed
tomography (CT) or magnetic resonance imaging (MRI) within 24 h of stroke onset; (2) pa-
tients with unavailable data regarding statin use; (3) patients with Alberta Stroke Program
Early CT score (ASPECTS) <6; and (4) patients with a pre-stroke modified Rankin Scale
(mRS) ≥ 2.

2.2. Data Collection and Definition of Parameters

We obtained the following data directly from the registry database: (1) demographics,
including age and sex; (2) stroke risk factors, medical history, prior stroke, hypertension,
diabetes mellitus (DM), hyperlipidemia, atrial fibrillation, current smoking status, pre-
stroke status, and prior use of statin and antithrombotic drugs; (3) stroke characteristics,
acute stroke treatment, initial NIHSS score, ischemic stroke mechanism according to the
Trial of Org 10,172 in Acute Stroke Treatment (TOAST) classification with some modifi-
cations [22], tissue plasminogen activator (tPA) dose, and reperfusion therapy (IVT and
EVT); and (4) laboratory data including hemoglobin, white blood cell count, platelet count,
serum creatinine, initial random glucose, fasting low-density lipoprotein, prothrombin
time, glycated hemoglobin (HbA1c), and systolic blood pressure.

All the premorbid medications of stroke patients were confirmed by the Department
of Pharmacy of each institution. The premorbid medications were retrieved by nurses and
physicians during hospitalization. We reviewed electronic medical records to ascertain
the dose and type of statin used before stroke onset. Because statins are used in several
forms and doses, we categorized these into low-, moderate-, and high-intensity statins
(Supplementary Table S1) [23].

The primary outcome measure was successful reperfusion defined by modified Throm-
bolysis In Cerebral Infarction (mTICI) grade 2b to 3 [24]. Vascular neurologists in each
institution made decisions on whether to perform reperfusion therapy. Regarding EVT
procedures, the choice of devices and intervention strategies were at the discretion of
interventionists in each institution. Secondary outcome measures were the occurrence of
early neurologic deterioration (END) after EVT and good functional outcome at 3 months
(mRS 0 to 2). END was defined as an increment of at least 1 point in motor power or a total
NIHSS score deterioration of ≥2 points within 7 days of admission compared with the
initial NIHSS score. The etiologies of END were classified into stroke recurrence (END-rec),
stroke progression (END-prog), symptomatic hemorrhagic transformation (END-sHT),
and others. END-rec was defined as any END with discrete new lesions on the diffusion-
weighted image (DWI). END-prog was defined as END caused by the progression of initial
ischemic lesion, which was the enlargement of infarct size or significant perilesional edema
on follow-up images. END-sHT was defined as the presence of hemorrhagic transformation
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that explained END on follow-up images [25]. The infarct volume confirmed by DWI was
calculated using ABC/2 method [26]. The inter-rater reliability for the evaluation of infarct
volume was good (ICC 0.81, p < 0.001).

2.3. Statistical Analysis

Summary statistics are presented as the number of subjects (percentage) for categori-
cal variables and as the mean ± SD or median (interquartile range (IQR)) for continuous
variables. Group comparisons were made using Pearson’s chi-squared test for categori-
cal variables and the Student’s t-test or Mann–Whitney U-test for continuous variables,
as appropriate.

To evaluate the independent effect of prior statin use on outcome measures, we
performed binary logistic regression analysis. Variables for adjustment in the multivariable
analysis were selected if their p-values were <0.1 in comparisons whether they had prior
statin use or not and if their associations with each outcome variable were clinically
plausible. Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs)
were estimated.

Subgroup analysis was performed to evaluate the discrepancy of outcomes according
to the intensity of statin. We described the crude rate of primary and secondary outcomes
as an increase in statin intensity. In addition, to evaluate the heterogeneous effects of prior
statin use according to stroke subtypes, we performed subgroup analyses (large artery
atherosclerosis (LAA) versus cardioembolism (CE)).

As a sensitivity analysis, we performed propensity score matching (PSM) analysis
when the imbalances of variables between the prior statin group and no prior statin group
were significantly severe.

3. Results

Among 4779 patients with acute ischemic stroke who were hospitalized within
7 days of onset, we enrolled 385 patients receiving EVT in this study. The mean age
was 70.2 ± 13.0 years, with men comprising 58.7%. Reperfusion therapy was EVT only in
50.6% and combined IVT and EVT in 49.4%. The overall successful reperfusion rate was
81.8% in this study.

Seventy-four patients (19.2%) were already prescribed statins before stroke onset in
EVT-receiving patients. Of these, high-intensity statin was given to 16.2% (n = 12), and
moderate-intensity statin was given to 83.8% (n = 62). No subjects were prescribed a
low-intensity statin. In patients receiving a high-intensity statin, four received atorvastatin
80 mg, six received atorvastatin 40 mg, and two received rosuvastatin 20 mg. Prior statin
users were likely to be older and tended to have more previous hypertension, hyperlipi-
demia, current smoking, atrial fibrillation, lower low-density lipoprotein level, and longer
prothrombin time than the no prior statin group. In addition, the prior statin group used
more previous antithrombotic agents. Stroke severity, acute stroke management, and time
interval from arrival to puncture time were not different between the two groups (Table 1).
With respect to reperfusion therapy, most comorbidities (prior stroke, hypertension, di-
abetes mellitus) were higher in the combined IVT and EVT group than in the EVT only
group (Supplementary Table S2).
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Table 1. Baseline characteristics according to prior statin use and no prior statin use.

No Prior Statin Use
n = 311

Prior Statin Use
n = 74 p-Value

Age, year (SD) 69.2 (13.6) 74.7 (9.4) 0.003 †

Male, (%) 189 (60.8) 37 (50.0) 0.09 *
BMI, kg/cm2 (SD) 24.6 (19.9) 24.4 (3.8) 0.62 †

Initial NIHSS, (IQR) 14 (9–18) 15 (11–18) 0.26 ‡

Stroke subtype, (%) 0.18 *
LAA 86 (27.7) 15 (20.3)
CE 165 (53.1) 48 (64.9)

others 60 (19.3) 11 (14.9)
Interval from arrival to

puncture time, min (IQR)
96.5

(73.0–137.0)
89.5

(72.0–113.0) 0.35 ‡

Interval from stoke onset to
puncture time, min (IQR)

235.0
(146.0–400.0)

245.0
(137.0–385.0) 0.71 ‡

Prior stroke, (%) 49 (15.8) 28 (37.8) <0.001 *
Hypertension, (%) 174 (55.9) 55 (74.3) 0.004 *

Diabetes mellitus, (%) 80 (25.7) 24 (32.4) 0.24 *
Hyperlipidemia, (%) 37 (11.9) 26 (35.1) <0.001 *
Current smoking, (%) 47 (15.1) 3 (4.1) 0.01 *
Atrial fibrillation, (%) 159 (51.1) 48 (64.9) 0.03 *

Prior antithrombotics, (%) 75 (24.1) 57 (77.0) <0.001 *
Antiplatelet, (%) 48 (15.4) 36 (48.6)

Anticoagulation, (%) 30 (9.6) 25 (33.8)
Reperfusion therapy, (%) 0.52 *

EVT only 160 (51.4) 35 (47.3)
Combined IVT and EVT 151 (48.6) 39 (52.7)

Antiplatelet
in acute stage, (%) 174 (55.9) 43 (58.1) 0.74 *

Anticoagulationin acute stage, (%) 131 (42.1) 30 (40.5) 0.80 *
Statin in acute stage, (%) 237 (76.2) 57 (77.0) 0.88 *

White blood cell, uL/103(SD) 8.92 (3.55) 8.47 (3.00) 0.04 †

Hemoglobin, mg/dL (SD) 13.6 (2.0) 13.8(1.7) 0.29 †

Creatinine, mg/dL (SD) 0.95 (0.61) 0.90 (0.29) 0.12 †

Platelet count, uL/103 (SD) 229.2 (85.2) 217.5 (72.5) 0.36†

LDL, mg/dL (SD) 100.4 (35.9) 87.2 (42.3) 0.02 †

Glycated hemoglobin, (%) 6.2 (1.4) 6.3 (1.3) 0.74 †

Prothrombin time, INR (SD) 1.06 (0.17) 1.16 (0.47) <0.001 †

CRP, mg/dL (SD) 9.1 (21.7) 11.3 (24.4) 0.08 †

Initial random glucose, mg/dL (SD) 145.0 (58.3) 137.4 (52.7) 0.54 †

Systolic blood pressure, mmHg (SD) 147.4 (26.1) 151.3 (25.7) 0.91 †

Infarct volume, cm3 (IQR) 14.2 (3.5–50.2) 10.5 (1.9–44.2) 0.24 ‡

Abbreviation: SD, standard deviation; BMI, body mass index; NIHSS, National Institute Health of Stroke Scale; IQR, interquartile range;
LAA, large artery atherosclerosis; CE, cardioembolism; EVT, endovascular treatment; IVT, intravenous thrombolysis; LDL, low-density
lipoprotein; CRP, C-reactive protein. * Calculated using the chi-square test † Calculated using Student’s t-test ‡ Calculated using the
Mann–Whitney U test.

The successful reperfusion rate was higher in prior statin users than the no prior
statin users (94.6% versus 78.8%, p = 0.002, Figure 1). Regarding the intensity of statins,
subjects with high-intensity statins had more successful reperfusion in a dose–response
manner (p for trend = 0.001, Figure 2). The occurrence of END was lower in prior statin
users than no prior statin users (12.2% versus 22.5%, p = 0.048, Figure 1). Subjects receiving
high-intensity statins had a lower occurrence of END in a dose–response manner (Figure 2).
In addition, the proportion of END-prog was lower in prior statin users, especially in high-
intensity statins. However, END-sHT was not different between the two groups (Figure 3).
END-rec was not present in our database. A good functional outcome at 3 months was not
different between the two groups (Figure 2). In addition, a good functional outcome was
not different according to the intensity of statins.
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In multivariate analysis, prior statin use increased the successful reperfusion rate after
EVT (adjusted OR (95% CI) 5.31 (1.67–16.86), Table 2). Furthermore, prior statin use was
significantly associated with a low occurrence of END and a good functional outcome at
3 months (Tables 3 and S3). Regarding statin intensity, the OR of high-intensity statins
for successful reperfusion was not calculated because all subjects receiving high-intensity
statins had successful reperfusion. The associations between high-intensity statin and END
or 3-month mRS 0 to 2 were attenuated compared with those of the moderate-intensity
statin group.

Table 2. Multivariate analysis showing effect of prior statin use on successful reperfusion.

Adjusted OR 95% CI p-Value

Age 0.97 0.94–0.999 0.04
Male 1.65 0.88–3.10 0.12

Initial NIHSS 0.98 0.94–1.03 0.39
Stroke subtype

Others Reference
CE 1.04 0.47–2.29 0.92

LAA 2.47 1.02–5.96 0.045
Prior stroke 1.07 0.49–2.34 0.86

HTN 0.83 0.44–1.57 0.56
Hyperlipidemia 2.05 0.79–5.36 0.14
Current smoking 0.88 0.36–2.17 0.78
Atrial fibrillation 1.06 0.47–2.42 0.88

Prior antithrombotics 0.98 0.48–2.01 0.97
White blood cell 0.99 0.91–1.08 0.85

Low density lipoprotein 0.97 0.99–1.004 0.33
Prothrombin time 0.52 0.18–1.49 0.52
C-reactive protein 1.001 0.99–1.01 0.94

Prior statin use 5.31 1.67–16.86 0.01
No user Reference

Moderate intensity statin 4.48 1.41–14.25 0.01
High intensity statin - - -

Abbreviation: OR, odd ratio; CI, confidence interval; NIHSS, National Institute Health of Stroke Scale; LAA, large artery atherosclerosis;
CE, cardioembolism; HTN, hypertension.

Table 3. Multivariate analysis showing effect of prior statin use on stroke outcomes.

END 3-Month mRS 0–2

aOR 95% CI aOR 95% CI

Prior stain use 0.38 0.17–0.89 2.03 1.06–3.91
Statin intensity

No user Reference Reference
Moderate 0.41 0.17–0.98 2.21 1.12–4.37

High 0.24 0.03–2.07 1.20 0.29–4.95

Abbreviation: END, early neurologic deterioration; mRS, modified Rankin Scale; aOR, adjusted odd ratio; CI, confidence interval.

Subgroup analysis according to stroke subtype showed dose–response relationships
between statin intensity and successful reperfusion in patients with LAA only. Otherwise,
in CE, successful reperfusion was not different regardless of prior statin use or statin
intensity (Supplementary Figures S1–S3).

When the imbalances of variables between the two groups were severe, we performed
PSM analysis to compare primary outcomes. PSM analysis showed that the successful
reperfusion rate was still higher in the prior statin group than in the no prior statin group
(Supplementary Table S4).
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4. Discussion

The main findings of this multicenter study were as follows: (1) prior statin users,
especially in the high-intensity statin group, had a higher successful reperfusion rate after
EVT; (2) the occurrence of END was lower in the prior statin use group, especially in the
high-intensity statin group; and (3) prior statin use could be a predictor for successful
reperfusion, low occurrence of END, and good functional outcomes after EVT.

This study is the first to evaluate the impact of prior statin use on reperfusion state
and stroke outcome after EVT. The overall rate of successful reperfusion in this study
(81.8%) was comparable with previous EVT trials [2]. Approximately 95% of prior statin
users experienced successful reperfusion after EVT in this study. Despite the small sample
size, prior statin users with high-intensity statins had a 100% successful reperfusion rate.
In a recent previous EVT study of prior antiplatelet use (n = 369), 84% had successful
reperfusion after EVT [27]. Experimental studies showed that statin improved endothe-
lial function via the upregulation of endothelial nitric oxide synthase, amelioration of
glutamate-mediated excitotoxicity, and modulation of cytokine responses [28,29]. The
result of subgroup analysis in LAA could robust this pathomechanism. In addition to its
fibrinolytic effects, prior statin use before EVT might have had a positive effect on the
successful reperfusion rate in our study. However, it is important to note that in our study,
there were several comorbidities in the prior statin group. The controversial results of prior
statin effect on stroke outcomes reported by previous studies of IVT treated patients can be
explained by the high prevalence of comorbidities in the prior statin group. Nonetheless,
our multivariate analysis showed that these vascular risk factors (except for age) did not
affect reperfusion after EVT. Rather, we suggest that the burden of complications can be
reduced when EVT is performed for patients with several comorbidities who are prescribed
statins in real-world practice. Since the population of statin use consistently had increased
according to the ACC/AHA cholesterol guidelines [30], our main findings could raise the
interest of prior statin for predicting successful reperfusion.

Subgroup analysis showed that prior statin users with LAA had significant successful
reperfusion after EVT, but not with CE. Statin therapy may be mainly attributable to plaque
stabilization and the potential regression of atherosclerosis. These pleiotropic effects of
statin seemed to be more beneficial in LAA patients receiving EVT. The previous studies
showed that the reperfusion rate of LAA was lower than that of CE. Navigation of the
guidewire or stent retriever through the atherosclerotic lesion and the tendency for re-
occlusion due to in situ thrombosis hindered successful reperfusion in LAA after EVT [31].
Therefore, additional rescue therapy is frequently applied to LAA patients [32]. The results
of our subgroup analysis showing different reperfusion rates according to stroke subtype
support the feasibility of prior statin use in patients receiving EVT, especially in LAA.
However, it should be noted that statins could be of benefit in cardioembolic stroke [33,34].
Previous studies of atrial fibrillation showed that statin therapy was associated with a
better outcome, functional recovery, and long-term survival [35]. Additional pleiotropic
effects (fibrinolytic, antithrombotic, and antioxidant effects) might have a positive impact
on these outcomes in cardioembolic stroke patients. Therefore, we should be cautious
when generalizing our positive results related to prior statin effects on the reperfusion state
in LAA patients only.

Interestingly, prior statin users had a low occurrence of END, despite the high preva-
lence of several vascular risk factors in prior statin users. Notably, prior statin users had
a lower occurrence of END-prog and tended to have a lower occurrence of END-sHT.
These phenomena highlight the importance of the neuroprotective effects of statin in large
artery occlusion patients. Otherwise, the prior statin users did not have a significantly
good functional outcome at 3 months in our study, although prior statin increased good
functional outcomes after EVT in multivariate analysis. This result was in accord with the
previous largest study of IVT-treated patients addressing the negative prognostic value of
prior statin use [17]. This might be explained by the attenuated neuroprotective effects of
statins mediated via the neurotoxicity properties of tissue plasminogen activator, as well
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as the idea that several vascular risk factors might promote a negative outcome after IVT.
Several comorbidities in the prior statin group might have affected the crude analysis in our
study. In addition, other factors (functional status at discharge, discharge medications, and
rehabilitation) might have affected the functional status at 3 months, and therefore, prior
statin effects on the 3-month mRS might have been lost in the crude analysis. Nonetheless,
our positive results in multivariate analysis on stroke outcomes in EVT patients suggest
that prior statin use could be more beneficial, although prior statin users had several
comorbidities. However, we presumed that unmeasured confounding might affect the
delayed stroke outcome. Therefore, our results should be interpreted with caution because
the effect of prior statin may be different depending on the phase of the stroke. Further
studies are warranted to confirm our results.

High-intensity statin was expected to improve collateral flow and angiogenesis and
restore endothelial damage [35,36]. However, because of concerns regarding the risk of
intracranial hemorrhage by statins, especially high-intensity statins [37], patients with
several comorbidities could be at high risk of hemorrhagic transformation after reperfusion
therapy [38]. In our crude analysis, we showed a more successful reperfusion rate and
lower END occurrence rate in patients with prior statin use with a dose–response rela-
tionship. Despite the lack of statistical significance, END-sHT tended to be lower in prior
statin users, and the rate of END-sHT was attenuated in subjects with high-intensity statins.
However, because of the insufficient sample size in the high-intensity statin group, the mul-
tivariate analysis did not demonstrate associations between statin intensity and outcomes.
Nonetheless, regarding our crude results, we carefully suggest that high-intensity statins
are not harmful, at least in patients receiving EVT. A large cohort study with high-intensity
statins should be initiated.

Our results were based on a consecutive multicenter database, and there were several
limitations. First, because this was a retrospective analysis, the individual duration of
statin prescription prior to admission was not available. Second, our results could not
show associations between high-intensity statins and outcomes in the multivariate analysis
due to the small sample size. However, we showed better outcomes in high-intensity
statin users in the crude analysis. Further study with a large sample size might reveal
an association between high-intensity statin and outcomes. Third, our results cannot be
generalized because we included subjects receiving combined IVT and EVT, which might
impact the outcomes. However, the proportion of combined IVT and EVT was not different
in the bivariate analysis. Fourth, collateral status was not included in the statistical analysis.
According to the EVT protocol in three institutions, multiphasic CTA was performed to
confirm collateral status, but there were 32 (8.3%) missing values for multiphasic CTA.
Because there was relatively little missing data and the main aim of our study was to
evaluate prior statin use on the successful reperfusion rate, we did not exclude subjects
who lacked available collateral status data. Last, although we adjusted several variables
to affect the outcomes, unmeasured confounding factors could hinder the generalization
of our main findings. The outcomes after EVT could be influenced by procedure-related
factors, including the type of stent retriever, workmanship, and procedure time, which
were not available in our study.

5. Conclusions

Prior statin use before an ischemic stroke may increase successful reperfusion and
good prognosis after EVT. Although we did not find significant associations between
outcomes and intensity of statins, prior statin use may be beneficial and effective in the
setting of EVT.
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