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Abstract
Background: Several pharmacological pathways have revealed statin to have a positive role 
in patients with for intracranial aneurysms. However, prior studies regarding the association 
between statin use and patients’ outcomes after pipeline embolization device (PED) treatment 
were not completely supportive.
Objectives: To investigate whether statin medication following PED treatment would improve 
the outcomes of intracranial aneurysm patients in a real-world setting.
Design: A retrospective multicenter cohort study.
Methods: Patients were selected from the PLUS registry study conducted from November 
2014 to October 2019 across 14 centers in China. The population was divided into two groups: 
those who received statin medication after the PED treatment and those who did not receive 
statin medication after PED treatment. Study outcomes included angiographic evaluation of 
aneurysm occlusion, parent arteries stenosis, ischemic and hemorrhage complications, all-
cause mortality, neurologic mortality, and functional outcome.
Results: 1087 patients with 1168 intracranial aneurysms were eligible; 232 patients were 
in the statin user group and the other 855 were in the non-statin user group. For the statin 
user group versus the non-statin user group, no significant difference was found for the 
primary outcomes of complete occlusion of aneurysm (82.4% versus 84.2%; p = 0.697). Of 
the secondary outcomes, none had a significant difference including stenosis of parent 
arteries ≥  50% (1.4% versus 2.3%; p = 0.739), total subarachnoid hemorrhage (0.9% versus 
2.5%; p = 0.215), all-cause mortality (0.0% versus 1.9%; p = 0.204), neurologic mortality (0.0% 
versus 1.6%; p = 0.280), excellent (95.5% versus 97.2%; p = 0.877), and favorable (98.9% versus 
98.4%; p = 0.933) functional outcomes. The total ischemic complication rate (9.0% versus 
7.1%; p = 0.401) was higher but not significant in the statin user group. The propensity score-
matched cohort showed similar results. Results of binary multivariable logistic regression 
analysis and propensity score-matched analysis both showed that statin usage was not 
independently associated with an increased rate of complete occlusion or any other secondary 
outcomes. Subgroup analysis found the same result in patients who did not use statin before 
the procedure.
Conclusion: Among patients with intracranial aneurysms, statin use after the PED treatment 
was not significantly associated with better angiographic and clinical outcomes. Well-designed 
studies are needed to further confirm this finding.
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Introduction
As a new-generation therapy for cerebral aneu-
rysms, flow diversion devices such as the pipeline 
embolization device (PED) have recently come to 
the fore. In contrast with other endovascular treat-
ments, intracranial aneurysms would gradually 
occlude through intra-aneurysmal thrombosis and 
endothelial cell proliferation along the device at the 
aneurysmal neck after PED treatment.1 According 
to the result from PLUS study,2 the largest registry 
study of patients treated with PED to date, hyper-
lipidemia was a significant predictor of aneurysm 
occlusion. Due to the effective cholesterol-lower-
ing effect, statins are considered the first-line med-
ication for hyperlipidemia.3,4 Notably, statins are 
also regarded as the cornerstone treatment for ath-
erosclerotic cardiovascular disease because of their 
essential role in improving endothelial function 
and reducing inflammation, which has an impact 
on various key vascular beds such as cerebrovascu-
lar arteries.5–7 In addition, several studies have 
demonstrated the protective impact of statin on in-
stent thrombosis.8,9 Given all the evidence, the 
impact of statin might theoretically contribute to 
the occlusion of aneurysms and the reduction of 
in-stent stenosis.

However, prior studies regarding the association 
between statin use and angiographic and clinical 
outcomes post-PED treatment were not completely 
supportive of this hypothesis.10–12 Moreover, no 
information was provided from the Asian popula-
tion, which appears to have a higher rate of intrac-
ranial atherosclerosis than the western population.13 
On the contrary, the Asian population was more 
sensitive to statins and might suffer more adverse 
outcomes from the long-term use of statin.14,15 It 
was crucial to comprehend the practical impact of 
statin medication following the PED procedure for 
the Asian population.

Based on the PLUS study data, we assessed 
whether statin medication following PED treat-
ment would improve the angiographic and clini-
cal outcomes of intracranial aneurysm patients in 
a real-world setting.

Methods

Study design and patient selection
Patients were selected from the PLUS study,2,16,17 
which was a postmarket multicenter registry study 
investigating the embolization of intracranial 

aneurysms with the PED in China. The study 
included 1171 patients with 1322 intracranial 
aneurysms receiving embolization using PED 
treatment from November 2014 to October 2019 
across 14 centers in China. Postoperative medica-
tion treatments such as antiplatelet and lipid-low-
ering drugs were collected. Follow-ups for 
angiographic and clinical outcomes were per-
formed for up to 3 years.

Patients were eligible if the perioperative statins 
medication strategy were available. The popula-
tion was divided into two groups: those who 
received statin medication after the PED treat-
ment and those who did not receive statin medi-
cation after PED treatment. The following 
baseline characteristics were collected: age, sex, 
family history of aneurysm, smoking status, alco-
hol abuse, comorbidities (hypertension, diabetes, 
hyperlipidemia, cerebral infarction, coronary dis-
ease, and cerebral atherosclerosis), regular statin 
usage, number of aneurysms, ruptured aneu-
rysms, aneurysm characteristics [size, neck, type 
(saccular, fusiform, dissecting, or other), and 
location (anterior or posterior)].

Clinical and angiographic follow-up
Early postoperative follow-up was performed 
during the first 30 days. The first imaging follow-
up verified through two-dimensional digital sub-
traction angiography was conducted 3–6 months 
after the PED procedure.17 Additional angiogra-
phy follow-up was not required for patients who 
showed complete occlusion at follow-up; while 
for patients who showed incomplete occlusion, 
further angiographic follow-up was performed. 
For each patient, information from last follow-up 
was used for analysis. Clinical follow-ups were 
conducted by telephone or email for all patients.

Study outcomes
The primary outcome was complete occlusion of 
aneurysm by imaging screening at the last follow-
up. Secondary outcomes included stenosis of par-
ent arteries, ischemic complications, hemorrhage 
complications, all-cause mortality, neurologic 
mortality, and favorable [modified Rankin Scale 
(mRS) ⩽1] and excellent (mRS ⩽2) functional 
outcome.18 The imaging data and endpoint events 
were reviewed by a central review committee con-
sisting of two neuroradiologists and a senior 
neurointerventionist.
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Statistical analysis
Continuous variables and covariates are summa-
rized as means ± SDs and frequency (percent-
ages), respectively. Comparisons between groups 
for continuous variables were evaluated by using 
the unpaired t-test and Wilcoxon rank-sum test; 
for categorical variables, we used Pearson χ2 test 
with continuous correction. Except for aneurysm 
characteristics, most statistical analyses were per-
formed on a per-patient basis. For patients with 
more than one aneurysm, we used the first aneu-
rysm treated to calculate the average aneurysm 
size and aneurysm neck for statistical analysis and 
clarified the aneurysm type.

Propensity-score matching (PSM) was performed 
using the greedy nearest-neighbor matching algo-
rithm. We matched the logit of the propensity 
score using calipers of width equal to 0.2 of the 
standard deviation of the logit of the propensity 
score.19 The matched potential confounders 
included age, comorbidities (hypertension, hyper-
lipidemia, coronary disease, cerebral infarction), 
regular statin use, and aneurysm characteristics 
(number, size, neck).

Binary multivariable logistic regression analysis 
and PSM analysis were both used to evaluate 
whether statin use was independently associated 
with outcomes. Adjusted variables in the multi-
variable model were baseline characteristics that 
show significance between the two groups (i.e. 
age, hypertension, hyperlipidemia, coronary dis-
ease, multiple aneurysms, and aneurysm neck). 
The non-statin user group was used as the refer-
ence group. We also carried subgroup analysis to 
analyze the effect of statin initiation among 
patients who did not use statin before the proce-
dure. Statistical analysis was performed using 
Statistical Package for the Social Sciences (SPSS, 
version 26.0.0; IBM Corp, Armonk, New York, 
USA) and R (version 4.1.2).

Results

Baseline characteristics
Among all patients in the PLUS study, 1087 
patients with 1168 intracranial aneurysms treated 
with PEDs were eligible for this analysis; whereas 
no data on post-operative statin medication status 
was provided in the remaining 84 patients. A total 
232 patients received statin after the PED treat-
ment and the other 855 did not. The average age 

of the statin user group was significantly higher 
than the non-statin user group (55.95 ± 10.13 
versus 53.06 ± 11.77; p = 0.001; Table 1). Statin 
users were more likely to have hypertension, 
hyperlipidemia, coronary disease, and to take sta-
tin regularly. The other factors of patients’ base-
line characteristics were similar between the two 
groups. For aneurysm characteristics, the propor-
tion of patients with multiple aneurysms (37.9% 
versus 21.5%; p < 0.001) was larger in the statin 
user group. While statin users had a smaller mean 
aneurysm size (11.88 ± 8.62 versus 14.04 ± 8.84; 
p = 0.001) and a thinner aneurysm neck 
(5.98 ± 4.03 versus 6.70 ± 3.99; p = 0.015). 
After PSM, all baseline characteristics were com-
parable between the two groups.

Angiographic and clinical follow-up
Angiographic follow-up was available for 661 
(60.8%) of the patients; with a mean follow-up 
duration of 9.0 ± 6.4 months. There were no dif-
ferences in complete occlusion rates between the 
statin user group and the non-statin user group 
(82.4% versus 84.2%; p = 0.697; Table 2). 
Stenosis of parent arteries ⩾50% in the statin 
user group was lower than that in the non-statin 
group (1.4% versus 2.3%); however, the differ-
ence was not significant (p = 0.739). Rates of ste-
nosis of <25% (6/142 versus 12/519; p = 0.342); 
⩾25–50% (5/142 versus 6/519; p = 0.114); ⩾50–
70% (1/142 versus 3/519; p = 1.000); and ⩾70–
100% (1/142 versus 9/519; p = 0.615) were 
comparable between the two groups, respectively. 
After PSM, the complete occlusion rate of aneu-
rysms remained not significant between the two 
groups (94/116 versus 94/111; p = 0.466). Four of 
111 patients of the non-statin user group were 
found with stenosis of parent arteries ⩾50% while 
none was found in the statin user group, though it 
was not statistically significant (p = 0.119).

The total ischemic complication rate was higher 
in the statin user group (9.0%; 21/232) than in 
the non-statin user group (7.1%; 61/855), though 
not significant (p = 0.401). We found a lower total 
subarachnoid hemorrhage rate in the statin user 
group (0.9%; 2/232) compared with the non-sta-
tin user group (2.5%; 21/855) but not statistically 
significant (p = 0.215). No significant difference 
in perioperative and follow-up period ischemic 
complications and subarachnoid hemorrhage rate 
was found between the statin user group and the 
non-statin user group. All-cause mortality rate 

https://journals.sagepub.com/home/tan


TherapeuTic advances in 
neurological disorders Volume 16

4 journals.sagepub.com/home/tan

Table 1. Baseline patient and aneurysm characteristics.

Crude cohort PSM cohort  

Statin user 
(n = 232)

Non-statin 
user (n = 855)

p-value Statin user 
(n = 188)

Non-statin 
user (n = 188)

p-value

Age (mean ± SD) 55.95 ± 10.13 53.06 ± 11.77 0.001 55.46 ± 10.43 54.77 ± 10.36 0.516

Sex (%)

 Male 73 (31.5) 259 (30.3) 0.792 59 (31.4) 52 (27.7) 0.498

 Female 159 (68.5) 596 (69.7) 129 (68.6) 136 (72.3)

Family history of aneurysm (%) 2 (0.9) 19 (2.2) 0.286 1 (0.5) 4 (2.1) 0.368

Smoking

 Never 171 (73.7) 637 (74.5) 0.363 136 (72.3) 140 (74.5) 0.853

 Previous 23 (9.9) 62 (7.3) 20 (10.6) 17 (9.0)

 Current 38 (16.4) 156 (18.2) 32 (17.0) 31 (16.5)

Alcohol abuse

 Never 200 (86.2) 752 (88.0) 0.721 163 (86.7) 171 (91.0) 0.163

 Previous 27 (11.6) 84 (9.8) 22 (11.7) 12 (6.4)

 Current 5 (2.2) 19 (2.2) 3 (1.6) 5 (2.7)

Comorbidity

 Hypertension 104 (44.8) 306 (35.8) 0.015 86 (45.7) 82 (43.6) 0.756

 Diabetes 18 (7.8) 47 (5.5) 0.257 15 (8.0) 15 (8.0) 1.000

 Hyperlipidemia 22 (9.5) 21 (2.5)  < 0.001 12 (6.4) 12 (6.4) 1.000

 Cerebral infarction 13 (5.6) 41 (4.8) 0.740 6 (3.2) 10 (5.3) 0.443

 Coronary disease 27 (11.6) 32 (3.7)  < 0.001 18 (9.6) 17 (9.0) 1.000

 Cerebral atherosclerosis 36 (15.5) 132 (15.4) 1.000 26 (13.8) 29 (15.4) 0.770

 Regular statin use 55 (22.4) 12 (1.4)  < 0.001 11 (5.9) 12 (6.4) 1.000

 Multiple aneurysms (%) 88 (37.9) 184 (21.5)  < 0.001 73 (38.8) 74 (39.4) 1.000

 Ruptured aneurysms (%) 9 (3.9) 35 (4.1) 1.000 7 (3.7) 8 (4.3) 1.000

Aneurysm size (maximum 
length; mm)

 Mean ± SD 11.88 ± 8.62 14.04 ± 8.84 0.001 12.19 (8.96) 11.92 (7.54) 0.750

 <10 124 343 97 93

 10– 25 92 403 77 80

 >25 16 109 14 15

(Continued)
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Crude cohort PSM cohort  

Statin user 
(n = 232)

Non-statin 
user (n = 855)

p-value Statin user 
(n = 188)

Non-statin 
user (n = 188)

p-value

Aneurysm neck (mm) 5.98 ± 4.03 6.70 ± 3.99 0.015 5.99 (4.21) 6.20 (3.19) 0.574

Aneurysm type 0.958 0.499

 Saccular 191 (82.3) 689 (80.9) 153 (81.4) 158 (84.0)

 Fusiform 19 (8.2) 76 (8.9) 14 (7.4) 17 (9.0)

 Dissecting 16 (6.9) 61 (7.2) 15 (8.0) 10 (5.3)

 Other 6 (2.6) 26 (3.1) 6 (3.2) 3 (1.6)

Aneurysm location

 Anterior circulation 199 (85.8) 732 (85.6) 1.000 163 (86.7) 167 (88.8) 0.637

 Posterior circulation 33 (14.2) 123 (14.4) 25 (13.3) 21 (11.2)

PSM, propensity-score matching; SD, standard deviation.
Values are n (%) or mean ± SD; bold values indicate significant difference; analysis was performed with the unpaired t-test, Wilcoxon rank-sum 
test, Pearson χ2 test.

Table 1. (Continued)

was not significantly different between the statin 
user group (0%; 1/232) and the non-statin user 
group (1.9%; 16/855; p = 0.204). Rates of neuro-
logic mortality were comparable between groups 
(p = 0.280). No associations of excellent 
(p = 0.877) or favorable (p = 0.933) functional 
outcomes were observed between groups. The 
results of clinical outcomes after PSM were simi-
lar between the two groups (Table 2).

Multivariable analysis and subgroup analysis
The result of binary multivariable logistic regres-
sion analysis and PSM analysis showed that statin 
usage was not independently associated with an 
increased rate of complete occlusion of aneurysms 
or any other secondary outcomes (Figure 1).

When including only patients who did not use sta-
tin before the procedure, we also observed no sta-
tistical association between the statin user group 
and non-user group for all outcomes (Table 3).

Discussion
To our knowledge, this is the first study investi-
gating the impact of statin medication after PED 
treatment on angiography and clinical outcomes. 
Our study included 1087 patients with 1168 

intracranial aneurysms treated with PEDs and 
demonstrated that the statin medication follow-
ing PED treatment was not associated with aneu-
rysm occlusion rate, stenosis of parent arteries, 
ischemic complications, hemorrhage complica-
tions, or mortality. The finding indicated that 
intracranial aneurysm patients would not signifi-
cantly benefit from statin use after the PED 
procedure.

With a usage rate prevalence of 18–45% in the 
population, statins are one of the most commonly 
prescribed medications all around the world.20 
Aside from its excellent impact on the regulation 
of cholesterol biosynthesis,21 plenty of pharma-
cology pathways have been revealed to under-
stand its pleiotropic effect. One main beneficial 
way of this effect on intracranial aneurysms was 
the improvement of endothelial function. By up-
regulating the expression and the activity of 
endothelial nitric oxide synthase, statins could 
ameliorate endothelial dysfunction and improve 
vascular smooth muscle cell proliferation by pro-
moting nitric oxide release.5,22,23 This effect was 
found to occur earlier than any significant reduc-
tion in serum cholesterol levels in the early period 
after statin initiation.24,25 Both in vitro and in  
vivo studies in a rabbit aneurysm model regard-
ing statin-loaded stents showed favorable 
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Table 2. Angiographic and clinical outcomes.

Event/total (%)  

 Crude cohort PSM cohort  

Outcome Statin user Non-statin user p-value Statin user Non-statin user p-value

Angiographic outcomes

  Complete occlusion of 
aneurysms

117/142 (82.4) 437/519 (84.2) 0.605 94/116 (81.0) 94/111 (84.7) 0.466

 Stenosis of parent arteries

  ⩾50% 2/142 (1.4) 12/519 (2.3) 0.738 0/116 (0.0) 4/111 (3.6) 0.119

  <25% 6/142 (4.2) 12/519 (2.3) 0.342 4/116 (3.4) 1/111 (0.9) 0.393

  ⩾25–50% 5/142 (3.5) 6/519 (1.2) 0.114 5/116 (4.3) 0/111 (0.0) 0.080

  ⩾50–70% 1/142 (0.7) 3/519 (0.6) 1.000 0/116 (0.0) 2/111 (1.8) 0.458

  ⩾70–100% 1/142 (0.7) 9/519 (1.7) 0.615 0/116 (0.0) 2/111 (1.8) 0.458

Clinical outcomes

 Ischemic complication

  Total ischemic complication 21/232 (9.0) 61/855 (7.1) 0.327 17/188 (9.0) 12/188 (6.4) 0.334

   Perioperative ischemic 
complication

19/232 (8.2) 55/855 (6.4) 0.346 16/188 (8.5) 11/188 (5.9) 0.318

   Follow-up period ischemic 
complication

3/232 (1.3) 8/855 (0.9) 0.910 2/188 (1.1) 1/188 (0.5) 1.000

 Hemorrhage complication

   Total subarachnoid 
hemorrhage

2/232 (0.9) 21/855 (2.5) 0.215 1/188 (0.5) 7/188 (3.7) 0.074

   Perioperative subarachnoid 
hemorrhage

2/232 (0.9) 20/855 (2.3) 0.248 1/188 (0.5) 7/188 (3.7) 0.074

   Follow-up period 
subarachnoid hemorrhage

0/232 (0.0) 1/855 (0.0) 1.000 0/188 (0.0) 0/188 (0.0) –

   Perioperative intracranial 
hemorrhage

2/232 (0.9) 18/855 (2.1) 0.330 2/188 (1.0) 2/188 (1.0) 1.000

 All-cause mortality 1/232 (0.0) 16/855 (1.9) 0.204 1/188 (0.5) 1/188 (0.5) 1.000

 Neurologic mortality 1/232 (0.0) 14/855 (1.6) 0.280 1/188 (0.5) 1/188 (0.5) 1.000

Functional outcome

  Excellent functional outcome 
(mRS ⩽1)

171/179 (95.5) 557/573 (97.2) 0.265 115/116 (99.1) 110/111 (99.1) 1.000

  Favorable functional outcome 
(mRS ⩽2)

177/179 (98.9) 564/573 (98.4) 0.933 116/116 (100.0) 111/111 (100.0) 1.000

PSM, propensity-score matching; mRS, modified Rankin Scale.
Analysis was performed with the Pearson χ2 test.
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pro-endothelialization properties of statin.26 
Another protective effect of statin was its anti-
inflammatory effect. Animal experiments have 
shown that statin inhibited leukocyte recruitment 
and the exudate production of interleukin-6, 
monocyte chemotactic protein-1, and RANTES 
(regulated on activation, normal T-cell expressed 
and secreted).27,28 It could suppress the develop-
ment of aneurysms by inhibiting inflammatory 
reactions in aneurysmal walls and prevent the 
progression of preexisting aneurysms in rats.29

The effect of statins on aneurysms observed in 
animal models on their overall benefit in patients 
cannot be linked directly due to the limitations of 
animal studies as models for human disease. 
While there was a recent randomized controlled 
trial conducted by Kang et al.30 found that statin 
use could decrease aneurysm wall enhancement, 
indicating the potential modulation of alleviating 
aneurysm wall inflammation and prevention of 
rupture. The results of other observational find-
ings did not completely support the 
hypothesis.31,32

To date, we still lack high-quality evidence on 
whether statin use could contribute to the out-
comes of intracranial aneurysm patients who 
underwent endovascular intervention, especially 
for flow diversion devices. Flores-Milan et  al.11 
performed a retrospective cohort study with 94 
intracranial aneurysm patients to investigate 

factors associated with in-stent stenosis after PED 
treatment. The result of the multivariate analysis 
found statin usage to be the only variable to pre-
dictive and protective in-stent stenosis. However, 
the statistical power and generalizability of the 
results were limited by the modest sample size 
and single-center study design. By contrast, a 
study assessed the effect of statin use at the time 
of PED procedure by retrospectively reviewing 
the database data and did not identify any statisti-
cally significant association between statin ther-
apy and higher aneurysm occlusion rate or clinical 
outcomes.12 Similarly, a previous post hoc analysis 
study10 that combined the data sets from three 
PED studies together in a per-patient set, demon-
strated whether statin usage at the time of the 
procedure and follow-up duration following PED 
treatment was not associated with angiographic 
and clinical outcomes. Our study was consistent 
with the findings of two studies below10,12 and 
further confirmed that the use of the statin medi-
cation after PED treatment would not statistically 
significantly contribute to the outcomes.

There are several differences between the previ-
ous studies and the present one. Instead of focus-
ing on the impact of statin use before or at the 
time of the PED treatment,10–12 we investigated 
the effects of statin use following the procedure. 
In our study, statin was primarily prescribed for 
patients who were not receiving routine statin 
treatment for hyperlipidemia or cardiovascular 

Figure 1. Multivariable logistic regression and propensity score-matched analysis for the association between statin use and 
outcomes.
CI, confidence interval; OR, odds ratio.
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Table 3. Subgroup analysis using multivariable logistic regression and propensity score-matched analysis for the association 
between statin use and outcomes among patients who did not use statin before pipeline embolization.

Crude cohort [Event/ 
total (%)]

Multivariable logistic 
regression

Propensity score-matched 
analysis

Outcome Statin user Non-statin user p-valuea OR (95% CI) p-value OR (95% CI) p-value

Angiographic outcomes

  Complete 
occlusion of 
aneurysms

88/108 (81.5) 435/515 (84.3) 0.369 0.77 (0.44–1.35) 0.650 0.72 (0.34–1.49) 0.372

  Stenosis of parent 
arteries ⩾50%

0/108 (0.0) 12/515 (2.3) 0.224 – 0.996 0.33 (0.01–8.12) 0.495

Clinical outcomes

 Ischemic complication

   Total ischemic 
complication

17/180 (9.4) 60/843 (7.1) 0.283 1.38 (0.77–2.47) 0.285 1.07 (0.52–2.19) 0.855

   Perioperative 
ischemic 
complication

16/180 (8.9) 54/843 (6.4) 0.231 1.41 (0.77–2.58) 0.270 1.16 (0.55–2.45) 0.703

   Follow-up 
period ischemic 
complication

2/180 (1.1) 8/843 (0.9) 1.000 1.55 (0.32–7.53) 0.586 1.00 (0.14–7.18) 1.000

 Hemorrhage complication

   Total 
subarachnoid 
hemorrhage

1/180 (0.6) 20/843 (2.4) 0.204 0.28 (0.04–2.09) 0.213 1.00 (0.06–16.12) 1.000

   Perioperative 
subarachnoid 
hemorrhage

1/180 (0.6) 19/843 (2.3) 0.231 0.32 (0.04–2.44) 0.168 1.00 (0.06–16.12) 1.000

   Perioperative 
intracerebral 
hemorrhage

2/180 (1.1) 18/843 (2.1) 0.546 0.52 (0.11–2.41) 0.403 0.66 (0.11–4.02) 0.655

  All-cause mortality 1/180 (0.6) 16/843 (1.9) 0.338 0.42 (0.05–3.19) 0.399 0.25 (0.03–2.22) 0.211

  Neurologic 
mortality

1/180 (0.6) 14/843 (1.7) 0.436 0.48 (0.06–3.72) 0.482 0.33 (0.03–3.20) 0.338

Functional outcome

  Excellent 
functional 
outcome (mRS ⩽1)

135/141 (95.7) 553/569 (97.2) 0.539 0.62 (0.23–1.63) 0.331 0.75 (0.21–2.73) 0.666

  Favorable 
functional 
outcome (mRS ⩽2)

140/141 (99.3) 560/569 (98.4) 0.698 2.09 (0.26–16.78) 0.487 2.31 (0.21–25.74) 0.498

CI, confidence interval; mRS, modified Rankin Scale; OR, odds ratio.
aAnalysis was performed with the Pearson χ2 test.
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disease. Also, most of the patients were not regu-
lar statin users, so we could analyze the effect of 
statin initiation among these patients. The study 
also had the largest sample size to date and was 
conducted across multiple centers, which might 
better improve the statistical power. In addition, 
the results drawn in the Caucasian population 
cannot be directly applied to the Asian population 
who would typically have a higher risk of athero-
sclerosis and experiences a higher incidence of 
adverse effects from statins.14,15 We provided evi-
dence for clinicians treating Asian patients who 
received PED treatment.

It’s crucial to understand that statin use after 
PED treatment should be considered a beneficial 
medication or an overtreatment practice. 
Although results from the previous PLUS study 
found that hyperlipidemia was a significant pre-
dictor of aneurysm occlusion,2 statin use did not 
appear to have a beneficial effect on the outcomes. 
It could be proposed that it was the existing path-
ological vascular condition rather than the subse-
quent development of hyperlipidemia that 
affected aneurysm occlusion. Statins could not 
significantly reverse the formed arterial plaque on 
the PED-covered vessel. Also, the impact of sta-
tin may be limited if the parent arteries do not 
exhibit an inflammatory response or endothelial 
dysfunction.

There was evidence of the beneficial effect of sta-
tin for other endovascular procedures. According 
to a retrospective cohort study using the National 
Health Insurance Service–National Sample 
Cohort Database in Korea, statin treatment was 
shown to be significantly associated with a 
decreased pooled incidence of stroke, myocardial 
infarction, and all-cause death after coil emboli-
zation of cerebral aneurysms.33 Brinjikji et  al.34 
found that statin use was related to a decreased 
rate of aneurysm recurrence after small- and 
medium-sized ruptured aneurysms underwent 
endovascular coiling. The results of this study 
showed a slightly lower but not significant rate of 
stenosis of parent arteries ≥ 50% in the statin 
user group compared with the non-statin user 
group. One speculative explanation is that the 
influence of PED on vascular is weak, so this 
study with such a sample size was still insufficient 
to demonstrate the benefit of statin.

This study called for consideration of the neces-
sity to initiate statin treatment for those who had 

not taken it before the PED treatment. As our 
subgroup analysis found no significant benefit of 
statin for patients who underwent PED proce-
dures, clinicians should consider the benefits and 
drawbacks for patients because the research so far 
has not demonstrated clinically significant statin-
specific improvement in clinical outcomes.

Nonetheless, we acknowledge that our study has 
several limitations. Limited by the retrospective 
design’s inherent bias, well-designed prospective 
studies were needed to further corroborate our 
findings. In addition, our angiographic follow-up 
relied on two-dimensional imaging, which may 
compromise the accuracy of stenosis percentage 
estimates. The use of three-dimensional imaging 
could provide more precise results in future stud-
ies. Another limitation is that our studies included 
only patients from China so the results cannot be 
readily extrapolated to other ethnicities or popu-
lations. We also lacked information on the type 
and dosage of statins as well as the relevant low-
density lipoprotein cholesterol levels, which could 
allow us to evaluate the therapeutic effect of 
statins more accurately. Consequently, there 
might be an optimal type or dose of statin that 
would produce the desired outcomes. Future 
studies are demanded to clarify these matters.

Conclusion
Our finding indicated that statin medication after 
PED treatment is not significantly associated with 
improvement in angiographic or clinical out-
comes. Well-designed studies are needed to fur-
ther confirm this finding.
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