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Endovascular intracranial aneurysm (IA) manage-
ment has evolved dramatically in the last 2 decades. 
Several treatment options exist, including endovas-

cular coiling with or without balloon or stent assistance, 

flow diversion, or flow disruption for varying aneurysm 
morphologies and complexities. Significant advancements 
have been made in the last 2 decades to increase the safety 
and efficacy of aneurysm treatment; however, the durabil-

ABBREVIATIONS  BPC = bare platinum coil; HEAT = Hydrogel Endovascular Aneurysm Treatment Trial; HES = HydroCoil Embolic System; IA = intracranial aneurysm.
SUBMITTED  March 30, 2024.  ACCEPTED  July 29, 2024.
INCLUDE WHEN CITING  Published online December 20, 2024; DOI: 10.3171/2024.7.JNS24781.

The association of statin therapy with reduced 
intracranial aneurysm recurrence after endovascular 
coiling: a post hoc propensity score–matched analysis  
of a randomized clinical trial
Devi P. Patra, MD,1–3 Karl R. Abi-Aad, MD,4 Evelyn L. Turcotte, BS,2,3,5 Christopher S. Ogilvy, MD,6 
Elad I. Levy, MD, MBA,7–10 Adnan H. Siddiqui, MD, PhD,7–10 Erol Veznedaroglu, MD,11  
H. Hunt Batjer, MD,1,12,13 and Bernard R. Bendok, MD, MSCI1–3,14,15

Departments of 1Neurological Surgery, 14Otolaryngology, and 15Radiology, Mayo Clinic, Phoenix, Arizona; 2Neurosurgery 
Simulation and Innovations Laboratory, Mayo Clinic, Phoenix, Arizona; 3Precision Neurotherapeutics Innovation Program, Mayo 
Clinic, Phoenix, Arizona; 4Department of Surgery, SUNY Upstate Medical University, New York, New York; 5Mayo Clinic Alix School 
of Medicine, Mayo Clinic, Scottsdale, Arizona; 6Neurosurgical Service, Beth Israel Deaconess Medical Center, Harvard Medical 
School, Boston, Massachusetts; Departments of 7Neurosurgery and 8Radiology, Jacobs School of Medicine and Biomedical 
Sciences, University at Buffalo, New York; 9Canon Stroke and Vascular Research Center, Jacobs School of Medicine and 
Biomedical Sciences, University at Buffalo, New York; 10Jacobs Institute, Buffalo, New York; 11Department of Neurosurgery, Drexel 
Neuroscience Institute, Philadelphia, Pennsylvania; 12Department of Neurosurgery, University of Texas Southwestern Medical 
Center, Dallas, Texas; and 13Department of Neurosurgery, The University of Texas at Tyler School of Medicine, Tyler, Texas

OBJECTIVE  Endovascular intracranial aneurysm (IA) management has significantly evolved over the last 2 decades. 
Despite these advancements, the aneurysm recanalization rate after coil embolization remains a concern. Statins have 
been found to affect vascular repair and remodeling; therefore, the authors hypothesized that patients receiving statin 
therapy at the time of coil embolization would have lower aneurysm recurrence and retreatment rates compared with 
patients not receiving statin therapy.
METHODS  A post hoc analysis was conducted of the primary data from patients enrolled in the Hydrogel Endovascular 
Aneurysm Treatment Trial focusing on the impact of statin use on the recurrence rates of 3- to 14-mm IAs after endovas-
cular coiling. The primary outcome measured included aneurysm recurrence over 18–24 months using the Raymond-
Roy Occlusion Classification. Secondary outcomes included major and minor recurrence rates and retreatment rates. 
Propensity score matching based on patient and aneurysm characteristics was performed to mitigate selection bias.
RESULTS  A total of 577 patients with data on statin use were eligible for this analysis. Of these, 178 (30.8%) patients were 
using statins and 399 (69.2%) were not. After propensity score matching, 156 (39.2%) patients were included in the statin 
group and 242 (60.8%) in the nonstatin group. The recurrence rate was 3.8% (6/156) in the statin group and 10.7% (26/242) 
in the nonstatin group (p = 0.013). In a subgroup analysis, statin use significantly reduced recurrence in patients with 
unruptured aneurysms (1.6% vs 9.7%, p = 0.005), but not in those with ruptured aneurysms (12.5% vs 13.6%, p = 0.876).
CONCLUSIONS  Statin use was associated with a reduced rate of aneurysm recurrence in patients who underwent 
endovascular coiling for IAs with a decreased rate of retreatment during the follow-up period. Statins are a relatively low-
risk treatment and may be an effective therapy to reduce recanalization of IAs, although further prospective studies are 
warranted to validate these findings.
https://thejns.org/doi/abs/10.3171/2024.7.JNS24781
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endovascular neurosurgery; vascular disorders

J Neurosurg  Volume 142 • May 20251366 ©AANS 2025, except where prohibited by US copyright law

Brought to you by WHO/HINARI | Unauthenticated | Downloaded 05/21/25 05:29 AM UTC



J Neurosurg  Volume 142 • May 2025 1367

Patra et al.

ity of aneurysm occlusion with coil embolization remains 
a concern, with an estimated recanalization rate of 20% 
and approximately one-half requiring retreatment.1,2 Mul-
tiple factors have been evaluated with the development of 
a stratification scale to predict aneurysm recanalization, 
including both aneurysm-specific and treatment-related 
factors.3,4 Several strategies, such as improving packing 
density using balloon/stent assistance and using surface-
modified coils like poly(lactic-co-glycolic acid) coils and 
hydrocoils, have been attempted to reduce recanalization. 
A recent randomized controlled trial comparing bare plat-
inum coils (BPCs) and second-generation hydrocoils in 
the coiling of small- to medium-sized aneurysms showed 
reduced recurrence rates with the use of hydrocoils.5 The 
low recurrence rate with hydrocoils was attributed to im-
proved packing density and biological healing, both with-
in the aneurysm and at the neck. Several studies using ani-
mals and tissue models have demonstrated the important 
role of inflammation and endothelial repair in the process 
of aneurysm healing.6,7 Therefore, considerable research 
efforts are underway to investigate and develop therapeu-
tic agents targeting the inflammatory healing cascade. 
Statins are agents that have been used for several health 
benefits, including reducing cardiovascular and cerebro-
vascular risks by inhibiting a proinflammatory cascade. 
The beneficial effect of statins has also been shown in 
aortic aneurysms.8,9 Statins have been shown to affect 
vascular repair and remodeling through both angiogenic 
and angiostatic mechanisms promoting aneurysm heal-
ing.6 Additionally, animal studies have demonstrated an 
increased rate of aneurysm neck endothelialization with 
the use of rosuvastatin after aneurysm coiling by promot-
ing circulating endothelial progenitor cells.7 The benefit 
of statin use has been shown in one clinical study on IAs 
after endovascular coiling.10 However, further validation 
is lacking in larger studies. In this study, the authors per-
formed a post hoc analysis of the Hydrogel Endovascular 
Aneurysm Treatment Trial (HEAT),5 which is a random-
ized controlled trial involving the endovascular coiling of 
small- to medium-sized IAs, to analyze the effect of statin 
treatment on aneurysm recurrence rate.

Methods
The HEAT study is a prospective investigator-initiated 

randomized trial that compared the HydroCoil Embolic 
System (HES) (MicroVention Inc.) with BPCs in the en-
dovascular treatment of 3- to 14-mm ruptured and unrup-
tured aneurysms across 46 sites in the United States and 
Canada.5 In the current study, we performed a post hoc 
analysis of the primary data collected for the patients en-
rolled in the HEAT study to analyze the effect of statin use 
(a group of medications including atorvastatin, simvastat-
in, rosuvastatin, and pravastatin) on aneurysm recurrence 
rates in the follow-up period.

Baseline Characteristics
The primary data that were collected for this analysis 

included patient demographics (age, sex, ethnicity, and 
race), aneurysm characteristics (rupture status, location, 
type, diameter, shape, and dome-to-neck ratio), patient 

characteristics (family history of aneurysm, smoking, al-
cohol use, diabetes, hypertension, obesity, and aspirin use), 
and primary procedure details (coiling method; use of an 
assisted device like a stent, balloon, or both; and extent of 
aneurysm occlusion at the initial procedure). The factors 
comprising each category are shown in Table 1. The base-
line outcomes were compared between patients who used 
statins and those who did not. To note, the patients who 
were on statins at baseline continued their medication as 
advised by their primary care physician or cardiologist for 
the prevention or treatment of cardiovascular risk rather 
than as a preventive strategy for aneurysm recurrence.

Outcome Analysis
The primary outcome that was analyzed was aneu-

rysm recurrence over a follow-up period of 18–24 months, 
which was defined in the HEAT study as any progression 
on the Raymond-Roy Occlusion Classification (RROC) 
scale.26 The secondary outcomes included major recur-
rence (defined as an increase on the RROC scale from 
class 1 to class 3, an increase from class 2 to class 3, or 
class 3 with an increase in the Meyer scale score), minor 
recurrence (defined as increase on the RROC scale from 
class 1 to class 2), and retreatment rate for recurrence.

Propensity Score Matching
Propensity score matching was performed to reduce 

the selection bias from confounding factors. A balanced 
cohort was prepared based on the propensity scores gener-
ated using matching factors based on patient demograph-
ics, aneurysm and patient characteristics, and primary pro-
cedure details as mentioned above. The propensity scores 
allowed us to estimate the probability that a patient was 
exposed to a factor of interest (use of statins). A matched 
cohort was created by matching the propensity scores 
based on the kernel method, which allowed matching of 
multiple controls (no statin) to one patient (statin). The 
standardized bias across the probable confounding factors 
was compared pre- and postmatching to confirm satisfac-
tory reduction of bias to an acceptable limit (defined as < 
5%). A logistic regression of the matched sample was per-
formed to compare the primary and secondary outcomes 
between the patients who were statin users and nonusers.

Statistical Analysis
The analysis was performed using Stata statistical soft-

ware version 18.0 (StataCorp LLC). The continuous vari-
ables are reported as mean and standard deviation. The 
binary/categorical variables are reported as frequency 
(percentage). The Pearson chi-square test was used for 
comparison of categorical variables, and the Student t-test 
was used for continuous variables. Logistic regression re-
sults are reported as odds ratio with 95% confidence in-
terval. Both univariate and multivariate logistic regression 
analyses were performed. The univariate analysis included 
all the variables used for propensity score matching, but 
multivariate analysis included only the variables that had a 
p value significance level ≤ 0.1. Propensity score matching 
was performed using the kernel matching method after 
logit estimation without bandwidth using a common sup-
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TABLE 1. Demographics of patients with or without statin use

Unmatched Sample (n = 577) Matched Sample (n = 398)
No Statin Statin p Value No Statin Statin p Value

Mean age, yrs 54.8 61.8 <0.001 56 61 <0.001
Sex
  Male
  Female

84 (71.2)
315 (68.6)

34 (28.8)
144 (31.4)

0.591 42 (58.3)
200 (61.3)

30 (41.7)
126 (38.7)

0.635

Ethnicity	
  Non-Hispanic
  Hispanic

368 (69.8)
31 (62.0)

159 (30.2)
19 (38.0)

0.252 220 (61.5)
22 (55.0)

138 (38.5)
18 (45.0)

0.428

Race
  White
  Black
  Asian
  Other

316 (67.4)
47 (79.7)
14 (70.0)
14 (82.4)

153 (32.6)
12 (20.3)
6 (30.0)
3 (17.6)

0.270
194 (59.5)
29 (70.7)

9 (64.3)
5 (62.5)

132 (40.5)
12 (29.3)
5 (35.7)
3 (37.5)

0.716

Rupture status
  Unruptured
  Ruptured

275 (65.8)
123 (77.8)

143 (34.2)
35 (22.2)

0.005 176 (58.7)
66 (67.3)

124 (41.3)
32 (32.7)

0.126

Aneurysm location
  Anterior circulation
  Posterior circulation

336 (69.6)
50 (64.9)

147 (30.4)
27 (35.1)

0.415 204 (60.9)
38 (60.3)

131 (39.1)
25 (39.7)

0.931

Aneurysm type
  Sidewall
  Terminal
  Bifurcation

135 (71.4)
55 (65.5)

196 (68.1)

54 (28.6)
29 (34.5)
92 (31.9)

0.573 81 (62.8)
42 (60.9)

119 (59.5)

48 (37.2)
27 (39.1)
81 (40.5)

0.837

Aneurysm diameter
  <7 mm
  ≥7 mm

231 (67.7)
168 (71.2)

110 (32.3)
68 (28.8)

0.378 132 (58.7)
110 (63.6)

93 (41.3)
63 (36.4)

0.319

Aneurysm shape
  Regular
  Irregular
  Daughter sac

215 (65.7)
85 (68.5)
86 (78.2)

112 (34.3)
39 (31.5)
24 (21.8)

0.051 136 (58.6)
56 (59.6)
50 (69.4)

96 (41.4)
38 (40.4)
22 (30.6)

0.249

Dome-to-neck ratio
  ≤1.5
  >1.5

32 (60.4)
347 (69.7)

21 (39.6)
151 (30.3)

0.165 21 (55.3)
221 (61.4)

17 (44.7)
139 (38.6)

0.462

Family history of aneurysm
  No family history
  Family history

302 (69.3)
97 (68.8)

134 (30.7)
44 (31.2)

0.916 178 (61.0)
64 (60.4)

114 (39.0)
42 (39.6)

0.916

History of smoking
  Never smoker
  Ever smoker

104 (68.4)
295 (69.4)

48 (31.6)
130 (30.6)

0.820 62 (62.0)
180 (60.4)

38 (38.0)
118 (39.6)

0.777

Aspirin use
  No aspirin
  Aspirin

230 (80.4)
169 (58.1)

56 (19.6)
122 (41.9)

<0.001 125 (70.6)
117 (52.9)

52 (29.4)
104 (47.1)

<0.001

Hypertension
  No
  Yes

75 (65.2)
180 (56.8)

40 (34.8)
137 (43.2)

0.115 70 (66.0)
172 (58.9)

36 (34.0)
120 (41.1)

0.198

Diabetes mellitus
  No
  Yes

210 (61.2)
45 (50.6)

133 (38.8)
44 (49.4)

0.068 198 (62.7)
44 (53.7)

118 (37.3)
38 (46.3)

0.137

Alcohol use
  No
  Yes

358 (68.5)
41 (75.9)

165 (31.5)
13 (24.1)

0.258 224 (60.7)
18 (62.1)

145 (39.3)
11 (37.9)

0.885

Obesity
  No
  Yes: BMI ≥25

149 (75.6)
250 (65.8)

48 (24.4)
130 (34.2)

0.015 74 (62.7)
168 (60.0)

44 (37.3)
112 (40.0)

0.613
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port. The caliper option was set at 0.02. Graphical repre-
sentation of the matching was performed using a scatter 
diagram and kernel density plots. A p value < 0.05 was set 
as the threshold for statistical significance.

Results
A total of 600 patients were enrolled in the original 

HEAT study, of whom 577 patients were eligible for this 
post hoc analysis due to having data on statin use. A total 
of 178 (30.8%) patients were on statin therapy at baseline 
that was continued in the postoperative period. The base-
line characteristics of the patients in the original cohort in 
the two groups (statin users and nonusers) are described 
in Table 1.

Matching Outcome
After matching patients based on propensity scores, 

398 patients, 156 (39.2%) statin users and 242 (60.8%) 
nonusers, were included in the matched cohort. The dif-
ference between the two groups in all the variables was 
not statistically significant in the matched cohort except 
for mean age and aspirin use (Table 1). The mean bias in 
the matched cohort was 2.5% as compared with 13.8% in 
the unmatched cohort, suggesting a reduction of bias by > 
80% with matching. The balancing test of all variables in 
the matched cohort showed a bias of < 5% in all the vari-
ables, confirming the comparability of the groups (Table 
2). The scatter diagram showing the standardized percent 
bias in the unmatched and matched samples for each vari-
able is depicted in Fig. 1. The kernel density plot shows a 
satisfactory balance between the groups in the matched 
cohort (Fig. 2).

Baseline Characteristics in the Matched Cohort
The matched cohort consisted of 98 (24.6%) patients 

» CONTINUED FROM PAGE 1368

TABLE 1. Demographics of patients with or without statin use

Unmatched Sample (n = 577) Matched Sample (n = 398)
No Statin Statin p Value No Statin Statin p Value

Coiling method
  BPCs
  Hydrogel coils

213 (72.7)
186 (65.5)

80 (27.3)
98 (34.5)

0.061 127 (64.1)
115 (57.5)

71 (35.9)
85 (42.5)

0.175

Use of stent
  No stent or balloon
  Balloon
  Stent
  Balloon & stent

137 (69.9)
166 (71.6)
80 (66.1)

9 (50.0)

59 (30.1)
66 (28.4)
41 (33.9)
9 (50.0)

0.231
90 (62.5)
99 (61.9)
47 (58.0)
6 (46.2)

54 (37.5)
61 (38.1)
34 (42.0)

7 (53.8)

0.640

Aneurysm occlusion at initial procedure
  Complete
  ≥90%
  70–89%
  50–69%
  25–49%
  <25%

81 (64.8)
178 (73.0)
77 (65.3)
34 (66.7)
10 (71.4)
1 (100)

44 (35.2)
66 (27.0)
41 (34.7)
17 (33.3)
4 (28.6)
0 (0)

0.522

42 (53.8)
118 (65.6)
50 (57.5)
24 (58.5)
8 (66.7)
0 (0)

36 (46.2)
62 (34.4)
37 (42.5)
17 (41.5)
4 (33.3)
0 (0)

0.412

Values are given as number of patients (%) unless otherwise indicated.

TABLE 2. Balance test depicting percent bias before and  
after matching

% Bias
% 

Change

p Value 
(matched 

group)
Before 

Matching
After 

Matching

Age 61.0 4.6 92.4 0.65
Sex −6.2 −3.6 42.3 0.75
Ethnicity 7.5 2.1 71.7 0.85
Race −6.6 −0.3 96.1 0.98
Rupture status −16.2 1.8 89.0 0.86
Aneurysm location −0.4 −1.9 −412.7 0.87
Aneurysm type 5.9 3.0 49.2 0.79
Aneurysm diameter −12.0 0.8 93.4 0.94
Aneurysm shape −20.2 3.7 81.8 0.73
Dome-to-neck ratio −10.8 4.4 59.1 0.71
Family history of aneurysm −1.6 4.0 −149.7 0.72
History of smoking 2.5 0.1 96.6 0.99
Aspirin use 41.1 −2.9 92.8 0.78
Hypertension 15.5 3.1 80.3 0.78
Diabetes mellitus 18.3 −4.0 78.4 0.74
Alcohol use −3.3 1.3 60.9 0.90
Obesity 8.0 −2.6 67.2 0.81
Coiling method 18.8 3.1 83.3 0.78
Use of stent 13.8 −1.1 91.9 0.92
Aneurysm occlusion at 
initial procedure

−6.7 1.6 75.6 0.88
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with ruptured aneurysms. About one-half (43.5%) of the 
patients had large aneurysms (≥ 7 mm in diameter). The 
aneurysm was regular in 58.3% of the patients and was ir-
regular or had a daughter sac in 41.7%. About 16.6% of the 
patients had a family history of aneurysm in first-degree 
relatives and 10% in second-degree relatives. About three-
quarters (74.9%) of the patients had a history of smoking. 
The rate of comorbidities in the cohort included hyper-
tension in 73.4%, diabetes mellitus in 20.6%, and obesity 
(BMI ≥ 25) in 70.4% of patients. About one-half (50.3%) 
of the patients had endovascular coiling using second-
generation hydrocoils (at least 90% of the total implanted 
coil length). Assisted devices (balloon, stent, or both) were 
used for coiling in 63.8% of patients. The rates of com-
plete occlusion, ≥ 90% occlusion, and ≥ 70% occlusion 
were 19.6%, 64.8%, and 86.7%, respectively (Table 1).

Primary Outcome Analysis
A total of 32 (8.0%) patients experienced a recurrence 

in the matched cohort. In the statin group, 6 (3.8%) recur-
rences were observed, compared with 26 (10.7%) recur-
rences in the group without statin use (p = 0.013) (Fig. 3). 
The logistic regression showed a lower odds of recurrence 
in the statin group (OR 0.33, 95% CI 0.13–0.82; p = 0.018) 
(Fig. 4).

Secondary Outcome Analysis
The rate of major and minor recurrences in the matched 

cohort were 11.8% and 2.2%, respectively. The overall rate 
of major recurrence was lower in the statin group (7.6% 
vs 14.4%, p = 0.041). Similarly, the odds of major recur-

rence was lower in the statin user group compared with 
the group of statin nonusers (OR 0.49, 95% CI 0.24–0.98; 
p = 0.044). The rate of minor recurrence was also lower 
in the statin group, but not statistically significant between 
the groups (1.9% with statins vs 2.4% without statins, p = 
0.71; OR 0.77, 95% CI 0.19–3.12 [p = 0.716]). Similarly, the 
rate of retreatment in the statin group was lower without 
reaching significance (2.6% with statins vs 4.1% without 
statins, p = 0.40; OR 0.61, 95% CI 0.18–1.98 [p = 0.41]) 
(Figs. 3 and 4).

Factor and Subgroup Analysis
Univariate analysis of the factors in the matched sam-

ple was performed and showed rupture status, coiling 
method, and aneurysm occlusion at the initial procedure 
as significant factors affecting aneurysm recurrence in 
addition to statin use (Table 3). The multivariate analysis 
showed lower odds of recurrence with the use of statins 
(OR 0.29, 95% CI 0.11–0.77; p = 0.013), use of HES coils 
(OR 0.26, 95% CI 0.10–0.69; p = 0.007), and aneurysm 
occlusion > 90% at the time of the initial procedure (OR 
0.38, 95% CI 0.16–0.85; p = 0.019). In the subgroup analy-
sis based on rupture status, significantly lower recurrence 
was noted with statin use in patients’ unruptured aneu-
rysms (1.6% vs 9.7%, p = 0.005); however, the difference 
was not significant in patients with ruptured aneurysms 
(12.5% vs 13.6%, p = 0.876). Similarly, in the subgroup 
analysis based on type of coil used, a significantly lower 
recurrence was noted in patients with the use of HES coils 
and statins (0.0% vs 5.2%, p = 0.032); however, the dif-
ference was not significant in patients undergoing coiling 
with BPCs (8.5% vs 15.8%, p = 0.145).

FIG. 1. Scatter diagram showing standardized percent bias in the unmatched and matched samples for each variable. Figure is 
available in color online only.
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Discussion
Our post hoc analysis of a large prospective random-

ized study demonstrated a beneficial effect on aneurysm 
recurrence with the use of statins after endovascular coil-
ing. In the matched sample, patients who were on a statin 
had a 50% reduction in the rate of recurrence compared 
with patients who were not on a statin. This reduction also 
led to a trend toward a lower retreatment rate in the statin 
patient cohort.

Statins have been in use for the last several decades in 
the cardiovascular field, and current guidelines strongly 
recommend intense statin therapy in patients with signifi-
cant atherosclerotic cardiovascular disease. In addition to 
its lipid-lowering properties, several other pathophysiolog-
ical effects of statins have been implicated in promoting 
vascular health. Oxidative stress has been shown to in-
crease the inflammatory cascade through the upregulation 
of cytokines and adhesion molecules, which lead to endo-
thelial injury and the formation and growth of aneurysms. 
The use of statins tends to counteract these effects by 

enhancing nitric oxide production from the endothelium 
and reducing the generation of reactive oxygen species.11 
Additionally, statins have been shown to reduce the level 
of matrix metalloproteinases, which are known to medi-
ate vascular remodeling and plaque rupture.12 Statins also 
decrease other inflammatory markers like interleukin-6, 
C-reactive protein, and tumor necrosis factor–alpha.13

Similar to the pathomechanism of systemic atheroscle-
rosis, intimal thickening and smooth muscle proliferation 
in intracranial vasculature have been implicated in the for-
mation, growth, and rupture of cerebral aneurysms.14 Lim-
ited data exist on the effects of statin on IAs, but studies 
have shown beneficial effects of statin on both ruptured 
and unruptured aneurysms. A multicenter study from 
Japan analyzing the data in 117 patients with ruptured 
aneurysms and 304 patients with unruptured aneurysms 
found a lower odds of hemorrhage in patients using statins 
(adjusted OR 0.3, 95% CI 0.14–0.66).15 Similarly, a case-
control study on Medicare patients with IAs showed that 
statin use was associated with a lower risk of rupture and 
out-of-hospital death.16 Later, Song et al. analyzed 1381 pa-

FIG. 2. Kernel density plot showing a satisfactory balance between the groups in the matched cohort. Figure is available in color 
online only.
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tients from the national database of Korea, including 542 
patients undergoing endovascular embolization and 839 
patients undergoing microsurgical clipping, and evaluated 
the role of statin use in the development of a composite 
outcome consisting of stroke, myocardial infarction, and 
all-cause death.17 They demonstrated that consistent statin 
use, defined as use for > 80% of the days, is associated 
with a lower risk of the composite outcome.

In addition to reducing the risk of aneurysm rupture, 
statins have been proposed to promote aneurysm healing 
after treatment. One initial experiment on rodents showed 
that rosuvastatin promotes endothelialization of the coiled 
aneurysm neck by inducing endothelial progenitor cells 
and therefore can potentially be used as a target agent 
to prevent aneurysm recurrence.7 Unfortunately, a subse-
quent study in rabbits in which simvastatin was used failed 

FIG. 4. Forest plot showing the odds of primary and secondary out-
comes with statin use.

FIG. 3. Bar graph showing primary and secondary outcomes with or without statin use. Figure is available in color online only.

TABLE 3. Univariate and multivariate analyses of factors 
affecting aneurysm recurrence

Univariate 
Analysis

Multivariate 
Analysis

OR p Value OR p Value

Age 0.98 0.368
Sex 0.77 0.563
Ethnicity 1.75 0.280
Race 1.18 0.354
Rupture status 2.26 0.032 1.81 0.152
Aneurysm location 1.25 0.638
Aneurysm type 1.01 0.952
Aneurysm diameter 1.33 0.438
Aneurysm shape 1.29 0.250
Dome-to-neck ratio 1.63 0.512
Family history of aneurysm 0.61 0.297
History of smoking 0.84 0.684
Aspirin use 0.90 0.776
Statin 0.33 0.018 0.29 0.013
Hypertension 1.09 0.828
Diabetes mellitus 0.37 0.114
Alcohol use 0.38 0.362
Obesity 0.92 0.836
Coiling method 0.20 0.001 0.26 0.007
Use of stent 0.68 0.121
Aneurysm occlusion at 
initial procedure

0.24 <0.001 0.38 0.019
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to show a difference in healing of experimental aneurysms 
after BPC embolization.18 The equivocal result of this 
study was thought to be related to the difference in ani-
mal models and use of a less potent statin (simvastatin as 
compared with rosuvastatin). Nevertheless, a subsequent 
clinical study by the same group analyzed the effect of 
statins on ruptured aneurysms ≤ 10 mm and found a sig-
nificantly lower aneurysm recanalization rate with the use 
of statins.10

Our study, which included both ruptured and unrup-
tured aneurysms, showed similar results of lower recur-
rence rate and lower retreatment rate in patients who were 
continued on statin treatment in the postoperative period. 
It is understandable that the role of statins is more apparent 
in ruptured aneurysms when inflammatory markers and 
metalloproteinase expression are increased, and therefore 
the clinical study by Brinjikji et al.10 focused on ruptured 
aneurysms. Conversely, our subgroup analysis showed a 
significant reduction in recurrence in patients with unrup-
tured aneurysms, whereas the reduction was not signifi-
cant in ruptured aneurysms. This finding suggests that the 
beneficial effect of statins is not limited to ruptured an-
eurysms and raises a possibility that its pathomechanism 
extends beyond the inflammatory cascade. In the origi-
nal HEAT study, a lower recurrence was observed with 
the use of hydrocoils compared with BPCs, which was 
thought to be due to improved packing density in combi-
nation with a better healing mechanism with hydrocoils.5 
In our post hoc matched analysis, both the use of statins 
and the use of hydrocoils were independently associated 
with lower recurrence rates; furthermore, the subgroup 
analysis showed a significant reduction in recurrence with 
the use of statins and hydrocoils compared with the use of 
statins with BPCs. This finding highlights the possibility 
that there could be synergistic effects. It would be interest-
ing to see if the incorporation of statin nanoparticles in the 
design of coils could accelerate the healing process and 
thereby reduce recurrence. One animal study using sim-
vastatin-coated coils in rodents demonstrated promising 
results in this regard, showing accelerated tissue organiza-
tion with collagen connective matrix in the aneurysm sac 
as well as at the orifice.19 Unfortunately, further attempts 
to develop statin-coated coils and clinical studies are still 
lacking.

One of the major limitations of this post hoc analysis 
is that the original HEAT study was not geared toward 
balancing the factors critical for this analysis; therefore, an 
indirect method using propensity score matching was uti-
lized to achieve a balanced cohort. Nonetheless, we could 
not perfectly match the patients in both groups based on 
aspirin use (and to age) because of the inherent skewed 
cohort data, despite attempting multiple robust matching 
protocols. However, the propensity score matching did sig-
nificantly reduce the selection bias from 41.1% to −2.9%, 
suggesting a well-balanced cohort (defined as < 5% bias). 
Aspirin use has been shown to affect aneurysm rupture20 
as well as recanalization after endovascular coiling21 and 
therefore merits special consideration with regard to its 
confounding effect in this analysis, especially with the 
increased concomitant use of aspirin and statins in the 
general population. However, in our cohort about one-half 

of the patients who were taking aspirin were not receiv-
ing statin therapy, and about one-third of the patients who 
were receiving statin therapy were not taking aspirin. Ad-
ditionally, the univariate logistic regression did not show a 
significant association of aspirin use with recurrence (OR 
0.9, p = 0.776). Nevertheless, there is insufficient evidence 
to eliminate the confounding effect of aspirin use on recur-
rence rate. Second, although our study found a significant 
association between statin use and reduced recurrence 
rate, a direct causal effect cannot be inferred. Third, we 
did not perform analyses based on the type of statin used 
to see if a particular class of statins had a more beneficial 
effect. Finally, the confounding effect of hydrocoils on 
aneurysm recurrence cannot be ruled out despite the fact 
that statin therapy and hydrocoil use were found to have 
independent and significant associations with aneurysm 
recurrence based on the multivariate analysis.

The healing process of the aneurysm sac after embo-
lization involves multiple physiological mechanisms. We 
speculate that the interaction of statins in this pathway is 
complex, and therefore it is likely difficult to predict if a 
subgroup of patients will benefit from statins. Addition-
ally, the role of statins in preventing recurrence or promot-
ing occlusion is unclear in relation to other embolization 
methods, including flow diversion, as several studies have 
failed to show any better clinical or angiographic out-
come with the use of statins in patients undergoing treat-
ment with a Pipeline embolization device (Medtronic).22–25 
More studies on intrasaccular devices may help in under-
standing whether the beneficial effects of statins are due to 
intrasaccular remodeling/tissue organization or improved 
endothelialization of the parent vessel.

Conclusions
Our results showed a reduced rate of recurrence with 

the use of statins in patients undergoing endovascular 
coiling for IAs, with a decreased need for retreatment in 
the follow-up period. Subgroup analysis showed that the 
benefit of statins was significant in patients with unrup-
tured aneurysms and those who underwent coiling with 
hydrocoils. Considering the relatively low-risk profile of 
the statins that have been widely used in the cardiovas-
cular world, we envision that statins can be adapted as an 
effective therapeutic agent to reduce the recanalization 
of coiled aneurysms. Additional studies are warranted to 
validate our findings and to better understand the effect of 
statins on aneurysm healing.
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