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Introduction Intracranial aneurysm (IA) is a major healthcare concern. The use of statin
to reduce serum cholesterol has shown evidence to reduce cardiovascular risk in various
diseases, but the impact on IA has not been described. This study aims to determine
whether statin use, and serum cholesterol levels interfere with outcomes after IA event.
Methods A cohort of patients with IA was analyzed. Patients social and demographics
data were collected. Modiﬁed Rankin scale (mRS) score after 6 months of follow-up was
the endpoint. The data regarding statins use, presence or not of atherosclerotic plaque
in radiological images and serum cholesterol of 35 patients were included in our study.
Linear regression models were used to determine the inﬂuence of those 6 variables in
the clinical outcome.
Results The prevalence of atherosclerotic plaque, high cholesterol and use of statins
was 34.3%, 48.5%, and 14.2%, respectively. Statins and serum cholesterol did not
impact the overall outcome, measured by mRS after 6 months (p > 0.05), but did show
different tendencies when separated by IA rupture status. Serum cholesterol shows an
important association with rupture of aneurysm (p ¼ 0.0382). High cholesterol and use
of statins show a tendency for worse outcome with ruptured aneurysm, and the
opposite is true for unruptured aneurysm. The presence of atherosclerotic plaques was
not related with worse outcomes.
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Conclusions Multiple and opposite mechanisms might be involved in the pathophysiology of IA. Ruptured aneurysms are associated with higher levels of serum cholesterol. Serum cholesterol and statins use were not correlated with worse outcomes, but
further studies are important to clarify these relationships.

Resumo
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Introdução Aneurisma intracranial (AI) é uma grande preocupação para a saúde.
Evidências apontam que o uso de estatina para reduzir o colesterol sérico diminui o
risco cardiovascular em diversas doenças, mas o impacto em AI ainda não foi descrito.
Este estudo almeja determinar se o uso de estatina e o nível sérico de colesterol
interferem no desfecho clínico após a ocorrência de AIs.
Métodos Uma coorte de pacientes com AI foi analisada. Os dados sociodemográﬁcos
dos pacientes foram coletados. Ao ﬁnal de 6 meses de acompanhamento, aplicou-se a
escala modiﬁcada de Rankin (mRS). Os dados sobre uso de estatina, existência de placa
aterosclerótica em imagens radiológicas, e colesterol sérico de 35 pacientes foram
incluídos no estudo. Modelos de regressão linear foram usados para determinar a
inﬂuência dessas 6 variáveis nos desfechos clínicos.
Resultados A prevalência de placa aterosclerótica, colesterol elevado, e uso de
estatina foram respectivamente 34,3%, 48,5% e 14,2%. Estatina e colesterol sérico
não impactaram nos desfechos medidos pela mRS em 6 meses (p > 0,05), mas
mostraram diferentes tendências quando separados pelo estado de ruptura do AI.
Colesterol sérico apresenta uma importante associação com ruptura de aneurisma
(p ¼ 0,0382). Colesterol elevado e uso de estatinas representam uma tendência a
piores desfechos para aneurismas rompidos, e o oposto é verdade para os não
rompidos. A presença de placa aterosclerótica não está relacionada com piores
resultados.
Conclusões Mecanismos múltiplos e opostos podem estar envolvidos na patoﬁsiologia do AI. Aneurismas rompidos estão associados com maiores níveis de colesterol
sérico. Colesterol sérico e estatinas não foram correlacionados com piores desfechos,
mas mais estudos são importantes para clariﬁcar a relação entre esses fatores.

Introduction
Intracranial aneurysm (IA) is a major healthcare concern. It is
deﬁned as a dilation of a cerebral blood vessel. Aneurysms
are considered as the consequence of an abnormal blood
ﬂow. Increased hemodynamic stress leads to vessel damage
and subsequent inﬂammation.1 The inﬂammatory process
can be harmful to the vessel, leading to apoptosis of its
smooth muscle cells and to progressive weakening of the
vessel, as they are the primary matrix-synthesizing cells in
the vessel.1
The lesions are widely spread in the adult population.
Some studies suggest that the prevalence of IA among this
group can reach up to 5%.2 Clinical prognosis can vary widely
depending on the size of the lesion.3,4 Subarachnoid hemorrhage (SAH) is a major complication, occurring in about 6 to 7
persons annually, 85% of which can be directly attributed to
aneurysm rupture.5 Almost 2/3 of patients end up with a
poor outcome such as death, or permanent disabilities.6 The
case fatality after SAH can reach up to 50% and even though it
is more likely to happen in older people, half of the patients
are under 55 years.5
Arquivos Brasileiros de Neurocirurgia

Vol. 41

No. 1/2022

Many attempts have been made to predict patient outcome after SAH with mixed results. Most studies use a
combination of methods, including versions of the modiﬁed
Rankin scale (mRS)7 and Glasgow outcome scale (GOS),8 as
well as variables such as the patient’s gender, age, history and
aneurysm size and location.7 The lack of consistency and
precision in the methods used casts doubt on their ability to
predict outcomes reliably.9 A prime concern among patients
with IA is arterial embolism; thromboembolisms occur
when atherosclerotic plaques have their lipidic core exposed
to the bloodstream.9 Large thrombotic occlusions can
happen either in the anterior or posterior intracranial circulation, resulting in cortical symptoms, as well as medullary
and pontine infarction syndromes, respectively.10 Atherosclerotic lesions are relatively common in patients with IA,
with one study ﬁnding some visible atherosclerotic alterations in 37% of the patients during operations.11
The formation and progression of atherosclerotic plaques is
a multifactorial process, but one key contributor to it is the
low-density lipoprotein cholesterol (LDL). When deposited in
the vessel’s wall, LDL oxidizes, attracting monocyte-derived
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cells to the lesion’s site. Those cells penetrate the vessel wall
due to its reduced integrity, reaching the sub endothelial space
where they will differentiate into mature macrophages. Those
macrophages will eventually internalize the lipoproteins to
form the foam cells and the plaque.12,13 Therefore, it stands to
reason that the inhibition of LDL synthesis could prove to be an
effective way of preventing strokes. Some of the major drugs
capable of affecting LDL synthesis are statins, competitive
inhibitors of HMG-CoA reductase that end up inhibiting overall
lipoprotein synthesis in the liver and, consequentially, LDL
production.14 Additionally, it has been found that statin
increases the high-density lipoproteins (HDL),15 which have
been linked with atherosclerotic plaque regression.16
Cholesterol levels have also shown association with other
vascular diseases;17 and while lower levels of LDL and higher
levels of HDL are associated with the prevention of atherosclerotic plaque formation, the opposite is true regarding the
prevention of SAH,18 making the role of statin in IA even
more unclear.
As there is evidence to support the efﬁcacy of statin in the
prevention of strokes,19 this study aims to investigate the
possible correlation between statins, serum cholesterol levels
and outcome for IAs after 6 months.

Methods
Study Design
This is a prospective single-center cohort study with patients
who were admitted in the hospital due to SAH, between
January 2018 and November 2019. All patients were treated
with either microsurgery or embolization. Social and demographic data were acquired from charts of patients from the
department of neurosurgery of the Hospital das Clínicas
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(HCFMUSP) database. It was also collected information about
statins use, high cholesterol levels, presence of atherosclerotic plaques with radiological image, and aneurysm intracranial rupture status upon admission. The mRS scores were
collected prospectively at 6 months of follow-up.

Population Data
The study recruited 401 patients (adult men and women)
from the Department of Neurological Surgery of the Hospital
das Clínicas da FMUSP (HCFMUSP). After admission, the
patients were divided in two groups: the ﬁrst included
patients with SAH and ruptured aneurysm (244), and
the second included patients with unruptured aneurysms
undergoing elective surgery (177).
Data from 401 patients were analyzed, and 35 were
included in this study (►Fig. 1). All 35 patients with data
for serum cholesterol, use of statins, and presence or not of
atherosclerotic plaque were followed for 6 months for outcome evaluation.
A questionnaire concerning previous risk factors to aneurysmatic disease was performed, which included hypertension,
smoking, alcoholism, drug abuse, family history, previous SAH
and date of the last event. Besides that, a socioeconomic
evaluation of the participants was performed, assessing: educational level, family income, occupation, and marital status.
Patients were followed for 6 months. At the end of the study,
mRS and GOS were used to measure outcome after SAH.

Exclusion Criteria
Patients with missing cholesterol and statins use data,
radiological images for atherosclerotic plaques status, or
who stopped attending the follow-up appointments in less
than 6 months were excluded from the study.

Fig. 1 Population data and selection process based on inclusion and exclusion criteria. Thirty-ﬁve patients were included in this study.
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Inclusion Criteria
All patients were included, regardless of gender and age, with
ruptured and unruptured brain aneurysms who were admitted
to HCFMUSP between January 2018 and November 2019.
Patients with high-grade SAH, rated 4 or 5 in the Hunt Hess
scale, were not included.

was present in 62.9% of the patients, 22.9% had previous
diabetes mellitus, 37.1% were smokers, 14.3% were heavy
alcohol drinkers and 42.9% patients had ruptured aneurysm.
(►Table 1). Regarding treatment, 6% were treated with
embolization and 93% with microsurgery. No patients had
previous history of ruptured aneurysms.

Statistical Analysis

Serum Cholesterol and Outcome

We used univariate linear and logistic regressions with statin
use, presence of atherosclerotic plaques, and high cholesterol
as independent and dichotomous variables. High cholesterol
was deﬁned as a serum cholesterol higher than 200 mg/dl.
Serum cholesterol at admission was also used as an independent and continuous variable. The outcome was mRS at
6-months. Signiﬁcance level was established as 0.05. For the
logistic regression, unfavorable outcome was deﬁned as mRS
score greater than 2.
Patients were also divided in ruptured and unruptured
aneurysm groups. The prevalence of statin use between the
groups was analyzed with Fisher exact test for categorical
data. A signiﬁcance level of 0.05 was used.

The median Glasgow coma scale (GCS) at admission in the
hospital was 14.
The mean value of serum cholesterol in the group with
unruptured aneurysm was 195.2, and in the ruptured aneurysm group was 211.6. This difference was not statistically
signiﬁcant (p > 0.05). The mRS score at 6 months was on
average 1.4  0.91. The mean serum cholesterol upon admission was 202.25  46.28 (►Fig. 2). A total of 17 patients had
cholesterol levels higher than 200 mg/dl, with 52,9% being in
the ruptured aneurysm group.
The linear regression using cholesterol as a predictor and
the mRS score at 6 months shows that cholesterol does not
have a statistically signiﬁcant inﬂuence in the outcome
measured by the mRS (p > 0.05). However, adding an interaction term for serum cholesterol and rupture of aneurysm,
the linear regression model shows that these two variables
are inﬂuenced by one another (p ¼ 0.0382).
Despite the fact serum cholesterol itself does not show a
signiﬁcant inﬂuence, high cholesterol shows a tendency for

Results
Epidemiology and Comorbidities
Among the 35 patients included in the study, the average age
was 57.71  9.79 years, and 91.4% were male. Hypertension
Table 1 Patient characteristics
Intracranial aneurysm

Unruptured (20)

Ruptured (15)

p-value

Age (years)

60.8 (8.14)

53.73 (10.61)

0.04

Gender (male)

18 (90%)

14 (93.3%)

1.00

Hypertension

12 (60%)

10 (66.7%)

0.74

Diabetes mellitus

4 (20%)

4 (26.7%)

0.70

Epidemiology

Smoking

5 (25%)

8 (53.3%)

0.16

Alcoholism

2 (10%)

3 (20%)

0.63

Previous SAH

0

0

–

Multiple aneurysm

7 (100%)

5 (35.7%)

0.01

Hunt Hess - admission

–

2.5 (1.23)

–

WFNS - admission

–

2 (1.29)

–

Clinical Scales

GSC - admission

–

13 (3.06)

–

GOS - 6 months

4.75 (0.64)

4.8 (0.41)

0.78

mRS - 6 months

1.4 (1.0)

1.4 (0.83)

1.00

Serum cholesterol (mg/dL)

195.2 (40.2)

211.6 (53.2)

0.33

Atherosclerotic plaque

7 (35%)

5 (33.3%)

1.00

Statins

4 (20%)

1 (6.7%)

0.37

Variables

Abbreviations: GOS, Glasgow outcome scale; GCS, Glasgow coma scale; mRS, modiﬁed Rankin scale; SAH, subarachnoid hemorrhage. Data is
presented as mean (SD) for continuous variables, and count (%) for categorical variables. Patients were divided in ruptured and unruptured
aneurysm. P-value shows comparison between groups.
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worse outcomes in the ruptured aneurysm group (0.76
increase in mRS score for every 100 mg/dl increase in serum
cholesterol [-0.05; 1.57], p ¼ 0.064), but a tendency for better
outcomes in the unruptured aneurysm group (-0.705 mRS
score decrease for every 100 mg/dl increase in serum cholesterol [-1.87; 0.46], p ¼ 0.223).

Statin and Outcome

Fig. 2 Patients’ admission cholesterol and mRS scale at 6 months.
Unfavorable outcome was deﬁned as mRS score greater than 2.
Favorable outcome was deﬁned as a score lower or equal to 2.

In the unruptured aneurysm group, 20% were using statins.
In the ruptured aneurysm group, only 6.7% were using this
medication. This difference was not statistically signiﬁcant
(p > 0.05) (►Fig. 3).
The linear regression with “use of statins” as a predictor
and the mRS scale score at 6-months shows that statins does
not have a statistically signiﬁcant inﬂuence in the outcome
measured by the mRS (p > 0.05).
The sub analyses with ruptured and unruptured aneurysm show no difference in either group (p > 0.05). However,
while patients using statins had a tendency for worse outcomes in unruptured aneurysm (0.125 increase in the mRS at
6 months [-1.07; 1.32]), statin use was correlated with better
outcomes in ruptured aneurysm (-0.429 decrease in the mRS
at 6 months [-2.33; 147.]) (►Table 2).

Atherosclerotic Plaques and Outcome

Fig. 3 Distribution of mRS – 6 months for outcome evaluation based
on statins use.

In the unruptured aneurysm group, 35.0% had atherosclerotic plaques. In the ruptured aneurysm group, only 33.3%
presented atherosclerotic plaques. This difference was not
statistically signiﬁcant (p > 0.05).
All atherosclerotic plaques were directly correlated with
the aneurysm’s site, with 11 cases (32.3%) being in the
posterior communicating artery, 10 (29.4%) in the middle
cerebral artery, 6 (17.6%) in the anterior communicating
artery, 5 (14.7%) in the internal carotid artery and 2 (5.8%)
cases in the anterior cerebral artery.

Table 2 Linear regression model for prediction of outcome 6 months after intracranial aneurysm event
Simple linear regression
Coefﬁcients for univariate analyses:

Ruptured

Unruptured

Estimate

p-value

Estimate

p-value

Atherosclerotic plaques

0.0

1.0

0.176

0.717

Cholesterol

0.760

0.064

0.705

0.223

Statins

0.429

0.635

0.125

0.829

Multiple linear regression
Coefﬁcients for multivariate analyses:

Estimate

p-value

Intercept

2.785

–

Atherosclerotic plaques

0.031

0.927

Cholesterol

0.700

0.194

Statins

0.041

0.930

Rupture

2.982

0.051

Interaction (rupture: cholesterol)

0.015

0.047



Serum cholesterol, use of statins, and presence of atherosclerotic plaque were used as independent variables. Multiple linear regression scale
measured at 6 months was deﬁned as outcome.
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Fig. 4 Distribution of ruptured and unruptured aneurysm based on
outcome measured by mRS scale – 6 months.

The linear regression with “presence of atherosclerotic
plaque” as a predictor and the mRS score at 6-months shows
that atherosclerotic plaques do not have a statistically significant inﬂuence in the outcome measured by the mRS
(p > 0.05).
The sub analyses with ruptured and unruptured aneurysm show no differences in either group (p > 0.05). There
was also no statistically signiﬁcant difference in the distribution of ruptured and unruptured aneurysm based on the
mRS at 6 months (p > 0.05) (►Fig. 4).

Discussion
There are many ways already used to predict IA outcome. The
World Federation of Neurological Surgeons’ (WFNS) Grading
System for Subarachnoid Hemorrhage scale correlates lack of
ruptured aneurysm and higher levels of consciousness with
better outcomes.20,21 Further research seems to indicate that
advanced age and larger aneurysms contribute to worse
outcomes.22 Notably, cholesterol levels and the presence of
atherosclerotic plaques are absent from these scales, despite
being so intertwined with the disease’s pathophysiology that
it would not be unreasonable to think they may have some
impact in its outcome.
The serum cholesterol level may be absent from most
outcome predictors, but we can ﬁnd it somewhat indirectly
in statin research. The role of statins as a preventive factor in
IA remains ambiguous in the literature. In some animal
models it has been found that they could either halt23 or
promote24 IA progression. In clinical studies however, no
correlation was found between statin use and IA prevention,25 aligning with our ﬁndings.
Even though the biochemical role of statins in reducing
the inﬂammatory processes in the vessels walls is largely
understood, it doesn’t seem to correlate with actual clinical
studies when it comes to IA prevention. The inﬂammatory
process in the vessel where macrophages turn into foam cells
and form plaques can be attributed to LDL, as its oxidized
form is incorporated into these cells.26 The oxidized LDL
induces the vessel’s endothelium to express certain molecules that allow monocytes to adhere and inﬁltrate the
Arquivos Brasileiros de Neurocirurgia
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vessel.27 Because statins reduce LDL15 and oxidized LDL28
levels, the logical conclusion would be that they should be
beneﬁcial to prevent intracranial aneurysms. Since this
assertion is not veriﬁed by clinical trials, inﬂammation
does not fully explain the underlying causes of IAs, and other
factors are probably at play.
Despite the lack of statistical signiﬁcance in our study
regarding the tendency of higher levels of cholesterol to
correlate with worse outcomes, other studies could verify
this relation.28,29 Measuring cholesterol as a whole might be
problematic when it comes to outcome. Systematic reviews
and meta analyses18 show that even though hemorrhagic
strokes are negatively correlated with total cholesterol levels,
only a higher level of HDL is positively associated with
hemorrhagic strokes, LDL being the opposite.18
One possible reason for this phenomenon would be that
low levels of cholesterol could promote necrosis in the
arterial medial layer’s smooth muscle cells,30,31 making
the vessel more likely to suffer microaneurysms.32 Another
theory claims that low cholesterol may reduce platelet
aggregability, thus making hemorrhage more likely.30,33
This might explain why we couldn’t ﬁnd a correlation
between statin use and better outcomes, as it primarily
reduces LDL levels and the increased likelihood for hemorrhagic stroke may mitigate their beneﬁts. It is important to
note that statin therapy was not associated with increased
risks of hemorrhage.34–38
It has already been established that atherosclerosis is the
underlying pathological basis of strokes, coronary artery
disease, peripheral artery disease, and hipertension.39–42
However, being the cause of the disease does not necessarily
mean that the maintenance of cholesterol levels are the main
contributors to negative outcomes. As a matter of fact, high
cholesterol is only the sixth risk factor regarding attributable
deaths in heart attacks and strokes.42 Furthermore, literature
is scarce when it comes to IA speciﬁcally, making it hard to
determine if the maintenance of cholesterol levels is as
important in intracranial aneurysms as it is in other cardiovascular diseases.43,44 Despite the fact that our results could
not establish any signiﬁcant change regarding presence or
not of atherosclerotic plaques and clinical outcomes, more
research is required in the subject.
The relatively small number of patients with concomitant
data for statin use, serum cholesterol level and presence of
atherosclerotic plaque, might explain the lack of statistical
signiﬁcance for some variables in our study. Moreover, a
clinical trial with randomization of treatment with statins
and a longitudinal control of serum cholesterol levels is also
necessary for a deﬁnitive answer. Other limitations include
the lack of a model with more variables that affect IA outcomes, and data for use of different types of statin and their
dose, which may interfere with results.
Patients with major complications of IA have notably poor
outcomes,45,46 making accurate prediction a valuable tool in
the decision making process of the treatment.47 Current
prediction methods can be helpful to deﬁne probable outcome, but they are not always accurate nor widely used.45–48
Even though we could not ﬁnd a correlation between
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cholesterol levels and outcome, the investigation of other
pathophysiological components of IA may prove helpful in
determining a more accurate outcome.

Conclusion

12

13

Intracranial aneurysm is an important healthcare problem,
and understating the factors that might have an inﬂuence in
the outcome of IA is the key for an adequate treatment. Our
results show that there is no statistical signiﬁcance to prove
that use of statins, serum cholesterol and the presence of
atherosclerotic plaque correlate with worse outcomes, even
though ruptured aneurysms were associated with higher
levels of serum cholesterol. Multiple and opposite mechanisms might be involved in the circumstance of IA and
further studies are needed to describe and understand the
pathophysiology speciﬁc for IA.
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