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AbsTrACT
background and purpose A large proportion of patients 
with unruptured intracranial aneurysm (IA) are not suitable 
for surgical clipping and endovascular treatment. For 
these patients, anti- inflammatory medications are worth 
exploring due to inflammation of aneurysmal wall being 
a major factor in higher risk of rupture. Statin has been 
proven to reduce inflammation of atherosclerosis and 
maybe a suitable candidate. This study aimed to evaluate 
whether atorvastatin will reduce inflammatory of the 
aneurysm wall measured by the signal index of aneurysm 
wall enhancement.
Methods and analysis The Statin Treatment for 
UnruptureD Intracranial anEurysms Study is a single- 
centre, phase 2, randomised, controlled, double- blind 
clinical trial. 60 patients with unruptured IAs with 
aneurysm wall enhancement will be enrolled in Beijing 
Tiantan Hospital. The patients will be randomised to 
receive atorvastatin 20 mg or placebo orally per day for 
12 months. The primary outcome will be the change in 
aneurysm wall enhancement measured by the signal 
index during the 12 months treatment with atorvastatin. 
The secondary study outcomes will be the change in 
aneurysm wall enhancement measured by the signal index 
at 3 months, the changes in aneurysmal morphology and 
inflammation- related factors (C reactive protein, tumour 
necrosis factor-α, interleukin-1β and interleukin-6) at 3 
and 12 months. This study is the first to explore the role 
of atorvastatin in reducing inflammation in unruptured IA, 
which could lay the groundwork for future phase III trial.
Ethics and dissemination Beijing Tiantan Hospital’s 
Ethics committee approved the research and written 
informed consents would be obtained from all participant 
or representative included in this study.
Trial registration number NCT04149483

sTrEngThs And liMiTATions of This sTudy
This is the first prospective registry, 
randomised controlled trial to confirm the 
safety and the efficacy of statins in the preven-
tion and treatment of unruptured intracranial 
aneurysms, which inhibit aneurysm growth 
and rupture by reduce inflammation in the 
aneurysmal wall. However, several limitations 
of the present study must be addressed. This 
registry focuses on the high- resolution vessel 

wall imaging results, while lack the validation 
with histological finding to confirmed the 
inflammation change in the aneurysmal wall.

bACkground
Intracranial aneurysms (IAs) are cerebro-
vascular disorders affecting 3%–5% of the 
general population.1 The mortality rate asso-
ciated with aneurysmal subarachnoid haem-
orrhage is around 30%–40%, and more than 
one- third of surviving patients have major 
neurological deficits.2 3 Two modalities are 
available for prevent aneurysm rupture: 
surgical clipping and endovascular treatment. 
Preventive interventions for unruptured IAs 
might be important to decrease the risk of 
subarachnoid haemorrhage. However, the 
morbidity and mortality related to treatment 
procedures cannot neglectable.4 The overall 
annual risk of aneurysmal rupture is very 
low, ranging from 0.70% to 0.95%.5 Regular 
imaging scans are recommended to moni-
toring unruptured IA that are not suitable for 
surgical clipping and endovascular treatment. 
Conservative treatment strategy might be 
recommended for patients with a low risk of 
rupture. This conservative treatment includes 
controlling rupture- related risk factors such 
as hypertension and smoking. No drug treat-
ment to arrest aneurysm growth and subse-
quent rupture has been established to date.

At the pathological and molecular levels 
of IA development, the first step seems to be 
disruption of the elastic laminae and death 
of the medial smooth muscle cells.6 This is 
followed by aneurysmal outbulging of the 
arterial wall and inflammatory cell infiltra-
tion.7 The aneurysmal sac continues to grow 
until a balance is achieved between ongoing 
vessel wall repair and extracellular matrix 
degradation, and inflammatory cell promote 
the degradation of the matrix.8 Further 
dysfunction or apoptosis of endothelial cells 
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and vascular smooth muscle cells promotes inflammatory 
responses in the IA wall, which can ultimately result in 
aneurysm rupture.9 10 Inflammation, thus, seems to be a 
reaction to the formation, growth and rupture processes 
of IAs.

High- resolution vessel wall imaging (HR- VWI) by MRI 
has emerged as a valuable tool in assessing the aneurysmal 
wall of unruptured IAs. HR- VWI has the potential to iden-
tify smaller or more subtle areas of signal enhancement 
and change, which might provide a more precise repre-
sentation of the pathological composition. Shimonaga 
et al11 demonstrated that avid wall enhancement of the 
aneurysm with HR- VWI was correlated with inflam-
matory cell infiltration. Several studies have suggested 
that aneurysms with wall enhancement on HR- VWI are 
frequently unstable (changing morphology, symptomatic 
or ruptured).12 13 Thus, the characterisation of aneurysm 
wall enhancement is a promising biomarker of aneurysm 
growth and rupture.

Statins (3- hydroxy-3- methylglutaryl coenzyme A reduc-
tase inhibitors) are widely used cholesterol- lowering 
drugs. In addition to their cholesterol- lowering effect, 
statins exert pleiotropic effects to protect the vascula-
ture.14–16 Statins can reduce the inflammation of the vessel 
wall and mobilise endothelial progenitor cells for aneu-
rysmal endothelial cell repair.16 Statins can also inhibit 
the expression of several matrix metalloproteinases by 
smooth muscle cells and macrophages.17 18 Atorvastatin 
also inhibits vascular endothelial growth factor and 
reduces the inflammatory reaction.15 Thus, we hypoth-
esise that atorvastatin can reduce inflammation in the 
aneurysmal wall, mobilise endothelial progenitor cells for 
vascular repair, and further inhibit aneurysm growth and 
rupture. The present study protocol was designed to test 
this hypothesis.

METhods And dEsign
study goals and objectives
The primary outcomes of this study will be the change 
in aneurysm wall enhancement in patients who receive 
atorvastatin as measured by HR- VWI at 12 months 
compared with that in patients who receive placebo. The 
secondary study outcomes will be changes in aneurysmal 
morphology and inflammation- related factors (C reactive 
protein (CRP), tumour necrosis factor-α (TNF-α), inter-
leukin (IL)-1β, and IL-6) at 3 and 12 months.

sTudy dEsign
This single- centre, randomised, controlled, double- 
blind (participants and outcome assessors) clinical trial 
was designed in accordance with the standard protocol 
items.19 This study will enrol 60 eligible patients with 
unruptured IAs showing aneurysm wall enhancement 
in Beijing Tiantan Hospital. Study recruitment began in 
November 2019, and the estimated primary completion 
date is February 2020.

METhodology
Patients
Inclusion criteria
1. Male or female aged ≥18 years.
2. Unruptured IA of ≥3 mm identified on imaging (CT, 

MRI or digital subtraction angiography).
3. Aneurysm wall enhancement identified by HR- VWI be-

fore treatment.
4. Ability to understand the objective of the trial with pro-

vision of written informed consent.

Exclusion criteria
1. MRI contraindications (metallic implant, contrast al-

lergy, claustrophobia, etc).
2. Planned treatment of the aneurysm within 12 months.
3. Dyslipidaemia.
4. Current treatment with drugs that might have an anti- 

inflammatory effect (aspirin, statins, immunosuppres-
sive drugs, etc).

5. Severely impaired liver or renal function.
6. Retreatment of recurrent aneurysm.
7. Pregnant or lactating women.
8. Malignant diseases (liver disease, kidney disease, con-

gestive heart failure, malignant tumours, etc).
9. Poor compliance.

study description
Ethics approval was obtained from the respective institu-
tional review boards. The study protocol adheres to the 
international quality standards provided in the Good 
Clinical Practice guidelines. After informed consent from 
the patients or their next- of- kin is obtained, the patients 
will be randomised to receive either 20 mg of atorvas-
tatin (one 20 mg tablet) or 20 mg of placebo (one 20 mg 
tablet) orally per day for 12 months. The atorvastatin 
and placebo pills were made by the same laboratory, are 
composed of starch, and have the same colour, texture 
and other characteristics.

outcome measures and follow-up
Primary outcome measures
The primary outcome measure will be the change in aneu-
rysm wall inflammation as measured by MRI HR- VWI. 
If the aneurysm wall signal intensity is equal, the wall 
enhancement index and the contrast ratio of the circum-
ference of the aneurysm wall against the stalk (CRstalk) on 
MRI HR- VWI will be compared between the treatment 
and placebo groups at the end of 12 months.

Secondary outcome measures
The secondary outcome measures will be as follows:
1. The change in aneurysm wall enhancement measured 

by the signal index during the 3 months treatment with 
atorvastatin.

2. Change in aneurysmal morphology from before treat-
ment to the 3 months follow- up. A maximum diameter 
increases of ≥1 mm or the appearance of a daughter 
sac will be defined as a change in aneurysmal morphol-
ogy.
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3. Change in aneurysmal morphology from before treat-
ment to the 12 months follow- up.

4. Changes in CRP, TNF-α, IL-1β and IL-6 in patients 
with unruptured IAs from before treatment to the 3 
and 12 months follow- up. The CRP, TNF-α, IL-1β and 
IL-6 levels will be measured twice: before treatment 
and at the 3 months follow- up. Turbidimetric immu-
noassay will be performed for measurement of the 
CRP level. ELISA will be performed for measurement 
of the TNF-α, IL-1β and IL-6 levels. A blood sample will 
be drawn from the brachial vein at a fixed time in the 
morning before breakfast.

5. Changes in CRP, TNF-α, IL-1β and IL-6 in patients 
with unruptured IAs from before treatment to the 
12 months follow- up.

randomisation
Random numbers will be generated by an independent 
third party using the SAS PLAN Procedure (SAS Insti-
tute, Cary, North Carolina, USA) for random sequence 
generation to protect the blinding and integrity of the 
study. Once the eligibility criteria have been fulfilled, a 
permuted block randomisation will be carried out. The 
study drug assignments will be concealed in sealed enve-
lopes. These envelopes will be opened only by on- site 
study investigators not involved in the clinical manage-
ment of the recruited patients. The allocation ratio will 
be 1:1. Both the clinical team (medical and nursing) and 
the patients will be blinded to the study drug allocation.

sample size
The wall enhancement index was higher in ruptured 
aneurysms than unruptured aneurysms (1.70±1.06 vs 
0.89±0.88).20 We assumed the atorvastatin have the effect 
to decrease the wall enhancement index of ruptured 
aneurysms to unruptured. We estimated that at least 24 
patients per group will be required to detect a ≥5% differ-
ence in the effects of atorvastatin or placebo on the aneu-
rysm wall enhancement index, with a 5% α value and a 
20% β value. We assumed that 10%–20% of the patients 
would not complete the study, and each group is expected 
to be maximum 30 patients.

hr-VWi Mri protocol
All examinations will be performed on a 3T Siemens Skyra 
scanner (Siemens Medical Systems, Erlangen, Germany). 
A standard 20- channel receiver head/neck coil will be 
used. All patients will undergo higher- resolution three- 
dimensional black- blood fast spin- echo imaging with 
a variable flip angle sampling train termed Sampling 
Perfection with Application- optimised Contrasts using 
different flip angle Evolutions (SPACE). The sequence 
parameters will be set following those used in previous 
studies.11 The spatial resolution will be 0.5 mm isotropic. 
The following parameters will be used: repetition time/
echo time (TR/TE)=1000/17, slice thickness=0.5 mm, 
number of slices=288, acquisition plane=sagittal, field 
of view (FOV)=18 × 18 cm, matrix=360 × 360, echo train 

length=60, echo spacing=5.55 ms, echo train duration=333 
ms, bandwidth=400 Hz/pixel, partial Fourier=7/8, and 
generalized autocalibrating partially parallel acquisitions 
(GRAPPA) factor=2. Following the SPACE sequence, a 
higher- resolution contrast- enhanced MR angiography 
(CE- MRA) study will be performed in the same orien-
tation and centre location as the SPACE sequence. The 
CE- MRA will be acquired using 20 mL of gadolinium- 
diethylenetriamine pentaacetic acid (Gd- DTPA) injected 
at 2 mL/s with a spatial resolution of 0.7 mm isotropic 
and a total acquisition time of 30 s. The following parame-
ters will be used: TR/TE=2.6/1.2, flip angle=20°, FOV=23 
× 18 cm, matrix=320 × 200, slab thickness=64 mm and 
number of partitions=94. The timing delay between 
contrast injection and initiation of the CE- MRA scan will 
be determined from low- resolution three- dimensional 
volumes collected at 1 s intervals using a 2 mL test bolus 
run. Immediately following the CE- MRA, the SPACE 
sequence will be repeated.

image analysis
After the MR images are obtained, multiplanar refor-
matting will be performed on both the precontrast and 
postcontrast studies. Images will be generated in three 
orthogonal planes with identical locations and orienta-
tions of the SPACE and CE- MRA data. Viewing the two 
studies side by side will allow rapid identification of the 
territory of interest from the CE- MRA and represents an 
approach that would be useful in the clinical setting.20–22 
Two neuroradiologists (with >10 years and >5 years of 
experience in vascular neuroimaging, respectively), 
who will be blinded to the clinical data but aware of 
the patients’ aneurysm location(s), will independently 
review the images with a workstation (syngo workstation; 
Siemens Healthineers, Erlangen, Germany). Qualitative 
wall enhancement scores and quantitative parameters will 
be assigned. For patients with two IAs, each aneurysm will 
be evaluated separately.

Aneurysm wall signal intensity equal to or greater than 
that of the pituitary infundibulum will be regarded as 
enhancement. A scale of 0–5 will be used to grade the 
aneurysm wall enhancement, with 0 signifying that 
the aneurysm wall has significant artefacts and/or it 
is not possible to determine whether the vessel wall is 
enhanced,22 1 signifying no enhancement, 2 signifying 
aneurysm wall enhancement over <25% of the aneurysm 
surface, 3 signifying wall enhancement over 25%–50% of 
the aneurysm surface, 4 signifying wall enhancement over 
50%–75% of the aneurysm surface and 5 signifying wall 
enhancement over >75% of the aneurysm surface.

The wall enhancement index and the CRstalk will be 
used to characterise the extent of enhancement along 
the aneurysm wall. The details of the procedure are 
described elsewhere.20 21 For estimation of intraobserver 
and interobserver variability, the parameters on matched 
precontrast and postcontrast imaging will be remeasured 
by the reviewer and then measured again by a different 
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reviewer, who will also be blinded to the clinical data but 
aware of the aneurysm location.

disCussion
Our study would reinforce evidence suggesting an anti- 
inflammatory effect on the aneurysm wall of statins in 
unruptured IA patients, and might be inhibit the process 
of IA growth and rupture.

Unruptured IAs can remain unchanged for a long time 
before undergoing episodes of rapid growth, which they 
are more prone to rupture, suggest that aneurysm growth 
is discontinuous and stochastic rather than linear.10 The 
overall annual risk of aneurysm growth and rupture is so 
low that it is difficult or long follow- up periods are needed 
to observe aneurysm changing. Three- dimensional 
HR- VWI techniques have recently increased in utilisation 
for VWI.12 HR- VWI has the potential to identify small 
or subtle areas of signal change or enhancement, more 
precisely delineate aneurysm wall thickness, and provide 
a more precise representation of the pathological compo-
sition. Several studies have suggested that have confirmed 
wall enhancement on HR- VWI with the presence of 
inflammatory changes on histopathological specimens. 
Aneurysmal wall enhancement on HR- VWI might help in 
identifying unruptured IAs with a higher risk of rupture, 
and could serve as imaging biomarkers to predict the 
growth and rupture of aneurysms. In the present study, 
we will perform HR- VWI for all patients to evaluate the 
wall enhancement of aneurysm before and after statin, 
and compared with the placebo control group. Our study 
will provide prospectively validated data of HR- VWI to 
help in making clinical treatment decisions for patients 
with unruptured IAs.

Statin has been confirmed to suppress the stimula-
tion of inflammation reaction, as well as play a role in 
treating inflammatory diseases. However, the relation-
ship between statin use and risk of IA rupture has been a 
matter of debate in recent years. In several animal studies, 
Aoki et al18 found that treatment with statins suppresses 
the development of IAs by inhibiting inflammatory reac-
tions in the aneurysmal walls and has a preventive effect 
on the progression of preexisting IAs. In contrast, Tada 
et al23 found bidirectional effects of statins on IAs in that 
statins could reduce endothelial damage and inhibit 
aneurysm formation while also promoting aneurysmal 
growth and inducing aneurysmal rupture. However, no 
prospective clinical data are available, and several retro-
spective studies also have controversial results. Can et 
al24 and Yoshimura et al25 found an inverse relationship 
between use of statins and cerebral aneurysm rupture, 
while Marbacher et al26 suggested that statins may have no 
significant beneficial effect on IA suppression in humans. 
Thus, a prospective randomised clinical trial is necessary 
to confirm the safety of statins in the prevention and treat-
ment of IAs. In addition, for the dosage of statin, long- 
term high- dose statin therapy was also increased risk of 
side effect, especially in Asian descent.27 28 Several studies 

have demonstrated that the dose of 20 mg of atorvastatin 
could provide anti- inflammatory effect with decrease 
inflammatory biomarkers and inflammatory cell content 
in vascular wall.29 30 For the safety and efficacy of statin, 
we selected the dose of 20 mg of atorvastatin as rational 
intervention in this study.

TriAl sTATus
This is an ongoing study. The trial was in the recruitment 
stage at the time of submission of this manuscript.

sAfETy ConsidErATions
Drug- related morbidities, including rhabdomyolysis 
and hepatitis, are rare. The plasma levels of creatinine 
phosphokinase, alanine aminotransferase, and aspartate 
aminotransferase will be monitored for early signs of 
hepatitis or myositis every 7 days or on clinical suspicion. 
Administration of the study drug will cease if alanine 
aminotransferase or aspartate aminotransferase is more 
than three times the normal level of 180 U/L or the creati-
nine phosphokinase level is ≥1000 U/L. In addition, fatal 
bleeding and primary intracranial haemorrhage will be 
major safety end points.

folloW-uP
Patients will be followed up for 3 and 12 months with clinic 
visits. HR- VWI MRI and blood tests will be performed at 
the follow- up visits to evaluate the disease status. Addition-
ally, contact information will be provided to the enrolled 
patients for questions or possible adverse event reporting 
during the study period.

dATA MAnAgEMEnT And sTATisTiCAl AnAlysis
data management
Final data capture and storage will be done via electronic 
case report forms using an electronic database that is fully 
compliant with privacy regulations (Health Insurance 
Portability and Accountability Act/Personal Information 
Protection and Electronic Documents Act). In addition 
to the electronic case report forms, data will be retained 
along with relevant supporting documentations such as 
scans, progress notes, nursing notes and blood work. All 
records and documents pertaining to the study will be 
retained at all participating study trial sites for at least 10 
years after completion of the study, and these data will 
be available for inspection by the research ethics board, 
quality assurance board and other regulatory bodies. 
Hard copy study files (consent forms, questionnaires and 
coordinator source notes from the participants’ research 
charts) will be kept secured within the Department of 
Neurosurgery. All computerised files will be password 
protected.

statistical analysis
The association between independent parameters will 
be evaluated using the χ2 test or Fisher’s exact test for 
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categorical variables and the non- parametric Mann- 
Whitney U test for continuous variables. The Wilcoxon 
signed- ranks test will be used to compare the pretreat-
ment and post- treatment variables. The bivariate nonpar-
ametric correlation between HR- VWI wall enhancement 
on MRI and blood inflammatory markers will be tested 
using Spearman’s r coefficient. Statistical significance will 
be established at two- tailed p<0.05.

Quality assurance
The data safety and monitoring board will monitor the 
progress of the study to ensure the patient safety and the 
highest standards of ethics. Annual monitoring will be 
performed by an independent clinical monitor within the 
hospital. Interim progress reports will be sent to the local 
medical ethics review board and to the funding agency. 
The principal investigator and coordinating investigator 
have successfully completed the course on Good Clinical 
Practice, and the study will be carried out in accordance 
with these guidelines.

Expected outcomes of the study
This study will clarify whether oral atorvastatin is more 
effective than placebo in reduction of aneurysmal wall 
enhancement of IAs. This effect may be important in 
reducing the growth and rupture of unruptured IAs in 
terms of neurological outcomes and cost- effectiveness.

duration of the project
We plan to enrol 60 patients with a maximum 12 months 
follow- up period for each patient.

Project management
The study steering committee is being led by the prin-
cipal investigators. The committee is responsible for the 
study design, study implementation, ethics and health 
authority applications, protocol amendments, eventual 
data interpretation and dissemination of the results. The 
statistical design and randomisation are being super-
vised by the China National Clinical Research Center 
for Neurological Diseases. The site study investigators 
are responsible for recruiting patients, reporting adverse 
events and completing the data collection.
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