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Abstract 

Background  The benefit-risk of statins in patients with lobar intracerebral hemorrhage (ICH) is under investigation 
in the StATins Use in intRacerebral hemorrhage patieNts (SATURN) trial. The relationship between statin use in ICH 
survivors, MRI markers of cerebral small vessel disease (CSVD), and outcomes such as recurrent ICH or major adverse 
cardiovascular or cerebrovascular events (MACCE) is unclear. The ancillary study, SATURN-MRI, intends to evaluate 
the interrelationship between statin use, the progression of MRI markers of CSVD, and cognitive and functional out‑
comes. Additionally, SATURN-MRI aims to assess whether baseline MRI markers of CSVD interact with statin continua‑
tion for the outcomes of recurrent ICH or MACCE in patients with lobar ICH.

Methods  A target of 894 SATURN participants will undergo a baseline MRI within 7 days of randomization 
and a repeat MRI at the end of the 24-month follow-up period. Any SATURN subject without contraindication to MRI 
has the option to participate in SATURN MRI. MRIs will be reviewed by blinded central raters to assess for the presence 
and burden of markers of CSVD and their progression. The primary outcome is new cerebral microbleeds and/or sulci 
with cortical superficial siderosis identified on T2*-weighted (GRE, SWI or SWAN) images between baseline and end-
study MRI. Additional outcomes include the progression of white matter hyperintensity and incidence of covert 
infarcts.

Discussion  The results will provide insights about the interrelationship between the effects of statins, progression 
of MRI markers of CSVD, and functional and cognitive outcomes. They might lead to the validation of MRI markers 
as tools to assist with individualized decision-making regarding the effects of statins continuation/discontinuation 
in patients with lobar ICH.

Trial registration  ClinicalTrials.gov NCT03936361. SATURN Trial was originally registered on May 1, 2019 and modi‑
fied on February 28, 2022.
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Introduction
A large percentage of spontaneous intracerebral hem-
orrhage (ICH) is caused by cerebral small vessel disease 
(CSVD) [1, 2], either hypertensive arteriopathy (arte-
riolosclerosis)—associated with non-lobar—or cerebral 
amyloid angiopathy (CAA), linked to lobar hemorrhages. 
There are several imaging markers of CSVD such as cer-
ebral microbleeds (CMBs), cortical superficial siderosis 
(cSS), lacunes, white matter hyperintensities (WMH), 
and enlarged perivascular spaces (PVS) which can be 
identified using MRI. The presence and severity of CMBs 
and cSS in particular have been associated with an 
increased risk of first ICH and ICH recurrence in patients 
with CAA [3–5].

Patients with spontaneous lobar ICH often have vary-
ing degrees of underlying CSVD on MRI, and the effects 
of long-term statin therapy on the burden of CSVD 
have yet to be defined. There is evidence that statin 
use is independently associated with the presence and 
increased number of CMBs, especially in cortical loca-
tions [6–8] and that statin treatment can reduce incident 
covert brain infarcts [9]. Determining the association 
of statin therapy with accrual of CSVD is important, as 
the accumulation of microvascular insults potentiates 
vascular cognitive impairment, functional decline, and 
gait impairment in older age [10–12]. The presence and 
burden of CSVD markers, in particular CMBs and cSS, 
may additionally be useful as a screening tool to stratify 
the benefit-risk of statin therapy in ICH survivors taking 
statins and to monitor the effects of statins on the pro-
gression of these markers and potentially increased pro-
pensity to recurrent ICH. Many physicians take these 
imaging features into consideration to guide their thera-
peutic decisions in patients with ICH [13]. However, 
evidence from randomized controlled trials (RCTs) sup-
porting the prognostic value of these imaging features in 
ICH patients is lacking.

The SATURN-MRI ancillary study provides a syner-
gistic opportunity to examine the prognostic and patho-
physiological characteristics of MRI biomarkers of CSVD 
within the scope of a large-scale, prospective RCT.

Methods
Study design
SATURN-MRI is an ancillary study of the parent StATins 
Use in intRacerebral hemorrhage patieNts (SATURN) 
trial which is an international, multi-center, pragmatic, 
prospective, randomized, open-label, Phase III clinical 
trial with blinded end-point assessment (PROBE) [14]. 
Briefly, SATURN aims to evaluate the risks of symp-
tomatic recurrent ICH (i.e., any neurological deficits 
or clinical symptoms resulting in brain imaging and 

diagnosis of ICH) and major adverse cardiovascular or 
cerebrovascular events (MACCE) with continuation vs. 
discontinuation of statin drugs during a 2-year follow-
up period in patients presenting with spontaneous lobar 
ICH while on a statin [14]. A subset of patients partici-
pating in SATURN will be enrolled in SATURN-MRI. 
Participation in SATURN-MRI is optional.

Study objectives
Primary objective
To determine the effects of continued long-term sta-
tin therapy compared to statin discontinuation on the 
incidence of new hemorrhagic MRI markers (CMBs 
and cSS) on end-study MRI in patients with lobar ICH. 
We hypothesize that the proportion of patients with 
new CMBs and/or cSS on end-study MRI will be higher 
among those who continue statin therapy.

Secondary objectives

1.	 To assess whether the presence and burden of CMBs 
and cSS on baseline MRI modifies the effects of statin 
on the risk of recurrent symptomatic ICH and can 
potentially be used as an imaging marker to stratify 
the benefit-risk of statin therapy in patients with 
lobar ICH. We also aim to examine the modifying 
effects of these markers on the risk of MACCE.

2.	 To evaluate the effects of statin continuation vs. dis-
continuation on the incidence of new ischemic MRI 
markers (white matter hyperintensities (WMH) and 
covert infarcts) on end-study MRI.

3.	 To evaluate interactions between statin continua-
tion vs. discontinuation, accrual of MRI markers of 
CSVD, and functional and cognitive outcomes at the 
end of the study at 24 months.

Patient population
SATURN-MRI population will be drawn from the par-
ticipants in the SATURN parent trial [14]. The inclusion/
exclusion criteria for the SATURN trial have been pre-
viously described [14]. Briefly, patients aged 50 years or 
older presenting with a spontaneous lobar ICH while tak-
ing a statin drug who are randomized into SATURN will 
be asked to participate in SATURN MRI. Participants in 
SATURN MRI must meet all of the eligibility criteria for 
SATURN. In addition, [1] the subject or surrogate must 
opt in to participate in the MRI study; and [2] the sub-
ject must have no known contraindications to MRI such 
as claustrophobia, metal implants, or pacemaker. Partici-
pants will be prospectively enrolled at approximately 140 
hospitals in the United States, Canada, and Spain.
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Randomization
Patients will be randomized into the SATURN trial using 
the following stratification variables: clinical site, statin 
dose and indication (primary vs. secondary prevention), 
current use or intent-to-use oral anticoagulants and/or 
antiplatelets in the long-term post-ICH, and severity of 
ICH upon presentation as assessed by baseline ICH vol-
ume. There is no additional randomization procedure for 
the SATURN-MRI ancillary study.

Intervention
Participants will undergo a standardized brain MRI pro-
tocol during hospitalization within 7  days of randomi-
zation into SATURN and again within 30  days of the 
24-month end-of-study period. Subjects who already 
undergo a baseline MRI as part of institutional practice 
are not required to undergo a repeat baseline study-
specific MRI to participate in SATURN-MRI, provided 
that the MRI complies with the study imaging protocol 
(Table 1).

MRI protocol
Study sites are required to use a standardized brain MRI 
protocol to minimize variability from site to site and 
keep the same field strength and T2*-weighted sequence 
for the same subject, whenever possible, for both the 
initial and follow-up MRI to maximize the precision of 
image analyses and incident lesions. The MRI protocol 
must include the following: T1-weighted, T2-weighted, 
fluid attenuated inversion recovery (FLAIR), diffusion-
weighted, and T2*-weighted (either a gradient-echo 
[GRE], susceptibility-weighted [SWI], or T2*-weighted 
angiography [SWAN]) sequences with parameters con-
sistent with Standards for Reporting Vascular Changes 

on Neuroimaging (STRIVE) consensus guidelines for 
imaging manifestations of small vessel disease [15] (Sup-
plementary Table  1). MRI scanners with field strengths 
ranging from 1.5 to 3.0 T are allowed depending on the 
site’s capabilities.

Imaging analyses
Experienced readers, blinded to clinical details includ-
ing treatment assignment, at the imaging core lab at the 
Seaman Family MRI Center at the University of Calgary 
will analyze the images. FDA compliant OsiriX software 
(Pixmeo SARL, Geneva, Switzerland) will be used to view 
the images. All incident lesions will be defined according 
to consensus guidelines for CMBs detection and STRIVE 
[15]. CMBs will be categorized by number (0, 1–2, 3–10, 
or > 10) and location (lobar, deep, or mixed deep/lobar), 
while cSS will be categorized as focal (involving ≤ 3 
sulci) or disseminated (if involving ≥ 4 sulci). Covert 
infarcts will be defined as lesions in a vascular territory 
that are hyperintense on T2-weighted or FLAIR and 
hypointense on T1-weighted images, and if subcortical, 
they need to be at least 3 mm in size and have a round 
or ovoid shape to distinguish them from a perivascu-
lar space. Infarcts will furthermore be classified by size 
(> 15 or ≤ 15 mm axial diameter) and location (including 
cortical vs. subcortical and by lobe). Dilated perivascu-
lar spaces (Virchow-Robin) will be distinguished from 
infarcts on the basis of location, morphology, diameter 
(generally < 3 mm), and the absence of gliosis. Diffusion-
weighted (DWI) hyperintense lesions will be defined as 
remote areas outside of the perihematomal border that 
are hyperintense on DWI with either corresponding 
hypointensity or isointensity on acute diffusion coeffi-
cient (ADC) sequences. White matter hyperintensities 

Table 1  SPIRIT figure

Study period

Enrolment Allocation Post allocation Close-out

TIMEPOINT -t 0 T1 T2 T3 T4 T8 tx

ENROLMENT:

  Eligibility – screen X

  Informed consent X

  Randomization procedures

  Allocation X

INTERVENTIONS:

  Intervention A: Statin X

  Intervention B: No Statin X

ASSESSMENT:

  MRI baseline X

  MRI follow-up X
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(WMH) will be divided into periventricular or deep and 
rated visually using the Fazekas scale. Semi-automated 
quantitative measurement of WMH volume will also be 
carried out using a Lesion Extraction Tool (University of 
Calgary; Calgary, AB, Canada).

Study outcomes
The primary outcome is new CMBs and/or sulci with 
cSS on T2*-weighted (GRE or SWI) images at end-study 
compared to baseline. Additional outcomes include the 
count of new CMBs, progression of WMH, and incidence 
of covert new non-lacunar infarcts between baseline and 
end-study MRIs. Clinical outcomes of (i) recurrent ICH, 
(ii) MACCE, (iii) cognitive decline (telephone T-Mon-
treal Cognitive Assessment T-MoCA; https://​mocac​ognit​
ion.​com/), and (iv) poor functional outcome (modified 
Rankin Scale (mRS) 4–6) [16, 17] will also be assessed to 
determine if their relationship with statin use is modified 
by the presence and burden of CMBs and cSS on baseline 
MRI. The details on how functional and cognitive out-
comes are assessed and collected are described elsewhere 
[14].

Data and safety monitoring bodies
Both the SATURN trial and SATURN-MRI study are 
governed by the University of Cincinnati (UC) Insti-
tutional Review Board (IRB) which serves as the cen-
tral IRB for sites in the United States. Individual Ethics 
Boards oversee the trial at participating Canadian and 
Spanish sites. The independent Data and Safety Monitor-
ing Board (DSMB) is appointed by the US National Insti-
tute of Neurological Disorders and Stroke (NINDS) and 
is responsible for the oversight of the participants’ safety 
and advising NINDS regarding continuation/discontinu-
ation of the trial. An independent Medical Safety Moni-
tor is responsible for monitoring the study with regard to 
safety on an ongoing basis and communicating with the 
DSMB. The Data Coordination Unit at the Medical Uni-
versity of South Carolina (MUSC) is in charge of moni-
toring of the sites.

Statistical considerations
Sample size calculations
The target sample size is 894, based on the following 
observations/assumptions. We previously reported that 
57% of statin-treated patients admitted with acute lobar 
ICH had CMBs on MRI [6]. Although the estimated inci-
dence rate of new CMBs per year in patients with lobar 
ICH on/off statins is unknown, the annual incidence 
rate in mixed stroke cohorts varies from 3 to 7% per 
year (average ~ 5% per year) [18–21]. In a cohort of 118 
patients with probable CAA, 8.5% showed new CMBs 
without cSS progression, 18.6% showed cSS progression 

without new CMBs, and 9.3% showed new CMBs and 
cSS progression, for a total of 36.4% with progression 
of either CMBs and/or cSS over the 2.2 years of follow-
up, or approximately 19% per year [18]. These data likely 
overestimate the incidence rate expected in SATURN-
MRI because approximately 33% of SATURN patients 
are expected to have probable CAA, and another 40% 
possible CAA. Therefore, we opted to select a more con-
servative new CMB and/or cSS rate of 6% per year, for 
a total of 12% over 24 months in patients discontinuing 
statins. We postulated that statin therapy will increase 
the risk of new CMB and/or cSS at a rate that is similar 
to that reported for ICH in the SPARCL trial (HR 1.68, or 
absolute increase of 8% over 24 months). Based on these 
assumptions, a two-group comparison of independent 
proportions with 652 subjects will yield 80% power to 
detect an absolute increase of 8 percentage points associ-
ated with the continuation of statin therapy in SATURN. 
This sample size was further inflated to account for loss-
to-follow-up (LTFU), withdrawal-of-consent, and death 
during the 2-year follow-up period of approximately 15%, 
as observed in other MRI sub-studies, such as NAVI-
GATE-ESUS [22] and PURE [23].

The sample size calculation assumes 1:1 statin 
continuation:discontinuation among subjects enrolled 
in the ancillary SATURN-MRI study, but this balance is 
not guaranteed. However, the power is maintained above 
75% for allocation ratios in the interval between 0.6 (dis-
continuation arm 62.5% of the total sample) and 2.5 (dis-
continuation arm 28.6% of the total sample).

Data analyses
The primary analysis will be conducted according to the 
intention-to-treat principle, meaning that all subjects 
are analyzed as a member of the treatment group to 
which they were randomly assigned in SATURN, even 
if the subject crosses over from one treatment arm to 
another. Secondary analyses will be conducted according 
to an on-assigned-treatment analysis. All models will be 
adjusted for the aforementioned randomization covari-
ates as specified for SATURN (statin dose and indication, 
current use of or intent-to-use oral anticoagulants and/
or antiplatelets post-ICH, and severity of enrolling ICH) 
[14].

Analysis related to the primary objective
We hypothesize that the proportion of patients with new 
CMBs and/or cSS on end-study MRI will be higher in 
the continuation arm. This hypothesis will be tested via 
a logistic regression model relating the presence of new 
lesions to treatment assignment.

https://mocacognition.com/
https://mocacognition.com/


Page 5 of 8Marchina et al. Trials          (2025) 26:323 	

Analyses related to the secondary aims
In order to explore whether the presence and burden 
(number) of CMBs on baseline MRI can be used as an 
imaging marker to stratify the risk/benefit of statin ther-
apy, a proportional hazards model will be used to relate 
the time to symptomatic ICH recurrence to treatment 
assignment, the presence and burden of CMBs/cSS, and 
the corresponding interaction. The interaction term will 
be used to evaluate the heterogeneity of the treatment 
effect according to presence/burden, and the correspond-
ing treatment effects and 95% confidence intervals will 
be constructed. The effects of statin continuation on the 
incidence of new ischemic MRI markers (WMH and 
covert infarcts) on end-study MRI will be evaluated via 
logistic regression model relating the presence of new 
markers to treatment assignment. Heterogeneity of the 
treatment effect across racial/ethnic subgroups will be 
explored by extending the proportional hazards model to 
include main effects for sex and racial/ethnic subgroups 
and their corresponding interactions with treatment and 
presence/number of new lesions.

The association between the incidence of new MRI 
markers on end-study MRI and deterioration of cogni-
tive function, quantified by T-MoCA, and functional 
outcome, quantified by mRS, will be evaluated. As in the 
parent trial, the T-MoCA will be analyzed by considering 
cognitive decline (reduction of at least two points from 
the highest score to any subsequent assessment), as well 
as normal cognition (T-MoCA ≥ 20); the mRS will be 
dichotomized (0–3 vs 4–6). A generalized linear mixed 
effects model will be constructed for each outcome inde-
pendently in order to relate outcome to treatment, time, 
and presence of new lesions; in addition to the adjust-
ments for randomization covariates specified above, 
the models will include an indicator for baseline cogni-
tive decline/dementia derived from the subject’s medical 
history.

Lost‑to‑follow‑up and missing data
If a participant in the ancillary MRI study has an 
ischemic stroke or recurrent ICH before the end of the 
2-year follow-up period and a clinical MRI is obtained 
for stroke assessment at one of the participating sites, 
this MRI may serve as the end-of-study MRI if it com-
plies with the study imaging protocol and the subject is 
unable to return for the 24-month follow-up MRI. If the 
clinical MRI indicates the presence of new markers, this 
indicator will be carried forward to the end-of-study 
timepoint. The data will be considered missing if the MRI 
does not show new markers and is performed more than 
3  months prior to the participant’s anticipated end-of-
study visit. Missing outcome data related to the incidence 

of MRI markers will be handled in the analysis via multi-
ple imputation.

Multiple imputation is generally considered the least 
biased imputation method, since it incorporates uncer-
tainty associated with the imputed value into the analysis. 
Briefly, logistic regression is used to derive a distribu-
tion for the primary outcome, using the primary analysis 
covariates (treatment, statin dose and indication, current 
use or intent-to-use oral anticoagulants and/or antiplate-
lets post-ICH, and severity of enrolling ICH) plus addi-
tional clinically relevant baseline variables. A random 
sample from the resulting distribution is used to impute 
values. Multiple sample data sets with complete primary 
outcome data are generated; each imputed data set will 
be analyzed according to the specified primary analysis, 
and the results from the multiple imputed data sets are 
combined to obtain a single set of parameter estimates. 
The multiple imputation method assumes missing at ran-
dom (MAR) which means that the probability of missing 
outcome data can depend on the observed values of the 
individual but not on the missing values of the individual.

Study organization and funding
The trial is funded within the framework of the US NIH 
StrokeNet by the NIH, NINDS, and NIA (UF1NS120871). 
The University of Cincinnati serves as the National Coor-
dinating Center, and the Data Coordination Unit of the 
Department of Public Health Sciences within the Col-
lege of Medicine at MUSC serves as the National Data 
Management Center. The overall responsibility and man-
agement of the trial lie with the prime site Beth Israel 
Deaconess Medical Center in Boston under the lead of 
the principal investigator (PI) Dr. Magdy Selim and Dr. 
Ashkan Shoamanesh (Multiple PI) at McMaster Univer-
sity in Canada.

Discussion
Patients with spontaneous lobar ICH often have varying 
degrees of underlying CSVD on MRI, and the effects of 
long-term statin therapy on the burden of CSVD have yet 
to be defined. Statin therapy could interact with CSVD in 
various fashions. On one hand, statin use in ICH patients 
may be independently associated with the presence and 
number of CMBs, particularly in lobar locations [6, 8]. 
Statins possess plausible biological mechanisms by which 
they might increase the propensity for intracranial bleed-
ing independent of lipid lowering by inhibiting platelets, 
decreasing thrombus formation, and enhancing fibrinol-
ysis [24–26]. These properties of statins could accelerate 
the incidence/accrual of hemorrhagic markers of CSVD 
such as CMBs and cSS [7]. On the other hand, the puta-
tive anti-inflammatory, antiplatelet, endothelial stabiliza-
tion, and cerebral vasoreactivity-enhancing properties 
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of statins could reduce the accrual of covert infarcts and 
WMH over time [8, 27–31] Statins might additionally 
mitigate the contribution of concurrent atherothrom-
botic vascular disease to the accrual of covert infarcts 
and WMH [27–29, 31].

The SATURN trial is limiting eligibility to lobar ICH as 
a pragmatic means of deriving a CAA-enriched popula-
tion. However, not all spontaneous lobar ICH are due to 
CAA in older populations, with a proportion resulting 
from underlying hypertensive arteriopathy [32]. The use 
of MRI would further help to improve the diagnosis of 
CAA through the use of the clinico-radiographic Boston 
Criteria. Moreover, even within CAA cohorts, response 
to stroke preventive treatments has been shown to differ 
depending on the severity of underlying disease mani-
fested by MRI biomarkers [33]. MRI would allow assess-
ment of treatment interactions between baseline MRI 
phenotypes suggestive of advanced CAA (which might 
be at greatest risk for increased recurrent ICH with con-
tinued statin therapy) and statin continuation vs. dis-
continuation. The potential to use MRI markers, such 
as CMBs and cSS, to identify patients who benefit or are 
harmed from long-term statin therapy could facilitate 
individualized decision-making and risk stratification 
and would be an important and novel contribution to 
the field which could have important cost- and resource-
saving implications. In practice, the results of SATURN 
MRI will be interpreted in concert with those of the main 
SATURN trial. An increased risk of ICH recurrence 
with statin continuation in the SATURN main trial and 
as well an increased risk of ICH recurrence in patients 
with CMBs/cSS on baseline MRI in SATURN MRI would 
indicate higher absolute risks of ICH recurrence and 
lower numbers needed to harm in patients with CMBs/
cSS. Conversely, if SATURN main results do not show an 
increased risk of ICH recurrence with statin continua-
tion, but SATURN MRI shows increased risk in patients 
with CMBs/cSS, the results can similarly lead to individ-
ualization of treatment decisions according to MRI phe-
notypes. However, if both SATURN and SATURN MRI 
do not show increased risk of ICH recurrence with statin 
continuation, this would provide reassurance supporting 
the safety of statins among the highest risk subgroups of 
lobar ICH patients and could lead to avoidance of unnec-
essary neuroimaging in clinical practice and hence save 
costs.

Furthermore, observations from SATURN-MRI could 
lead to novel hypotheses for further research eluci-
dating the pathogenesis of CSVD implicated in lobar 
ICH and ultimately lead to novel therapeutic targets 
aimed at mitigating the progression of microvascular 
cerebral injury and ensuing disability. The progression 

of markers of CSVD may be influenced by other vari-
ables such as adequacy of blood pressure (BP) control 
and use of anti-thrombotic drugs [30, 34]. The SAT-
URN trial already adjusts for the use/intent-to-use of 
anti-thrombotic drugs in its randomization scheme. 
Participants are also asked to check and report their 
BP at follow-up assessments and are reminded at all 
points of contact of the importance of maintaining 
BP ≤ 130/80  mmHg. To address this, we also plan to 
perform post hoc correlation-type analyses to examine 
the impact of post-randomization variability in the use 
of anti-thrombotic drugs and adequacy of BP control 
on imaging outcomes.

Summary and conclusions
SATURN-MRI provides a unique opportunity to evalu-
ate the effects of long-term statin therapy on the bur-
den of CSVD. As an ancillary study of the SATURN 
trial [14], SATURN-MRI will allow us to efficiently 
examine the prognostic and pathophysiological charac-
teristics of MRI biomarkers of CSVD within the scope 
of a large-scale, prospective, randomized, controlled 
trial. The results from SATURN-MRI will have direct 
clinical relevance and could lead to validation of MRI 
imaging markers as tools to assist with individualized 
decision-making regarding the safety of statin use/con-
tinuation in ICH patients and the mitigation of late-life 
cognitive and functional decline.
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be made available for limited use to researchers whose proposed use of the 
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Declarations

Ethical approval and consent to participate
Study protocol is reviewed and approved by the StrokeNet institutional review 
board at the University of Cincinnati (Number 2018-6381C). Written informed 
consent will be obtained from all participants or their legally authorized 
representative.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Neurology, Beth Israel Deaconess Medical Center, 330 
Brookline Avenue, Boston, MA, USA. 2 Department of Public Health Sciences, 
College of Medicine, Medical University of South Carolina, Charleston, SC, USA. 
3 McMaster University, Hamilton Health Sciences, Population Health Research 
Institute, Hamilton, ON, Canada. 4 Department of Neurology, University of Cin‑
cinnati, Cincinnati, OH, USA. 5 Department of Neurology, Hospital de La Santa 
Creu I Sant Pau, Barcelona, Spain. 6 Department of Clinical Neurosciences, 
University of Calgary, Calgary, AB, Canada. 

Received: 9 December 2024   Accepted: 4 August 2025

References
	1.	 Malhotra K, Zompola C, Theodorou A, Katsanos AH, Shoamanesh A, 

Gupta H, et al. Prevalence, characteristics, and outcomes of undeter‑
mined intracerebral hemorrhage: a systematic review and meta-analysis. 
Stroke. 2021;52(11):3602–12.

	2.	 Hostettler IC, Seiffge DJ, Werring DJ. Intracerebral hemorrhage: an update 
on diagnosis and treatment. Expert Rev Neurother. 2019;19(7):679–94.

	3.	 Charidimou A, Peeters AP, Jager R, Fox Z, Vandermeeren Y, Laloux P, 
et al. Cortical superficial siderosis and intracerebral hemorrhage risk in 
cerebral amyloid angiopathy. Neurology. 2013;81(19):1666–73.

	4.	 Charidimou A, Imaizumi T, Moulin S, Biffi A, Samarasekera N, Yakushiji 
Y, et al. Brain hemorrhage recurrence, small vessel disease type, and 
cerebral microbleeds: a meta-analysis. Neurology. 2017;89(8):820–9.

	5.	 Charidimou A, Boulouis G, Roongpiboonsopit D, Xiong L, Pasi M, 
Schwab KM, et al. Cortical superficial siderosis and recurrent intracere‑
bral hemorrhage risk in cerebral amyloid angiopathy: large prospective 
cohort and preliminary meta-analysis. Int J Stroke. 2019;14(7):723–33.

	6.	 Haussen DC, Henninger N, Kumar S, Selim M. Statin use and micro‑
bleeds in patients with spontaneous intracerebral hemorrhage. Stroke. 
2012;43(10):2677–81.

	7.	 Romero JR, Preis SR, Beiser A, DeCarli C, Viswanathan A, Martinez-Ram‑
irez S, et al. Risk factors, stroke prevention treatments, and prevalence 
of cerebral microbleeds in the Framingham Heart Study. Stroke. 
2014;45(5):1492–4.

	8.	 Katsanos AH, Lioutas VA, Charidimou A, Catanese L, Ng KKH, Perera K, 
et al. Statin treatment and cerebral microbleeds: a systematic review 
and meta-analysis. J Neurol Sci. 2021;420: 117224.

	9.	 Katsanos AH, Lioutas VA, Charidimou A, Catanese L, Ng KKH, Perera 
K, et al. Statin treatment and accrual of covert cerebral ischaemia on 
neuroimaging: a systematic review and meta-analysis of randomized 
trials. Eur J Neurol. 2020;27(6):1023–7.

	10.	 Akoudad S, Wolters FJ, Viswanathan A, de Bruijn RF, van der Lugt A, 
Hofman A, et al. Association of cerebral microbleeds with cognitive 
decline and dementia. JAMA Neurol. 2016;73(8):934–43.

	11.	 Hou Y, Yang S, Li Y, Qin W, Yang L, Hu W. Impact of cerebral microbleeds 
on gait, balance, and upper extremities function in cerebral small ves‑
sel disease. J Integr Neurosci. 2023;22(4): 82.

	12.	 Martinez-Ramirez S, Greenberg SM, Viswanathan A. Cerebral micro‑
bleeds: overview and implications in cognitive impairment. Alzheimers 
Res Ther. 2014;6(3): 33.

	13.	 Puy L, Pasi M, Rodrigues M, van Veluw SJ, Tsivgoulis G, Shoamanesh A, 
et al. Cerebral microbleeds: from depiction to interpretation. J Neurol 
Neurosurg Psychiatry. 2021;92:598–607.

	14.	 Marchina S, Yeatts SD, Foster LD, Janis S, Shoamanesh A, Khatri P, et al. 
Rationale and Design of the Statins Use in Intracerebral Hemorrhage 
Patients (SATURN) Trial. Cerebrovasc Dis. 2024. https://​doi.​org/​10.​1159/​
00053​8195.

	15.	 Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, Frayne R, 
et al. Neuroimaging standards for research into small vessel disease 
and its contribution to ageing and neurodegeneration. Lancet Neurol. 
2013;12(8):822–38.

	16.	 Rankin J. Cerebral vascular accidents in patients over the age of 60. 
Scott Med J. 1957;2(5):200–15. https://​doi.​org/​10.​1177/​00369​33057​
00200​504.

	17.	 van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Inter‑
observer agreement for the assessment of handicap in stroke patients. 
Stroke. 1998;19(5):604–7. https://​doi.​org/​10.​1161/​01.​STR.​19.5.​604.

	18. 	 O’Donnell MJ, Eikelboom JW, Yusuf S, Diener HC, Hart RG, Smith 
EE, et al. Effect of apixaban on brain infarction and microbleeds: 
AVERROES-MRI assessment study. Am Heart J. 2016;178:145–50.

	19. 	 Balali P, Hart RG, Smith EE, Saad F, Colorado P, Lemmens R, et al. 
Cerebral microbleeds and asundexian in non-cardioembolic ischemic 
stroke: secondary analyses of the PACIFIC-STROKE randomized trial. Int 
J Stroke. 2024;19(5):526–35.

	20. 	 Hart RG, Sharma M, Mundl H, Kasner SE, Bangdiwala SI, Berkowitz SD, 
et al. Rivaroxaban for stroke prevention after embolic stroke of unde‑
termined source. N Engl J Med. 2018;378(23):2191–201.

	21. 	 Dehghan M, Mente A, Zhang X, Swaminathan S, Li W, Mohan V, et al. 
Associations of fats and carbohydrate intake with cardiovascular 
disease and mortality in 18 countries from five continents (PURE): a 
prospective cohort study. Lancet. 2017;390(10107):2050–62.

	22. 	 Undas A, Brummel-Ziedins KE, Mann KG. Statins and blood coagula‑
tion. Arterioscler Thromb Vasc Biol. 2005;25(2):287–94.

	23. 	 Laufs U, Gertz K, Huang P, Nickenig G, Bohm M, Dirnagl U, et al. Ator‑
vastatin upregulates type III nitric oxide synthase in thrombocytes, 
decreases platelet activation, and protects from cerebral ischemia in 
normocholesterolemic mice. Stroke. 2000;31(10):2442–9.

http://grants2.nih.gov/grants/policy/data_sharing/data_sharing_guidance.htm
http://grants2.nih.gov/grants/policy/data_sharing/data_sharing_guidance.htm
https://www.ninds.nih.gov/Current-Research/Research-Funded-NINDS/Clinical-Research/Archived-Clinical-Research-Datasets
https://www.ninds.nih.gov/Current-Research/Research-Funded-NINDS/Clinical-Research/Archived-Clinical-Research-Datasets
https://www.ninds.nih.gov/Current-Research/Research-Funded-NINDS/Clinical-Research/Archived-Clinical-Research-Datasets
https://www.ninds.nih.gov/sites/default/files/NINDS_Data_Request_Form_508C.pdf
https://www.ninds.nih.gov/sites/default/files/NINDS_Data_Request_Form_508C.pdf
https://doi.org/10.1159/000538195
https://doi.org/10.1159/000538195
https://doi.org/10.1177/003693305700200504
https://doi.org/10.1177/003693305700200504
https://doi.org/10.1161/01.STR.19.5.604


Page 8 of 8Marchina et al. Trials          (2025) 26:323 

	24. 	 Asahi M, Huang Z, Thomas S, Yoshimura S, Sumii T, Mori T, et al. Protective 
effects of statins involving both eNOS and tPA in focal cerebral ischemia. 
J Cereb Blood Flow Metab. 2005;25(6):722–9.

	25. 	 Sahebkar A, Kiaie N, Gorabi AM, Mannarino MR, Bianconi V, Jamialahmadi 
T, et al. A comprehensive review on the lipid and pleiotropic effects of 
pitavastatin. Prog Lipid Res. 2021;84: 101127.

	26. 	 Fu JH, Mok V, Lam W, Wong A, Chu W, Xiong Y, et al. Effects of statins on 
progression of subclinical brain infarct. Cerebrovasc Dis. 2010;30(1):51–6.

	27. 	 Diamantis E, Kyriakos G, Quiles-Sanchez LV, Farmaki P, Troupis T. The anti-
inflammatory effects of statins on coronary artery disease: an updated 
review of the literature. Curr Cardiol Rev. 2017;13(3):209–16.

	28. 	 Xiong Y, Wong A, Cavalieri M, Schmidt R, Chu WW, Liu X, et al. Prestroke 
statins, progression of white matter hyperintensities, and cognitive 
decline in stroke patients with confluent white matter hyperintensities. 
Neurotherapeutics. 2014;11(3):606–11.

	29. 	 Sterzer P, Meintzschel F, Rosler A, Lanfermann H, Steinmetz H, Sitzer 
M. Pravastatin improves cerebral vasomotor reactivity in patients with 
subcortical small-vessel disease. Stroke. 2001;32(12):2817–20.

	30. 	 Broderick J, Brott T, Tomsick T, Leach A. Lobar hemorrhage in the elderly. 
The undiminishing importance of hypertension. Stroke. 1993;24(1):49–51.

	31. 	 Kozberg MG, Perosa V, Gurol ME, van Veluw SJ. A practical approach 
to the management of cerebral amyloid angiopathy. Int J Stroke. 
2021;16(4):356–69.

	32. 	 van Dijk EJ, Prins ND, Vrooman HA, Hofman A, Koudstaal PJ, Breteler 
MM. Progression of cerebral small vessel disease in relation to risk 
factors and cognitive consequences: Rotterdam scan study. Stroke. 
2008;39(10):2712–9.

	33.	 Poels MM, Ikram MA, Vernooij MW. Improved MR imaging detection of 
cerebral microbleeds more accurately identifies persons with vasculopa‑
thy. AJNR Am J Neuroradiol. 2012;33(8):1553–6.

	34.	 Charidimou A, Boulouis G, Xiong L, Pasi M, Roongpiboonsopit D, Ayres A, 
et al. Cortical superficial siderosis evolution. Stroke. 2019;50(4):954–62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	SATURN MRI: study protocol for the statin use in intracerebral hemorrhage patients MRI ancillary study
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Methods
	Study design
	Study objectives
	Primary objective
	Secondary objectives

	Patient population
	Randomization
	Intervention
	MRI protocol
	Imaging analyses
	Study outcomes
	Data and safety monitoring bodies
	Statistical considerations
	Sample size calculations

	Data analyses
	Analysis related to the primary objective
	Analyses related to the secondary aims

	Lost-to-follow-up and missing data
	Study organization and funding

	Discussion
	Summary and conclusions
	Acknowledgements
	References


