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Statin Use Following Intracerebral Hemorrhage
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Context: Statins are widely prescribed for primary and
secondary prevention of ischemic cardiac and cerebro-
vascular disease. Although serious adverse effects are un-
common, results from a recent clinical trial suggested in-
creased risk of intracerebral hemorrhage (ICH) associated
with statin use. For patients with baseline elevated risk
of ICH, it is not known whether this potential adverse
effect offsets the cardiovascular and cerebrovascular
benefits.

Objective: To address the following clinical question:
Given a history of prior ICH, should statin therapy be
avoided?

Design: A Markov decision model was used to evaluate
the risks and benefits of statin therapy in patients with
prior ICH.

Main Outcome Measure: Life expectancy, measured
as quality-adjusted life-years. We investigated how statin
use affects this outcome measure while varying a range of
clinical parameters, including hemorrhage location (deep

vs lobar), ischemic cardiac and cerebrovascular risks, and
magnitude of ICH risk associated with statins.

Results: Avoiding statins was favored over a wide range
ofvalues formanyclinicalparameters,particularly insurvi-
vorsof lobar ICHwhoareathighest riskof ICHrecurrence.
InsurvivorsoflobarICHwithoutpriorcardiovascularevents,
avoidingstatinsyieldeda lifeexpectancygainof2.2quality-
adjusted life-years compared with statin use. This net ben-
efit persisted even at the lower 95% confidence interval of
the relative risk of statin-associated ICH. In patients with
lobar ICH who had prior cardiovascular events, the annual
recurrence risk of myocardial infarction would have to ex-
ceed90%tofavorstatintherapy.Avoidingstatintherapywas
also favored, althoughbyasmallermargin, inbothprimary
andsecondarypreventionsettingsforsurvivorsofdeepICH.

Conclusions: Avoiding statins should be considered for
patients with a history of ICH, particularly those cases
with a lobar location.
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A LTHOUGH THE BENEFITS OF

3-hydroxy-3-methylglu-
taryl coenzyme A reduc-
tase inhibitors (statins) for
reducing risk of cardiac and
cerebrovascular disease are

well established,1,2 more widespread use of
statin therapy remains controversial. A par-
ticular subgroup of patients for whom the
advisability of statin use is unclear are those
at high risk for intracerebral hemorrhage

(ICH).3 The reason for added concern is the
increased incidence of ICH observed among
subjects randomized to statin therapy in a
clinical trial of secondary stroke preven-
tion.2,4 This risk amplification might have
greatest relevance to patients at high risk for
hemorrhage by virtue of prior ICH, particu-
larly hemorrhages in lobar brain regions
characteristic of the degenerative vascular

condition cerebral amyloid angiopathy.5,6

Because ICH survivors commonly have co-
morbid cardiovascular risk factors that
would otherwise warrant cholesterol-
lowering medication, it is important to
weigh the risks and benefits of statin therapy
in this population.

Given the uncertainty surrounding this
clinicaldecision,wedevelopedadecisionana-
lyticmodel.7 Decisionanalyticmodelshave
been applied to the clinical issue of antico-
agulation in patients with a high risk of fall-
ing8 or a history of ICH,9 and to the cost-
effectivenessofstatintherapyincoronaryand
cerebrovasculardisease.1,10,11Toprovideguid-
anceforthefrequentlyencounteredquestion
ofwhetherstatinuseissafeafterICH,weused
adecisionanalyticmodelincorporatingpub-
lisheddataregardingthebeneficialeffectsof

For editorial comment
see page 565

CME available online at
www.jamaarchivescme.com
and questions on page 560

Author Affiliations:
Hemorrhagic Stroke Research
Program, Department of
Neurology, Massachusetts
General Hospital, and Harvard
Medical School, Boston,
Massachusetts (Drs Westover,
Bianchi, and Greenberg); and
Division of General Internal
Medicine and Center for
Clinical Effectiveness,
University of Cincinnati,
Cincinnati, Ohio (Dr Eckman).

ARCH NEUROL / VOL 68 (NO. 5), MAY 2011 WWW.ARCHNEUROL.COM
573

©2011 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



statins,1 the riskof recurrentdeepvs lobar ICH,9 and the re-
ported impact of statin use on ICH risk.2,4

METHODS

Simulated clinical trials were conducted with a Markov state
transition model7 implemented in Matlab (The Mathworks,
Natick, Massachusetts). The base case for these analyses is a
65-year-old male ICH survivor. The impact of statin therapy
vs no statin therapy was considered under 3 basic scenarios in-
volving differing risk for future cerebrocardiovascular events:
(1) no prior cerebral ischemic event (transient ischemic attack
or ischemic stroke) and no prior cardiac ischemic event (an-
gina or myocardial infarction [MI]) (hereafter referred to as pri-
mary prevention); (2) prior ischemic stroke at least 1 year in
the past (hereafter referred to as prior stroke); and (3) prior
MI at least 1 year in the past (hereafter referred to as prior MI).
For each scenario, we computed the expected total quality-
adjusted life-years (QALYs) on vs off statin therapy. We sepa-
rately considered hemorrhages occurring in the 2 brain loca-
tions that jointly account for more than 80% of hemorrhagic
strokes12: “deep” ICH (thalamus or basal ganglia) and “lobar”
ICH (frontal, parietal, temporal, or occipital), because of dif-
ferent recurrence risks reflecting distinct underlying patho-
physiologies. Nontraumatic lobar ICH in the age range con-
sidered here is mainly due to cerebral amyloid angiopathy13 and
carries a higher risk of recurrent ICH compared with deep ICH,9

which is primarily related to chronic hypertension.14,15

Details of the model structure and the associated assump-
tions can be found in the eAppendix, eTable, and eFigure (avail-
able at http://www.archneurol.com). In brief, the model con-
sists of states that correspond to disease risk, in which simulated
patients can experience any combination of “events” (eg, is-
chemic stroke, MI, or ICH), which may lead to increased risk
of future events, change in quality of life, or death. Values for
risk, outcomes, and quality of life are adopted from a recent
systematic review of statin therapy1 and a previously reported
decision analysis.9 Quality-of-life adjustment factors were used
to account for the relative decrease in quality of life following
cardiac and cerebral ischemic events.1 Risks for recurrent ICH
after prior deep or lobar ICH were taken from previously re-

ported studies.5,6 The relative risk (RR) of ICH on statin therapy
from the Stroke Prevention by Aggressive Reduction in Cho-
lesterol Levels (SPARCL) trial analysis was 1.68 (95% confi-
dence interval, 1.09-2.59); this risk was assumed to apply to
both deep and lobar ICH. Event probabilities, RRs, and quality-
of-life adjustment factors pertaining to the base case are sum-
marized in Table 1. A model schematic, as well as further de-
tails, can be found in the eFigure and eAppendix.

RESULTS

We simulated the effect of statins on quality-adjusted life
expectancy (ie, QALYs) for patients with a history of lo-
bar ICH separately from its effect on QALYs for patients
with a prior deep ICH. Table 1 lists the base-case values
used for these analyses, and the eTable lists the transition
probabilities and quality-of-life values for the individual
states. The increased risk of ICH associated with statin
therapy (RR, 1.68) was taken from the SPARCL study.16

LOBAR ICH

Ourbase-casepatientwasa65-year-oldmanwith lobar ICH
and a 20% risk of cerebrocardiovascular disease (CVD) in
the following10years. In theprimarypreventionsetting(ie,
nopriorhistoryofischemiccerebrovascularorcardiacevents),
avoiding statins was the preferred course. This option re-
sulted in the accrual of 6.8 QALYs, whereas statin therapy
resulted in theaccrualof4.6QALYs, anet loss for statinuse
of2.2QALYs.Modelingof statin therapyundervarioussec-
ondarypreventionscenariosalsosuggestedanetbenefit for
avoiding statins. Predicted outcomes in the setting of a his-
tory of prior MI were 4.4 QALYs on statin therapy vs 6.2
QALYSoffstatintherapy;forhistoryofpriorischemicstroke,
the figures were 4.2 vs 6.0 QALYs, respectively.

In sensitivity analyses, avoiding statins remained the pre-
ferred option following lobar ICH over a wide range of val-
ues for the statin-associated RR of ICH (Table 2,
Figure 1). Even at the lower limit of the 95% confidence

Table 1. Base-Case Event Risks, Relative Risks,
and Quality-of-Life Adjustment Factorsa

Risk in
Primary

Preventionb

Risk in
Secondary

Preventionc

RR on
Statin

Therapy Q

Stable angina 4.8 NAd 0.59 0.81
Unstable angina 1.8 NAd 0.72 0.77
Nonlethal MI 3.8 18.5 0.66 0.76
Lethal MI 2.1 15.2 0.74 0
Transient ischemic attack 2.2 2.2 0.79 1
Nonlethal stroke 6.0 2.2 0.77 0.63
Lethal stroke 1.4 1.4 1 0
Nonlethal lobar ICH 113.4 113.4 1.68 0.47
Lethal lobar ICH 26.6 26.6 1.68 0
Nonlethal deep ICH 16.7 16.7 1.68 0.45
Lethal deep ICH 4.3 4.3 1.68 0

Abbreviations: ICH, intracerebral hemorrhage; MI, myocardial infarction;
NA, not accessible; Q, quality of life adjustment factor; RR, relative risk.

aRisks are expressed as number of events per 1000 patients per year.
bNo prior cerebral ischemic event (transient ischemic attack or ischemic

stroke) and no prior cardiac ischemic event (angina or MI).
cPrior ischemic stroke at least 1 year in the past.
dFor the risk of stable and unstable angina, a prior MI signifies that, in the

model, these lower risk health states are not accessible after an MI.

Table 2. Sensitivity Analyses

Lobar ICH Deep ICH

RR of ICH while
receiving statins

Threshold (base case, 1.68; range, 1-2.6)

Primary prevention 1.03 1.20
Prior MI 1.07 1.50
Prior ischemic stroke 1.06 1.41

ICH annual
recurrence probability

Threshold (range, 0%-15%)a

Primary prevention 0.6 0.6
Prior MI 1.6 1.5
Prior ischemic stroke 1.3 1.3

10-y CVD probability, % Threshold (range, 0-80)
Primary prevention NPb 0.46

MI annual recurrence
probability, %

Threshold (range, 0-80)

Prior MI 20 (5.9�base case) 4.6 (1.4�base case)

Abbreviations: CVD, cerebrocardiovascular disease; ICH, intracerebral
hemorrhage; MI, myocardial infarction; NP, never preferred.

aBase-case annual recurrence rate for lobar ICH, 14%/year; for deep ICH,
1.7%/year.

bStatins never preferred. For RR of ICH thresholds, 10-year CVD
probability was set to 20%. For 10-year CVD probability thresholds, RR of
ICH was set to 1.68.
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Figure 1. Sensitivity analyses for lobar intracerebral hemorrhage (ICH) in the primary prevention (left) and prior myocardial infarction (MI) (right) settings. Plots
show quality-adjusted life-years (QALYs) off statin therapy (dashed line) and on statin therapy (solid line), as a function of the 10-year cerebrocardiovascular
disease (CVD) event probability (CVD10) (A); the annual MI recurrence probability expressed as multiples of the base-case probability (Base-Case Probability MI)
(E); the relative risk (RR) of ICH conferred by statin therapy (RR ICH on Statin) (B and F); and off-statin ICH annual recurrence probability [ICH Probability (Off
Statin)] (C and G). Two-dimensional sensitivity analyses varying RR of ICH on statin vs CVD10 in primary prevention (D) and RR ICH vs base-case MI recurrence
probability in secondary prevention (H) are also shown. For these plots, the third dimension (gray-scale gradient) depicts the QALYs on statin minus QALYs off
statin, allowing one to see when the net difference is positive (favor statin continuation) vs negative (favor statin discontinuation). Clinical circumstances in which
the QALY difference is negative are shown to the right of the thick decision boundary line, whereas net positive QALY differences are shown to the left of this
decision boundary line. Base-case values are marked with white circles. Q indicates the quality-of-life adjustment factor.
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interval of the RR for ICH reported in the SPARCL study
(ie, 1.09),16 avoiding statins remained the preferred op-
tion by a small margin (net loss for statin use of 0.3 QALYs).
For statin therapy to be favored, the RR of ICH would need
to be less than or equal to 1.03 for primary prevention, 1.07
for secondary prevention after MI, and 1.06 for secondary
prevention after ischemic stroke.

In complementary sensitivity analyses, we found the
strategy of avoiding statins following lobar ICH to be ro-
bust to other values used in the base-case model as well.
Avoiding statins remained the preferred strategy at (off-
statin) annual ICH recurrence probabilities well below
the base-case value of 14% per year (Table 2). Avoiding
statins was also preferred over the entire range of 10-
year CVD risk values considered (0%-80%) for primary
prevention, and for risks of MI recurrence up to 6-fold
greater than the base-case assumption for secondary pre-
vention (Figure 1E). These results indicate that the risk
of ICH on statin therapy is not offset by the secondary
prevention benefits, even if the cardiovascular risks are
artificially forced to be extremely high. Two-way sensi-
tivity analyses varying both the RR of ICH and the 10-
year CVD risk (for primary prevention; Figure 1D) or MI
recurrence probability (for secondary prevention;
Figure 1H) again demonstrate that avoiding statins is pre-
ferred through a wide range of values around the base-
case assumptions.

DEEP ICH

We performed similar analyses for our other base-case
patient, a 65-year-old man with a 10-year CVD risk of
20% at the time of a deep ICH. In this scenario, the risk
of recurrent ICH is substantially lower.5,9 Assuming the
1.68 RR of ICH from the SPARCL data, in the primary
prevention setting, statin therapy confers a net loss of 0.8
QALYs (13.0 vs 12.2 QALYs) (Table 3). In the second-
ary prevention settings, statin therapy also produced net
QALY losses, although they were smaller (0.2 QALYs for
the post-MI setting and 0.3 QALYs for the post–
ischemic stroke setting).

Thresholds for the statin-associated RR of ICH below
which statin therapy was preferred were 1.20 for pri-
mary prevention, 1.50 for secondary prevention after MI,
and 1.41 for secondary prevention after ischemic stroke

(Table 2 and Figure 2B and F). The off-drug probabili-
ties for ICH recurrence at which statin therapy was pre-
ferred also came relatively close to the base-case value
(2.1%), including the secondary prevention settings of
prior MI (1.5%) or ischemic stroke (1.3%) (Table 2). In
the post-MI scenario, statin therapy was preferred if the
probability of MI increased to 1.4 times the base-case prob-
ability (Table 2). Decision boundaries from a 2-way sen-
sitivity analysis of RR for ICH and 10-year CVD risk in
the primary prevention setting and of RR for ICH and
MI recurrence probability in the post-MI setting for deep
ICH are shown in Figure 2D and 2H, respectively.

The differences in QALYs for the various scenarios dis-
cussed emerge from interactions among multiple compet-
ing factors during a patient’s life span. It is also instructive
to consider the effect of individual factors over shorter time
spans. Using the base-case assumptions and measuring over
a single year of follow-up, primary prevention with statin
therapy is projected to prevent fewer than 2 deaths from
either MI or ischemic stroke per 1000 patients per year, at
the expense of causing 18 lobar ICHs (in patients with prior
lobar ICH) or 3 deep ICHs (in patients with prior deep ICH)
per 1000 patients per year. From the perspective of dis-
ability and resulting loss of quality of life, each year of pri-
mary prevention with statin treatment saves 2.6 QALYs from
MI or 2.2 QALYs from ischemic stroke per 1000 patients
per year, at the expense of 58.6 QALYs for lobar ICH or 9
QALYs for deep ICH.

COMMENT

We used a decision analytic model to evaluate a com-
mon dilemma facing physicians of patients with a his-
tory of prior ICH and indications for statin therapy: un-
der what clinical circumstances should statin therapy be
avoided because of risk of recurrent ICH?2,4,14,15 Our analy-
sis indicates that in settings of high recurrent ICH risk,
avoiding statin therapy may be preferred. For lobar ICH
in particular, which has a substantially higher recur-
rence rate than does deep ICH, statin therapy is pre-
dicted to increase the baseline annual probability of re-
currence from approximately 14% to approximately 22%,
offsetting the cardiovascular benefits for both primary and
secondary cardiovascular prevention.9 Our results were
robust over a wide range of CVD event rates in both pri-
mary and secondary prevention settings and over a wide
range of estimates for the statin-associated RR of ICH.
In the case of deep ICH, the substantially lower baseline
annual recurrence rate translates into a much closer bal-
ance between statins’ risks and benefits, and conse-
quently the optimal treatment option may vary with spe-
cific circumstances. For our base-case patient with deep
ICH, we found that statin therapy was worse than no treat-
ment, but this conclusion is sensitive to variations in the
assumed baseline recurrence rates of ischemic events and
ICH, and the statin-associated RR of ICH, such that, in
some realistic secondary prevention settings, statin therapy
may be preferred.

The different results for statin use after lobar vs deep
ICH arise primarily from the different annual ICH re-
currence probabilities in these 2 groups.5,6 These 2 ICH

Table 3. Results of Base-Case Decision Analysis

Prior ICH Location and Setting

Quality-Adjusted Life-Years

No Statin
Therapy

Statin
Therapya

Lobar ICH
Primary prevention 6.8 4.6
Prior myocardial infarction 6.2 4.4
Prior ischemic stroke 6.0 4.2

Deep ICH
Primary prevention 13.0 12.2
Prior myocardial infarction 11.2 11.0
Prior ischemic stroke 10.6 10.3

aAssuming a relative risk of 1.68 for intracerebral hemorrhage (ICH).
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Figure 2. Sensitivity analyses for deep intracerebral hemorrhage (ICH) in the primary prevention (left) and prior myocardial infarction (MI) (right) settings. Plots
show quality-adjusted life-years (QALYs) off statin therapy (dashed line) and on statin therapy (solid line), as a function of the 10-year cerebrocardiovascular
disease (CVD) event probability (CVD10) (A); the annual MI recurrence probability expressed as multiples of the base-case probability (Base-Case Probability MI)
(E); the relative risk (RR) of ICH conferred by statin therapy (RR ICH on Statin) (B and F); and off-statin ICH annual recurrence probability [ICH Probability (Off
Statin)] (C and G). Two-dimensional sensitivity analyses varying RR of ICH on statin vs CVD10 in primary prevention (D) and RR ICH vs base-case MI recurrence
probability in secondary prevention (H) are also shown. For these plots, the third dimension (gray-scale gradient) depicts the QALYs on statin minus QALYs off
statin, allowing one to see when the net difference is positive (favor statin continuation) vs negative (favor statin discontinuation). Clinical circumstances in which
the QALY difference is negative are shown to the right of the thick decision boundary line, whereas net positive QALY differences are shown to the left of this
decision boundary line. Base-case values are marked with white circles. Q indicates the quality-of-life adjustment factor.
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locations appear to reflect different underlying patho-
physiology13-15: nontraumatic lobar ICH in the age range
under consideration is mostly due to cerebral amyloid
angiopathy,17 whereas hypertensive vascular disease is pri-
marily responsible for deep ICH.16 The risk of recurrent
deep ICH can be lowered by the use of appropriate an-
tihypertensive medical therapy,18-20 whereas cerebral amy-
loid angiopathy currently lacks an established preven-
tive treatment. Patients with cerebral amyloid angiopathy
are at risk for symptomatic ICH and for accumulation of
clinically silent microhemorrhages, which may serve as
the substrate for subsequent larger ICH events, explain-
ing the observed continued risk of lobar ICH over the
course of a lifetime.21

The mechanism by which statins might amplify the
risk of hemorrhagic stroke remains unclear. Histori-
cally, concerns about increased ICH risk with lipid-
lowering drug therapy have centered on epidemiologi-
cal studies linking low cholesterol levels with an increased
rate of hemorrhagic stroke. This apparent association may
be weaker than originally thought,22 and the increased
risk of ICH with statin therapy found in the SPARCL study
was independent of low-density lipoprotein levels.2,4 Stat-
ins are known to have pleiotropic effects, independent
of their effect on cholesterol levels,23-25 and some of these
have been proposed as possible mechanisms for increas-
ing ICH risk.26 For example, there is evidence that stat-
ins may have antithrombotic27-32 and fibrinolytic33-38 ef-
fects, and may enhance the activity of other fibrinolytic
agents.26,39 The dose and statin-type dependency of these
effects is not yet well understood.

There are important limitations to this analysis. The
data driving the statin-related RR of ICH derive from post
hoc analysis of a single clinical trial, performed for is-
chemic and hemorrhagic stroke patients randomized to
receive a single dose and statin agent (80 mg of atorva-
statin calcium). It is therefore uncertain whether these
results generalize across multiple populations, agents, and
doses. A further potential limitation of our study is that
we restricted our analysis to simple all-or-none strate-
gies of either treatment or nontreatment. It is possible,
however, that a “switch-over” strategy (eg, treating a pa-
tient with statins during the early high-risk period fol-
lowing MI or stroke followed by cessation of treatment)
might be preferable. Despite these limitations, it is no-
table that the finding of net loss of QALYs in statin treat-
ment of patients with lobar ICH persisted even at the lower
95% confidence limit observed in the SPARCL study, sup-
porting its validity. A second major limitation that ap-
plies to all decision analyses is their reliance on para-
meters extracted from existing literature, which may
contain uncertainties. Although only a randomized trial
could definitively answer the questions raised in our study,
we note that the sensitivity analyses performed to ad-
dress some of this uncertainty support our fundamental
findings. Another important caveat is the possibility (iden-
tified in some but not all observational studies40-44) that
patients on statin therapy at the time of ICH have better
outcomes than those not on statin therapy. Although such
statin-associated improvements in ICH outcome would
partially mitigate the loss of QALYs associated with in-
creased ICH incidence, they appear insufficient to sig-

nificantly offset this effect in patients with lobar ICH in
our model (data not shown).

In summary, mathematical decision analysis of the
available data suggests that, because of the high risk of
recurrent ICH in survivors of prior hemorrhagic stroke,
even a small amplification of this risk by use of statins
suffices to recommend that they should be avoided after
ICH. In the absence of data from a randomized clinical
trial (ideally comparing various agents and doses), the
current model provides some guidance for clinicians fac-
ing this difficult decision.
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