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Abstract: Intracerebral hemorrhage (ICH) is a neurologic injury resulting in significant
morbidity and mortality. Statins play a significant role in primary and secondary prevention of
cardiovascular and cerebrovascular ischemic events. Despite clear benefits of statins in ischemic
stroke, post hoc analyses of some studies suggest there may be a link between statin therapy and
development of ICH. Direct pharmacologic effects of decreased serum levels of total cholesterol
and low-density lipoproteins in conjunction with pleiotropic effects are thought to be linked to
this possible increase in ICH risk. In the face of the potential of statins to increase the risk of
ICH, recent evidence suggests that statins may also have beneficial effects on patient outcomes
when continued or initiated following an ICH. This discordance in findings and the overall
lack of well-designed prospective clinical trials increase the complexity of clinical decision
making when utilizing statin therapy in patients with, or at risk for, ICH. This review evaluates
the pharmacologic effects of statin therapy and describes how these effects translate to both
risks and benefits in ICH. The current literature regarding the effects of statin therapy on clini-
cal outcomes in ICH is evaluated to help guide clinicians with decisions regarding initiation,
continuation, or discontinuation of statin therapy in patients with ICH.

Keywords: intracerebral hemorrhage, statin pharmacology, intracranial hemorrhage, 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitors, pleiotropic effects

Introduction
Intracerebral hemorrhage (ICH) accounts for 10%—20% of all strokes worldwide.'
The overall global incidence of ICH is estimated at 24.6 per 100,000 person-years.>
Significant risk factors for ICH include hypertension, amyloid angiopathy, and older
age.’ Other risk factors include male sex, smoking, diabetes, alcohol intake, cocaine
hydrochloride use, and use of antiplatelet or anticoagulant medications.** Com-
pounding risk factors are likely to increase the risk of a patient suffering from ICH.
ICH commonly occurs in the cerebral lobes, basal ganglia, thalamus, brain stem, and
cerebellum. Hemorrhage results from rupture of small penetrating arteries originating
from basilar arteries or the anterior, middle, or posterior cerebral arteries. ICH carries
a significant mortality risk with 1-year survival estimated at 46% and 5-year survival
estimated at 29%.7 Given the high degree of morbidity and mortality associated with
ICH, evaluation of therapies that may have neuroprotective effects is of increasing
interest to clinicians.

The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors,
commonly known as statins, provide cholesterol-lowering effects through competi-
tive, reversible inhibition of HMG-CoA reductase, the rate limiting step in cholesterol
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biosynthesis.®® This mechanism is the primary driver for the
observed reduction in cardiovascular events and ischemic
stroke in patients with coronary artery disease.!’ In addition
to their cholesterol-lowering effects, statins also have pleo-
tropic effects, including anti-inflammatory, antithrombotic,
antioxidative, and neuroprotective effects that have all been
demonstrated in animal models and/or patients.'':'> The pri-
mary aim of this review is to evaluate the pharmacologic effects
and outcomes associated with statin use in relation to ICH.

Literature review methodology

Studies were identified by performing a MEDLINE and
PubMed search using the following terms: (statin* OR
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibi-
tors OR HMG-CoA) AND (intracerebral hemorrhage OR
cerebral hemorrhage). Studies published after October 31,
2015 and those published in languages other than English
were not included. Studies meeting criteria were evaluated
by the authors for relevance and inclusion.

Statin pharmacologic properties

Although all statins share the same primary mechanism
of action through the competitive, reversible inhibition of
HMG-CoA reductase, there are many differences within this
class of drugs. There are seven statins currently available in
the USA: atorvastatin, fluvastatin, lovastatin, pitavastatin,
pravastatin, rosuvastatin, and simvastatin. Statins have a high
bioavailability and are currently only available in oral for-
mulations. Comparison of pharmacologic properties among
available statin medications can be found in Table 1. The
observed differences in drug pharmacology may ultimately
impact the possible risks and benefits of statin therapy in
ICH.3%13 Statin penetration across the blood—brain barrier
and into the cerebral cortex is directly related to the lipo-
philic properties of each statin.'* A murine model evaluated

Table | Pharmacokinetic properties of statins

simvastatin, lovastatin, and pravastatin concentrations within
the cerebral cortex. This model showed higher concentrations
of simvastatin and then lovastatin followed by pravastatin.
These results are consistent with the partition coefficient
(logD) results in Table 1 with simvastatin and lovastatin being
the most lipophilic statins.'>!¢ In addition to the pharmacoki-
netic properties of statins, the relative potency of low-density
lipoprotein (LDL) reduction should also be considered.
Two landmark trials evaluated the relative potency of statin
therapies. Potency was determined by percent change in LDL
from baseline. Rosuvastatin was found to be the most potent
followed by atorvastatin, pitavastatin, simvastatin, lovastatin,
pravastatin, and finally fluvastatin.®!7-!8

While statin discontinuation rates due to side effects in
clinical trials have been found to be similar to placebo, statins
do carry clinical risks to be considered prior to initiating
therapy. Within the general population, asymptomatic eleva-
tions in liver enzymes have been reported in 1% of patients
on statin therapy and are dose-related. Spontaneous resolu-
tion occurs with discontinuation of the statin. Myopathy
has also been reported with an occurrence rate of <0.1%. If
untreated, myopathy can progress to rhabdomyolysis leading
to end-organ damage and death." Despite a lack of clinical
trials to evaluate the safety profile of statin therapy in patients
with ICH, risks for side effects can be extrapolated from the
neurocritically ill and general critically ill populations. A
recent prospective study evaluated 21 days of simvastatin
therapy following subarachnoid hemorrhage in 803 patients
with aneurysmal subarachnoid hemorrhage. The study results
demonstrated no difference in increased liver function tests
or rhabdomyolysis compared to placebo.?® Approximately
25%-36% of patients admitted to the intensive care unit
for =7 days develop intensive care unit-acquired weakness
based on clinical exam. The incidence has been reported as
high as 57% when neurophysiologic testing was performed.

Pharmacologic Atorvastatin Fluvastatin Lovastatin Pitavastatin Pravastatin Rosuvastatin Simvastatin
properties

Prodrug No No Yes No No No Yes
Half-life (hours) 14 23 3 12 1.3-2.7 29 3

logD* + pH: 7.4 1.53 1.75 2.59 1.50 —0.47 -0.25 2.44
Lipophilicity Lipophilic Lipophilic Lipophilic Lipophilic Hydrophilic Hydrophilic Lipophilic
CYP substrate 3A4 2C9 3A4 Glucuronidation Sulfation Unchanged 3A4
Active metabolites Active Inactive Active Active (minor) Inactive Active (minimal) Active
Protein binding (%) 98 >98 >95 96 50 90 95-98
Renal excretion <2 6 10 2 20 10 13

Fecal excretion >98 93 83 79 70 90 60

Notes: *Log D — partition coefficient — used to measure a medication’s lipophilicity. Higher numbers indicate increased lipophilicity. Data from Schachter, McFarland et al

and Corsini et al.2%!3
Abbreviation: CYP, cytochrome P450.
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Myopathies in critical illness have been described in up to
96% of patients with intensive care unit-acquired weak-
ness.”'> Based upon these results, patients with ICH are
likely to be at high risk for myopathy due to immobility,
extended mechanical ventilation, and exposure to corticos-
teroids and neuromuscular blocking agents throughout their
care.”

Drug interactions must also be considered in patients tak-
ing or initiating statin therapy. Most statins are metabolized
via the cytochrome P450 enzymes. Careful consideration
must be given to these interactions as inducers and inhibitors
can decrease efficacy and increase risk for toxicity, respec-
tively.” If discontinuation of the interacting medication is not
possible, then choosing a statin with a lower risk for drug
interactions is likely prudent.

Effects of statin use on clinical outcomes
The Stroke Prevention by Aggressive Reduction in Choles-
terol Levels (SPARCL) study evaluated high dose (80 mg)
atorvastatin compared to placebo for incidence of nonfatal
and fatal stroke in patients with a history of transient ische-
mic attack or stroke in the previous 6 months (Table 2). The
study showed a 5-year absolute risk reduction in nonfatal
and fatal stroke of 2.2% (P=0.03) for patients taking high
dose atorvastatin. A post hoc analysis of treatment effect
on type of stroke showed a significant increase in hemor-
rhagic stroke in the high dose atorvastatin group.?® Further
evaluation of this cohort found no difference in severity or
outcomes when comparing patients in both arms suffering
from hemorrhagic stroke.?’

Following the SPARCL trial, three major questions
emerged regarding the relationship between statin therapy and
ICH: 1) does statin therapy place patients at increased risk for
ICH; 2) does initiation of statin therapy following ICH improve
outcomes; and 3) should patients currently receiving statin
therapy have treatment discontinued immediately following
ICH? Various studies and meta-analyses have attempted to
answer these questions with mixed results (Table 2).

Does statin therapy place patients at increased risk
for ICH?

A recent large population-based case-control study from
Sweden, including ICH cases (n=7,696) and matched
stroke-free controls (n=14,670), evaluated the association
between chronic statin therapy and ICH. Patients’ medi-
cation history was included for 6 months prior to evalua-
tion. No difference in risk for development of ICH in the
unadjusted model was found. In the adjusted model, statins
were found to be protective against ICH for concomitant

drug use and comorbid diseases (odds ratio [OR] =0.68,
95% confidence interval [CI]: 0.63-0.74).2% A follow-up
retrospective analysis showed chronic statin users had less
severe ICH.? Several well controlled meta-analyses reported
no difference in rates of ICH in patients receiving statin ther-
apy compared to no statin therapy.>®3? Pre-ICH therapy was
associated with increased probability of positive functional
outcomes, based on modified Rankin Scale (mRS) score and
Glasgow Outcome Scale.’! A meta-analysis performed by
McKinney et al included 31 randomized control trials with
182,803 patients, including patients from the SPARCL study.
Results demonstrated no significant difference in incidence
of ICH observed in the active statin treatment group. The
meta-analysis also showed no relationship between achieved
LDL level or the degree of LDL reduction from baseline and
risk of ICH. The analysis did find significant reductions in
total stroke and all-cause mortality in the active statin therapy
group.® Current guidelines do not recommend avoiding statin
therapy due to a potential risk of ICH.*

Does initiation of statin therapy following ICH
improve outcomes?

There are currently no prospective randomized trials that
are adequately powered to evaluate the impact of starting
statin therapy on major clinical outcomes following ICH.
Several retrospective meta-analyses and database studies have
demonstrated improved mortality and functional outcomes
with statin therapy following ICH (Table 2). These outcomes
are notable as the outcomes remained significant after
adjustment for prehospital statin use within their statistical
evaluations.’'*>3¢ Unfortunately, none of the analyses clearly
defined the initiation time frame of statin therapy following
ICH, so the window of opportunity for initiation post-ICH
requires further refinement.

The role of initiating statin therapy following ICH in statin
naive patients is not well defined. Two retrospective database
reviews evaluated patients with no prehospital statin therapy.
The first database review (n=8,332) demonstrated that early
statin use did not increase the risk of recurrent ICH (hazard
ratio: 1.044, 95% CI: 0.812—1.341). All-cause mortality was
significantly lower in patients receiving early statin therapy
(hazard ratio: 0.742, 95% CI: 0.598-0.919).%” The second data-
base review (n=3,218) evaluated 3- and 12-month functional
outcomes and mortality. Functional outcomes were improved
at 3 months (OR =2.24, 95% CI: 1.49-3.36) and at 1 year (OR
=2.04, 95% CI: 1.37-3.06) in patients receiving statin therapy.
Additionally, patients receiving statins had a lower mortality
rate at 3 months (OR =0.44, 95% CI: 0.22—0.87) and 1 year
(OR =0.49, 95% CI: 0.27-0.86).* Although the data are not
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Table 2 Studies evaluating statin effects on clinical outcomes in ICH

Study Study design Number Statin use Outcomes Results
of measured
patients
Flint Retrospective 3,481 Statin use prior to 30-day survival and — In-patient statin users were more likely to be
etal® cohort admission for ICH and discharge to home or alive at 30 days OR =4.25 (95% Cl: 3.46-5.23)
statin use in-patient rehabilitation facility — In-patient statin users were more likely to be
following ICH discharged to home or acute rehabilitation
facility OR =2.57 (95% Cl: 2.16-3.06)

— Discontinuation of outpatient statin therapy
resulted in decreased 30-day survival OR
=0.16 (95% CI: 0.12-0.21) and decreased
favorable discharge
OR =0.26 (95% CI: 0.20-0.35)

Perez Meta-analysis 17 trials Statin use prior to ICH Morbidity and — Overall OR for mortality =3 months was
et al? and discontinuation of mortality; functional 0.71 (95% Cl: 0.55-0.98) favoring statin users
statin following ICH status — Overall OR for mortality =6 months 0.71
(95% Cl: 0.43—1.15)

— Risk reduction for continuation of statin post-
ICH 0.14 (95% CI: 0.10-0.20)

— No difference in functional outcomes with
continuation of statin post-ICH

SPARCL RCT 4,731 Patients with stroke or Post hoc analysis — Hemorrhagic stroke treatment hazard ratio
trial?e?’ TIA randomized to 80 mg based on type of 1.66 (95% Cl: 1.08-2.55)
atorvastatin vs placebo stroke occurrence and — No difference in patients with hemorrhagic
outcomes based on stroke in NIHSS, mRS, and disability between
stroke type atorvastatin and placebo groups
McKinney Meta-analysis 182,803 Patients receiving statin Incidence of ICH; —ICH OR =1.08 (95% Cl: 0.88—1.32)
et al* (31 trials)  therapy compared to total stroke; all-cause  — All stroke OR =0.84 (95% Cl: 0.78-0.91)
control; > 18 years old, mortality — All-cause mortality OR =0.92 (95% Cl:
RCT design, blinded 0.87-0.96)
outcomes, recoded data
on hemorrhagic stroke
or ICH
Jung Meta-analysis 16 trials 12 pre-ICH statin use; Mortality and — Pre-ICH statin use: mortality OR =0.90
etal! five in-hospital statin use;  functional outcomes (95% Cl: 0.63—1.28); good functional
three statin withdraw outcomes OR =1.49 (95% ClI: 1.01-2.19)

— In-hospital statin use: mortality OR =0.34
(95% Cl: 0.26-0.44)

— Statin withdraw |-month mortality OR =5.35
(95% ClI: 2.77-10.32)

Hackam Meta-analysis 248,391 23 RCT RR for development — Randomized trials RR for development of ICH
et al®*® (42 trials) |9 observational of ICH is 1.10 (95% Cl: 0.86—1.36) and total stroke
0.85 (95% Cl: 0.78-0.93)

— Observation studies RR for development of
ICH 0.94 (95% CI: 0.81-1.10)

— Studies with cerebrovascular disease
populations OR =1.03 (95% CI: 0.82—1.30)

Winkler Retrospective 562 Statin use prior to Risk factors for poor — Poor functional recovery risk factors: statin
et al®® database analysis  patients admission or initiation functional recovery exposure OR =0.44 (95% Cl: 0.21-0.95);
with 72 hours of ICH at |2 months and in- age, per year OR =1.05 (95% Cl: 1.02-1.07);
patient and |12-month history of diabetes OR =3.03 (95% ClI:
mortality 1.13-8.15); ICH volume >30 mL
OR =4.02 (95% CI: 1.82-8.90);
intraventricular extension OR =4.12 (95% ClI:
2.03-8.34); GCS

— In-hospital mortality 36.8% vs 20.5%
(P<<0.001) favoring statin use; 12-month
mortality 50% vs 33.7% (P=0.001) favoring
statin use

(Continued)
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Table 2 (Continued)

Study Study design Number Statin use Outcomes Results
of measured
patients
Pan Retrospective 3,218 Statin initiated during Functional outcomes — Good functional outcome at 3 months 74.4% vs
et al® database analysis  patients hospitalization (mRS) at 3 and 12 49.2% (P<<0.001) and 12 months 75.9% vs 52.3%
months (P<0.001)
— Outcomes maintained significance when
adjusted for risk factors and propensity score
Chen Retrospective 8,332 Statin therapy during Recurrent ICH and — Adjusted hazard ratio for recurrent ICH
etal”’ population- patients hospitalization or within 3 all-cause mortality 1.044 (95% Cl: 0.812-1.341)
based cohort months after discharge — Adjusted hazard ration for all-cause mortality
study 0.742 (95% Cl: 0.598-0.919)
Dowlatshahi Retrospective 2,466 Statin therapy prior to Severity of stroke — Significantly more moderate and severe
et al® database analysis  patients admission and initiation upon presentation, strokes (P<<0.001) in patients not on a
during hospitalization mRS at discharge, 30- preadmission statin
day mortality, 6-month — Poor functional outcome: started on
mortality statin: OR =0.6 (95% Cl: 0.4-0.9); statin
continued: OR =1.0 (95% CI: 0.7—1.3); statin
discontinued: OR =2.4 (95% Cl: 1.3-4.6)
— 30-day mortality: started on statin: OR =0.1
(95% ClI: 0.1-0.2); statin continued: OR =0.4
(95% CI: 0.3-0.6); statin discontinued: OR
=1.7 (95% Cl: 1.2-2.7)
— 6-month mortality: started on statin: OR =0.2
(95% CI: 0.1-0.3); statin continued: OR =0.4
(95% ClI: 0.3-0.6); statin discontinued:
OR =1.7 (95% Cl: 1.1-2.6)
Asberg et Population- 22,366 Statin therapy prior to Multivariate regression — Unadjusted OR for ICH 0.94 (95% ClI:
al® based case- patients ICH model 0.87-1.02)

control study

— Adjusted for concomitant drug use and
comorbid diseases OR for ICH 0.68 (95% CI:
0.63-0.74)

Abbreviations: Cl, confidence interval; ICH, intracerebral hemorrhage; OR, odds ratio; NIHSS, National Institutes of Health Stroke Scale; RCT, randomized controlled
trial; RR, relative risk; SPARCL, Stroke Prevention by Aggressive Reduction in Cholesterol Levels; GCS, Glasgow Coma Scale; mRS, modified Rankin Scale; TIA, transient

ischemic attack.

conclusive, it does suggest that initiation of statin therapy
post-ICH may be reasonable in patients where the potential
benefits outweigh the risks.

Should statin therapy be discontinued immediately
following ICH?

Statin discontinuation following ICH has been evalu-
ated in several retrospective analyses. Discontinuation
of statin therapy following ICH has been significantly
associated with increased 30-day mortality (Table 2).%
Additionally, discontinuation of statin therapy following
ICH was significantly associated with decreased favorable
discharge when controlling for severity of illness and
DNR (do not resuscitate) status.?* These outcomes should
be viewed with caution because there are potentially
significant confounders associated with discontinuation
of statin therapy, namely, the withdrawal of aggressive
management and transition to comfort care measures.
Prospective trials are needed to adequately evaluate the

effects of discontinuation of statin therapy in the setting of
acute ICH. Until further evidence is generated, it appears
reasonable to continue statin therapy in patients with ICH
unless contraindications to therapy are noted.

Effects of lipid levels on ICH

As previously discussed, low serum lipid levels are a proposed
mechanism for increased risk for ICH. Several clinical stud-
ies have sought to evaluate the relationship between plasma
lipid level and incidence of ICH. A retrospective multivariate
analysis in 252 patients with ischemic stroke treated with
tissue plasminogen activator showed no correlation with
spontaneous ICH in patients on prior statin therapy despite
patients having significantly lower serum LDL and total
cholesterol levels. The study did find a significant association
between increased serum triglyceride levels and increased
spontaneous ICH. One significant limitation of this study is
that lipid levels were only drawn 30 minutes prior to tissue
plasminogen activator infusion and fasting lipid levels were
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not measured.’* A subsequent retrospective analysis of 381
patients with nontraumatic ICH evaluated risk factors, includ-
ing statin use and serum lipid concentrations. This study
also utilized admission serum lipid levels and did not report
fasting levels. Additionally, LDL levels were calculated rather
than directly measured serum concentrations. Hematoma
volumes in the statin and nonstatin groups were 40.2 versus
16.9 cm?, respectively (P<<0.001). Total cholesterol and LDL
were both inversely correlated with hematoma volume in
both statin users and nonusers. The multivariate regression
showed that serum total cholesterol levels =150 mg/dL were
associated with statin use (OR =5.5, 95% CI: 1.55-19.58) and
worsening of the National Institutes of Health Stroke Scale
score (OR =1.4, 95% CI: 1.21-1.63) and hematoma volume
(OR =1.1, 95% CI: 1.07-1.13) in ICH patients. An associa-
tion was found among worsening of National Institutes of
Health Stroke Scale score (OR =2.0, 95% CI: 1.32-3.12),
worsening of mRS score (OR =3.3, 95% CI: 1.33-8.00),
hematoma volume (OR =1.3,95% CI: 1.01-1.76), and serum
total cholesterol levels =150 mg/dL in statin users.** A more
recent single-center retrospective analysis of 964 ICH patients
evaluated pre-ICH statin use and fasting serum lipid levels
on mRS discharge and in-patient mortality. There was no
significant difference in initial National Institutes of Health
Stroke Scale, ICH volume, or intraventricular ICH location.
Significantly lower total cholesterol and LDL cholesterol
levels were observed in patients who died at 3 or 12 months.
After adjusting for known ICH prognostic factors, LDL lev-
els were independently associated with in-hospital mortality
(OR =0.54, 95% CI: 0.31-0.93; P=0.028), but not 3- and
6-month mortality. In contrast to the previously discussed
study, there was no difference in mRS score at discharge, in-
hospital, and 3- and 12-month mortality between statin and
nonstatin users.*' In summary, a potential increased risk of
ICH may be present in patients with low LDL levels which
appears to be independent of, but still potentially related to,
statin use. Caution may be warranted if excessive lowering of
LDL cholesterol is observed with statin therapy.

Cerebral microbleeds

Cerebral microbleeds (CMBs) are small foci of chronic blood
products found in normal or nearly normal brain tissue.*?
The population incidence of CMBs is 8.8% and increases
with age.” Hypertensive vasculopathy and cerebral amyloid
angiopathy are two types of vascular pathologic changes
in vessels associated with CMBs. CMBs are markers for
risk of stroke, dementia, and cognitive impairment.*> The
incidence of spontaneous conversion of CMBs to ICH

is not well documented.** One prospective observational
study of ischemic stroke patients correlated increasing
number of microbleeds to increased risk of subsequent ICH
and increased mortality.* The presence of CMBs in com-
bination with antiplatelet,*® anticoagulant,***’ intravenous
thrombolytic therapy,*® and immunotherapy for Alzheimer’s
disease*** increases the risk of ICH.

In a retrospective review of patients presenting with
ICH, patients on statin therapy were found to have a 19%
(P=0.039) higher prevalence of any CMB and a significantly
increased mean number of CMBs per patient compared
to patients not on statin therapy. This study also found a
significant correlation between prior statin use and cortico-
subcortical microbleeds.’! Decreased LDL as the mechanism
for increased CMBs has also been evaluated. In a study
evaluating cholesterol levels, both low total cholesterol levels
and high-density lipoproteins were independently associated
with increased presence of multifocal signal loss lesions in
patients undergoing magnetic resonance imaging due to
neurologic abnormalities.’? Bang et al further evaluated the
relationship among ICH, CMB, cholesterol, and statins. This
retrospective evaluation of 102 ischemic stroke patients for
hemorrhagic conversion following recanalization found no
association between hemorrhagic conversion and statin use,
but did find a significant correlation between lower LDL
levels (<85 mg/dL) and increased hemorrhagic conver-
sion.>3 A prospective study of primary ICH patients not on
statin therapy evaluated the effects of serum cholesterol on
risk for primary ICH. This study found no significant cor-
relation between low total serum cholesterol, LDL, or high
serum high-density lipoprotein levels and ICH. However, the
study did find an increased incidence of CMBs in patients
with leukoaraiosis.*

Based on these studies, an attempt to isolate molecular
markers predictive of CMBs has been pursued. A prospec-
tive observational cohort found no correlation between
lipoprotein phospholipase A2 and CMBs but as a secondary
outcome found a significant correlation between deep CMBs
and patients with at least one apolipoprotein E (ApoE) €2 or
€4 allele.™ A more recent study evaluated ApoE allele effects
in combination with statin use for the risk of ICH. The study
found no correlation between statin use or ApoE allele poly-
morphisms and increased risk of nonlobar ICH. However,
patients on statin therapy with polymorphism ApoE &e4/e4
and e4/e2 trended toward significance for increased risk of
lobar ICH.>

CMBs are commonly present in patients requiring imag-
ing of the brain secondary to neurologic changes. Increased
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numbers of CMBs correlate to poorer patient outcomes.
Despite initial concerns, the body of evidence suggests that
statins globally do not increase frequency or number of
CMBs. Further studies with adequate power are necessary
to illuminate specific patient populations (ie, genetic
polymorphisms) where statins may increase the incidence
of CMBs and ICH.

Discussion

Statin use has been shown to reduce primary and secondary
cardiovascular events, reduce coronary death rate, reduce
total fatal and nonfatal stroke, and improve functional out-
comes following an ischemic stroke.?**’%° Statin therapy
is currently widely used and is recommended for athero-
sclerotic cardiovascular disease risk reduction in broad
patient populations.®®! Despite the many benefits of statin
therapy, there has been a signal toward increased rates of ICH
with statin therapy. As discussed previously, data from the
SPARCL trial showed a 16% decrease in total stroke, but a
post hoc analysis showed a significant decrease in ischemic
stroke events and an increase in ICH.2%:¢

The mechanisms by which statin therapy may increase
hemorrhage risk are unclear. A previous study described an
inverse relationship to serum lipid levels and risk for ICH
showing 6-year risk of death from intracranial hemorrhage
was three times more likely in men with serum cholesterol
levels less than 160 mg/dL.®* Konishi et al proposed that
decreased serum cholesterol levels contribute to the devel-
opment of fragile cerebrovascular endothelium, eventually
leading to the development of angionecrosis and cerebral
hemorrhage in the setting of hypertension.* A further pro-
posed mechanism for an increased risk of ICH with statin
therapy is the upregulation of platelet and endothelial nitric
oxide synthase expression and platelet-derived nitric oxide
release. These effects lead to decreased platelet-mediated
arterial thrombosis which may be beneficial in preventing
ischemic stroke but may be deleterious in ICH.%% Statins
have also been shown to upregulate endogenous tissue plas-
minogen activator thus enhancing clot lysis and possibly
placing a patient at higher risk for ICH.®” These proposed
mechanisms of increased risk for statin therapy in conjunc-
tion with increased ICH rates from the SPARCL trail have
many clinicians more critically evaluating statin therapy in
patients at risk for ICH.

To date, there are no large prospective trials evaluating
the safety and efficacy of statin therapy in ICH. Despite
the retrospective signal for increased risk of ICH from the
SPARCL trial, these findings were not further validated in

several meta-analyses. The increased risk of ICH during
treatment of statins could be due to patient characteristics.
The SPARCL trial enrolled patients with prior ischemic
stroke and these patients likely suffered microvascular injury
secondary to their initial stroke. The combination of second-
ary microvascular injury and high dose atorvastatin therapy
with lowered total cholesterol levels may have increased risk
of ICH not seen in other prospective statin trials.

Further studies are needed to elucidate if there is a clini-
cally relevant risk of decreased total cholesterol levels and
development of ICH. Evaluation is also needed for specific
patient cohorts who would benefit from statin continuation or
discontinuation in relation to ICH. In particular, the impact of
statin therapy in older patients, men versus women, patients
with specific comorbidities (eg, cardiovascular, diabetes), and
those receiving a large number of concomitant or interacting
medications may be important to analyze the effectiveness
and risk for ICH in statin users. Given the paucity of clinical
data providing clear direction on the use of statins in ICH,
careful evaluation of clinically relevant literature, evidence-
based national guidelines, and patient risk versus benefit
should be considered when utilizing statin therapy.

Conclusion

Statin therapy is widely used and recommended by multidis-
ciplinary guidelines for primary and secondary prevention of
arteriosclerotic cardiovascular disease and ischemic stroke
prevention. Despite proposed pharmacologic mechanisms
for increased risk of ICH and clinical findings from the
post hoc analysis of the SPARCL trail, the increasing body
of clinical evidence does not support the theory that statins
significantly increase the rates of ICH. Decreased total cho-
lesterol and LDL have mixed data for increased risk of ICH,
but this risk is not correlated with statin use. Further studies
are required to delineate which ICH patients would benefit
from statin therapy. Therefore, decisions regarding the use
of statin therapy in patients with, or at risk for, ICH should
be decided on an individual patient basis with statin therapy
prescribed in situations where the potential to maximize
benefits and minimize risk is greatest.
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