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The THRombolysis and STatins
(THRaST) study

ABSTRACT

Objective: To assess the impact on stroke outcome of statin use in the acute phase after IV
thrombolysis.

Methods: Multicenter study on prospectively collected data of 2,072 stroke patients treated with IV
thrombolysis. Outcome measures of efficacy were neurologic improvement (NIH Stroke Scale
[NIHSS] # 4 points from baseline or NIHSS 5 0) and major neurologic improvement (NIHSS # 8
points from baseline or NIHSS 5 0) at 7 days and favorable (modified Rankin Scale [mRS] # 2) and
excellent functional outcome (mRS # 1) at 3 months. Outcome measures of safety were 7-day
neurologic deterioration (NIHSS$ 4 points from baseline or death), symptomatic intracerebral hem-
orrhage type 2 with NIHSS $ 4 points from baseline or death within 36 hours, and 3-month death.

Results: Adjustedmultivariate analysis showed that statin use in the acute phasewas associatedwith
neurologic improvement (odds ratio [OR] 1.68, 95% confidence interval [CI] 1.26–2.25; p, 0.001),
major neurologic improvement (OR 1.43, 95% CI 1.11–1.85; p 5 0.006), favorable functional out-
come (OR 1.63, 95% CI 1.18–2.26; p5 0.003), and a reduced risk of neurologic deterioration (OR:
0.31, 95% CI 0.19–0.53; p , 0.001) and death (OR 0.48, 95% CI 0.28–0.82; p 5 0.007).

Conclusion: Statin use in the acute phase of stroke after IV thrombolysis may positively influence
short- and long-term outcome. Neurology� 2013;80:655–661

GLOSSARY
CI 5 confidence interval; MCA 5 middle cerebral artery; mRS 5 modified Rankin Scale; NIHSS 5 NIH Stroke Scale; OR 5
odds ratio; OTT 5 onset to treatment; rtPA 5 recombinant tissue plasminogen activator; sICH 5 symptomatic intracerebral
hemorrhage; SITS-MOST 5 Safe Implementation of Thrombolysis in Stroke–Monitoring Study; THRaST 5 THRombolysis
and STatins study.

Statins are recommended for primary and secondary stroke prevention in patients at risk of cer-
ebrovascular events.1 In addition to reducing the risk of first and recurrent ischemic stroke, statin
treatment may also improve outcome through pleiotropic non-cholesterol-dependent effects.2

An association between statin use before stroke and favorable outcome has been previously re-
ported.3–5 Moreover, a prospective clinical trial showed that statin withdrawal during the first 3
days after a stroke event was associated with increased risk of death or dependency at 3 months.6

To date, very few studies have investigated the effect of statin use in the acute phase on ischemic
stroke outcome.7–9 The Stroke Prevention with Aggressive Reductions in Cholesterol Levels
(SPARCL) trial showed a trend toward less severity for outcome 90 days after stroke with atorvas-
tatin administration (80 mg), compared with placebo, in patients having a stroke during the trial.10

So far, few studies have assessed the efficacy and safety of statin treatment in ischemic stroke pa-
tients treated with IV thrombolysis. Two recent meta-analyses showed that prior statin use may
increase the risk of symptomatic intracerebral hemorrhage (sICH) within 36 hours after IV recom-
binant tissue plasminogen activator (rtPA), though without influencing 3-month functional out-
come.11,12 Two large observational studies reported that previous treatment with statin was not
an independent predictor of functional outcome or of ICH.13,14

The aim of the THRombolysis and STatins (THRaST) study was to assess the impact of statin use
in the acute phase of ischemic stroke on clinical outcome in patients treated with IV thrombolysis.
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METHODS THRaST was a retrospective multicenter study

based on data prospectively collected from 2,072 acute ischemic

stroke patients who had received IV thrombolysis, after informed

consent. All patients were registered in the Safe Implementation

of Thrombolysis in Stroke–International Stroke Thrombolysis

Register (SITS-ISTR)15 by 45 Italian centers as of October 2010.

The statin group was defined as patients receiving statin

within 72 hours after IV thrombolysis; the no statin group was

defined as patients who had started statin therapy before the

stroke event but had discontinued its use after IV rtPA or those

who had never used statins. The choice of statin administration

regimen was at the discretion of the treating physician, who

decided to start statin treatment in the acute phase after IV

thrombolysis (started group), or to continue with previous treat-

ment using the same type and dose (continued group), or to

switch to a higher dose or another type of statin in the acute phase

after IV rtPA (switched group), via oral administration or naso-

gastric tube. All patients treated with statin in the acute phase

continued to receive the same type and dosage of statin at least

until hospital discharge.

Exclusion criteria were those of the Safe Implementation of

Thrombolysis in Stroke–Monitoring Study (SITS-MOST) proto-

col,16 except for the 80-year age limit, onset to treatment (OTT)

time for IV rtPA from 3 to 4.5 hours from symptom onset, prior

stroke within the last 3 months, history of stroke and concomitant

diabetes, and aggressive management (IV medication) to reduce

blood pressure (systolic blood pressure #185 mm Hg or diastolic

blood pressure #110 mm Hg) before IV rtPA.

Patients with a modified Rankin Scale (mRS) score.2 before

the stroke event were excluded. Patients were also excluded if they

had started statin therapy before stroke but continued or switched

therapy after discontinuation during the first 72 hours poststroke

or had started statin therapy after 72 hours poststroke.

Clinical characteristics of the patients. Clinical characteris-
tics of the patients included 1) demographic findings; 2) func-

tional dependence (mRS score $ 1) before stroke; 3) OTT

time for IV rtPA; 4) deviations from the SITS-MOST protocol;

5) vascular risk factors; 6) therapy before stroke; 7) data before IV

rtPA, including the degree of stroke severity according to the

NIH Stroke Scale (NIHSS), and CT findings before thrombolysis

such as early signs of ischemia (loss of gray/white matter distinc-

tion, hypodensity, or sulcal swelling) or middle cerebral artery

(MCA) hyperdensity; 8) lipid profile within 72 hours after stroke;

9) statin group and no statin group; 10) statin administration

regimen, i.e., starting, continuing, or switching statins in the

acute phase; 11) type/dose of statin administered in the acute

stroke phase; 12) OTT time for statin in the acute phase.

The primary efficacy and safety endpoints included short-

and long-term outcome.

The short-term efficacy endpoints were neurologic improve-

ment (NIHSS #4 points from baseline or NIHSS score of 0)17

and major neurologic improvement (NIHSS #8 points from

baseline or NIHSS score of 0)18 at 7 days. The long-term efficacy

endpoints were favorable functional outcome (mRS # 2)16 and

excellent functional outcome (mRS # 1)13 at 3 months.

The short-term safety endpoints were neurologic deteriora-

tion (NIHSS $4 points from baseline or death)19 at 7 days and

sICH (local or remote parenchymal hematoma type 2 on the

imaging scan obtained 22 to 36 hours after treatment, with

NIHSS score increase of $4 points from baseline or the lowest

value in the first 24 hours or leading to death).16 The long-term

safety endpoint was death at 3 months.16

Statistical analyses. We performed all statistical analyses using

the Statistical Package for Social Sciences v 16.0 for Windows

(SPSS, Chicago, IL). We examined differences between the 2

groups stratified according to statin use in the acute phase of stroke

using the x2 test and Kruskal-Wallis one-way analysis of variance.

We estimated the prognostic importance of statin use by cal-

culating the odds ratio (OR) with 2-sided 95% confidence interval

(CI) for each efficacy and safety endpoint, establishing statistical sig-

nificance at 2-tailed 0.05 level (p, 0.05). Due to the nonrandom-

ized design of the study, we performed a post hoc adjusted analysis

(logistic regression) of the efficacy and safety endpoints using a

forward stepwise method that included established predictors

(age, OTT time for IV rtPA, SITS-MOST deviations, baseline

NIHSS score), all the unbalanced clinical characteristics between

the statin group and the no statin group, and all variables with a

probability value ,0.10 on univariate analysis.

We then performed univariate statistical analysis of the factors

associated with 7-day major neurologic improvement and those

associated with 3-month excellent outcome using the x2 test

(Fisher exact test) for different statin administration regimen,

statin type/dose, and OTT time in the statin group. To identify

independent predictors of 7-day major neurologic improvement

and those associated with 3-month excellent outcome, we per-

formed multivariate analysis including in the analysis the estab-

lished predictors (age, OTT time for IV rtPA, SITS-MOST

protocol violations, baseline NIHSS score) and the clinical vari-

ables with a probability value ,0.10 on univariate analysis.

Finally, because statin withdrawal is associated with increased

risk of death or dependence at 3 months, we repeated all the anal-

yses after excluding from the no statin group those patients who

had stopped statin therapy after rtPA.

RESULTS Of the 2,072 patients who entered into the
study, 839 (40.5%) were treated with statins in the
acute phase of stroke: 542 (26.2%) in the started
group, 203 (9.8%) in the continued group, and 94
(4.5%) in the switched group. The statin type and dose
were atorvastatin 10–20 mg/day in 260 (12.5%)
patients, atorvastatin 40–80 mg/day in 262 (12.6%),
simvastatin 10–40 mg/day in 238 (11.5%), and other
statins in 79 (3.8%). Statin administration was started
within 24 hours after IV thrombolysis in 531 (25.6%)
patients, between 24 and 48 hours in 153 (7.4%), and
between 48 and 72 hours in 155 (7.5%). In the no
statin group, 1,170 (56.5%) patients had never used
statins, either before the stroke event or after throm-
bolysis, and 63 (3%) had used statins before stroke but
discontinued the treatment after IV rtPA.

Table 1 shows the clinical characteristics of the
cohort and of 2 groups of patients.

Hypertension and hypercholesterolemia were
more frequent in the statin group, whereas atrial
fibrillation was more frequent in the no statin group.
The statin group patients were more often treated
with antiplatelet and antihypertensive therapy before
the stroke event, and more frequently received throm-
bolysis beyond 3 hours after stroke onset. Total cho-
lesterol and low-density lipoprotein levels within 72
hours after stroke were higher in the statin group.
The patients not receiving statins had a higher base-
line NIHSS score and presented more often with a
hyperdense MCA sign before thrombolysis.
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We collected data on neurologic improvement,
major neurologic improvement, and neurologic dete-
rioration at 7 days in 2,055 (99.2%) patients, sICH
within 36 hours in 2,054 (99.1%), and mRS score
at 3 months in 1,844 (89%).

At 7 days, neurologic improvement was noted in
1,405 (68.4%) patients, major neurologic improvement
in 922 (44.8%), and neurologic deterioration in 218

(10.6%). On adjusted multivariate analysis, statin use in
the acute phase was associated with neurologic improve-
ment (OR 1.68, 95% CI 1.26–2.25; p, 0.001), major
neurologic improvement (OR 1.43, 95% CI 1.11–1.85;
p5 0.006), and reduced risk of neurologic deterioration
(OR 0.31, 95% CI 0.19–0.53; p , 0.001) (table 2).

At 3 months, favorable functional outcome was
noted in 1,099 (59.6%) patients and excellent

Table 1 Clinical characteristics of the THRaST patientsa

All patients
(n 5 2,072)

Acute statin
(n 5 839)

No acute statin
(n 5 1,233) p Value

Demographics

Age, y 66.6 6 12.5 67.3 6 10.6 66.1 6 13.7 0.919

Male 1,210 (58.4) 505 (60.2) 705 (57.2) 0.174

mRS >0 prestroke 210 (10.1) 79 (9.4) 131 (10.6) 0.415

OTT time for IV rtPA 156.9 6 39.9 157.9 6 41.6 156.1 6 38.7 0.579

SITS-MOST deviations

Age >80 y 140 (6.8) 49 (5.8) 91 (7.4) 0.182

OTT time for IV rtPA 3–4.5 h 327 (15.8) 160 (19.1) 167 (13.5) 0.001

Prior stroke <3 mo 22 (1.1) 11 (1.3) 11 (0.9) 0.388

Prior stroke and diabetes 32 (1.5) 10 (1.2) 22 (1.8) 0.365

IV antihypertensive pre-IV rtPA 99 (4.8) 46 (5.5) 53 (4.3) 0.248

Vascular risk factors

Hypertension 1,301 (62.9) 595 (71.0) 706 (57.3) ,0.001

Diabetes mellitus 344 (16.6) 147 (17.5) 197 (16.0) 0.367

Hypercholesterolemia 786 (38.0) 478 (57.0) 308 (25.0) ,0.001

Current smoking 503 (24.3) 209 (24.9) 294 (23.9) 0.602

Atrial fibrillation 462 (22.3) 146 (17.4) 316 (25.6) ,0.001

Prior stroke >3 mo 178 (8.6) 65 (7.7) 113 (9.2) 0.265

Congestive heart failure 137 (6.6) 57 (6.8) 80 (6.5) 0.788

Prestroke therapy

Antiplatelet 735 (35.5) 344 (41.1) 391 (31.7) ,0.001

Antihypertensive 1,034 (50.0) 467 (55.7) 567 (46.0) ,0.001

Data before IV rtPA

NIHSS score 12.6 6 6.0 11.7 6 5.9 13.3 6 6.1 ,0.001

CT sign of current infarct 138 (7.4) 66 (8.5) 72 (6.6) 0.151

MCA hyperdensity 392 (20.2) 138 (17.6) 254 (22.0) 0.021

Blood glucose, mg/dL 129.7 6 43.2 129.6 6 41.1 129.7 6 44.6 0.323

SBP, mm Hg 146.6 6 20.2 146.6 6 19.6 146.6 6 20.7 0.779

DBP, mm Hg 80.3 6 12.0 80.6 6 11.8 80.2 6 12.2 0.389

Lipid profile <72 h

Total cholesterol, mg/dL 192.0 6 44.3 201.9 6 47.5 184.9 6 40.4 ,0.001

LDL, mg/dL 119.2 6 40.0 126.7 6 44.4 112.8 6 34.7 ,0.001

HDL, mg/dL 49.5 6 20.3 49.0 6 17.7 49.9 6 22.2 0.354

Abbreviations: DBP 5 diastolic blood pressure; HDL 5 high-density lipoprotein cholesterol; LDL 5 low-density lipoprotein
cholesterol; MCA 5 middle cerebral artery; mRS 5 modified Rankin Scale; NIHSS 5 NIH Stroke Scale; OTT 5 onset to
treatment; rtPA 5 recombinant tissue plasminogen activator; SBP 5 systolic blood pressure; SITS-MOST 5 Safe Implemen-
tation of Thrombolysis in Stroke–Monitoring Study; THRaST 5 THRombolysis and STatins study.
aResults are expressed as number (%) or mean 6 SD.
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functional outcome in 840 (45.5%). On adjusted
multivariate analysis, statin use in the acute phase
was associated with favorable functional outcome
(OR 1.63, 95% CI 1.18–2.26; p 5 0.003), but not
with excellent functional outcome (table 2).

Neurologic deterioration at 7 days was noted in
218 (10.5%) patients and sICH within 36 hours in
57 (2.8%). On adjusted multivariate analysis, statin
use in the acute phase was associated with a reduced
risk of neurologic deterioration (OR 0.31, 95% CI

0.19–0.53; p, 0.001), but without affecting the risk
of sICH occurrence (table 2).

Within 3 months, 209 (10.1%) patients died. On
adjusted analysis, statin use in the acute phase was
associated with a reduced risk of death (OR 0.48,
95% CI 0.28–0.82; p 5 0.007) (table 2).

Outcome according to statin regimen, statin type/
dose, and OTT time for the statin group is reported
in tables 3 and 4.We collected data on major neurologic
improvement at 7 days in 832 (99.2%) patients, and

Table 2 Multivariate analysis: Efficacy and safety of statin use in the acute phase of strokea

Statin use in the acute phase Unadjusted analysis Adjusted analysis

Yes (n 5 839) No (n 5 1,233) OR (95% CI) p Value OR (95% CI) p Value

Short-term efficacy

Neurologic improvement 632/832 (76.0) 773/1,223 (63.2) 1.61 (1.19–2.18) 0.002 1.68 (1.26–2.25) ,0.001

Major neurologic improvement 422/832 (50.7) 500/1,223 (40.9) 1.54 (1.16–2.04) 0.003 1.43 (1.11–1.85) 0.006

Long-term efficacy

Favorable functional outcome 523/746 (70.1) 576/1,098 (52.5) 1.62 (1.14–2.30) 0.008 1.63 (1.18–2.26) 0.003

Excellent functional outcome 402/746 (53.9) 438/1,098 (39.9) 1.29 (0.92–1.80) 0.141 1.28 (0.94–1.73) 0.121

Short-term safety

Neurologic deterioration 42/832 (5.0) 176/1,223 (14.4) 0.27 (0.16–0.46) ,0.001 0.31 (0.19–0.53) ,0.001

sICH 10/832 (1.2) 47/1,222 (3.8) 0.56 (0.21–1.53) 0.261 0.52 (0.20–1.34) 0.176

Long-term safety

Death 43/746 (5.8) 166/1,098 (15.1) 0.45 (0.26–0.79) 0.005 0.48 (0.28–0.82) 0.007

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; sICH 5 symptomatic intracerebral hemorrhage.
a Results are expressed as the number of events divided by the total number minus the missing cases (%) or OR (95% CI).

Table 3 Univariate and multivariate analysis: 7-day major neurologic improvement according to statin
administration regimen, statin type/dose, and OTT time for statin administration in the acute phasea

Major neurologic improvement
Univariate
analysis,
p value

Multivariate analysis

Yes (n 5 422) No (n 5 410) OR (95% CI) p Value

Administration regimen

Starting statins 272 (64.5) 265 (64.6) 0.507 1.18 (0.70–1.99) 0.531

Continuing statins 103 (24.4) 99 (24.1) 0.936 1.01 (0.60–1.72) 0.968

Switching statins 47 (11.1) 46 (11.2) 0.529 0.79 (0.43–1.44) 0.438

Statin type/dose, mg

Atorvastatin 10–20 129 (30.6) 126 (30.7) 0.510 0.87 (0.57–1.32) 0.502

Atorvastatin 40–80 150 (35.5) 110 (26.8) 0.007 1.52 (1.04–2.23) 0.032

Simvastatin 10–40 104 (24.6) 134 (32.7) 0.011 0.80 (0.53–1.22) 0.303

Other statins 39 (9.2) 40 (9.8) 0.814 1.08 (0.48–2.41) 0.860

OTT time for statin
administration, h

<24 279 (66.1) 251 (61.2) 0.150 1.19 (0.78–1.84) 0.421

24–48 75 (17.8) 76 (18.5) 0.788 0.96 (0.57–1.61) 0.868

48–72 68 (16.1) 83 (20.2) 0.127 0.80 (0.46–1.37) 0.406

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; OTT 5 onset to treatment.
aResults are expressed as number (%) or OR (95% CI).
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excellent functional outcome at 3 months in 746
(88.9%), in the statin group.Major neurologic improve-
ment was noted in 422 (50.7%) patients and excellent
functional outcome in 402 (53.9%).

There was no difference in statin regimens on major
neurologic improvement. Although the association
between statin treatment and excellent functional out-
come tended to be greater when started within 24
hours, the 95% CIs overlapped with OTT times for
statin administration of up to 72 hours.

The results did not change when the analyses were
repeated after excluding the 63 patients in the no sta-
tin group who had stopped statin therapy after
thrombolysis (table e-1 on the Neurology® Web site
at www.neurology.org).

DISCUSSION Our study shows that, in patients trea-
ted with IV thrombolysis, statin use in the acute phase
of stroke was associated with neurologic improvement,
major neurologic improvement, and decreased risk of
neurologic deterioration at 7 days, and with favorable
functional outcome and decreased risk of death at 3
months, while the risk of sICH was similar. The results
did not change when the no statin group patients who
had stopped statins after rtPA administration were
excluded from the analysis.

These findings are in line with those from a recent
single-center study involving a smaller cohort of patients
which showed that starting statin treatment in the acute
phase after IV thrombolysis, compared with no use of
statin, either before or in the acute phase, may improve
short- and long-term outcome.20 In addition, our data

also agree with previous observations in nonthrombo-
lysed patients which showed that statin continuation in
the acute phase of stroke, compared with discontinuation
of previous treatment or no statin use, was associated
with improved outcome and decreased risk of short-term
neurologic deterioration and long-term death.6,9

A weakness of the present study is that there were
some intergroup imbalances in variables known to be
related to unfavorable outcome after IV rtPA. Specifi-
cally, stroke severity and prevalence of atrial fibrillation
were both higher in the no statin group, while prior anti-
hypertensive use and history of hypercholesterolemia
were higher in the statin group. Indeed, recent studies
have reported a possible negative impact of a history
of hypercholesterolemia on outcome,21 and a possible
association between prior antihypertensive treatment
and poorer outcome in patients with low baseline sys-
tolic blood pressure.22 However, the patients in the one
study had received intra-arterial thrombolysis with
mechanical embolectomy21 and those in the other had
received no thrombolytic treatment.22

Our data also agree with a previous study which did
not report an increased risk of sICH in thrombolysed
patients receiving statin treatment in the acute phase.20

Admittedly, since we assessed sICHwithin 36 hours after
IV thrombolysis but not later, we might have underesti-
mated the risk of occurrence of sICH in the statin group,
because some patients started or continued or switched
the treatment beyond 36 hours. However, since statin
use was associated with a decreased risk of neurologic
deterioration at 7 days, we speculate that such treatment
in the acute phase may not have favored the development

Table 4 Univariate and multivariate analysis: 3-month excellent functional outcome according to statin
administration regimen, statin type/dose, and OTT time for statin administration in the acute phasea

Excellent functional outcome
Univariate
analysis,
p value

Multivariate analysis

Yes (n 5 402) No (n 5 344) OR (95% CI) p Value

Administration regimen

Starting statins 264 (65.7) 216 (62.8) 0.443 1.03 (0.56–1.89) 0.933

Continuing statins 95 (23.6) 90 (26.2) 0.445 1.11 (0.60–2.08) 0.738

Switching statins 43 (10.7) 38 (11.0) 0.906 0.84 (0.41–1.72) 0.630

Statin type/dose, mg

Atorvastatin 10–20 126 (31.3) 99 (28.8) 0.472 1.06 (0.64–1.76) 0.811

Atorvastatin 40–80 130 (32.3) 93 (27.0) 0.128 0.89 (0.53–1.50) 0.665

Simvastatin 10–40 110 (27.4) 112 (32.6) 0.128 1.27 (0.77–2.08) 0.352

Other statins 36 (9.0) 40 (11.6) 0.274 0.49 (0.18–1.30) 0.151

OTT time for statin
administration, h

<24 285 (70.9) 195 (56.7) ,0.001 1.88 (1.20–2.96) 0.006

24–48 62 (15.4) 75 (21.8) 0.029 0.65 (0.29–1.42) 0.278

48–72 55 (13.7) 74 (21.5) 0.006 0.79 (0.42–1.51) 0.480

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; OTT 5 onset to treatment.
aResults are expressed as number (%) or OR (95% CI).
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of sICH, in accordance with the SITS-MOST definition,
which we adopted, and which includes intracerebral
hemorrhage type 2 and an NIHSS $4-point increase
from baseline or death within 36 hours.16

Our study also shows that, in thrombolysed pa-
tients, there was no difference in the effect of different
statin regimens on major neurologic improvement at
7 days, and that statin use within 72 hours, whatever
the type or dose, was associated with excellent func-
tional outcome at 3 months, although the benefit
might be greater when started within 24 hours.

In rat embolic stroke models, a combination of
short-term high-dose atorvastatin and tPA significantly
reduced infarct volume and improved neurologic func-
tion. Atorvastatin favored the maintenance of cerebral
vascular patency and integrity, most likely by reducing
thrombosis secondary to tPA administration.23 In
other models, statin administration in the acute stroke
phase enhanced vascular endothelial growth factor
expression, neurovascularization, proliferation of neu-
ral progenitor cells, and synaptogenesis.24

We suggest that these potential neuroprotective ef-
fects suggested by experimental models may be more
effective if statin treatment is given starting from the
very early phase of stroke, thus limiting brain damage
and favoring tissue repair after ischemic injury in pa-
tients treated with IV thrombolysis, though not impact-
ing on vessel patency.

This is the largest ever study to address the prognos-
tic value of statin use in the acute phase in stroke pa-
tients treated with IV thrombolysis. The large sample
size permitted correction for several potentially con-
founding variables, including age, OTT time for IV
rtPA, SITS-MOST deviations, and baseline NIHSS
score. Nevertheless, we are aware of several limitations
of the study. It was an exploratory analysis and not a
randomized controlled trial designed to investigate
the benefits vs the risk of statin use during the acute
phase in stroke patients receiving IV thrombolysis.
The statin group differed from the no statin group with
regard to several prognostic variables. We tried to
address these imbalances by conducting an adjusted
analysis for efficacy and safety endpoints. Moreover,
adherence to statin therapy prescribed during hospitali-
zation was not assessed after discharge, so we cannot
exclude that patients who started high-dose statin ther-
apy during hospitalization may have switched to a lower
dose after discharge, or may have resumed therapy with
the same statin type they had been taking before the
stroke event. Finally, as mentioned above, the occur-
rence of sICH evaluated only within the first 36 hours
after IV thrombolysis is an additional limitation.

Nonetheless, the present study suggests that statin
use in the acute phase after IV thrombolysis may be
safe and may have a favorable impact on short- and
long-term outcome. The early initiation of statin

therapy might be the treatment of choice for throm-
bolysed patients. A large-scale clinical trial will be
needed to validate these results.

AUTHOR AFFILIATIONS
From the SSO Stroke Unit–U.O. Neurologia d.O.–DAI di Neuroscienze–

Azienda Ospedaliera Universitaria Integrata (M.C., P.B., G. Moretto), Ver-

ona; Stroke Unit (A.Z.), Clinica Neurologica, Nuovo Ospedale Civile S.

Agostino–Estense, AUSL Modena, Modena; Department of Neurological

and Psychiatric Sciences (P.N.), University of Florence, Florence; Depart-

ment of Neurology and Institute of Experimental Neurology (M. Sessa),

Scientific Institute San Raffaele, Milan; S.C. Neurologia (M.F.), P.O.

Imperia, Imperia; Dipartimento di Scienze Cliniche e Sperimentali (A.P.),

Clinica Neurologica, University of Brescia, Brescia; Clinica Neurologica–

Azienda Ospedaliero–Universitaria (G.O.), Pisa; Stroke Unit and Division

of Cardiovascular Medicine (M.P.), University of Perugia, Perugia; S.C.

Neurologia–Centro Ictus (T.T.), Ospedale S. Corona, Presidio Ospedaliero

Ponente Pietra Ligure–Albenga, Pietra Ligure Savona, Savona; Neurologia–

Stroke Unit–Ospedale Maggiore IRCCS–Istituto delle Scienze Neurolo-

giche–Azienda USL Bologna (G.P.), Bologna; UOC di Neurologia (V.D.

L.), Policlicnico Campus Biomedico, Rome; Divisione Neurologica (L.B.),

Azienda Ospedaliera di Cremona, Cremona; Centro Ictus (C. Gandolfo),

University of Genoa, Genoa; Stroke Unit (G.S.), SC Neurologia, Azienda

Ospedaliera Carlo Poma, Mantua; Stroke Unit, Azienda Ospedaliera Sant’

Andrea (M.R.), Sapienza University Rome, Rome; UOC Stroke Unit

(G. Martini), Azienda Ospedaliera Universitaria Senese, Siena; SC Neuro-

logia e Stroke Unit (M.M.), A.O. Brotzu, Cagliari; UO Neurologia-Stroke

Unit (M.V.C.), AO Ospedale Civile Legnano, Milan; SS Stroke Unit (F.C.-

G.), SC Clinica Neurologica, Osp. Cattinara, Triest; San Gerardo Hospital

(S.B.), University of Milan-Bicocca, Monza; Neurology Unit (M.G.),

S. Orsola–Malpighi University Hospital, Bologna; UOC di Neurologia

ACO San Filippo Neri (M.C.A.), Rome; Neurologia d’Urgenza e Stroke

Unit (S. Marcheselli), Istituto Clinico Humanitas, Rozzano, Milan; Stroke

Unit (G. Galletti), UO Neurologia, Ospedale G.B. Morgagni, Forlì; UO

Neurologia–Stroke Unit (L.A.), Istituto Auxologico, Ospedale San Luca,

Milan; Stroke Unit (M.D.S.), Department of Neurology, Sant’Andrea Hos-

pital, La Spezia; Stroke Unit Ospedale Spirito Santo (A.M.), Pescara; Stroke

Unit (D.O.), SC Neurologia, Ospedale S. Chiara, Trento; Stroke Unit (S.

Monaco), Ospedale Civico, A.R.N.A.S., Palermo; UOC Malattie Cerebro-

vascolari/Stroke Unit (A.C.), IRCCS Fondazione Istituto Neurologico C.

Mondini, Pavia; SCDU Neurologia (R.S.), AOU San Luigi, Orbassano

Turin; Stroke Unit (F.F.), Clinica Neurologica, Policlinico di Bari, Bari;

Stroke Unit–Dipartimento di Neuroscienze–Azienda Ospedaliera Universi-

taria di Parma (U.S.), Parma; UO Neurologia–Stroke Unit (F.B.), Ospedale

Maggiore, Crema; UOS Stroke Unit (C. Grassa), UOC Neurologia, Fidenza,

Parma; S.C. Neurologia Universitaria (L.S.), Azienda Ospedaliero-Universita-

ria, Foggia; S.C. Neurologia (M.R.B.), Ospedale Martini, Turin; Stroke Unit

(M. Sparaco), SC Neurologia, Dipartimento di Neuroscienze, Azienda Ospe-

daliera G. Rummo, Benevento; Dipartimento di Riabilitazione (M.Z.), Unità

Gravi Cerebrolesioni, Ospedale San Giovanni Battista, Foligno, Perugia; UO

Neurologia (G. Greco), Dipartimento Integrato di Neuroscienze, Ospedale

Ramazzini, Carpi; UO Neurologia (R.C.), Ospedale di Lavagna, Genoa; UO

di Neurologia–Ospedale Perrino (B.P.), Brindisi; Negrar Stroke Center (A.A.),

Ospedale Sacro Cuore, Negrar Verona; Stroke Unit (D.C.), G. Jazzolino

Hospital, Vibo Valentia; and Department of Neurology and Psychiatry

(D.T.), Sapienza University Rome, Rome, Italy.

AUTHOR CONTRIBUTIONS
Dr. Cappellari: manuscript drafting/revising, study design, data analysis

and interpretation, data acquisition, statistical analysis, study supervision.

Dr. Bovi: manuscript drafting/revising, study design, data analysis and

interpretation, data acquisition, study supervision. Dr. Moretto: manu-

script drafting/revising, study supervision. Dr. Zini, Dr. Nencini,

Dr. Sessa, Dr. Furlan, Dr. Pezzini, Dr. Orlandi, Dr. Paciaroni, Dr. Tassi-

nari, Dr. Procaccianti, Dr. Di Lazzaro, Dr. Bettoni, Dr. Gandolfo,

Dr. Silvestrelli, Dr. Rasura, Dr. Martini, Dr. Melis, Dr. Calloni,

Dr. Chiodo-Grandi, Dr. Beretta, Dr. Guarino, Dr. Altavista, Dr. Marche-

selli, Dr. Galletti, Dr. Adobbati, Dr. Del Sette, Dr. Mancini, Dr. Orrico,

Dr. Monaco, Dr. Cavallini, Dr. Sciolla, Dr. Federico, Dr. Scoditti,

660 Neurology 80 February 12, 2013



Dr. Brusaferri, Dr. Grassa, Dr. Specchio, Dr. Bongioanni, Dr. Sparaco,

Dr. Zampolini, Dr. Greco, Dr. Colombo, Dr. Passarella, Dr. Adami, and

Dr. Consoli: manuscript drafting/revising, data acquisition. Dr. Toni: man-

uscript drafting/revising, data analysis and interpretation, data acquisition,

study supervision.

ACKNOWLEDGMENT
The authors thank contributors (see online listing at www.neurology.org)

for data collection.

STUDY FUNDING
The study was conducted under the nonfinancial auspices of the Italian

Stroke Association.

DISCLOSURE
The authors report no disclosures relevant to the manuscript. Go to

Neurology.org for full disclosures.

Received May 22, 2012. Accepted in final form October 8, 2012.

REFERENCES
1. Prinz V, Endres M. Statins and stroke: prevention and

beyond. Curr Opin Neurol 2011;24:75–80.

2. Endres M. Statins and stroke. J Cereb Blood Flow Metab

2005;25:1093–1110.

3. Lakhan SE, Bagchi S, Hofer M. Statins and clinical out-

come of acute ischemic stroke: a systematic review. Int

Arch Med 2010;3:22.

4. Sacco S, Toni D, Bignamini AA, et al. Effect of prior

medical treatments on ischemic stroke severity and out-

come. Funct Neurol 2011;26:133–139.

5. Biffi A, Devan WJ, Anderson CD, Cortellini L, Furie KL,

Rosand J, et al. Statin treatment and functional outcome

after ischemic stroke: case-control and meta-analysis.

Stroke 2011;42:1314–1319.

6. Blanco M, Nombela F, Castellanos M, et al. Statin treat-

ment withdrawal in ischemic stroke: a controlled random-

ized study. Neurology 2007;69:904–910.

7. Montaner J, Chacón P, Krupinski J, et al. Simvastatin in

acute phase of ischemic stroke: a safety and efficacy pilot

trial. Eur J Neurol 2008;15:82–90.

8. Lampl Y, Lorberboym M, Gilad R, et al. Early outcome of

acute ischemic stroke in hyperlipidemic patients under

atorvastatin versus simvastatin. Clin Neuropharmacol

2010;33:129–134.

9. Ní Chróinín D, Callaly EL, Duggan J, et al. Association

between acute statin therapy, survival, and improved func-

tional outcome after ischemic stroke: the North Dublin

Population Stroke Study. Stroke 2011;42:1021–1029.

10. Goldstein LB, Amarenco P, Zivin J, et al. Statin treatment

and stroke outcome in the Stroke Prevention by Aggressive

Reduction in Cholesterol Levels (SPARCL) trial. Stroke

2009;40:3526–3531.

11. Martinez-Ramirez S, Delgado-Mederos R, Marín R, et al.

Statin pretreatment may increase the risk of symptomatic

intracranial haemorrhage in thrombolysis for ischemic

stroke: results from a case-control study and a meta-analysis.

J Neurol 2012;259:111–118.

12. Cordenier A, De Smedt A, Brouns R, et al. Pre-stroke use

of statins on stroke outcome: a meta-analysis of observa-

tional studies. Acta Neurol Belg 2011;111:261–267.

13. Engelter ST, Soinne L, Ringleb P, et al. IV thrombolysis

and statins. Neurology 2011;77:888–895.

14. Rocco A, Sykora M, Ringleb P, Diedler J. Impact of statin

use and lipid profile on symptomatic intracerebral haemor-

rhage, outcome and mortality after intravenous thrombol-

ysis in acute stroke. Cerebrovasc Dis 2012;33:362–368.

15. Wahlgren N, Ahmed N, Dávalos A, et al. Thrombolysis

with alteplase 3-4.5 h after acute ischaemic stroke (SITS-

ISTR): an observational study. Lancet 2008;372:1303–

1309.

16. Wahlgren N, Ahmed N, Dávalos A, et al. Thrombolysis

with alteplase for acute ischaemic stroke in the Safe Im-

plementation of Thrombolysis in Stroke-Monitoring

Study (SITS-MOST): an observational study. Lancet

2007;369:275–282.

17. Kharitonova T, Mikulik R, Roine RO, Soinne L,

Ahmed N, Wahlgren N; Safe Implementation of Throm-

bolysis in Stroke Investigators. Association of early

National Institutes of Health Stroke Scale improvement

with vessel recanalization and functional outcome after

intravenous thrombolysis in ischemic stroke. Stroke

2011;42:1638–1643.

18. Saposnik G, Di Legge S, Webster F, Hachinski V. Pre-

dictors of major neurologic improvement after thrombol-

ysis in acute stroke. Neurology 2005;65:1169–1174.

19. Delgado MG, Michel P, Naves M, et al. Early profiles of

clinical evolution after intravenous thrombolysis in an un-

selected stroke population. J Neurol Neurosurg Psychiatry

2010;81:282–285.

20. Cappellari M, Deluca C, Tinazzi M, et al. Does statin in

the acute phase of ischemic stroke improve outcome after

intravenous thrombolysis? A retrospective study. J Neurol

Sci 2011;308:128–134.

21. Restrepo L, Bang OY, Ovbiagele B, et al. Impact of hyper-

lipidemia and statins on ischemic stroke outcomes after

intra-arterial fibrinolysis and percutaneous mechanical

embolectomy. Cerebrovasc Dis 2009;28:384–390.

22. Ntaios G, Lambrou D, Michel P. Blood pressure change and

outcome in acute ischemic stroke: the impact of baseline

values, previous hypertensive disease and previous antihyper-

tensive treatment. J Hypertens 2011;29:1583–1589.

23. Zhang L, Chopp M, Jia L, Cui Y, Lu M, Zhang ZG.

Atorvastatin extends the therapeutic window for tPA to

6 h after the onset of embolic stroke in rats. J Cereb Blood

Flow Metab 2009;29:1816–1824.

24. Chen J, Zhang ZG, Li Y, et al. Statins induce angiogen-

esis, neurogenesis, and synaptogenesis after stroke. Ann

Neurol 2003;53:743–751.

Neurology 80 February 12, 2013 661


