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Abstract

The present study investigated the association between pre-treatment with a cholesterol-lowering drug (statin) or new setting hereon and
the effect on the mortality rate in patients with acute ischemic stroke who received intravenous systemic thrombolysis. During a 5-year
period (starting in October 2008), 542 consecutive stroke patients who received intravenous systemic thrombolysis with recombinant tissue
plasminogen activator (rt-PA) at the Department of Neurology, University Hospital Schleswig-Holstein, Campus Libeck, Germany, were
included. Patients were characterized according to statins. The primary endpoint was mortality; it was assessed twice: in hospital and 3

months after discharge. The secondary outcome was the rate of symptomatic intracerebral hemorrhage. Of the 542 stroke patients examined
(mean age 72 + 13 years; 51% women, mean National Institutes of Health Stroke Scale (NIHSS) score 11), 138 patients (25.5%) had been pre-

treated with statin, while in 190 patients (35.1%) statin therapy was initiated during their stay in hospital, whereas 193 (35.6%) never received
statins. Patients pre-treated with statin were older and more frequently had previous illnesses (arterial hypertension, diabetes mellitus and

previous cerebral infarctions), but were comparably similarly affected by the stroke (NIHSS 11 vs. 11; P = 0.76) compared to patients who
were not on statin treatment at the time of cerebral infarction. Patients pretreated with statin did not differ in 3-month mortality from
those newly treated to a statin (7.6% vs. 8%; P = 0.9). Interestingly, the group of patients pretreated with statin showed a lower rate of in
hospital mortality (6.6% vs. 17.0; P = 0.005) and 3-month mortality (10.7% vs. 23.7%; P = 0.005) than the group of patients who had no statin
treatment at all. The same effect was seen for patients newly adjusted to a statin during the hospital stay compared to patients who did not
receive statins (3-month mortality: 7.1% vs. 23.7%; P < 0.001). With a good functional outcome (mRS < 2), 60% of patients were discharged,
the majority (69.6%; P < 0.001) of whom received a statin at discharge. The rate of symptomatic intracerebral hemorrhages in the course
of cranial computed tomography was independent of whether the patients were pretreated with a statin or not (8.8% vs. 8.7%, P =0.96).
Pre-treatment with statin as well as new adjustment could reveal positive effect on prognosis of intravenous thrombolyzed stroke patients.
Further investigations are required. The study was approved by the Ethic Committee of the University of Libeck (approval No. 4-147).
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Introduction

Stroke is one of the most common diseases in developed
countries and one of the leading causes of morbidity and
mortality worldwide (Kim et al., 2020). The only evidence-
based and approved drug therapy option is the intravenous
application of rtPA (Hacke et al., 2008) within the first 4.5
hours after onset of symptoms. Numerous studies have
shown that patients with ischemic stroke benefit from

secondary prophylaxis with platelet aggregation inhibitors
such as acetylsalicylic acid (ASA) or clopidogrel as well as from
therapy with a statin (Vergouwen et al., 2008; Amarenco and
Labreuche, 2009; Manktelow and Potter, 2009). In the last four
decades, numerous randomized controlled trials investigated
the impact of lipid-lowering medication on cardiovascular
disease risk. Pre-statin age/the age before the widespread
use of statins, the Lipid Research Clinics trial showed a benefit
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associated with a rather moderate cholesterol reduction
induced by cholestyramine (1984). Ten years later for the first
time the Scandinavian Survival Simvastatin Study (4S) revealed
a significant impact of simvastatin on global mortality and
hence changed the approach to cardiovascular prevention
(1994). Ever since, statins have been mandatory in patients
at high cardiovascular risk. The main effect of the HMG-
CoA (3-hydroxy-3-methylglutaryl-coenzyme-A) reductase
inhibitors is achieved by a significant reduction of low-density
lipoprotein (LDL) cholesterol and apolipoprotein B (apoB)-
containing lipoproteins in the arterial wall as the key initiating
event in atherogenesis. In addition to this cholesterol-lowering
effect, so-called pleiotropic effects are also believed to be
responsible for the therapeutic benefits of statins. These
include potential effects of statins on plaque stabilization,
endothelial function, cell adhesion and inflammation. Statin
therapy is frequently associated with changes in HDL-C levels
that are inversely proportional to the progression of coronary
atherosclerosis, even in patients with low levels of LDL-C (Lin
et al., 2018). The CAPITAIN study (Chronic and Acute Effects of
Pitavastatin on Monocyte Phenotype, Endothelial Dysfunction
and HDL Atheroprotective Function in Subjects With
Metabolic Syndrome) revealed that pitavastatin progressively
normalized the triglycerides-to-cholesterol ratio within 6
months of treatment, without modifying glucose metabolism
or significantly changing HDL levels (Chapman et al., 2014).
Furthermore, this study suggested that pitavastatin enhances
plasmalogen production, this might be clinically relevant
in reducing oxidative stress and inflammation, although
the biochemical mechanism is not yet fully understood
(Chapman et al., 2014). Moreover, it could be shown that
statin treatment resulted in a significant decrease of high-
sensitivity C reactive protein levels in patients with metabolic
syndrome, whereas high-molecular-weight adiponectin levels
did not change (Matsubara et al., 2012). A recent systematic
review and meta-analysis showed that treatment with a statin
leads to a significant reduction in the plasma concentration of
vascular endothelial growth factor, the main vascular growth
factor with pro-inflammatory and atherogenic properties
(Sahebkar et al., 2015).

This raises the possibility that statins might have an effect
on the course and outcome of stroke patients. It has been
shown recently that statins play an important role in the

Table 1 | Baseline data

treatment of ischemic stroke, preventing stroke recurrence
and cardiovascular events, and in improving functional
performance (Vitturi and Gagliardi, 2020). Our clinical practice
is permeated by doubts regarding the evidence of the use
of statins in the acute stroke phase. Despite numerous
studies (Cappellari et al., 2011; Fang and Wu, 2012), one of
these questions is about WHEN prescribing a statin to take
advantage of the best effectiveness. The aim of the present
study was therefore to investigate the association between
treatment with statins and the outcome and mortality rate
after intravenous systemic thrombolysis with rtPA in patients
with acute ischemic stroke.

Subjects and Methods

Subjects

Over a 5-year period (2008—-2013), 542 consecutive patients
with acute ischemic stroke (mean age 72 + 13 years; 51%
women, mean National Institutes of Health Stroke Scale
(NIHSS) score 11 [IQR, 7-15]) admitted to the Department
of Neurology at the University Medical Center Schleswig-
Holstein, Campus Libeck and received intravenous systemic
thrombolysis with rtPA were recruited. In our study, we
included 25 patients (4.6%) who received intravenous
injection of rt-PA and additional mechanical thrombectomy.
Baseline and sociodemographic data such as gender, age,
comorbidities, neurological deficit at admission, and clinical
and laboratory findings were taken from the patient records
and the hospital information system (Table 1).

Outcomes

The primary Outcome was determined using the modified
Rankin Scale (mRS), which is an assessment score for disability
and functional status in stroke ranging from 0 (no symptoms)
to 6 points (death) (van Swieten et al., 1988).

Primary Outcome data were collected by telephone interviews
with patients, and general practitioners. Mortality was
evaluated at the time of discharge from hospital and after
3 months. The secondary outcome was the occurrence of
intracerebral hemorrhage after the systemic thrombolysis
with rt-PA during the hospitalization.

Study design
All patients included in the study were admitted to the

Statin pretreatment

Statin new treatment

Characteristics N =542 No (n =385) Yes (n = 138) P No (n =342) Yes (n = 190) P
Age® (yr) 71.9412.8 70.8+13.4 73.7+10.0 0.02 72.5+12.8 70.3%12.7 0.05
Female® [n(%)] 274(51) 203(53) 59(43) 0.04 166 101 0.3
NIHSS score® 11(7-15)  11(6-16) 10(7-15) 0.8 11(7-16) 9.5(6-15) 0.02
Pre-existing conditions” [n(%)]
Previous stroke 194(37) 128(33) 66(48) 0.003 125 72 0.8
Atrial fibrillation 229(44) 171(44) 58(42) 0.6 166 65 0.001
Arterial hypertension 404(77) 276(72) 128(93) <0.001 267 143 0.4
Diabetes mellitus 142(27) 94(25) 48(35) 0.02 102 45 0.1
Premedication® [n(%)]
Secondary prevention 270(50) 154(41) 111(82) <0.001 194 71 <0.001
Beta blocker 283(52) 178(48) 102(76) <0.001 198 82 <0.001
ACE inhibitors 211(39) 132(35) 77(57) <0.001 143 67 0.08
Laboratory findings®
Total cholesterol (mM) 4,70+1.13 4.88+1.11 4.22+0.98 <0.001 4.39+1.08 5.17+£1.02 <0.001
HDL (mM) 1.16+0.34 1.18+0.34 1.12+0.30 0.1 1.14+0.33 1.18+0.33 0.1
LDL (mM) 2.91+0.98 3.09+0.96 2.45+0.82 <0.001 2.62+0.92 3.34+0.88 <0.001
Door-to-needle time® (min) 67143 66142 60£36 0.1 68+43 65141 0.4
Time from symptom to start of therapya (min) 15372 154+74 153468 0.9 153+71 152475 0.9

°Data are expressed as the mean + SD; "Data are expressed as number (percentage); “Data are expressed as median (IQR). IQR: Interquartile rank; NIHSS:

National Institutes of Health Stroke Scale.
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stroke unit or to the intensive care unit and were treated by
neurologists specializing in stroke treatment. Statins were
administered in accordance with the guidelines of the German
Society for Neurology for therapy and secondary prevention
of stroke. The data acquisition was part of the ongoing stroke
registry of the Department of Neurology (AZ: 4-147). The
approval for the stroke registry was granted by the Ethics
Committee of the University of Libeck. The entry in the stroke
registry was mandatory as part of the benchmarking project,
for the inclusion the follow up questionnaire an informed
consent was obtained from patients or caregivers.

Statistical analysis

For data analysis, we used SPSS version 22.0.0.2 (IBM,
Armonk, NY, USA). The data were described with mean and
standard deviation for continuous variables, median and
interquartile rank (IQR) for scores, and absolute numbers
and percentages for nominal and categorical variables. We
performed chi-square tests for categorical variables, Student’s
t-tests for continuous variables, and Mann-Whitney U tests
for scores. The multivariate logistic regression was performed
to determine the odds ratio. All variables in univariate analysis
with a P-value < 0.1 were entered in the logistic regression
model (Table 1). A P-value less than 0.05 was assumed to be
significant.

Results

Baseline characteristics

Of the 542 patients with acute ischemic stroke examined, 138
patients (25.5%) were pretreated with a statin. In another 190
patients (35.1%), statin treatment was initiated during their
stay in hospital, whereas 193 patients (35.6%) did not receive
statins at all.

The patients pre-treated with a statin were older (74 vs. 71
years; P = 0.02), more frequently male (57% vs. 47%; P =
0.04), and similarly affected by the stroke (NIHSS 11.1 + 5.2
vs. 11.3 £ 5.3; P = 0.76). Moreover, they were also more likely
to have a history of previous stroke (48% vs. 33%; P = 0.003),
arterial hypertension (93% vs. 72%; P < 0.001) and diabetes
mellitus (35% vs. 25%; P = 0.02). They were also more likely to
having received medication for stroke secondary prophylaxis,
beta-blockers and ACE inhibitors (all P < 0.001). In patients
pretreated with statins markedly lower serum levels of both
total cholesterol and LDL were observed, while there were
no relevant differences in HDL levels. Atrial fibrillation was
not different in the two groups. They also did not differ with
regard to door-to-needle time and the time from the onset of
symptoms to the start of therapy. The etiology of stroke was
cardio-embolic in 47% of cases, 13.5% atherothrombotic, 3.5%
microangiopathic and 36% unknown or reasons.

Outcomes

If we draw a direct comparison between the group of patients
pretreated with a statin and the group of patients who had
not received a statin either before or after the cerebral
infarction and during the phase of the inpatient stay or at
the time of discharge, it was found a lower rate of hospital
mortality (17.0% vs. 6.6%; P = 0.005) and lower mortality
rates after 3 months (23.7% vs. 10.7%; P = 0.005). Of the 482
patients who left the hospital alive, 315 were on a statin at the
time of discharge (65.4%). Patients who were newly adjusted
to a statin had significantly lower mortality rates at 3 months
(23.7% vs. 7.1%; P < 0.001) than those who did not receive a
statin at all.

Outcome data were available for 522 patients. It was found
that 313 patients (60%) left the clinic with a good outcome
(mRS < 2), the majority (69.6%; P < 0.001) of whom were
treated with a statin at discharge. With regard to a good
functional outcome, it did not matter whether the patients
were already pretreated with a statin at admission or were

542 stroke patients
(i.v. rt-PA)

Statin pretreatment

Yes (n = 138) No (n = 404)

Lower mortality in
hospital and after 3
months

Statin new treatment
(n =190)

Figure 1 | Study flow chart.
rt-PA: Recombinant tissue plasminogen activator.

adjusted to it during their stay in hospital. Only when looking
at the patient groups at discharge a significant difference
could be observed. The frequency of good functional outcome
was significantly higher in patients discharged with statin than
in patients discharged without (70.8% vs. 44.4%; P < 0.001).
The majority of patients with poor functional outcome were
not treated with a statin at discharge (56.9%).

The rate of symptomatic intracerebral hemorrhage on
follow-up CT was independent of whether the patients were
pretreated with a statin or not (8.8% vs. 8.7%, P = 0.96).

Discussion

While a causal relationship between hyperlipidemia
and atherosclerosis is undoubted, the significance of
hypercholesterolemia for brain infarction has long been
disputed, as numerous studies have failed to demonstrate
a consistent relationship between cholesterol levels and
stroke frequency (Endres et al., 2011). The SPARCL study was
the first to demonstrate an absolute risk reduction for the
common vascular endpoint of 3.5% in patients with post-
stroke or TIA conditions without other vascular comorbidities,
corresponding to a relative risk reduction of 20% when
treated with atorvastatin 80 mg versus placebo, although
the reduction in ischemic stroke is at least partially offset by
an increased risk of cerebral hemorrhage (Amarenco et al.,
2006).

A comparable relative risk reduction of 20% for an ischemic
stroke could also already be shown by a systematic review,
but an increased risk for hemorrhagic strokes was also found
here (Vergouwen et al., 2008). A large network meta-analysis
summarized a total of 170.255 patients with vascular risk from
76 randomized controlled treatment studies with different
statins, in which, however, only one study (SPARCL) included
patients with stroke, whereas the large majority of the studies
(n =42) included patients with CHD. In addition to a reduction
in overall and cardiovascular mortality, a significant reduction
in the combined stroke endpoint was also shown (Mills et al.,
2011).

HMG-CoA reductase inhibitors are recommended as the
first-line of lipid-lowering drug therapy in the primary and
secondary prevention of cardiovascular events (Jellinger et al.,
2017).

The influence of statins on the atherosclerotic process has
little influence on reducing mortality in the acute phase of
stroke. Several studies have demonstrated the beneficial
effects of pre-stroke and post-stroke statin use in ischemic
stroke (Robinson et al., 2005; Cholesterol Treatment Trialists
et al.,, 2010).

In the observation period of our study, about a quarter of the
patients had already been pre-treated with a statin at the time
of the index event, in a good third of the patients medication
was initiated during the inpatient stay. Different reasons
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may have played a role in why a higher number was not
achieved. The spectrum ranges from contraindications and
incompatibilities to a lack of patient consent to treatment with
a statin. The treating physicians might also be inclined not to
have treated severely affected patients with a presumably
unfavourable outcome with a statin. We were unable to
establish a correlation between the severity of the patient’s
functional impairment and whether a statin treatment existed
at the time of discharge from hospital. Lower mortality rates
and better outcome of stroke patients treated with statin were
also found in other studies (Al-Khaled et al., 2014).

It is interesting to note that in our study the patients pre-
treated with statin generally showed a higher rate of pre-
existing conditions.

Adherence to statins in real-world clinical practice is known to
be suboptimal; reported numbers fluctuate between 35-70%
(Rannanheimo et al., 2015; Chen et al., 2016). The reason for
lack of adherence might be an exaggerated fear of side-effects
among doctors and patients.

In the recent past, concerns have repeatedly been raised
that statin therapy carries the risk of increased cerebral
hemorrhage rates. And indeed, it has been shown that low
cholesterol levels increase the risk of hemorrhagic stroke,
while on the other hand, an association, albeit weak,
between elevated cholesterol and ischemic stroke has
been shown (Endres et al., 2011). Patients with cerebral
hemorrhages should therefore only be treated with a statin
after considering the risks and benefits. Although the concern
regarding the association of statin use with the risk of cerebral
hemorrhage remains, in a recent meta-analysis of 1.652
cerebral hemorrhage patients exposed to statins and 5.309
cerebral hemorrhage patients without statin use, prior statin
use was not associated with an increase in the short-term
mortality, an unfavorable functional outcome, or post-cerebral
hemorrhage hematoma volume at admission (Lei et al., 2014).

In a recently published large nationwide Danish population-
based, propensity score matched cohort study including
519,894 stroke-free individuals initiating statins statin
users and non-users had similar symptomatic intracerebral
hemorrhage (sICH) risk during the first 6 months after statin
initiation. Hereafter, statin users had an even lower risk
throughout the study period (follow up to 10 years) (Ribe et
al., 2019).

Our findings regarding risk of sICH are in line with recently
published data that does not show any significant association
between risk of sICH and poor outcome after IVT for patients
on prior statin therapy (Mowla et al., 2020).

However, this observation can be distorted by a “healthy
initiator bias”, that might arise through two different paths:
a selective initiation of preventive treatment with statin e.g.
among healthy and health-conscious patients and a treatment
selection away from frail individuals at increased risk of
adverse outcome (Lund et al., 2015). We cannot exclude
that stroke patients initiating statins in our study display a
selected group of more healthy individuals with a lower risk
of sICH. A confounding by indication could arise from the
fact that statins are given to patients at higher cardiovascular
risk. Furthermore, in observational studies there is usually a
risk of confounding. Despite all efforts to avoid or minimize
baseline confounding, we cannot conclude that time-varying
confounding, such as a “healthy adherer bias”, is non-existent.
The group of statin users could become healthier over time if
statin adherence is a proxy for beneficial lifestyle and health
behavior at the patient level and for selective discontinuation
of treatment at the healthcare provider level. Therefore, the
positive effect of statins on the risk of sICH could possibly be
exaggerated. The lower risk of bleeding associated with statins
might be falsified by simultaneous treatment with other drugs

that reduce the risk of sICH, such as antihypertensive drugs.
Hypertension is known to be closely associated with risk of
sICH (Ariesen et al., 2003), and antihypertensive agents are
likely to be initiated concurrently with statins in populations
with high cardiovascular risk (Sever et al., 2003).

The reduction of cardiovascular events under statin therapy,
which has long been clearly demonstrated by several
large intervention studies, is currently attributed to a LDL
cholesterol-lowering effect. While our patients pre-treated
with statin showed highly significant reductions in total
cholesterol and LDL cholesterol, a causal attribution to the
lower LDL levels is not possible. Remarkably, favorable statin
effects are also found at relatively low LDL cholesterol initial
values. This has drawn attention to special properties of
statins, which are presumably primarily related to effects
on the intermediate metabolism of cholesterol. In addition
to the cholesterol-lowering effect, the statins are therefore
attributed therapeutically relevant indirect side effects,
so-called pleiotropic effects, which possibly enhance the
cholesterol-lowering effect of the statins and can thus
contribute to success in therapy and prevention. A large
number of studies have focused on possible effects of statins
on endothelial function in patients with hypercholesterolemia,
since disturbed endothelial function is considered an early
indicator of vascular damage. Here it could be shown that
statins quickly lead to an improvement in endothelial function,
which cannot be explained by the reduction of endothelial
toxic LDL alone. Various working groups were able to prove
in patients with hyperlipidemia that statins also lead to a
significant reduction in C reactive protein concentration
(Ridker et al., 1999; Strandberg et al., 1999). However, it
is not yet clear whether the results of these investigations
in patients with coronary events can also be transferred to
patients with cerebral ischemia. The effects of statins on the
release of mediators and chemokines, which play a role at
both T-lymphocyte and monocyte level, may contribute to
their antiatherogenic effect (Thiery and Brugel, 2003). In more
advanced stages of atherogenesis, fibroblasts and smooth
muscle cell proliferation are of great relevance. Statins have
been shown to block platelet derived growth factor-induced
smooth muscle cell proliferation by inhibiting DNA synthesis,
and this antiproliferative effect is likely to be due to inhibition
of cholesterol synthesis intermediates (Braun-Dullaeus et al.,
1998). In addition, statins can induce apoptosis in phagocytes,
smooth muscle cells and tumor cells. By means of these
significant effects on cell proliferation and apoptotic processes,
statins are able to have a decisive influence on the progression
and plaque rupture of atherosclerotic lesions (Braun-Dullaeus
et al., 1998). The role of macrophages is also relevant in the
context of plaque stabilization or destabilization. Unstable
atherosclerotic lesions are characterized by a large lipid
core and a thin fibrotic cap. Activated macrophages secrete
proteolytic enzymes such as metalloproteinases, which
weaken the fibrous cap of atherosclerotic lesions. The
cap loses collagen, ruptures and thrombogenic material is
released from the lipid core. Statins are believed to contribute
to plague stabilization by inhibiting the uptake of aggregated
or modified LDL by smooth muscle cells and macrophages,
resulting in a decrease of the lipid core is coming. By inhibiting
macrophage activation, statins lead to a reduced expression
of metalloproteinases, which in turn leads to a possible
accumulation of collagen and reinforcement of the fibrotic cap
(Luan et al., 2003). Another important association is the one
between hypercholesterolemia and increased platelet activity
and their significant reduction by statins (Opper et al., 1995).
A reduced production of thromboxane A2 and an increase
in the synthesis of prostacyclin are discussed as possible
mechanisms. A modification of the cholesterol content in the
platelet membrane and thus a reduction of its thrombogenic
potential is also conceivable. Statins reduce platelet
attachment to damaged vessel areas and reduce thrombus
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formation (Opper et al., 1995; Thiery and Brugel, 2003). It is
conceivable that statins can prevent the fatal outcome by the
prevention of other subsequent fatal thrombotic events.

Several experimental studies have shown that statin
pretreatment increases cerebral blood flow and reduces
cerebral infarction size during cerebral ischemia (Endres
et al.,, 1998; Aboa-Eboule et al., 2013). In accordance with
these animal studies, several clinical studies have reported
an association between pre-stroke statin use and more
collaterals or a smaller infarction size in patients with acute
cerebral ischemia (Shook et al., 2006; Ovbiagele et al., 2007).
Increasing evidence has shown that pre-stroke statin use
reduces the risk of initial and recurrent stroke and evokes
beneficial effects on the severity, functional outcome, and
mortality in patients with ischemic stroke (Sacco et al., 2011).
Therefore, the beneficial effects of statin therapy may be due
to the reduction of cerebral infarction by enhancing early
reperfusion.

Our work has the usual limitations of a registry study, but
we were able to show that both pre-treatment and new
treatment with a statin are positively correlated with the
prognosis of intravenous thrombolysed patients with brain
infarction.

There is a potential bias, as our study included patients newly
treated with a statin, some of whom were discharged after 2
days and others after 36 days. There was no specification in
the data collection as to when statin treatment was started
(< 72 hours or < 7 days or later). Further studies should
illuminate this issue to improve the impact and the clinical
usefulness regarding the question if there is a net benefit of
early statin prescription. Another major limitation of our study
is that it cannot be used to derive any statement on long-term
outcome. Most comparable studies have also only investigated
the effect of pre-stroke statin use on short-term functional
outcome at discharge, 7 days, or 90 days after stroke using
the modified Rankin scale (Goldstein et al., 2009; Sacco et al.,
2011; Flint et al., 2012).

Although most of these studies found that pre-stroke statin
use was associated with favorable functional outcome some
studies also reported no significant improvement of functional
outcome in ischemic stroke patients.

There is another important bias of our study. Statin
prescription is usually highly prescribed according to stroke
etiology and evidence of its benefits is lacking for some Trial of
Org 10172 in Acute Stroke Treatment (TOAST) subtypes (Vitturi
and Gagliardi, 2020). Looking at the stratification of patients
after TOAST, statins showed positive results in the majority of
patients: in cases of major arterial atherosclerosis, small vessel
occlusion and stroke of unknown cause. However, in contrast
to other studies our study also suggests that cardioembolic
stroke and stroke of other determinate cause may benefit
equally from statin therapy (Vitturi and Gagliardi, 2020). The
role of the inherent heterogeneity of these groups of stroke
patients has not yet been finally clarified. Furthermore,
in anticoagulated patients, the question arises as to the
additional benefit of statins.

It is not really surprising that the initiation of statins during
hospitalization could lead to reduced mortality. This could be
an artifact of patient selection. Physicians in the clinic might
instinctively have stopped giving statins to those patients with
a poor prognosis or dysphagia.

The beneficial effects of statin therapy initiated after stroke
during hospitalization have been reported in patients with
ischemic stroke. Post-stroke statin use has been found to
be associated with good functional outcome (mRS 0-2) in
patients with ischemic stroke (Al-Khaled et al., 2014). Further
especially prospective and randomized studies are necessary.

In conclusion, pre-treatment with statin as well as new
adjustment could reveal positive effect in patients with
acute ischemic stroke who received an intravenous systemic
thrombolysis with rt-PA. The mortality as well as the
functional outcomes may benefit from the medical treatment
with statins. An effect on the occurrence of intracerebral
hemorrhage after thrombolysis was not found. Further
investigations are required.
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