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Abstract

Int roduct ion: Clinical and laboratory studies have at t ributed an inmuno-supressor effect  
to the stat ins. Furthermore, the administ rat ion of simvastat in in the acute onset  of 
st roke has been associated with an increased infect ion frequency. Our obj ect ive is to 
assess the infl uence of stat ins previous t reatment  on infect ion after ischemic st roke.
Pat ient s and met hods: Observat ional study of pat ients with ischaemic st roke hospitalised 
in a St roke Unit .  Demographic data, vascular risk factors, st roke severity, st roke subtype 
and previous stat ins t reatment  were evaluated. The following infect ions were registered: 
pneumonia, urinary t ract  infect ion, pseudomembranous colit is and sepsis. The pat ients 
were classifi ed into two groups, depending on previous stat in t reatment .
Result s: A total of 2045 pat ients were included (1165 were male, aged 69.05±12.5 years). 
Of these, 306 (15%) pat ients were receiving stat ins prior to st roke. These pat ients had 
more frequent ly arterial hypertension, DM, peripheral arterial disease and 
hypercholesterolaemia than the pat ients who were not  t reated with stat ins (P<0001). 
There was no stat ist ically signifi cant  dif ference between overall in-hospital infect ion 
frequency between pat ients t reated with stat ins and those with no stat ins t reatment , 
(11.8% vs. 13%), nor in individual infect ion type: pneumonia (7.8% vs. 10.2%), urinary 
t ract  infect ion (4.2% vs. 2.8%), pseudomembranous colit is (0.3% vs. 0.7%) and sepsis 
(2.6% vs. 4.4%). In the atherothrombot ic st roke subtype, stat ins were associated with a 
lower frequency of sepsis (unadj usted OR, 0.949; 95% CI; 0.928-0.971).
Conclusions: Previous t reatment  with stat ins does not  appear to infl uence the frequency 
of in-hospital infect ions in pat ients with ischaemic st roke.
© 2010 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction 

Cerebrovascular disease is the number two killer in Spain 
and the leading cause of death among women. 1 Infect ions 
during hospitalizat ions of the pat ients often their increase 
mortalit y, as well as prolonging their convalescence.2,3 
Furthermore, numerous studies2,4,5 have proven that  the 
presence of post -st roke infect ion is independent ly associated 
with a worse funct ional prognosis. This datum is even more 
important , since post -st roke infect ions and, in part icular, 
pneumonia are the most  common complicat ions in pat ients 
who have suffered a cerebral infarct ion.3 The possible 
physiopathological mechanisms involved in the associat ion 
between developing infect ions and poorer pat ient  prognosis 
are hypoxia, hypotension, and fever associated with 
infect ions, as well as the immobilizat ion and delay in 
beginning rehabilitat ion that  these complicat ions can 
cause.

It  has been reported that , in addit ion to their lipids-
lowering effect , stat ins also have ant i-infl ammatory, ant i-
oxidant , endothelium-stabilizing, and immunomodulat ing 
effects.6-9.  The data regarding the clinical repercussions of 
this last -named effect  are cont radictory: on the one hand, 
it  has been indicated that  pat ients who take stat ins have a 
lower risk of developing sepsis10,11 than those who do not . 
On the other hand, a higher proport ion of infect ions has 
been observed among people who take stat ins during the 
acute phase of the st roke,12 as well as a higher rate of 

stat in-related infect ions in the week leading up to the 
st roke.13

Our obj ect ive is to analyze whether prior t reatment  with 
stat ins impacts the frequency of infect ious complicat ions 
during the period of hospitalizat ion following an acute CI.

Methods 

Study design 

An observat ional study of consecut ive pat ients cared for at  
the St roke Unit  of the Neurology Department  at  a university 
teaching hospital was carried out . Pat ients with a fi nal 
diagnosis of CI between January 2001 and December 2008 
were selected, excluding t ransient  ischemic at tacks and 
brain hemorrhages.

The pat ients were cared for in the Emergency Room by 
the neurologist  on duty and those who met  the following 
criteria were later t ransferred to the St roke Unit :  pat ients 
with acute stoke of less than 48 hours of evolut ion, without  
any age limit .  The presence of irreversible brain damage, 
dement ia, prior dependence rated by means of the Modifi ed 
Rankin Scale as being greater than 2, life-threatening 
concurrent  il lnesses, or acute head t rauma were criteria for 
not  admit t ing the pat ients to the St roke Unit .

For the purposes of the study, the pat ients cared for were 
categorized into two groups depending on previous stat in 
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Tratamiento previo con estatinas y riesgo de complicaciones infecciosas tras un 

infarto cerebral agudo

Resumen

Int roducción y obj et ivo: Diversos estudios clínicos y experimentales at ribuyen un efecto 
inmunosupresor a las estat inas y la administ ración de simvastat ina en la fase aguda del 
ictus se ha asociado a mayor frecuencia de infecciones durante el ingreso. Nuest ro obj e-
t ivo es comprobar si el consumo previo de estat inas infl uye en la aparición de complica-
ciones infecciosas int rahospitalarias t ras un infarto cerebral (IC).
Pacient es y mét odos: Estudio observacional incluyendo pacientes con IC ingresados en la 
Unidad de Ictus. Se analizan: datos demográfi cos, factores de riesgo vascular, gravedad 
al ingreso, subt ipo et iológico de infarto cerebral y consumo previo de estat inas. Se ha 
estudiado la aparición de las siguientes complicaciones infecciosas durante la hospitali-
zación: neumonía, infección urinaria, colit is pseudomembranosa y sepsis de cualquier 
origen agrupando a los enfermos en dos grupos: pacientes que previamente tomaban o no 
estat inas.
Result ados: Se incluyeron 2.045 pacientes (1.162 varones) con edad media de 69,05 años 
(DE 12,5). El 15% (306 pacientes) tomaba estat inas previamente al IC. Dichos pacientes 
presentaban con mayor frecuencia que los que no lo hacían (p < 0,0001) antecedente de 
HTA, DM, arteriopat ía periférica e hipercolesterolemia. La frecuencia de infección in-
t rahospitalaria fue similar en ambos grupos, tanto evaluada de manera global (11,8% vs 
13%, p = 0,643) como al analizar cada una de las infecciones separadamente. En el 
subgrupo de IC aterot rombót ico, las estat inas se asociaron con una menor frecuencia de 
sepsis (OR no aj ustado 0,949, IC 95% [0,928–0,971]).
Conclusiones: El t ratamiento previo con estat inas parece no infl uir en la frecuencia de 
complicaciones infecciosas int rahospitalarias t ras un IC agudo.
© 2010 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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administ rat ion (the Stat ins Group (SG) or the Non-Stat in 
Group (NSG). The SG stayed on the previous t reatment  at  
the same dose during their stay in hospital.  In those who 
were not  on stat in t reatment , a stat in was int roduced after 
the fi rst  48-72 h following the cerebral ischemic event , 
depending on the type of st roke and the result  of the plasma 
lipid profi le, according to the clinical guidelines current ly in 
force. As of 2006, following the publicat ion of the SPARCL 
study14 atorvastat in t reatment  was init iated at  a dose of 
80 mg in cases of lacunar or aterothrombot ic CI after 48-
72 hours.

Variables analyzed 

The presence of the following complicat ions during the 
period of hospitalizat ion was analyzed: pneumonia (presence 
of symptoms suggest ive of pneumonia [dyspnea, fever, 
mucopurulent  expectorat ion] and/ or crackling on lung 
auscultat ion, with radiological evidence of condensat ion in 
the pulmonary parenchyma), urinary t ract  infect ions (UTI) 
(presence of symptoms [dysuria, pollakiuria, choluria], and 
alterat ions in urine sediment  with leukocyturia and urine 
culture posit ive for nit rites), pseudomembranous colit is 
(clinical criteria and detect ion of toxins A or B in feces or 
ident ifi cat ion of the germ on coproculture), and sepsis 
(presence of 2 or more of the following condit ions: 
temperature over 38°C, heart  rate greater than 90 bpm, 
respiratory rate greater than 20 bpm or pCO2 greater than 
32 mm Hg, leukocytosis greater than 12,000/ mm3 or less 
than 4,000/ mm3 or more than 10% band neut rophils and 
evidence of infect ion documented with posit ive cultures). 
Other systemat ic complicat ions analyzed were: acute 
coronary syndrome, pulmonary thromboembolism, 
respiratory failure, and mult iorgan failure

Pat ients’  demographic data (age and gender); vascular 
risk factors (diabetes mellitus, high blood pressure, 
dyslipemia, at rial fi bril lat ion, valve disease, peripheral 
arteriopathy, smoking, alcoholism, other toxic substances, 
prior st roke, and prior TIA) were recorded. The et iological 
st roke subtype were analyzed following the criteria of the 
Cerebrovascular Disease Study Group of the Spanish Society 
of Neurology.15 aterothrombot ic infarct ion, cardioembolic 
infarct ion, lacunar infarct ion, infarct ion of unusual cause, 
and infarct ion of undetermined et iology. The severity at  the 
t ime of admission was studied by means of the Canadian 
St roke Scale: for the purposes of the analysis an CSS ≤ 6 was 
considered to represent  moderate-severe st roke and CSS > 
6, a mild st roke.16 Likewise, prior t reatment  with 
ant iaggreggants, ant icoagulants, angiotensin-convert ing 
enzyme inhibitors (ACEI), calcium antagonists, beta-
blockers, angiotensin II receptor antagonists (ARA-II),  and 
diuret ics. Int rahospital mortalit y was also analyzed.

The following were included as neurological complicat ions: 
evolving cerebral infarct ions (worsening of the neurological 
funct ions that  occurs between 1-72 hours after the onset  of 
the st roke and that  is not  due to the presence of another 
cause), cerebral oedema (symptoms and signs suggest ive of 
brain oedema such as diminished consciousness or clinical 
symptoms of int racranial hypertension that  is confi rmed on 
computerized tomography [CT]), hemorrhagic t ransformat ion 
(appearance of bloody content  in the area of the CI), 

hydrocephalus (vent ricular dilat ion generally due to 
obst ruct ion of cerebrospinal fl uid), recurring st roke 
(appearance of new symptoms or focal neurological signs 
that  are compat ible with a new st roke and that  cannot  be 
accounted for by the previous st roke), increased volume of 
the infarct ion (growth of CI evidenced on imaging tests), 
and the presence of convulsions within the context  of the 
st roke in non-epilept ic pat ients, including early seizures at  
the t ime the CI was beginning.

Statistical analysis 

The qualitat ive data are expressed as absolute frequencies 
and percentages, whereas the quant itat ive data are 
expressed as the mean, median, and standard deviat ion 
(SD) (minimum, maximum).

In the comparison between the two groups of pat ients, 
the qualitat ive variables were analyzed using the chi-square 
test  or Fisher’s exact  test  and the quant itat ive variables 
were analyzed using Student ’s t  test  or by means of non-
paramet ric techniques. Stat ist ical signifi cance was set  at  
α=0.05.

In order to study which factors were associated with the 
appearance of infect ions during hospitalizat ion, a step-
wise, mult ivariate, logist ics regression model was developed. 
This model included the variables that , having suffi cient  
number of cases, presented a level of stat ist ical signifi cance 
of 0.20 or less in the univariate analysis. The data were 
prospect ively included in a database (Excel 2003, Microsoft  
Inc.) and analyzed using the SPSS 15.0 stat ist ical analysis 
software package (SPSS Inc.).

Results 

Two thousand forty-fi ve (2,045) pat ients (1,162 males and 
883 females) were included with a mean age of 69.05 years 
(minimum=16 years, maximum=98 years) and a median of 
72 years (SD 12.5). Fif teen percent  (15%; 306 cases) were 
taking stat ins prior to the st roke. The pat ients who were on 
prior t reatment  with stat ins were older (70.8±9.1 vs. 
68.7±13, p<0.005) (median SG: 73 years of age, median NSG 
72 years of age) and presented a higher incidence of high 
blood pressure (79.1% vs. 68.7%, p<0.0001), diabetes 
mellitus (39.9% vs. 25%, p<0.0001), dyslipemia (87.6% vs. 
19.9%, p<0.0001), ischemic heart  disease (33.7% vs. 9.8%, 
p<0.0001), peripheral arteriopathy (8.8% vs. 5.1%, p=0.008), 
prior st roke (18% vs. 11.6%, p=0.002), and prior t ransient  
ischemic at tack (9.5% vs. 5%, p=0.002) than those who were 
not  taking stat in t reatment  at  the t ime of the CI (table 1). 
There were fewer smokers in the SG (13.7% vs. 24.7%, 
p<0.0001). With respect  to the t reatments they were taking 
prior to their st roke, a larger proport ion of pat ients in the 
SG was seen to be taking: platelet  ant iaggreggants (52% vs. 
23%, p<0.0001), ACEI (29.4% vs. 16.1%, p<0.0001), ARA-II 
(10.8% vs. 6.6%, p=0.008), beta-blockers (24.5% vs. 9.5%, 
p<0.0001), and calcium antagonists (15% vs. 9.5%, 
p=0.004).

However, there were not  signifi cant  dif ferences as regards 
gender, presence of at rial fi bril lat ion, cardiac valve disease, 
alcohol use and use of other toxic substances, prior use of 
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ant icoagulants and diuret ics, severity on admission ( CSS≤6), 
et iological subtype, neurological complicat ions, systemic 
complicat ions, overall infect ion rates, or mortality (table 1).

In the mult ivariate logist ics regression model, we found 
that  being older (OR: 1.037, 95% confi dence interval: [1.02-
1.05]) and having a more severe st roke ( CSS≤6)(OR: 7.38, 
95% CI: [5.33-10.21]) were associated with a higher rate of 
int rahospital infect ion (table 2). By et iological subtypes, 
the CI of undetermined origin was associated with a higher 
rate of int rahospital infect ion (OR: 1.5, 95% CI: [1.08-2.10]). 

A signifi cant ly lower risk of infect ion was observed in lacunar 
infarct ions (OR: 0.13, 95% CI [0.06-0.29])(table 2).

When analyzing each infect ious complicat ion separately, 
no signifi cant  dif ferences were found with respect  to 
frequency according to previous stat in t reatment  in the 
cases of pneumonia (SG 7.8%, NSG 10.2%), UTI (SG 4.2%, 
NSG 2.8%), sepsis (SG 2.6%, NSG 4.4%), or pseudomembranous 
colit is (SG 0.3%, NSG 0.7%) (table 3).

However, the exploratory analysis of infect ions by 
et iological subgroups of CI found that  in pat ients with CI of 

Table 1 Demographic data, vascular risk factors, prior t reatments, st roke characterist ics and evolut ion according to prior 
t reatment  with stat ins

Stat ins (n=306) No stat ins (n=1739) p 

Demographic dat a
Age (mean±SD (range); median) 70.8±9,1 [38.88]; 73 68.7±13 [16.98]; 72 0.005
Males 176 (57.5%) 986 (56.7%) 0.799

Vascular r isk fact ors
High blood pressure 242 (79.1%) 1.058 (60.8%) <0.0001 
Diabetes mellitus 122 (39.9%) 434 (25%) <0.0001 
Dyslipemia 268 (87.6%) 346 (19.9%) <0.0001 
At rial fi bril lat ion 53 (17.3%) 267 (15.4%) 0.383
Ischemic heart  disease 103 (33.7%) 170 (9.8%) <0.0001 
Cardiac valve disease 23 (7.5%) 101 (5.8%) 0.248
Peripheral vascular disease 27 (8.8%) 88 (5.1%) 0.008
Prior st roke 55 (18%) 202 (11.6%) 0.002
Prior TIA 29 (9.5%) 87 (5%) 0.002
Tobacco 42 (13.7%) 430 (24.7%) <0.0001
Alcohol 29 (9.5%) 237 (13.6%) 0.053
Other toxic substances 0 (0%) 10 (0.6%) 0.375

Prior t reat ment
Ant icoagulant 102 (5.9%) 24 (7.8%) 0.185
Platelet  ant iaggreggant 159 (52%) 400 (23%) <0.0001 
ACEI 90 (29.4%) 280 (16.1%) <0.0001 
ARA-II 33 (10.8%) 114 (6.6%) 0.008
Beta-blockers 75 (24.5%) 128 (7.4%) <0.0008 
Ca antagonists 46 (15%) 166 (9.5%) 0.004
Diuret ics 57 (18.6%) 289 (16.6%) 0.408

St roke et iological  subt ype
Aterothormbot ic 80 (26.1%) 395 (22.7%) 0.190
Cardioembolism 84 (27.5%) 443 (25.5%) 0.466
Lacunar 106 (34.6%) 587 (33.8%) 0.763
Undeterminado 42 (13.8%) 301 (17.3%) 0.127
Unusual 2 (0.7%) 39 (2.2%) 0.076

Severit y of  CI
Canadian St roke Scale ≤6 82 (26.8%) 499 (28.7%) 0.497

Evolut ion of  t he CI
Neurological complicat ions 39 (12.7%) 243 (14%) 0.653
Systemic complicat ions 47 (15.4%) 286 (16.4%) 0.675
Infect ions 36 (11.8%) 226 (13%) 0.643
Mortalit y 22 (7.2%) 155 (8.9%) 0.378

TIA: t ransient  ischemic at tack; ARA-II:  angiotensin-II receptor antagonist ; Ca antagonists: calcium antagonists; SD: standard deviat ion; 
CI: cerebral infarct ion; ACEI: angiotensin convert ing enzyme inhibitors.
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aterothrombot ic origin, the SG did not  present  a single case 
of sepsis. No other signifi cant  dif ference in the development  
of infect ious complicat ions was encountered according to 
the et iological subtypes of CI (table 4).

Discussion 

Many clinical studies have been conducted in recent  years 
that  have examined the presence of infect ion in relat ion to 
prior status use in any number of diseases: chronic kidney 
failure in hemodialysis,11 diabetes,17 acute coronary 
syndrome, ischemic st roke, and in pat ients hospitalized to 
undergo a revascularizat ion procedure.18 In all of these 
studies, there were fewer cases of sepsis11,18 and pneumonia.17 
Our study is the fi rst  of these characterist ics to be carried 

out  exclusively in st roke pat ients. From the results it  can be 
inferred that  taking stat ins does not  affect  the appearance 
of infect ion following hospitalizat ion due to st roke. 
However, a lower rate of sepsis has been observed in 
associat ion with taking stat ins as an exploratory fi nding, 
albeit  only in cases of CI of aterothrombot ic origin. This 
discovery would be in line with studies that  have suggested 
that  stat ins exert  a protect ive act ion against  sepsis. 11,18-21 It  
is possible that  this results has more to do with endothelial 
stabilizat ion and reduct ion in serum cholesterol,  as well as 
the stat in-induced collateralizat ion and angiogenesis, 22 but  
not  with their immunomodulat ing act ion.

Dif ferent  experimental studies maintain that  the 
benefi cial effect  derived from stat ins in cerebrovascular 
disease is not  due only to their lipid-lowering effect , but  
also to their ant i-infl ammatory and immunosuppressant  
pleiot ropic act ions.6-9 These effects are due to the fact  that  
mevalonate synthesis is blocked and mevalonate is a 
precursor of several isoprenoids in charge of cell signaling 
in the infl ammatory response. In this regard, stat ins 
decrease the release of cytokines and acute phase reactants, 
limit  endothelial cell act ivat ion, and improve endothelial 
funct ion.

Most  of the studies have looked at  the effect  of prior 
stat in t reatment  and there are few studies that  focus on 
the administ rat ion [of stat ins] in the acute phase of the CI. 
In a recent  study, 12 a higher infect ion rate was seen in 
pat ients in whom simvast in was used during the acute phase 
of the st roke. These data appear to be inconsistent  with 
the benefi cial ef fect  that  stat ins have shown on the course 
of CI, both when administered prior to the st roke23-25 as 

Table 2 Stepwise, mult ivariate, logist ics regression model of factors associated with int rahospital infect ious complicat ions 
following st roke

Raw OR Adj usted OR

OR 95% CI p OR 95% CI p 

Stat ins 0.89 0.61-1.29 0.552 – – –
Age 1.05 1.03-1.06 <0.0001 1.037 1.02-1.05 <0.0001 
Being female 1.32 1.02-1.71 0.034 – – –
High blood pressure 1.22 0.92-1.61 0.169 – – –
Ischemic heart  disease 1.75 1.252-2.44 0.002 – – –
Diabetes mellitus 1.36 1.03-1.80 0.028 – – –

At rial Fibril lat ion 2.23 1.64-3.03 <0.0001 – – –
Smoking 0.58 0.41-0.82 0.002 – – –
Previous TIA 0.62 0.32-1.21 0.198 – – –
Platelet  ant iaggreggants 1.31 1.04-1.82 0.022 – – –
Ant icoagulants 1.39 0.85-2.26 0.181 – – –
Diuret ics 1.25 0.90-1.74 0.186
Ca antagonists 1.39 0.94-2.06 0.089 – – –
Aterothrombot ic CI 1.35 1.01-1.81 0.039 – – –
Cardioembolic CI 1.85 1.40-2.43 <0.0001 – - –
Lacunar CI 0.05 0.02-0.10 <0.0001 0.13 0.06-0.29 <0.0001 
CI of undetermined origin 2.48 1.84-3.33 <0.0001 1.50 1.08-2.10 0.015
Severe st rokea 12.78 9.36-17.46 <0.0001 7.38 5.33-10.21 <0.0001 

TIA: t ransient  ischemic at tack; Ca antagonists: calcium antagonists; CI: cerebral infarct ion.
a Score ≤ 6 on the Canadian St roke Scale at  the t ime of admission.

Table 3 Int rahospital infect ious complicat ions according 
to prior t reatment  with stat ins

Prior t reatment  
with stat ins

Yes No

Pneumonia 24 (7.8%) 177 (10.2%)
Urinary t ract  infect ion 13 (4.2%) 49 (2.8%)
Sepsis 8 (2.6%) 77 (4.4%)
Pseudomembranous colit is. 1 (0.3%) 13 (0.7%)
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well as afterwards.12,14 The t iming for stat in t reatment  
init iat ion following st roke must  be established, although 
that  l ies beyond the scope of the obj ect ives set  forth for 
this study.

With respect  to the rate of infect ious complicat ions, we 
recorded slight ly fewer cases of pneumonia (SG: 7.8% and 
NSG: 10.2%) and of urinary t ract  infect ions (SG: 2.8% and 
NSG: 4.2%) in our study in comparison with other studies. 4 
This may be accounted for by the fact  that  from the very 
beginning of pat ient  recruitment , dysphagia rat ing protocols 
were used26 and, for the most  part ,  urinary catheters were 
used intermit tent ly and as per protocol, rest rict ing their 
use to those pat ients with acute urinary retent ion.

Our study has some limitat ions. It  is an observat ional 
study based on consecut ively admit ted st roke pat ients. 
Only a small number of infect ious complicat ions during 
hospitalizat ion were assessed. In addit ion, the type of 
stat in, durat ion of t reatment  prior to the CI, adherence to 
stat in t reatment  or dose were taken into account . On the 
other hand, we found fewer infect ious complicat ions in our 
sample in comparison with other studies,4 which implies 
greater diffi culty in fi nding stat ist ically signifi cant  
dif ferences.

In conclusion, prior t reatment  with stat ins does not  
appear to infl uence the rate of int rahospital infect ious 
complicat ions following an acute st roke.

Confl ict of interest

The authors state that  there are not  confl ict  of interest .

Acknowledgements

The authors would like to thank the Biostat ist ics Department  
of the Hospital Universitario La Paz.

References

1. Inst ituto Nacional de Estadíst ica. Anuario Estadíst ico de España 
2009. Madrid: Inst ituto Nacional de Estadíst ica; 2009.

2. Aslanyan S, Weir CJ, Diener HC, Kaste M, Lees KR. Pneumonia 
and urinary t ract  infect ion after acute ischaemic st roke: a 
tert iary analysis of the GAIN Internat ional t rial.  Eur J Neurol. 
2004;11:49-53.

3. Heuschmann PU, Kolominsky-Rabas PL, Misselwitz B, Hermanek 
P, Leffmann C, Janzen RW, et  al.  Predictors of in- hospital 
mortalit y and at t ributable risks of death after ischemic st roke: 
the German St roke Registers Study Group. Arch Intern Med. 
2004;164:1761-8.

4. Hong KS, Kang DW, Koo JS, Yu KH, Han MK, Cho YJ, et  al.  Impact  
of neurological and medical complicat ions on 3-month 
outcomes in acute ischaemic st roke. Eur J Neurol. 2008;15:
1324-31.

Table 4 Infect ious complicat ions according CI et iological subtype

Stat ins (n=306) No stat ins (n=1739) p

At erot hrombot ic CI
Pneumonia 7 (7.2%) 46 (47.4%) 0.453
Urinary t ract  infect ion 6 (6.2%) 16 (16.5%) 0.181
Sepsis 0 (0%) 20 (20.6%) 0.033
Pseudomembranous colit is 0 (0%) 2 (2.1%) 1

Cardioembol ic CI
Pneumonia 9 (6.6%) 74 (54%) 0.167
Urinary t ract  infect ion 3 (2.2%) 14 (10.2%) 0.742
Sepsis 3 (2.2%) 28 (20.4%) 0.326
Pseudomembranous colit is 0 (0%) 6 (4.4%) 0.596

Lacunar CI
Pneumonia 0 (0%) 1 (11.1%) 1
Urinary t ract  infect ion 0 (0%) 6 (66.7%) 0.598
Sepsis 0 (0%) 1 (11.1%) 1 
Pseudomembranous colit is 1 (11.1%) 0 (0%) 0.153

Undet ermined CI
Pneumonia 8 (7.1%) 53 (46.9%) 0.819
Urinary t ract  infect ion 4 (3.5%) 12 (10.6%) 0.118
Sepsis 5 (4.4%) 26 (23%) 0.562
Pseudomembranous colit is 0 (0%) 5 (4.4%) 1

Unusual CI
Pneumonia 0 (0%) 4 (50%) 1
Urinary t ract  infect ion 0 (0%) 2 (25%) 1
Sepsis 0 (0%) 2 (35%) 1
Pseudomembranous colit is 0 (0%) 0 (0%)



156 L.A. Rodríguez de Antonio et  al 

5. Vermeij  FH, Scholte op Reimer WJ, de Man P, van Oostenbrugge 
RJ, Franke CL, de Jong G, et  al,  Netherlands St roke Survey 
Invest igators. St roke-associated infect ion is an independent  
risk factor for poor outcome after acute ischemic st roke: data 
from the Netherlands st roke survey. Cerebrovasc Dis. 
2009;27:465-71. Epub 2009 Mar 28

6. Sakabe K, Fukuda N, Wakayama K, Nada T, Shinohara H, Tamura 
Y. Lipid-altering changes and pleiot ropic effects of atorvastat in 
in pat ients with hipercolesterolemia. Am J Cardiol.  2004;94:
497-500.

7. Terblanche M, Almog Y, Rosenson RS, Smith TS, Hackam DG. 
Stat ins and sepsis: mult iple modifi cat ions at  mult iple levels. 
Lancet  Infect  Dis. 2007;7:358-68.

8. Rosenson RS, Tangney CC, Casey LC. Inhibit ion of 
proinfl ammatory cytokine product ion by pravastat in. Lancet . 
1999;353:983-4.

9. Dunzendorfer S, Rothbucher D, Schratzberger P, Reinisch N, 
Kahler CM, Wiedermann CJ. Mevalonate-dependent  inhibit ion 
to t ransendothelial migrat ion and chemotaxis of human 
peripheral blood neut rophils by pravastat in. Circ Res. 
1997;81:963-9.

10. Hackman DG, Mamdani M, Li P, Redelmeier DA. Stat ins and 
sepsis in pat ients with cardiovascular disease: a populat ion-
based cohort  analisis. Lancet . 2006;367:413-8.

11. Gupta R, Plat inga LC, Fink NE, Melamed ML, Coresh J, Fox CS, 
et  al.  Stat in use and hospitalizat ion for sepsis in pat ients with 
chronic kidney disease. JAMA. 2007;297:1455-64.

12. Montaner J, Chacón P, Krupinski J, Rubio F, Millán M, 
Molina CA, et  al.  Simvastat in in the acute phase of ischemic 
st roke: a safety and effi cacy pilot  t rial.  Eur J Neurol. 2008;15:
82-90.

13. Yoon SS, Dambrosia J, Chalela J, Ezzeddine M, Warach S, 
Haymore J, et  al.  Rising stat in use and effect  on ischemic 
st roke outcome. BMC Med. 2004;2:4.

14. Amarenco P, Bogousslavsky J, Callahan A, Goldstein LB, 
Hennerici M, Rudolph AE, et  al,  St roke Prevent ion by Aggresive 
Reduct ion in Colesterol Levels (SPARCL) Invest igators. High-
dose atorvastat in after st roke or t ransient  ischemic at tack. 
New Engl J Med. 2006;355:549-59.

15. Arboix A, Álvarez-Sabín J, Soler L. en nombre del Comité de 
Redacción ad hoc del Grupo de Estudio de Enfermedades 
Cerebrovasculares de la SEN, Ictus. Clasifi cación y criterios 
diagnóst icos. Neurología. 1998;13(Supl. 3):3-10.

16. Fieschi C, Argent ino C, Lenzi GL, Sacchet t i ML, Toni D, Bozzao 
L. Clinical and inst rumental evaluat ion of pat ients with 
ischemic st roke within the fi rst  six hours. J Neurol Sci. 
1989;91:311-21.

17. van de Garde EM, Hak E, Souverein PC, Hoes AW, van den Bosch 
JM, Leufkens HG. Stat in t reatment  and reduced risk of 
pneumonia in pat ients with diabetes. Thorax. 2006;61:957-61.

18. Hackam DG, Mamdani M, Li P, Redelmeier DA. Stat ins and sepsis 
in pat ients with cardiovascular disease: a populat ion-based 
cohort  analysis. Lancet . 2006;367:413-8.

19. Kopterides P, Falagas ME. Stat ins for sepsis: a crit ical and 
updated review. Clin Microbiol Infect . 2009;15:325-34.

20. Almog Y, Shefer A, Novack V, Maimon N, Barski L, Eizinger M, et  
al.  Prior stat in therapy is associated with decreased rate of 
severe sepsis. Circulat ion. 2004;110:880-5.

21. Fernandez R, De Pedro VJ, Art igas A. Stat in therapy prior to ICU 
admisión: protect ion against  infect ion or a severity marker?. 
Intensive Care Med. 2006;160-4.

22. Ovbiagele B, Saber JL, Starkman S, Kim D, Ali LK, Jahan R, et  
al.  Stat in enhancement  of collateralizat ion in acute st roke. 
Neurology. 2007;68:2129-31.

23. Mart ínez-Sanchez P, Rivera-Ordóñez C, Fuentes B, Ortega-
Casarrubios Idrovo L, Díez-Tej edor E. The benefi cal effect  of 
stat ins t reatment  by st roke subtype. Eur J Neurol. 2009;16:
127-33.

24. Aslayan S, Weir CJ, McIness GT, Reid JL, Walter MR, Lees KR. 
Stat in administ rat ion prior to ischaemic st roke onset  and 
survival: exploratory evidence from matched t reatment -
cont rol study. Eur J Neurol. 2005;12:493-8.

25. Mart í-Fábregas J, Gomis M, Arboix A, Aleu A, Pagonabarraga J, 
Belvís R, et  al.  Favorable outcome of ischemic st roke in pat ients 
pret reated with stat ins. St roke. 2004;35:1117-21.

26. Hinchey JA, Shephard T, Furie K, Smith D, Wang D, Tonn S. 
Formal dysphagia screening protocols prevent  pneumonia. 
St roke. 2005;36:1972-6.


