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Abstract
Int roduct ion:  Pat ients with coronary artery disease (CAD) are at  increased risk of st roke. The 
aim of  t his study was to analyze the prognost ic accuracy of  selected cl inical and laboratory 
variables in st roke risk predict ion following discharge after myocardial infarct ion (MI).
Met hods:  We analyzed 404 consecut ive pat ients (aged 68.1±13.7 years; 63.4 % male; 37.4 % with 
diabetes) without  previous st roke who were discharged in sinus rhythm after being admit ted for 
MI. The following data were collected: cardiovascular risk factors, admission blood glucose (BG), 
HbA1c, creatinine, peak troponin levels; glomerular iltration rate (GFR) by the MDRD formula; 
maximum Kill ip class; GRACE score for in-hospital and 6-month mortalit y;  and extent  of CAD. 
Pat ients were followed for two years and each variable was tested as a possible predictor of 
cerebrovascular events (st roke or t ransient  ischemic at tack [TIA]).
Result s: During follow-up, 27 pat ients were admit ted for st roke or TIA. The presence of diabetes, 
hypertension, dyslipidemia and previously known CAD, type of MI (STEMI vs NSTEMI) and extent  
of CAD did not  predict  cerebrovascular risk. The following variables were associated with higher 
stroke risk: GFR <60 ml/ min/ m 2 (p=0.029, OR 2.65, 95 % CI 1.07-6.55); maximum Killip class >1 
(p=0.025,  OR 2.71,  95 % CI 1.10-6.69);  GRACE in-hospit al mortal it y >180 (p=0.001,  OR 4.09, 
95 % CI 1.64-10.22);  admission BG >140 mg/ dl (p=0.001, OR 5.74, 95 % CI 1.87-17.58);  GRACE 
6-month mortal it y >150 (p=0.001, OR 4.50, 95 % CI 1.80-6.27);  and peak t roponin >42 ng/ ml 
(p=0.032, OR 2.64, 95 % CI 1.06-6.59).  Logist ic regression analysis produced a model with the 
predictors GRACE 6-month mortalit y >150 (OR 3.26; p=0.014) and admission BG >7.7 mmol/ l 
(OR 4.09; p=0.017) that itted the data well (Hosmer‑Lemeshow: p=0.916).
Discussion/ Conclusions:  In pat ient s wit h MI,  variables known to be predictors of  in-hospit al 
mortalit y,  including admission BG, renal funct ion, acute heart  failure and GRACE score, were 
found to be useful predictors of  st roke during 2-year fol low-up. While both GRACE score for 
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Introduction

Cardiovascular (CV) and cerebrovascular (CBV) diseases are 
closely linked despite the part icular characterist ics of each 
ent ity. Certain CV disorders predispose to st roke or t ransient  
ischemic attack (TIA), such as atrial ibrillation (AF), which 
is responsible for around 20 % of ischemic st rokes 1.  However, 
other comorbidit ies independent ly increase the risk for CBV 
events, as well as adding predict ive value for the occurrence 
of stroke to that conferred by the presence of AF alone 2.

Pat ients admit ted to cardiac care units for acute coronary 
syndrome are general l y st rat i f ied according t o r isk of 

in-hospital and medium- and long-term mortality. The GRACE 
score is one tool used to predict  mortalit y risk in pat ients 
wit h acut e myocardial  infarct ion (MI),  but  i t s value as a 
predictor of st roke or TIA has yet  to be thoroughly studied, 
the same applying to other clinical and laboratory variables, 
such as peak t roponin I and Kil l ip class.  Det ermining risk 
for cerebrovascular events in these pat ients could result  in 
inst itut ion of more aggressive therapeut ic measures or goals 
in higher-risk pat ient  groups.

The aim of  t his st udy was t o analyze t he prognost ic 
accuracy of  t he cl inical  and laborat ory variables known 
t o be useful  in assessing in-hospit al  CV risk as pot ent ial 

6-month mortality >150 and admission BG >7.7 mmol/ l were independent  predictors of st roke, 
CV risk factors,  previously known CAD, and extent  of  CAD assessed by coronary angiography 
did not  improve st roke risk predict ion. This study highlights the need for even more aggressive 
secondary prevent ion in pat ients most  at  risk.
© 2010 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L. All rights reserved.

Predição do risco de evento cerebrovascular após um  enfarte agudo do miocárdio

Resumo
Int rodução:  Doentes com doença coronária (DC) t êm risco aumentado de acidente vascular 
cerebral (AVC).  O obj ect ivo deste estudo foi anal isar o poder prognóst ico de determinadas 
variáveis clínicas e analít icas na predição do risco de evento cerebrovascular (CBV) após enfarte 
agudo do miocárdio (EAM).
População e mét odos:  404 doent es consecut ivos (idade média 68,1 ± 13,7,  63,5 % do sexo 
mascul ino,  37,4 % com diabet es mel l i t us [DM]) sem ant ecedent es de AVC admit idos com o 
diagnóst ico de EAM e que sobreviveram ao internamento. Dados recolhidos: factores de risco 
cardiovascular (CV),  gl icemia na admissão (Gl icAd),  HbA1c,  creat inina,  níveis máximos de 
troponina I (MaxTrop), taxa de iltração glomerular (TFG) calculada pelas fórmulas MDRD e 
Cockcrof t -Gault ,  GRACE score para mortal idade int ra-hospit alar e aos 6 meses (MIH e M6M, 
respect ivamente), Killip Class máximo (KCm) e extensão da coronariopat ia. Os doentes t iveram 
alt a em ritmo sinusal,  foram seguidos por dois anos e cada variável aval iada como possível 
preditor de AVC ou acidente isquémico t ransitório (AIT).
Resul t ados:  Durant e o fol low-up,  27 doent es foram admit idos por event o cerebrovascular. 
A presença de DM, hipertensão, dislipidemia e DC prévia, o t ipo de EAM (STEMI versus NSTEMI) e 
a extensão da coronariopat ia não aj udaram a prever o risco de AVC/ AIT. As seguintes variáveis 
associaram‑se a maior risco de AVC/AIT: TFG < 60 ml/ min/ m2 (p = 0,029,  OR 2,65,  IC95 % 
1,07-6,55);  KCm > 1 (p = 0,025, OR 2,71, CI95 % 1,10-6,69);  GRACE MIH > 180 (p = 0,001, OR 
4, 09,  CI95 % 1, 64-10, 22);  GRACE M6M > 150 (p = 0, 001,  OR 4, 50,  CI95 % 1, 80-6, 27); 
GlicAd > 140 mg/ dL (p = 0,001, OR 5,74, CI95 % 1,87-17,58); MaxTrop > 42 ng/ mL (p = 0,032, OR 
2,64,  CI95 % 1,06-6,59).  Regressão Logíst ica obt eve um modelo com os predit ores GRACE 
M6M > 150 (OR 3,26, p = 0,014) e GlicAd > 7,7 mmol/ L (OR 4,09, p = 0,017) que se aj ustou bem 
aos dados (Hosmer-Lemeshow: p = 0,969).
Discussão/ conclusões:  Em doentes com EAM, varáveis habitualmente úteis na predição do risco 
de MIH, como GlicAd e função renal, insuiciência cardíaca aguda e o score de GRACE mostraram 
valor como preditores de AVC/ AIT durante um follow-up de 2 anos. Enquanto um valor do Score 
de GRACE M6M > 150 e GlicAd > 7,7 mmol/ L se assumiram como preditores independentes de 
AVC/ AIT, os factores de risco CV, a presença de CAD prévia e a extensão da coronariopat ia não 
acrescentaram valor predit ivo. Este estudo reforça a necessidade de uma prevenção secundária 
ainda mais agressiva em doentes com GRACE e GlicAD na admissão mais altos e com maior grau 
de disfunção renal.
© 2010 Sociedade Portuguesa de Cardiologia.  Publicado por Elsevier España, S.L.  Todos os direit os 
reservados.
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predict ors of  CBV event s dur ing t wo-year f ol low-up of 
MI pat ient s wit hout  previous st roke discharged in sinus 
rhythm.

Methods

We ret rospect ively analyzed 404 consecut ive pat ient s 
admi t t ed t o our  cardiac care uni t  wi t h a diagnosis of 
MI dur ing a 16-mont h per iod (December  2006-March 
2008) who were subsequent ly discharged.  Pat ient s wit h 
previous stroke or who presented AF at any time during 
hospit al izat ion or at  discharge were excluded.  Mean age 
was 68.1±13.7 years and 63.4 % were male.  The admission 
diagnosis was ST-elevat ion myocardial  infarct ion (STEMI) 
in 43.1 % of  cases,  non-ST elevat ion MI (NSTEMI) in 54 %, 
and undet ermined MI i n t he remainder.  Wi t h regard 
t o previous hist ory,  37 % had t ype 2 diabet es and 74 % 
hypert ension (medicat ed wit h ant ihypert ensives or not  
t aking medicat ion al t hough prescribed by t heir general 
pract i t ioner);  dysl ipidemia was present  in 57.4 % (most  
wit h pure hypercholesterolemia) and 28.2 % were current  
smokers or had ceased within the previous 12 months. Only 
5 % of  pat ients had none of  the t radit ional CV risk factors, 
while 32.7 % had at  least  three.

Nearly 30 % of the study populat ion had previously known 
coronary artery disease (CAD), and at least one signiicant 
st enot ic lesion was document ed by cat het er izat ion in 
74.8 % (302 out  of  a t ot al of  335 pat ient s who underwent  
catheterizat ion during hospital stay).

A det ai led analysis was carr ied out  of  each pat ient ’s 
dat a (Table 1),  including demographic charact er ist ics, 
resul t s of  coronary angiography (when performed) and 
angioplast y procedures,  laborat ory resul t s on admission 
(blood glucose [BG], creatinine, hemoglobin, lipid proile 
and C-react ive prot ein [CRP]),  peak t roponin I,  physical 
examinat ion on admission (blood pressure and heart  rate, 
pulmonary auscult at ion,  and assessment  of  signs of  heart  
fai lure in t he set t ing of  MI according t o Ki l l ip class) and 
pre-discharge echocardiogram t o det ermine vent ricular 

and l ef t  at r i al  di mensi ons i n M-mode par ast er nal 
l ong-axi s vi ew and qual i t at i ve assessment  of  l ef t  
vent ricular (LV) funct ion.  The fol lowing were calculated: 
glomerular filtration rate (GFR) using the MDRD (GFR 
[ml/ min/ 1.73 m 2]=186 × [serum creat inine]—1.154 × [age]—0.203 
× [ 0.742 i f  f emale]  × [ 1.210 i f  Af ro-American] ) and t he 
Cockcroft‑Gault (GFR=[ (140-age) × (weight ) × (0.85 i f  
female)]  /  [72 × serum creat inine]) formulas, GRACE score 
using t he elect ronic risk calculator 3,  and TIMI score in al l 
pat ients with NSTEMI.

Pat i ent s were f ol l owed f or  24 mont hs t o moni t or 
occurrence of  t he primary endpoint  (CBV event  [TIA or 
stroke], the latter conirmed by brain CT). Information was 
obtained from the pat ients’  medical records (consultat ions, 
hospit al izat ions and visit s t o t he emergency department ) 
and by t elephone fol low-up approximat ely every t hree 
months.

The pat ient s were divided int o t wo groups:  group A: 
without  CBV events during follow-up; and group B: with TIA 
or st roke during follow-up (n=27). The groups were compared 
t o det ermine pot ent ial  predict ors of  post -infarct ion CBV 
events.

Statistical analysis

The stat ist ical analysis was carried out  using SPSS version 
16.0. Nominal variables were compared with the chi-square 
t est ,  and cont inuous variables by t he St udent ’s t  t est , 
wit h equivalent  non-paramet ric t est s when appropriat e. 
Univariate analysis using the chi-square test  was performed 
to establish the correlat ion between occurrence of  TIA or 
st roke and various potent ial predict ive factors, calculat ing 
relat ive risk and 95 % conf idence int ervals.  Mul t ivariat e 
logist ic regression analysis was also performed to establish 
a predict ive model  of  r isk for CBV event s.  Resul t s wi t h 
p <0.05 were considered signiicant.

Results

During t he 24-mont h fol low-up,  t here were 80 deat hs, 
corresponding t o 19. 8 % of  t he st udy populat ion;  113 
(28 %) had recurrent  angina,  58 (14.4 %) were hospital ized 
for reinfarct ion and t he same number underwent  repeat  
cat het er izat ion;  77 pat ient s (17.5 % of  t he t ot al ) were 
admit ted to an emergency department  for decompensated 
heart failure (HF).

Twent y-seven pat ient s (6.7 %) were admit t ed via t he 
emergency depar t ment  or  hospi t al i zed f or  an acut e 
cerebrovascular event :  st roke in 17 cases (conf irmed by 
brain CT) and TIA in 10.

The mean age of  pat ient s wi t h t he pr imary endpoint  
(group B) was 75.76±7.82 years (of whom 14 were aged over 
75, corresponding to an incidence of 8.1 % in this age-group), 
and a third (n=9) were women (with a similar mean age to 
men: 76.6 vs 75.4 years, p=NS). Thirteen pat ients (48 %) had 
diabetes, 21 (81.5 %) had a history of hypertension, 15 had 
dysl ipidemia (55.5 %),  f ive were smokers or had recent ly 
quit  (18.5 %), and four had previously known CAD (14.8 %). 
Thirt een pat ient s had ini t ial ly been admit t ed for STEMI 
(48.1 %),  and of  t he 17 who underwent  cat het erizat ion, 
16 presented had least one signiicant stenotic lesion.

Table 1 Populat ion characterist ics

Age (years) 68.1±13.7
Male 63.4 %
Type of infarct ion STEMI: 43.1 %; 

NSTEMI: 54 %
Diabetes 37.6 %
Previous hypertension 74.0 %
Dyslipidemia 57.4 %
Smoking 28.2 %
Previously known CAD 29.9 %
Mean Kill ip class at  admission  1.34
Mean maximum Killip class  1.46
Number of vessels with signiicant lesions  1.67
Number of segments with signiicant  
 lesions

 2.34

CAD: coronary artery disease; NSTEMI: non-ST elevat ion 
myocardial infarct ion; STEMI: ST-elevat ion myocardial 
infarct ion.
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Group B were more l i kel y t o be rehospi t al i zed f or 
decompensated HF (43.8 % vs 16.0 %, p=0.05, OR 4.09, 95 % 
CI 1.44-11.63) and had higher mort al i t y during fol low-up 
(47.1 % vs 17.4 %,  p=0.03,  OR 4.21,  95 % CI 1.54-11.55) 
(Table 2).  However,  on analysis of  t he pat ient s who died 
dur ing f ol l ow-up,  survival  t ime was not  signi f i cant l y 
short er in t hose wit h CBV event s (17.5 mont hs vs 18.6, 
p=0.31).

The mean age of  group B pat ient s t ended t o be older 
(75.8 vs 67.7 years,  p=0.08,  with those aged ≥75 having a 
slight ly higher risk of st roke or TIA: 11.7 % vs 5.7 %, p=0.083, 
OR 2.17, 95 % CI 0.89-5.32),  although they did not  present  
a greater prevalence of  t radit ional risk factors (diabetes, 
hypertension,  dysl ipidemia and smoking) or of  previously 
known CAD.  Cat het erizat ion during hospit al  st ay did not  
show more severe CAD in t hese pat ient s compared to t he 
group without  the primary endpoint . However, group B had 
higher GRACE scores for in-hospital and 6-month mortalit y 
(191.2 vs 151.2,  p <0.001 and 155.8 vs 123.7,  p <0.001, 
respect ively),  as wel l  as higher  maximum Ki l l ip class 
(1.90 vs 1.39, p=0.016).  In fact ,  57.1 % of group B pat ients 
had a GRACE score for in-hospit al  mort al i t y of  >180 (vs 
24.6 % of  group A,  p = 0.001,  OR 4.09,  95 % CI 1.64-10.22) 
and 47.6 % showed signs of acute HF (deined as worsening 
Kill ip class during hospitalizat ion or Kil l ip class >1 in those 
without previously known HF) versus 25.1 % of group A 
(p=0.025, OR 2.71, 95 % CI 1.1-6.69). Pat ients admit ted for 
decompensated HF during follow‑up also had a higher risk 
of  st roke or TIA (15.2 % vs 4.2 %, p=0.05,  OR 4.11,  95 % CI 
1.44-11.69).

Anal ysi s of  l abor at or y par amet er s showed mor e 
extensive myocardial necrosis in group B (peak t roponin I 
49.58 ng/ ml vs 35.58 ng/ ml, p=0.013). This group also had 
higher admission BG (10.79 mmol/ l vs 8.50 mmol/ l,  p=0.02) 
and more severe renal dysfunction, as relected in higher 
admission creat inine (125.87 mmol/ l  vs 118.09 mmol/ l ,  
p=0.017) and lower GFR, whether calculated by the MDRD 
or t he Cockcrof t -Gault  formula (57.4 ml/ min/ 1.73 m 2 vs 
72.3 ml/ min/ 1.73 m 2,  p=0.029; and 54.5 ml/ min/ 1.73 m 2 vs 
78.8 ml/ min/ 1.73 m 2,  p=0.049, respect ively).

No st at ist ical ly signi f icant  di f ferences were observed 
bet ween t he t wo groups in t erms of  body mass index, 
pre-discharge echocardiographic dat a (lef t  vent r icular 
and lef t  at rial  dimensions and qual i t at ive assessment  of 
global systolic funct ion) or the other laboratory parameters 

assessed,  namely admission hemoglobin,  glycosylat ed 
hemoglobin (HbA1c) and CRP.

Univariate analysis was performed to assess the usefulness 
of  a series of  variables t o predict  CBV event  r isk during 
two-year follow-up (Table 3).

Age >65 years was a predict or of  st roke or TIA (11.5 % 
vs 1.1 %,  p=0.002,  OR 12.08,  95 % CI 1.59-91.48),  but  age 
>75 was not statistically signiicant (11.7 % vs 5.7 %, p=0.083, 
OR 2.17, 95 % CI 0.89-5.32) (Table 4).

Mul t ivar iat e logist ic regression analysis of  pot ent ial 
predictors (including age >75 years, GFR <60 ml/ min/ m 2,  
acute HF, GRACE score for in‑hospital mortality >180, GRACE 
score for 6-mont h mort al i t y >150,  st ress hyperglycemia 
[admission BG >7.7 mmol/ l,  equivalent  to 140 mg/ dl]  and 
peak t roponin I >42 ng/ ml) resulted in a predict ive model for 
CBV event risk that itted the data well (Hosmer‑Lemeshow: 
p=0.916) and included the following predictors:

—  GRACE score for 6-month mortal it y >150 (p=0.016,  OR 
3.26, 95 % CI 1.25-8.48);

—  St ress hyperglycemia >7.7 mmol/ l  (p=0.017,  OR 4.09, 
95 % CI 1.28-13.02).

The ot her f act ors assessed were not  included in t he 
model.

The impact  of  GRACE score f or  six-mont h mort al i t y 
and admission BG on CBV event  r isk is clearly shown by 
Kaplan‑Meyer curve analysis (Figures 1 and 2).

Including age >65 (as opposed t o >75) in t he analysis, 
t he resul t i ng model ,  which al so f i t t ed t he dat a wel l 
(Hosmer -Lemeshow:  p=0. 829) ,  i ncl uded admi ssi on 
BG >7.7 mmol / l  (p=0.06,  OR 4.86,  95 % CI 1.56-15.12) 
and age >65 (p=0. 022,  OR 10. 74,  95 % CI 1. 40-82. 36) 
as pr edi ct or s,  whi l e GRACE scor es wer e no l onger 
included.

Discussion

The incidence of  cerebrovascular events af ter myocardial 
infarct ion,  t oget her wit h t heir predict ors and impact  on 
mortality, were assessed by Tanne et  al., who concluded that  
there was a 1 % risk of st roke or TIA within a year of MI, with 
31 % occurring within a month. Chronic AF, advanced age, 
ant erior infarct ion,  levels of  aspart at e aminot ransferase 

Table 2 Characterizat ion of the pat ient  group with cerebrovascular events

 Minimum Maximum Mean Standard deviat ion

Killip class at  admission 1 4 1.62 0.97
Maximum Killip class 1 4 1.90 1.18
Age (years) 57 88 75.8 7.82
Peak t roponin I (ng/ dl) 2.06 155.74 49.58 43.19
Glomerular iltration rate 14.7 123.3 57.5 27.78
GRACE score 107 275 191.2 45.6
Systolic blood pressure at  admission (mmHg) 75 162 126.8 23.1
Body mass index (kg/ m 2) 16.8 37.2 27.1 5.3
Number of vessels with signiicant lesions 0 3 1.62 0.96
Number of segments with signiicant lesions 0 7 2.38 2.1
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four t imes higher than the upper normal limit  and a previous 
history of MI or stroke identiied high‑risk individuals. The 
occurrence of  st roke or TIA increased t he age-adj ust ed 
12-month mortality risk (31 % vs 9 %) 4.

Loh et  al. studied the effect  of LV dysfunct ion after MI on 
st roke risk in 2231 pat ients followed for 42 months, and found 
an incidence of 4.6 %; the authors concluded that  advanced 
age, absence of ant iplatelet  therapy or ant icoagulat ion and 

Table 3 Comparison between groups

 Group A Group B p

Age (years) 67.7 75.8 <0.001
Diabetes 39.4 % 47.6 % NS
Hypertension 74.5 % 81.0 % NS
Dyslipidemia 59.1 % 57.1 % NS
Smoking 27.9 % 19.9 % NS
Previously known CAD 28.0 % 14.3 % NS
Peak t roponin I (ng/ ml) 35.58 49.58 0.013
Admission BG (mmol/ l) 8.50 10.79 0.002
Admission hemoglobin (g/ dl) 13.57 13.77 NS
Admission creat inine (mmol/ l) 118.1 125.9 0.017
Admission CRP (mg/ dl) 2.31 3.57 NS
HbA1c 6.33 6.77 NS
GFR (MDRD) (ml/min/1.73 m 2) 72.27 57.50 0.029
GFR (Cockcroft‑Gault) (ml/min/1.73 m 2) 78.82 54.47 NS (0.084)
GRACE score for in-hospital mortalit y 151.2 191.2 <0.001
GRACE score for 6-month mortalit y 123.7 155.8 <0.001
Body mass index (kg/ m 2) 27.62 27.07 NS
Number of vessels with signiicant lesions 1.67 1.62 NS
Number of segments with signiicant lesions 2.39 2.38 NS
Admission Kill ip class 1.29 1.62 NS (0.063)
Maximum Killip class 1.39 1.90 0.016
LV end-diastolic dimension (mm) 55.4 55.9 NS
LV end-systolic dimension (mm) 36.5 37.6 NS
Left  at rial dimension (mm) 1.38 1.21 NS

BG: blood glucose; CAD: coronary artery disease; CRP: C‑reactive protein; GFR: glomerular iltration rate; HbA1c: glycosylated 
hemoglobin; LV: left  vent ricular. (Measurements in M-mode parasternal long-axis view)

Table 4 Predictors of cerebrovascular events on univariate analysis

 Incidence of st roke/ TIA

Age >65 years 11.5 % vs 1.1 %, p=0.002, OR 12.08, 95 % CI 1.59-91.48
Age >75 years 11.7 % vs 5.7 %, p=0.083, OR 2.17, 95 % CI 0.89-5.32
GFR <60 ml/ min/ m 2 12.8 % vs 5.2 %, OR 2.65, p=0.029, 95 % CI 1.10-6.69
Acute HF 13.9 % vs 5.6 %, OR 2.71, p=0.025, 95 % CI 1.10-6.69
GRACE score for in-hospital mortalit y >180 17.4 % vs 4.9 %, OR 4.09, p=0.001, 95 % CI 1.64-10.22
GRACE score for 6-month mortalit y >150 18.5 % vs 4.8 %, OR 4.50, p=0.001, 95 % CI 1.80-6.27
Admission blood glucose >7.7 mmol/ l 14.5 % vs 2.9 %, OR 5.74, p=0.001, 95 % CI 1.87-17.58
Hemoglobin >2 g/ dl 7.3 % vs 7.8 %, p=NS
Body mass index >30 kg/ m 2 10.3 % vs 8.7 %, p=NS
HbA1c >7.0 % 14.3 % vs 6.9 %, p=NS
CRP >3 mg/ dl 5.6 vs 3.6, p=NS
Peak t roponin >42 ng/ ml 14.3 % vs 5.9 %, OR 2.64, p=0.023, 95 % CI 1.06-6.59
>2 segments with signiicant lesions 5.7 % vs 6.5 %, p=NS
CAD 6.2 % vs 4.3 %, p=NS
Moderate to severe LV dysfunct ion 7.3 % vs 8.6 %, p=NS

Acute HF: acute heart failure (deined as Killip class >1 at admission in the absence of previous HF and/or worsening Killip class during 
hospitalization; CAD: coronary artery disease (deined as at least one segment with >50 % stenosis or >30 % stenosis of the left  main 
artery); CRP: C‑reactive protein; GFR: glomerular iltration rate; HbA1c: glycosylated hemoglobin; LV: left ventricular.
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low LV ej ect ion fract ion were independent  predictors of risk 
for CBV events, report ing an 18 % increase in st roke risk for 
every 5 % decrease in ej ect ion fract ion 5.

The VALIANT t rial 6,  a prospect ive study of 14 703 survivors 
of MI complicated by HF and/or LV dysfunction aimed, among 
other obj ect ives,  at  establishing predict ive risk models of 
early (<45 days) or late st roke, reported that  463 pat ients 
(3.1 %) had t his endpoint ,  of  which 134 occurred wit hin 
45 days. GFR and heart rate (in sinus rhythm) were the 
st rongest  predictors of  early st roke,  while diastol ic blood 
pressure >90 mmHg, previous stroke and AF were the most 
important  overall predictors. Gender did not  af fect  st roke 
risk and, unlike in the study by Loh et  al. 5,  ej ect ion fract ion 
did not  help in predict ing CBV event  risk.

A meta-analysis by Wit t  et  al.  assessing st roke incidence 
af ter MI reported 11.1 ischemic st rokes per 1000 pat ients 
during hospitalizat ion for the index MI,  12.2 at  30 days and 
21.4 at  12 months, with a mean of around 14.5. Predictors 
were advanced age,  diabet es,  hypert ension,  previous 

stroke or MI, anterior index MI, AF, HF and non‑white 
ethnicit y 7.

In our populat ion, the incidence of CBV events was 6.7 % 
(27/ 404) at  24 mont hs,  of  which 63 % (n=17) were st roke 
(conirmed by imaging studies), which corresponds to 4.2 % 
of  t he sample;  t his is similar t o t he percentages reported 
in many previous st udies.  The mean age of  pat ient s wit h 
CBV events was around 76 years, with an incidence of st roke 
and/ or TIA of  8.1 % at  two years in t hose aged >75,  more 
than half  the cases (14/ 27) in our study populat ion, which 
supports recent  evidence as reported by Lichtman et  al. 8.

A third of pat ients with the primary endpoint  were female 
and of  simi lar mean age t o male pat ient s.  Pet rea et  al .  
reported gender differences in st roke incidence, highlight ing 
the more advanced age of  female pat ients and the higher 
incidence of  st roke in women aged over 85 compared t o 
men, with a lower incidence before this age 9. The signiicant 
gender dif ference in occurrence of the primary endpoint  in 
our populat ion (t wo-t hirds male) may be due t o a higher 
prevalence of  men in our sample (63.4 %),  while the small 
number of  female pat ient s (n=9) may explain t he lack of 
a signif icant  dif ference in t he mean age of  pat ient s wit h 
st roke/ TIA.

Pat ients with CBV events during follow-up did not  present  
a higher prevalence of  previously known CAD or more 
extensive CAD on catheterizat ion at  the t ime of  the index 
MI, which may be due to a similar prevalence of t radit ional 
r isk f act ors (diabet es,  hypert ension,  dysl ipidemia and 
smoking) and t he mult i fact orial  et iology of  CBV disease. 
However,  group B pat ients had more extensive myocardial 
necrosis on t he index MI,  as assessed by peak t roponin I 
levels. This is in agreement with the indings of Thompson 
et  al . ,  who report ed t hat  st roke incidence in MI pat ient s 
with CK of >1160 IU/ l was 24 t imes higher than in those with 
lower levels,  adding t hat  higher CK values are associated 
wit h an even great er risk of  CBV event s 10.  However,  t he 
possible relat ionship between peak t roponin I values and 
st roke/ TIA risk has not  previously been demonst rated.

Previous st udies of  MI pat ient s have shown t hat  CAD 
severit y does not  correlate with t he extent  of  myocardial 
necrosis.  More extensive collateralizat ion in pat ients with 
mult ivessel disease explains lower post -infarct ion t roponin I 
levels.  However,  inf arct ion involving t he lef t  ant er ior 
descending art ery usual ly af f ect s a larger area of  t he 
myocardium, result ing in higher peak t roponin I. Mooe et  al.  
reported a trend (at the limit of statistical signiicance) for 
higher risk of CBV events following anterior MI, part icularly 
STEMI 11. The present study supports the irst observation, 
with a higher incidence of the primary endpoint  in pat ients 
with more extensive myocardial necrosis (usually associated 
with anterior infarct ion and a greater risk of  acute and/ or 
chronic HF), but did not find higher risk in patients with 
STEMI compared t o t hose wi t h NSTEMI.  Complet e and 
rapid access to catheterizat ion in our center helps to l imit  
infarct  size in STEMI pat ient s,  t hus reducing t he ext ent  
of  myocardial necrosis and rises in t roponin I,  which may 
explain this apparent  cont radict ion.

The absence of an associat ion in our populat ion between 
CAD severi t y and risk for CBV event s may be due t o t he 
short  fol low-up and t he more aggressive and longer-t erm 
ant i-platelet  and l ipid-lowering therapy (part icularly with 
the more potent  stat ins) used in pat ients with more extensive 

Figure 1  Kaplan-Meier curve showing associat ion bet ween 
GRACE score for 6-month mortality and risk for cerebrovascular 
events.

Figure 2  Kaplan-Meier curve showing associat ion bet ween 
st ress hyperglycemia and risk for cerebrovascular events.
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CAD, which help to stabilize atherosclerot ic plaques in the 
carot id territory; the possibil it y of st roke of cardioembolic 
et iology in these pat ients, which is less st rongly associated 
with the severit y of  atherosclerot ic lesions, may also be a 
factor.

The GRACE score is a widely used t ool in pat ient s wit h 
acute coronary syndrome to predict  risk of  in-hospital and 
six-mont h MI or mort al i t y.  It  also helps t o predict  risk of 
maj or CV events in pat ients with chest  pain admit ted to the 
emergency department , for which it  is more effect ive than 
the TIMI score or elect rocardiographic and laboratory data 12.  
In our population, group B patients presented signiicantly 
higher GRACE scores for in-hospital and 6-month mortalit y, 
scores of >180 and >150, respect ively, being associated with 
a four-fold higher risk of a CBV event  within two years of the 
index MI. Although there have been no studies speciically 
assessing t he value of  t his score in predict ing CBV risk, 
this inding is not surprising given that the score includes 
variables that  are associated with st roke/ TIA risk,  such as 
age, renal funct ion and Killip class at  admission.

The association between HF and CBV disease has been 
studied before. Appelros et  al.  reported a clear associat ion 
between HF and severe stroke, also observing that early 
st roke mort al i t y (wit hin 30 days) was higher in pat ient s 
with HF and/or LV dysfunction 13.  Wit t  et  al .  compared a 
population with HF and a control population, concluding 
that stroke risk in HF patients was 17.4 times higher than 
in controls in the 30 days following diagnosis of HF and 
remained high for the following ive years 14.

In our populat ion, pat ients with Killip class >1 at  admission 
(in the absence of previous HF) or worsening Killip class 
during hospitalizat ion presented a 2.7 t imes higher risk of 
CBV events during follow‑up. Furthermore, irrespective 
of  Ki l l ip class dur ing hospi t al izat ion f or  t he index MI, 
rehospitalization for decompensated HF resulted in a 
four‑fold increase in risk of stroke/TIA. These results relect 
the greater thromboembolic risk and the pro‑inlammatory 
and pro‑thrombotic state associated with HF.

Despite the clear association between HF and CBV event 
risk, LV dysfunct ion on pre-discharge echocardiography was 
not  a predictor of  st roke during fol low-up,  as seen in t he 
VALIANT t rial 6.  There are various reasons that  may explain 
this inding:

—  It  is possible that  pat ients with more severe LV dysfunct ion 
are t reat ed more aggressively (higher-dose st at ins 
and ACE inhibi t ors or angiot ensin recept or blockers), 
t hus reducing t he risk of  ischemic st roke,  which would 
otherwise tend to be higher than in those with no or mild 
LV dysfunct ion;

—  A percentage of pat ients with severe LV dysfunct ion (very 
low ej ect ion f ract ion,  even in sinus rhyt hm) received 
oral  ant icoagulat ion even in t he absence of  t hrombus 
or LV aneurysm. Some of  t hese pat ients may have been 
medicated with warfarin during follow-up, reducing the 
incidence of cerebral thromboembolism;

—  LV dysfunct ion and dilatat ion are associated mainly with 
embol ic st roke,  and are t hus not  di rect ly relat ed t o 
cerebrovascular or carot id atherosclerosis.

Predict ion of  risk for cerebrovascular events af t er MI is 
improved by including laborat ory variables,  part icularly 

blood glucose and renal funct ion at  admission for the index 
MI. A study by Hyvärinen et  al. concluded that  hyperglycemia 
two hours af t er a 75-g glucose load,  even in non-diabet ic 
pat ients,  was a good predictor of  risk for st roke mortalit y, 
part icularly in men 15.

In our  st udy populat ion,  admission BG >7. 7 mmol / l 
(140 mg/ dl) increased the risk for st roke/ TIA during follow-up 
almost  six-fold,  irrespect ive of  HbA1c levels (which were 
similar in bot h groups,  unl ike in t he Hong Kong Diabet es 
Regist ry,  which repor t ed an almost  l inear  correlat ion 
between HbA1c and st roke risk 16).  In pat ients admit ted for 
MI, hyperglycemia at  admission is a risk factor for in-hospital 
and six-month mortalit y,  and is also associated with higher 
risk for acute HF and rehospitalization for decompensated 
HF. An as yet unanswered question is whether hyperglycemia 
at  admission is merely a risk marker or whet her in i t sel f  
i t  increases CV r isk.  Aggressive as opposed t o st andard 
t reat ment  of  elevat ed admission BG is not  cur rent l y 
recommended.  St ress hyperglycemia at  admission may 
ref lect  great er syst emic st ress,  due t o more ext ensive 
infarction, acute HF and concomitant renal dysfunction, 
result ing in higher in-hospital and late mortality and greater 
risk for CV or CBV events af t er t he index MI.  The possible 
relat ionship between st ress hyperglycemia and increased 
CBV risk has not  previously been convincingly established.

The same comment  could be made on t he role of  renal 
dysfunction as a risk marker. GFR as calculated by the MDRD 
formula (but not the Cockcroft‑Gault formula) identiied 
pat ient s in whom the index MI had greater hemodynamic 
repercussions.  Acut e or worsening chronic renal  fai lure 
predicted higher risk for acute HF and cardiovascular events 
during two-year follow-up, and is thus a st rong risk predictor. 
The fact  that  advanced atherosclerosis (part icularly carot id 
disease) is usual ly associat ed wit h chronic renal fai lure, 
together with the pro‑thrombotic and pro‑inlammatory state 
found in t he condit ion,  and it s associat ion wit h variables 
with undisputed predictive power for stroke, makes GFR a 
useful t ool t o predict  cerebrovascular event  risk af ter MI. 
However, it should be noted that GFR, whether calculated 
by t he MDRD (4 variables),  modif ied MDRD (6 variables) 
or Cockcroft‑Gault formulas, is not suficiently reliable in 
acute pat ients,  part icularly in cases of  high BUN-to-serum 
creatinine ratios, and tends to overestimate GFR 17.  These 
results should therefore be interpreted with caut ion.

High-sensit ivit y CRP is cont inuously and independent ly 
associated with risk for CAD, ischemic st roke and vascular 
mort al i t y,  even af t er  adj ust ment  f or  gender,  age and 
t radit ional CV risk factors 18.  However,  in our sample,  CRP 
did not  predict  CBV event  risk during follow-up. This may be 
due to the fact  that  our hospital’s laboratory did not  use a 
high-sensit ivity assay.

Mul t ivariat e analysis produced a model  t hat  included 
GRACE score for 6-month mortality >150 and BG >7.7 mmol/ l 
at  t he index admission as predictors.  Age >75 years,  renal 
failure grade >2, acute HF and peak troponin I >42 ng/ ml 
did not  improve t he model obt ained wit h t he above t wo 
variables, even though they were shown to be predictors of 
st roke/ TIA on univariate analysis. This is not  surprising given 
that  the GRACE score parameters already include age, renal 
function and acute HF at admission. The data also show that 
t he GRACE score for 6-month mortal it y has greater value 
in predict ing CBV event  risk than the score for in-hospital 
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mortality, which is ent irely logical. When age > 65 years was 
included as a factor, the predict ive model no longer included 
the GRACE score but  admission BG >7.7 mmol/ l remained. 
In our sample,  age >65 years was a st ronger predict or of 
st roke/ TIA than the GRACE score, probably due to the low 
incidence of st roke in our study in those aged <65 (only one 
case). In our populat ion, st roke or TIA began to occur after 
the age of 65, a sizable proport ion in the 65-75 age-group.

Admission st ress hypergl ycemia (>7. 7 mmol / l )  was 
included in bot h predict ive models and was shown t o be 
a powerful  predict or of  CBV event s af t er MI,  as wel l  as 
of  in-hospit al and late mortal it y and of  global CV risk,  as 
previously demonst rated.

Study limitations

An import ant  l imit at ion of  t he st udy is t he fact  t hat  t he 
incidence of AF was not systematically investigated during 
the 24 months of follow‑up. AF is known to be responsible 
for around 20 % of  ischemic st rokes,  and so our aim was 
to assess other variables as predictors of CBV events. AF 
incidence during follow-up and its possible correlat ion with 
the primary endpoint would be dificult to determine for 
the following reasons:

—  A signiicant proportion of AF episodes are asymptomatic 
and/ or of short  durat ion, and as such go unnot iced;

—  Establishing a correlation between the occurrence of AF 
and a CBV event  in pat ients with advanced atherosclerosis 
(particularly of the carotid vascular bed) is dificult, if 
not  impossible in some cases;

—  Accurate detection of paroxysmal AF is only possible using 
a cont inuous cardiac monit oring device,  which would 
have considerably increased the complexity of the study, 
affecting its feasibility. Routine screening for AF after MI 
is not  recommended.

The CARISMA study found that  the incidence of new-onset  
AF after MI in patients with ejection fraction of <40 % was 
25-32 % in a two-year follow-up 19.  In that  study, only 20 % of 
t he pat ients init ial ly enrolled agreed to implantat ion of  a 
Reveal device, which illust rates the problems in performing 
this t ype of  study. Moreover,  t he pat ients included all had 
ej ect ion f ract ion of  <40 %,  unl ike our st udy populat ion, 
which in theory suggests that AF incidence in our sample 
would have been lower than that  reported in the CARISMA 
study.  Nevertheless,  t his aspect  should be considered the 
main limitat ion of the present  study.

Conclusions

Cerebrovascular events are a possible complicat ion of  MI. 
A small but clinically signiicant percentage of patients are 
admit t ed t o t he emergency depart ment  or hospit al ized 
for st roke or TIA wit hin t wo years of  an acut e coronary 
syndrome,  and are at  higher  r i sk of  mor t al i t y dur ing 
t hat  period.  Age and cl inical  cri t eria such as occurrence 
of HF during the index admission and decompensated 
HF during follow‑up, laboratory parameters including 
admission blood glucose and renal  f unct ion,  ext ent  of 
myocardial necrosis,  and GRACE scores all  help to predict  

CBV event  r isk af t er  MI.  This enables cerebrovascular 
prevent i ve measures t o be st rengt hened,  i ncl uding 
more r igorous and aggressive cont rol  of  t radi t ional  r isk 
f act ors,  use of  higher-dose st at ins and possibly more 
pot ent  and longer-t erm ant iplat elet  t herapy,  or  even 
oral  ant i coagulat ion in high-r i sk pat ient s,  gi ven t he 
thromboembolic etiology usually found in patients with HF 
after MI.  Age over 65 years,  admission BG of  >7.7 mmol/ l ,  
and a GRACE score f or  6-mont h mort al i t y of  >150 are 
import ant  predict ors and should aler t  t he cl inician t o 
a higher r isk for st roke or TIA fol lowing discharge af t er 
a cardiovascular event ,  even in t he absence of  severe 
CAD.  To t he best  of  our knowledge,  t he value of  st ress 
hyperglycemia,  GRACE score for 6-mont h mort al i t y and 
elevated t roponin I levels in predict ion of  cerebrovascular 
event  risk af ter MI has not  previously been demonst rated.
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