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Abstract  Background: Cerebral and cardiovascular events can occur simultaneously in a patient and with differential 

timing. Despite large studies addressing the presence of one diagnosis preceding the other, there are no comparative studies 

that address the impact of stroke timing difference on coronary event and its subsequent outcomes. In this study we sought to 

describe the association of cerebrovascular and cardiac events and the impact of the order of the occurrence of these events  

on patients’ outcomes. Methods: A retrospective longitudinal cohort study in a single tertiary center (King Abdulaziz 

University Hospital) from two separate databases were crossed matched to identify patients with both diagnoses, then 

temporal relationships were identified on both directions (stroke before or after cardiac event). Cardiac events include any 

suspected acute coronary events that triggered referral for coronary angiogram. We included all patients who underwent 

coronary angiogram and had a primary admitting diagnosis of stroke. The primary endpoint was the incidence of major 

adverse cardiac event (MACE), the secondary endpoint was a composite of death, recurrent stroke and rehospitlization within 

30 days. Risk assessment was evaluated using odds ratio at 95% confidence intervals. Results: Among 500 stroke patients 

and 6300 cardiac patients admitted in the span of 5 years, 16 patients were identified with both diagnoses, all had ischemic 

strokes. The mean age was 56.9±18.5 years, 37.5% were females. The most common cerebrovascular risk factors were 

hypertension (94%) diabetes (81%), atrial fibrillation (25%), and renal impairment (6%). When classified based on stroke 

timing, a quarter (n=4) of patients had stroke pre cardiac event (SPRE) and 75% (n=12) had stroke post-cardiac event 

(SPOST). Comparatively major adverse cardiac events were similar on both group (p=0.58) odds ratio of MACE was 1.3  

95% CI (0.6-2.7) vs. 0.8 (0.4-1.6) for patients in the SPRE and SPOST cohorts, respectively. Secondary composite endpoint 

of death, recurrent stroke and rehospitlization within 30 days was higher in the SPRE group (p=0.0001. This was primarily 

driven by increased risk of recurrent stroke; odds ratio 2.4 (1.2-4.7) vs. 0.4 (0.2-0.8). The mean time from stroke to cardiac 

event was 89.5 days compared to 40.5 months from cardiac event to stroke. Conclusions: In this cohort of patients with the 

diagnoses of both stroke and cardiac events, timing of stroke predicts and prognosticates future outcomes in a differential 

manner as stroke occurrence before a cardiac event (SPRE) tends to cause more recurrent strokes and possibly more cardiac 

events than its occurrence after a cardiac event (SPOST). Limitations: This was a small cohort identified retrospectively 

from a single center.  
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1. Background 

Stroke is an important complication following myocardial 

infarction (MI). There is a large body of clinical evidence to 

describe the temporal relationship between both particularly 

in the first 30 days [1]. As previously proven in many studies, 

myocardial infarction is a predisposing factor for embolic 

stroke [2,3] particularly in diabetic, hypertensive and patient 

with atrial fibrillation. The size of myocardial infarction   

in addition to  impaired  renal  function are  independent 
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predictors for increased mortality [4].  

In a large recent cohort of patients, the mortality among 

patients with ischemic stroke was higher compared to 

ischemic cardiac event [5]. In a smaller series, 0.5% of 

patients sustained acute stroke in acute MI setting compared 

to 1.6% of MI presenting as a stroke. Among all patients who 

suffered a stroke following MI, 22% of "these strokes 

occurred at the time of MI admission [6]. In the MAGneisum 

In Coronaries (MAGIC trial) 9% of patients with ST 

segment-Elevation-Myocardial Infarction (STEMI) had a 

stroke prior to presentation. In this series, in-hospital stroke, 

severe congestive heart failure, and 30-day mortality were 

higher among patients with prior stroke [7]. Albeit the 

association of stroke with MI is proven, there is limited data 

comparing the impact to timing of stroke pre or post MI 
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(when both diagnoses) exists on outcomes of patients. In this 

study, we systematically reviewed the coexistent temporal 

relationship between stroke and cardiac events on both 

directions to address the differences in clinical presentations 

and outcomes.  

2. Methods 

Two separate databases (stroke and cardiac) were crossed 

matched to identify patients with both diagnoses, and then 

temporal relationships were identified on both directions 

(stroke before or after myocardial infarction or other cardiac 

related event). The details of the stroke database have been 

published before [8]. In brief, this was a retrospective 

longitudinal cohort of all patients with the admitting 

diagnosis of stroke hospitalized at King Abdulaziz 

University Hospital between January 2010 and December 

2014. All adult patients with ischemic or hemorrhagic 

strokes were included.  

Patient’s characteristics as well as clinical data were 

gathered. Primary end point was any major adverse cardiac 

event during or after the initial hospitalization. Secondary 

endpoint was the composite of death, recurrent stroke or 

rehospitilization within 30 days. A 2x2 factorial Analysis of 

Variance (ANOVA) was used to look for difference in 

variance across the means. Risk assessment was done using 

odd ratios and 95% confidence intervals (CI). All tests were 

two-tailed with a p-value of < 0.05 for significance.  

3. Results 

Cross-matching 546 stroke patients and 6300 patients who 

underwent cardiac catheterization, we identified 16 patients. 

The mean age of these patients was 56.9±18.5 and female 

represented 37.5%. The most common vascular risk factors 

were hypertension (94%) diabetes (81%) new onset atrial 

fibrillation (25%), and renal impairment (6%) (Table 1). 

Table 1.  Characteristic of patients with both cerebrovascular and cardiac 
events vs. those with cerebrovascular events only 

Characteristic 
Stroke and cardiac 

events (N 16) 

Stroke cohort 

(N 531) 

Mean age 56.9+/-18.5 63.1+/-(*) 

Saudi Nationality (%) 50 35.5 

Male sex (%) 62.5 57.5 

Hypertension (%) 94 90.6 

Diabetes (%) 81 65.3 

Mortality (%) 12.5 27.3 

30-day readmission (%) 50 24.4 

Of the 16 patients, 12 patients (75%) had stroke happening 

after a cardiac event: Stroke-post-cardiac event group 

(SPOST). Of these STEMI was confirmed in 27% (Anterior 

Myocardial infarction with occlusion of the anterior 

descending artery was the predominant type in 60%), Acute 

Coronary Syndrome (ACS) in 58%. Two subjects had three 

vessel disease mandating coronary artery bypass surgery and 

one had a complete heart block requiring a pacemaker. The 

mean time from stroke to ACS was 89.5 days (ranging from 

1 day to 6 month). On the other hand, 4 cases (25%) suffered 

a stroke preceding a cardiac event: Stroke-pre-cardiac event 

group (SPRE). In this cohort, admissions were due to STEMI 

(inferior Myocardial Infarction due to right coronary arterial 

occlusion) in a single case, ACS in two cases (LAD was the 

culprit vessel) and a single case of patent foramen ovale 

requiring device closure. The mean time from the ACS 

admission to stroke admission was 40.5 months (ranging 

from 3 days to 10 years).  

All strokes in our cohort were ischemic in nature. In     

2 patients (12.5%), imaging showed deep, lacunar-type 

infarcts. The rest had embolic strokes involving a cortical 

wedge-shaped area or large artery occlusions. Stroke size 

was larger among patients with a large cardiac event (i.e. 

patients with anterior infractions) proceeded stroke. All 

patient with STEMI on both groups underwent PCI; three 

cases had thrombolytic therapy before interventions all were 

in the SPOST group (Table 2). 

Table 2.  Characteristics of the overall cohort, the stroke after cardiac event 
subgroup, and the cardiac event after stroke subgroup 

Stroke patients with cardiac 

event N 16 

Stroke before 

cardiac event 

N=4 (27%) 

Stroke after 

cardiac event 

N=12 (73%) 

Age (Mean) 56.8+/-22 56.9+/- 18.5 

Women % 50% 27% 

Type of cardiac events 

STEMI 

 

2 

 

3 

ACS 1 7 

Non ACS 1 2 

Comorbidities 

Diabetes 

Hypertension 

Atrial Fibrillation 

Prior Stroke 

Renal impairment 1 (7%) 

 

3 

4 

1 

4 

0 

 

10 

11 

3 

5 

1 

Coronary involvement (60%) 

LAD 

LCX 

RCA 

3VD 

 

Non (40%) 

 

0 

0 

1 

0 

 

3 

 

5 

1 

1 

2 

 

3 

CABG during hospitalization 0 2 

Other 1 1 

Primary endpoint of major adverse cardiac event occurred 

in 3 (75%) and 7 (58.3%) subjects in the stroke pre and post 

cardiac event, respectively. This difference did not reach the 

predefined level of significance (p=0.58). For the secondary 

endpoint, the composite of death, recurrent stroke and 

rehospitalization, there were more adverse events in the 

SPRE group which was statestically significant (p=0.001) 

(Table 3). The later was primarily driven by more stroke 
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events in the SPRE than the SPOST. SPRE is also more 

likely to be associated with major adverse outcomes and 

recurrent stroke compared SPOST based on calculated risk 

ratio (Table 4).  

Table 3.  Endpoints for each subgroup 

End Point 

Stroke Before 

Cardiac Event 

N=4 

Stroke After 

Cardiac Event 

N=12 

P 

value* 

MACE 3 (75%) 7 (58.3%) 0.58 

Composite 7 14 0.001 

Death 0 2 0.32 

Rehospitlization 3 7 0.4 

Recurrent Stroke 4 5 0.001 

Table 4.  *“ANOVA analysis” calculated odds ratio 

Odds ratio-95% CI Stroke before Stroke after 

MACE 1.3 (0.61-2.7) 0.8 (0.4-1.6) 

Recurrent Stroke 2.4 (1.2-4.7) 0.4 (0.2-0.8) 

4. Discussions 

This study is among the first to address the difference in 

outcomes related to timing of stroke when both cerebral and 

cardiac events occur. The overall mortality in our cohort was 

nearly half that observed in previous studies (12.5% vs. 24%) 

[9]. This can be explained by having younger patients with 

mean age (56.9 compared to 65), the small number of 

patients (as only 16 patients 3/100 stroke patients and 3/1000 

cardiac patients) and stroke type which was ischemic of 

athero-embolic nature rather than hemorrhagic strokes  

which carries worse outcomes. Meanwhile, mortality  

related to cardiac event at our center is only 2.5-5%; and 

30-day-rehospitlization was higher in patients with the 

combined diagnoses compared to stroke only patients    

(50% versus 24%).  

Risk factors like diabetes hypertension and atrial 

fibrillation were prevalent and well-balanced between both 

groups. However multiple nuances exist that discriminate 

one from the other. For example, there were more females 

and more anterior infarcts in the SPOST than the SPRE 

group. There were more strokes leading to a cardiac event 

than cardiac events leading to stroke. For mortality, there 

were only two deaths in the SPOST group, the major adverse 

cardiac events were not different between the groups. 

However, proportionally SPRE has more MACE than 

SPOST. For the secondary outcomes, recurrent stroke 

appears to be statistically significant and more in the SPRE 

than the SPOST and enough to drive the composite end point 

to significant value (p value < 0.05).  

We observed that the mean time of cardiac event 

following stroke was shorter than that of stroke following a 

cardiac event by 14 times. Prior studies mostly reported on 

the incidence of stroke during cardiac hospitalization but did 

not follow patients longitudinally [10-13]. In these reports, 

stroke within 24-hours of coronary interventions were 

related to underutilization of parenteral antiplatelet agents 

while those occurring days after were associated with 

cardioembolic sources from large infarcts like anterior MI, 

low ejection fraction, or diabetes. Hemorrhagic strokes  

were observed in a much close relationship to coronary 

interventions compared to ischemic strokes that are 

relatively delayed. However, we did not observe any 

hemorrhagic strokes in our cohort. This could be partially 

related to the fact that none of our patients with prior stroke 

were treated with thrombolytic therapy when presented with 

ST-Elevation MI.  

Our study has advantages and some limitations. It 

investigated a clinical question that has not been adequately 

addressed in the literature with no data exists in our 

geographical area. A major limitation is the retrospective 

nature of the study. However, it could be argued that we used 

hard outcomes to minimize any biases related to that. 

Nonetheless, patients who suffered future events after a 

stroke or cardiac events and readmitted to a different center 

were not captured in our databases. The small number of 

patients who cross-matched between the stroke and cardiac 

databases has affected the power of the statistical tests. This, 

however, is in accordance with previous literature that 

reported low frequency of stroke in patients with cardiac 

events [13].  

5. Conclusions 

Stroke timing before cardiac event has impactful and 

differential effect on the outcomes of patients with strokes  

or cardiac events. Those patients warrant more attention, 

early risk stratifications and prompt intervention. Further 

multi-center studies with larger sample size are advised to 

confirm our findings.  
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