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Incidence and Long- Term Outcomes of 
Stroke in Patients Presenting With ST- 
Segment Elevation– Myocardial Infarction: 
Insights From the Midwest STEMI 
Consortium
Michael Megaly , MD, MS; Mehmet Yildiz, MD; Edward Tannenbaum , BA; Brynn Okeson , MS;   
Marshall W. Dworak , BA; Ross Garberich , MS, MBA; Scott Sharkey , MD; Frank Aguirre, MD;   
Mark Tannenbaum , MD; Timothy D. Smith , MD; Timothy D. Henry , MD; Santiago Garcia , MD

BACKGROUND: Contemporary real- world data on stroke in patients presenting with ST- segment– elevation myocardial infarction 
(STEMI) are scarce.

METHODS AND RESULTS: We evaluated the incidence, trends, cause, and predictors of stroke from 2003 to 2019 in 4 large 
regional STEMI programs in the upper Midwest that use similar transfer and treatment protocols. We also evaluated the 
long- term impact of stroke on 5- year mortality. Multivariate logistic and Cox regression analysis was used to identify vari-
ables independently associated with stroke in patients presenting with STEMI and identify variables associated with 5- year 
mortality. A total of 12 868 patients presented with STEMI during the study period. Stroke occurred in 98 patients (0.76%). 
The incidence of stroke remained stable over time (0.5% in 2003, 1.2% in 2019; P- trend=0.22). Most (75%) of strokes were 
ischemic, with a median time to stroke symptoms of 14 hours after primary percutaneous coronary intervention (interquartile 
range, 4– 72 hours), which led to a small minority (3%) receiving endovascular treatment and high in- hospital mortality (18%). 
On multivariate regression analysis, age (increment of 10 years) (odds ratio [OR], 1.32; 95% CI, 1.10– 1.58; P- value=0.003) and 
preintervention cardiogenic shock (OR, 2.03; (95% CI, 1.03– 3.78; P=0.032)) were associated with a higher risk of in- hospital 
stroke. In- hospital stroke was independently associated with increased risk of 5- year mortality (hazard ratio, 2.01; 95% CI, 
1.13– 3.57; P=0.02).

CONCLUSIONS: In patients presenting with STEMI, the risk of stroke is low (0.76%). A stroke in patients presenting with STEMI 
is associated with significantly higher in- hospital (18%) and long- term mortality (35% at 5 years). Stroke was associated with 
double the risk of 5- year death.
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In the current era, most patients who present with 
ST- segment– elevation myocardial infarction (STEMI) 
undergo cardiac catheterization and primary percu-

taneous coronary intervention (PPCI). There has been a 
decline in many complications related to percutaneous 

coronary intervention (PCI) over the past few decades, 
but not PCI- related stroke.1 The historical incidence 
of PCI- related stroke ranged from 0.22% to 1.3% of 
all PCI procedures.2– 6 The highest risk of PCI- related 
stroke occurs in patients presenting with STEMI.
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In randomized controlled trials in patients with myo-
cardial infarction (MI), the incidence of stroke ranged 
from 0.5% to 1.4%.4,6– 9 These strokes mainly were isch-
emic.4 The field of interventional cardiology has evolved 
with broader adoption of radial access, newer antiplate-
let agents, such as ticagrelor and prasugrel, and re-
gional systems of care. Given the lack of contemporary, 
real- world data on the incidence of stroke in patients 
who present with STEMI, we investigated the Midwest 
STEMI Consortium (MSC) database to describe the 
trends and identify the incidence and predictors of 
acute stroke in patients with STEMI over 17 years.

METHODS
Study Population
The data that support the findings of this study are 
available from the corresponding author on reason-
able request. We included consecutive patients with 
STEMI (≥1- mm ST- segment elevation in at least 2 
contiguous leads or new- onset left bundle- branch 
block) presented to an MSC hospital within 24 hours 

of symptom onset. MSC is a collaboration of 4 large 
regional STEMI programs in the upper Midwest: Iowa 
Heart Center (IHC) in Des Moines, IA; Minneapolis 
Heart Institute at Abbott Northwestern Hospital in 
Minneapolis, MN; Prairie Heart Institute in Springfield, 
IL; and The Christ Hospital in Cincinnati, OH. Each 
program has similar standardized STEMI protocols 
and together serve >100 referral hospitals and emer-
gency medical services. A comprehensive description 
of MSC has been previously published.10 Common el-
ements in the MSC protocol include the following: (1) 
prehospital ECG, (2) activating the STEMI team by a 
single telephone call, (3) administration of guideline- 
recommended initial antithrombotic therapy before 
arrival to PCI- capable hospitals, (4) routing predeter-
mined transfer plan to PCI- capable hospitals, and (5) 
bypassing the emergency department to proceed di-
rectly to the cardiac catheterization laboratory at PCI- 
capable hospital. Minneapolis Heart Institute started 
enrollment of patients in 2002, and IHC, Prairie Heart 
Institute, and The Christ Hospital created their pro-
spective registries in 2004, 2005, and 2007, respec-
tively. We excluded patients from IHC treated before 
2009 as information on stroke was not routinely cap-
tured before 2009 at IHC.

Data were prospectively collected by a dedicated 
research assistant using standardized data forms. A 
comprehensive database, modeled after the American 
College of Cardiology National Cardiovascular Data 
Registry definitions, with detailed treatment times, clin-
ical and angiographic variables, and in- hospital and 
30- day outcomes, was created at the inception of the 
program to provide quality assurance and monitor the 
progress of the program. Two hospitals within MSC 
(Minneapolis Heart Institute and The Christ Hospital) 
systematically capture 1- year major adverse cardio-
vascular events.

The study complied with the Declaration of Helsinki 
and was approved by the institutional review board. 
The study protocol, data sharing agreement, and rel-
evant supporting information have been approved by 
institutional review boards in each center. Informed 
consent was waived. The MSC was funded by a grant 
from the American College of Cardiology Accreditation 
Services.

Definitions and Study Outcomes
Adult patients with ST- segment elevation ≥1  mm in 
at least 2 contiguous leads or presumably new left 
bundle- branch block within 24  hours of symptom 
onset were included in the prospective registry. A 
stroke was defined as any cerebrovascular event with 
the loss of neurological function caused by an ischemic 
or hemorrhagic event. Stroke adjudication in patients 
without focal neurological symptoms at presentation 

CLINICAL PERSPECTIVE

What Is New?
• The incidence of in- hospital stroke in patients 

presenting with ST- segment– elevation myocar-
dial infarction is low (0.76%) and has numerically 
increased over the years but without achieving 
statistical significance.

• Patients with in- hospital stroke had a high risk of 
in- hospital mortality (18%).

• Stroke was independently associated with a 
higher risk of 5- year death after surviving the 
initial event.

What Are the Clinical Implications?
• Efforts should be maximized to avoid and im-

mediately manage strokes in patients with 
ST- segment– elevation myocardial infarction 
through meticulous techniques, optimal an-
tithrombotic therapy, and involving the neu-
rointerventional teams early when suspecting 
periprocedural cerebrovascular events.

Nonstandard Abbreviations and Acronyms

IHC Iowa Heart Center
MSC Midwest STEMI Consortium
PPCI primary percutaneous coronary 

intervention
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(unconsciousness, out- of- hospital cardiac arrest, or 
postsurgical state) relied on the presence of neuro-
imaging findings consistent with acute or subacute 
stroke, as determined by neurologist consultant. When 
such findings were absent or ambiguous, strokes were 
deemed to be indeterminate.

We attempted to identify the presumed mecha-
nisms of strokes using 3 key data elements: (1) timing 
of the neurological deficit in relationship to the PPCI 
procedure (intraprocedure or within 6 hours), (2) neu-
roimaging findings (acute findings in a brain territory 
that accounts for the observed neurological deficit, 
hemorrhagic versus ischemic), and (3) neurology con-
sultation. For example, a patient who developed a 
neurological deficit intraprocedure, received IIb/IIIa in-
hibitors, and had intracranial bleeding on neuroimaging 
was classified as probably PPCI related. In contrast, 
a patient with STEMI presenting with untreated atrial 
fibrillation and a stroke with neuroimaging evidence of 
multiple ischemic defects was classified as probably 
related to atrial fibrillation.

Statistical Analysis
Categorical variables were described as numbers and 
percentages. Continuous variables were described 
with median and interquartile range if they had skewed 
distributions. Categorical variables were compared 
across groups using Pearson χ2 or Fisher exact tests. 
Continuous variables were compared across groups 
using Wilcoxon rank- sum test. A P value of ≤0.05 was 
considered statistically significant.

The incidence of in- hospital strokes was calcu-
lated for each year, and the trend over the years was 

analyzed using Poisson regression. A multivariate 
logistic regression analysis was performed to iden-
tify predictors of in- hospital stroke using a backward 
stepwise selection procedure. Variables used in the 
model were based on prior knowledge and included 
age, sex, hypertension, dyslipidemia, diabetes, trans-
fer thrombolytics, out- of- hospital cardiac arrest, and 
pre- PCI cardiogenic shock. The multivariate logistic 
regression analysis was performed in 81 patients of 98 
(excluding patients in IHC as data on transfer throm-
bolytics were not available for that group). The cause 
and stroke mechanisms were adjudicated by review-
ing medical records and neurology notes by trained 
abstractors using standardized data collection forms. 
We collected data on the number of strokes accurately 
adjudicated by neurologists and the percentage of 
brain imaging use.

Long- term outcomes included a 5- year incidence 
of death and MI. Long- term outcomes were estimated 
using the Kaplan– Meier method and compared using 
the log- rank test for mortality and the Gray test for MI, 
with death being a competing event.

We then performed Cox proportional hazard re-
gression analysis to identify predictors of mortal-
ity. Variables used in the model were based on prior 
knowledge and included in- hospital stroke, age, sex, 
hypertension, dyslipidemia, diabetes, out- of- hospital 
cardiac arrest, and pre- PCI cardiogenic shock.

RESULTS
During the study period, a total of 15 123 patients pre-
sented with STEMI to 1 of the 4 MSC sites. Of those, 

Figure 1. The trend of occurrence of stroke in patients presenting with ST- segment– elevation myocardial infarction. 
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12 868 patients had data available on stroke and were 
included in the present analysis. The remainder 2255 
were treated at IHC before 2009. Stroke occurred in 
98 patients (0.76%). The trend of stroke occurrence re-
mained fairly constant over time (0.5% in 2003, 1.2% in 
2019; P- trend=0.22) (Figure 1).

The baseline patients’ and procedural character-
istics in patients with and without in- hospital stroke 

are shown in Table 1. Patients who had strokes were 
older (68 versus 62 years; P<0.001) and were more 
likely to have presented with cardiac arrest (20% ver-
sus 11%; P=0.009), and preintervention cardiogenic 
shock (27% versus 9.1%; P<0.001). Pre- PCI thrombo-
lytics were used in 19% of patients with strokes com-
pared with 12% of patients who did not have strokes 
(P=0.11). In- hospital death was significantly higher for 

Table 1. Baseline Characteristics of the Included Patients

Characteristic

All STEMI No stroke Stroke

P value(n=12 868) (n=12 770) (n=98)

Men, n (%) 9071 (70) 9013 (71) 58 (59) 0.019

Age, median (IQR), y 62 (53– 73) 62 (53– 72) 68 (61– 78) <0.001

BMI, median (IQR), kg/m2 28 (25– 33) 29 (25– 33) 28 (25– 32) 0.5

Cardiovascular risk factors and pre- PCI conditions, n (%)

Hypertension 7840 (62) 7777 (62) 63 (65) 0.7

Dyslipidemia 6957 (56) 6907 (56) 50 (53) 0.6

Diabetes 2825 (22) 2801 (22) 24 (25) 0.7

Smoking 0.019

Current 3574 (37) 3556 (37) 18 (22)

Former 2508 (26) 2486 (26) 22 (28)

History of CAD 3118 (32) 3091 (32) 27 (34) 0.8

Family history of CAD 4991 (43) 4954 (43) 37 (47) 0.6

Prior PCI 3063 (24) 3042 (24) 21 (22) 0.7

Prior MI 2540 (20) 2518 (20) 22 (23) 0.6

Prior CABG 853 (6.8) 845 (6.8) 8 (8.2) 0.7

Prior AICD  
(total n=5901)

>0.9

ICD 231 (3.9) 229 (3.9) 2 (3.8)

Pacemaker 49 (0.8) 49 (0.8) 0

Both 6 (0.1) 6 (0.1) 0

History of CHF 886 (9.2) 867 (9.1) 19 (24) <0.001

History of stroke 303 (4.3) 300 (4.3) 3 (4.5) 0.3

History of TIA 139 (2.0) 136 (2.0) 3 (4.7) 0.14

Cardiogenic shock and out- of- hospital cardiac arrest, n (%)

Pre- PCI cardiogenic shock 1150 (9.3) 1124 (9.1) 26 (27) <0.001

Cardiac arrest 1191 (11) 1173 (11) 12 (12) 0.6

Therapeutic hypothermia following cardiac arrest 0.061

299 (4) 293 (4) 6 (9)

Transfer thrombolytics (n=9986) 1210 (12) 1195 (12) 15 (19) 0.11

Culprit vessel LAD or LM 4080 (33) 4046 (33) 34 (36) 0.6

Discharge disposition <0.001

Discharge to home 9173 (71) 9142 (72) 30 (31)

Discharge to assisted living 212 (1.6) 207 (1.6) 9 (9.2)

Discharge to skilled nursing facility 388 (3.0) 368 (2.9) 39 (40)

Survived to discharge, destination unknown 2329 (18) 2305 (18) 2 (2.0)

Death during hospitalization 757 (5.9) 739 (5.8) 18 (18)

AICD indicates automatic ICD; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CHF, congestive heart failure; 
ICD, implantable cardioverter- defibrillator; IQR, interquartile range; LAD, left anterior descending artery; LM, left main coronary artery; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; STEMI, ST- segment– elevation MI; and TIA, transient ischemic attack.
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patients with in- hospital stroke (18% versus 5.8%; 
P<0.01). Approximately 49.2% of patients who had an 
in- hospital stroke were discharged to a nursing facility 
or assisted living compared with only 4.6% for pa-
tients without in- hospital stroke (P<0.001) (Figure 2).

On multivariate logistic regression analysis, age (in-
crement of 10) (odds ratio [OR], 1.32; 95% CI, 1.10– 
1.58; P- value=0.003) and preintervention cardiogenic 
shock (OR, 2.03; 95% CI, 1.03– 3.78; P=0.032) were 
significantly associated with a higher risk of in- hospital 
stroke (Table S1).

Timing, Cause, and Treatment of Stroke
Data on the characteristics and outcomes of pa-
tients with STEMI who experienced stroke are shown 
in Table 2. The stroke cause was ischemic in 74.5%, 
hemorrhagic in 21.4%, and mixed in 3%. Most of the 
postprocedure strokes were identified >24 hours after 
PPCI (43%). The median time to stroke symptoms after 
PCI was 14  hours (interquartile range, 4– 72  hours). 
Stroke occurred before any intervention in 13% of 
patients and during the procedure in 5%. Of the 21 
patients with hemorrhagic stroke, 4 (22%) received 
thrombolytics and 3 (14%) received IIb/IIIa inhibitors. 
Two of these strokes (13%) occurred in patients on 
extracorporeal membrane oxygenation exposed to 
systemic anticoagulation for >48 hours and found on 
routine computed tomography indicated by extracor-
poreal membrane oxygenation.

PPCI was performed predominantly through the 
femoral approach (81%). The median of the highest 
activated clotting time recorded during PPCI was 
224  seconds (interquartile range, 181– 278  seconds). 
Thrombectomy was only used in 16% of cases and 
mostly was manual thrombectomy (62.5%). Fifteen 

patients received pre- PCI thrombolytics. Of those, 
11 patients had ischemic strokes, and 4 patients had 
hemorrhagic strokes (P=0.50).

Stroke was treated with the endovascular approach 
in only 3.1% of patients. The median length of hospital 
stay was 9  days (interquartile range, 5– 15  days). On 
the basis of the review of medical records and neu-
rology adjudication, the stroke cause was determined 
to be procedure related, related to anoxic brain injury, 
or atrial fibrillation in 21%, 10%, and 7.1% of cases, 
respectively.

Long- Term Outcomes
Long- term outcomes were available for 85% of pa-
tients with stroke who survived the index hospitaliza-
tion (46 of 54). Patients with stroke had a higher risk 
of 5- year mortality (35% versus 14%; P<0.001) but a 
similar risk of MI (4.8% versus 5.6%; P=0.60) (Table S2 
and Figure 3). On Cox regression analysis, stroke was 
independently associated with a higher risk of mortality 
over 5- year follow- up (hazard ratio, 2.01; 95% CI, 1.13– 
3.57; P=0.02) (Table S3).
The summary of the study results is shown in Figure 4.

DISCUSSION
Our study provides the most comprehensive analysis 
and description of strokes in a large, contemporary, 
real- world cohort of patients with STEMI over the past 
2 decades. The principal findings of our study are as 
follows: (1) the incidence of in- hospital stroke in patients 
presenting with STEMI is low (0.76%) and has numeri-
cally increased over the years but without achieving sta-
tistical significance (0.5% in 2003, 1.2% in 2019; P=0.22); 
(2) 1 of 5 strokes associated with STEMI was hemor-
rhagic, and ≈1 in 10 patients had their stroke before PCI; 

Figure 2. Discharge disposition after stroke in patients with ST- segment– elevation myocardial infarction (STEMI). 
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(3) variables associated with a higher incidence of in- 
hospital stroke in patients with STEMI include older age 
and preintervention cardiogenic shock; (4) patients with 
in- hospital stroke had a high risk of in- hospital mortality 
(18%), and approximately half of them were discharged 
to a skilled nursing facility or nursing home; and (5) pa-
tients with STEMI and in- hospital stroke who survived 
the index STEMI have high mortality over the next 5 
years, and stroke was independently associated with a 
higher risk of 5- year death.

The most contemporary data about the incidence 
of stroke in patients with STEMI was derived from 
the administrative Nationwide Inpatient Database. 
It showed a small increase in stroke risk from 2003 
(0.6%) to 2016 (0.96%).11 The incidence of stroke in our 
analysis is concordant with the Nationwide Inpatient 
Database findings. There has been a dramatic in-
crease in the proportion of patients with STEMI with 
high- risk features, including older age, complex anat-
omy, and high- risk pre- PCI conditions, such as cardio-
genic shock and cardiac arrest, which might explain 
the perceived lack of progress despite procedural and 
device enhancements, such as radial access and im-
proved PCI pharmacology.12

Patients with STEMI are at a higher risk of post- 
PCI stroke compared with patients presenting 
with non– ST- segment– elevation acute coronary 

Table 2. Characteristics and In- Hospital Outcomes of 
Patients With STEMI Complicated With In- Hospital Stroke 
From 2003 to 2019

Variable Value (N=98)

Type of stroke (n=95), n (%)

Ischemic stroke 73 (74.5)

Hemorrhagic stroke 21 (21.4)

Both hemorrhagic and ischemic strokes 3 (3)

Transient ischemic attacks 3 (3.1)

Timing of stroke (n=95), n (%)

Presumed to be present before intervention 12 (13)

Intraprocedure 5 (5)

After 0– 6 h 18 (19)

After 6– 12 h 13 (14)

After 12– 24 h 6 (6)

After >24 h 41 (43)

Timing of symptoms (after primary PCI) (n=59), 
median (IQR), h

14 (4– 72)

History of atrial fibrillation (n=95), n (%) 16 (16)

New atrial fibrillation (n=96), n (%)

During the procedure 14 (14)

On admission 1 (1)

During admission 1 (1)

After PCI 2 (2.1)

Postoperative day 3 1 (1.0)

CT head performed, n (%) 83 (85)

MRI brain performed (n=94), n (%) 64 (65)

Neurology adjudicated, n (%) 88 (90)

NIH scale score (n=30), median (IQR) 6 (2– 16)

Access site (n=90), n (%)

Femoral 73 (81)

Radial 13 (14)

Both 3 (3.3)

Antiplatelet given before PCI (n=93)

Clopidogrel, n (%) 36 (39)

Ticagrelor, n (%) 26 (28)

Prasugrel, n (%) 2 (2.2)

None, n (%) 29 (31)

Activated clotting time, median (IQR), s 224 (181– 278)

Use of IIb/IIIa inhibitors (n=92), n (%)

Abciximab 2 (2.2)

Eptifibatide 19 (21)

Tirofiban 4 (4.3)

None 67 (73)

Intravenous anticoagulant given during the case 
(n=91), n (%)

79 (87)

Thrombectomy during the case, n (%) 16 (16)

Cardiogenic shock (all), n (%) 31 (32)

Use of mechanical circulatory support, n (%) 28 (29)

Type of mechanical circulatory support, n (%)

ECMO 3 (11)

 (Continued)

Variable Value (N=98)

Intra- aortic balloon pump 24 (86)

Impella 1 (3)

Out- of- hospital cardiac arrest, n (%) 12 (12)

In- hospital cardiac arrest, n (%) 12 (12)

Shockable rhythm (n=77), n (%) 20 (26)

Use of Lucas chest compression device (n=79), n (%) 7 (8.9)

Therapeutic hypothermia (n=94), n (%) 10 (11)

Anoxic brain injury (n=80), n (%) 10 (13)

Endovascular treatment of stroke, n (%) 3 (3.1)

Length of stay, median (IQR), d 9 (5– 15)

Presumed stroke cause based on review of medical records and 
neurology adjudication, n (%)

Procedure (PPCI) related 21 (21)

Atrial fibrillation 7 (7.1)

Cardiac arrest or anoxic encephalopathy 10 (10.2)

CABG related 1 (1.0)

Aortic plaque embolization 1 (1.0)

Hypertensive emergency 1 (1.0)

Indeterminate 57 (58.1)

CABG indicates coronary artery bypass grafting; CT, computed 
tomography; ECMO, extracorporeal membrane oxygenation; IQR, 
interquartile range; MRI, magnetic resonance imaging; NIH, National 
Institutes of Health; PCI, percutaneous coronary intervention; PPCI, primary 
PCI; and STEMI, ST- segment– elevation myocardial infarction.

Table 2. Continued
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syndrome and stable angina.11 The cause of strokes 
in patients presenting with STEMI is heterogeneous 
and multifactorial.4 The presence of an intracoro-
nary thrombus was also found to be independently 
associated with periprocedural stroke.3 Additional 

possible mechanisms include vascular inflamma-
tion13 and the risk of hemorrhagic stroke with potent 
antithrombotic/antiplatelet drugs. Previous studies 
have found multiple variables independently asso-
ciated with post- PCI stroke, including older age, 
use of intra- aortic balloon pump, intervention to a 
saphenous vein graft, carotid disease, cardiogenic 
shock, atrial fibrillation, and low ejection fraction.2,4,11 
Although the history of a previous stroke was iden-
tified as a significant predictor for stroke after coro-
nary artery bypass grafting,14,15 this association has 
not been found with PCI in our analysis. The low in-
cidence of stroke in our study might prevent a more 
detailed analysis of stroke predictors.

In our analysis, 90% of strokes were adjudicated 
by a neurologist, and most of them had brain imaging 
(85% had head computed tomographic scans, and 
65% had brain magnetic resonance imaging scans). 
Therefore, we can provide a reliable analysis of this 
rare complication. Despite rigorous evaluation, stroke 
cause could not be determined in 60% of cases, with 
only 21% being considered a PCI complication. About 
1 in 5 patients had hemorrhagic strokes. Although it 
is a rare event (21 patients over 20  years), the me-
dian of the highest activated clotting time recorded 
during PCI procedures was 224  seconds, repre-
senting a high degree of awareness by operators to 
bleeding complications in general, which should help 
mitigate the risk of hemorrhagic stroke. In our analy-
sis, endovascular treatment of stroke was rare. This 

Figure 3. Kaplan– Meier estimates of 5- year mortality 
in patients with vs without in- hospital stroke in patients 
presenting with ST- segment– elevation myocardial infarction.
PCI indicates percutaneous coronary intervention.

Figure 4. Summary of the study results.
CT indicates computed tomography; MRI, magnetic resonance imaging; PCI, percutaneous coronary intervention; and STEMI, ST- 
segment– elevation myocardial infarction.
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can be partly attributed to some patients having hem-
orrhagic strokes (21%) and others’ stroke related to 
anoxic brain injury (10%) or stroke timing before any 
intervention (13%). However, cardiologists should raise 
awareness to detect and triage patients who would 
benefit from ischemic stroke intervention. This can be 
achieved by broader use of stroke alert teams, allow-
ing prompt evaluation of patients and quick interven-
tions if indicated.

Our study highlights the devastating outcomes of 
in- hospital stroke in patients presenting with STEMI, 
both during the initial hospitalization and after dis-
charge. The occurrence of in- hospital stroke was as-
sociated with a high risk of in- hospital death (18%). 
It also led to significantly higher discharge rates to 
a nursing facility or assisted living, which negatively 
impacts the lifestyle and outcomes of these patients. 
Previous studies have shown that only 60% of pa-
tients discharged to a nursing facility were eventu-
ally discharged home.16 Similarly, previous studies 
demonstrated a higher risk of both in- hospital mor-
tality and 1- year mortality with post- PCI stroke.2,11,17 
Our study, however, is the first to report long- term 
data for this cohort of patients, and it showed a con-
tinued higher risk of death up to 5  years (35%). In- 
hospital stroke was associated with a doubling of the 
risk of death at 5 years after adjusting for important 
covariates, suggesting the stroke itself might be re-
sponsible for the excess mortality. Efforts should be 
maximized to prevent this devastating complication, 
and hospitals should be ready for immediate endo-
vascular intervention, when indicated, to prevent its 
long- term sequelae.

Limitations
Our study has limitations. It is a retrospective analy-
sis with the inherent limitations of selection bias and 
measured and unmeasured confounders. Second, 
certain essential variables that might affect long- term 
mortality or MI in these patients, such as the Syntax 
score, were not available and could not be further 
analyzed. Third, adjudication of stroke mechanism is 
challenging in the population with STEMI because of 
multiple cardiovascular risk factors, presence of hemo-
dynamic instability, and late presentations, which may 
limit diagnostic testing. The process used for stroke 
adjudication relied on timing of symptoms, neuroimag-
ing findings, and neurology consultation. The sensitiv-
ity and specificity of this approach is unknown. Fourth, 
some variables (activated clotting time, MCS, and type 
of access) were not routinely captured in all patients 
with STEMI participating in MSC, in particular during 
the first 10 years of the study. Therefore, we are unable 
to compare patients with and without strokes on these 
variables. Finally, given the small number of patients 

with strokes, the study’s power to identify predictors of 
stroke is limited.

CONCLUSIONS
In patients presenting with STEMI, the risk of stroke is 
low (0.76%). A stroke in patients presenting with STEMI 
is associated with significantly higher in- hospital (18%) 
and long- term mortality (35% at 5 years). Stroke was 
associated with double the risk of 5- year death.

ARTICLE INFORMATION
Received June 2, 2021; accepted September 7, 2021.

Affiliations
Minneapolis Heart Institute at Abbott Northwestern Hospital, Minneapolis, 
MN (M.M., B.O., M.W.D., R.G., S.S., S.G.); The Carl and Edyth Lindner Center 
for Research and Education at The Christ Hospital, Cincinnati, OH (M.Y., 
T.D.S., T.D.H.); Iowa Heart Center, Des Moines, IA (E.T., M.T.); and Prairie 
Cardiovascular Consultants at St John’s Hospital, , Springfield, IL (F.A.).

Sources of Funding
Minneapolis Heart Institute Foundation provided funding for this project.

Disclosures
Dr Garcia reports consulting for BSCI, Medtronic, Edwards Lifesciences, 
and Abbott Vascular. Dr Garcia has received institutional grant support from 
Edwards Lifesciences, Medtronic, BSCI, and Abbott Vascular. The remaining 
authors have no disclosures to report.

Supplementary Material
Tables S1– S3

REFERENCES
 1. Hilliard AA, From AM, Lennon RJ, Singh M, Lerman A, Gersh BJ, 

Holmes DR, Rihal CS, Prasad A. Percutaneous revascularization for 
stable coronary artery disease: temporal trends and impact of drug- 
eluting stents. JACC Cardiovasc Interv. 2010;3:172– 179. doi: 10.1016/j.
jcin.2009.11.013

 2. Fuchs S, Stabile E, Kinnaird TD, Mintz GS, Gruberg L, Canos DA, 
Pinnow EE, Kornowski R, Suddath WO, Satler LF, et al. Stroke compli-
cating percutaneous coronary interventions: incidence, predictors, and 
prognostic implications. Circulation. 2002;106:86– 91. doi: 10.1161/01.
CIR.00000 20678.16325.E0

 3. Korn- Lubetzki I, Farkash R, Pachino RM, Almagor Y, Tzivoni D, Meerkin 
D. Incidence and risk factors of cerebrovascular events following car-
diac catheterization. J Am Heart Assoc. 2013;2:e000413. doi: 10.1161/
JAHA.113.000413

 4. Kawamura A, Lombardi DA, Tilem ME, Gossman DE, Piemonte TC, 
Nesto RW. Stroke complicating percutaneous coronary intervention in 
patients with acute myocardial infarction. Circ J. 2007;71:1370– 1375. 
doi: 10.1253/circj.71.1370

 5. Guptill JT, Mehta RH, Armstrong PW, Horton J, Laskowitz D, James S, 
Granger CB, Lopes RD. Stroke after primary percutaneous coronary 
intervention in patients with ST- segment elevation myocardial infarction: 
timing, characteristics, and clinical outcomes. Circ Cardiovasc Interv. 
2013;6:176– 183. doi: 10.1161/CIRCI NTERV ENTIO NS.112.000159

 6. Shoji S, Kohsaka S, Kumamaru H, Sawano M, Shiraishi Y, Ueda I, 
Noma S, Suzuki M, Numasawa Y, Hayashida K, et al. Stroke after per-
cutaneous coronary intervention in the era of transradial intervention: 
report from a Japanese Multicenter Registry. Circ Cardiovasc Interv. 
2018;11:e006761. doi: 10.1161/CIRCI NTERV ENTIO NS.118.006761

 7. Gershlick AH, Khan JN, Kelly DJ, Greenwood JP, Sasikaran T, Curzen N, 
Blackman DJ, Dalby M, Fairbrother KL, Banya W, et al. Randomized trial 
of complete versus lesion- only revascularization in patients undergoing 

https://doi.org/10.1016/j.jcin.2009.11.013
https://doi.org/10.1016/j.jcin.2009.11.013
https://doi.org/10.1161/01.CIR.0000020678.16325.E0
https://doi.org/10.1161/01.CIR.0000020678.16325.E0
https://doi.org/10.1161/JAHA.113.000413
https://doi.org/10.1161/JAHA.113.000413
https://doi.org/10.1253/circj.71.1370
https://doi.org/10.1161/CIRCINTERVENTIONS.112.000159
https://doi.org/10.1161/CIRCINTERVENTIONS.118.006761


J Am Heart Assoc. 2021;10:e022489. DOI: 10.1161/JAHA.121.022489 9

Megaly et al Stroke in Patients With STEMI

primary percutaneous coronary intervention for STEMI and multivessel 
disease: the CvLPRIT trial. J Am Coll Cardiol. 2015;65:963– 972. doi: 
10.1016/j.jacc.2014.12.038

 8. Vranckx P, Frigoli E, Rothenbühler M, Tomassini F, Garducci S, Andò 
G, Picchi A, Sganzerla P, Paggi A, Ugo F, et al. Radial versus femoral 
access in patients with acute coronary syndromes with or without ST- 
segment elevation. Eur Heart J. 2017;38:1069– 1080. doi: 10.1093/eurhe 
artj/ehx048

 9. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intrave-
nous thrombolytic therapy for acute myocardial infarction: a quantitative 
review of 23 randomised trials. Lancet. 2003;361:13– 20. doi: 10.1016/
S0140 - 6736(03)12113 - 7

 10. Yildiz M, Sharkey S, Aguirre FV, Tannenbaum M, Garberich R, Smith 
TD, Shivapour D, Schmidt CW, Pacheco- Coronado R, Rohm HS, et 
al. The Midwest ST- elevation myocardial infarction consortium: design 
and rationale. Cardiovasc Revasc Med. 2021;23:86– 90. doi: 10.1016/j.
carrev.2020.08.019

 11. Alkhouli M, Alqahtani F, Tarabishy A, Sandhu G, Rihal CS. Incidence, 
predictors, and outcomes of acute ischemic stroke following percuta-
neous coronary intervention. JACC Cardiovasc Interv. 2019;12:1497– 
1506. doi: 10.1016/j.jcin.2019.04.015

 12. Garcia S, Schmidt CW, Garberich R, Henry TD, Bradley SM, Brilakis 
ES, Burke N, Chavez IJ, Eckman P, Gössl M, et al. Temporal changes 

in patient characteristics and outcomes in ST- segment elevation myo-
cardial infarction. Catheter Cardiovasc Interv. 2021;97:1109– 1117. doi: 
10.1002/ccd.28901

 13. Lombardo A, Biasucci LM, Lanza GA, Coli S, Silvestri P, Cianflone 
D, Liuzzo G, Burzotta F, Crea F, Maseri A. Inflammation as a possi-
ble link between coronary and carotid plaque instability. Circulation. 
2004;109:3158– 3163. doi: 10.1161/01.CIR.00001 30786.28008.56

 14. Stamou SC, Hill PC, Dangas G, Pfister AJ, Boyce SW, Dullum MK, Bafi 
AS, Corso PJ. Stroke after coronary artery bypass: incidence, predic-
tors, and clinical outcome. Stroke. 2001;32:1508– 1513. doi: 10.1161/01.
STR.32.7.1508

 15. Herlitz J, Wognsen GB, Haglid M, Hartford M, Hjalmarson A, Karlsson 
T, Karlson BW. Risk indicators for cerebrovascular complications after 
coronary artery bypass grafting. Thorac Cardiovasc Surg. 1998;46:20– 
24. doi: 10.1055/s- 2007- 1010178

 16. Hakkarainen TW, Arbabi S, Willis MM, Davidson GH, Flum DR. 
Outcomes of patients discharged to skilled nursing facilities after acute 
care hospitalizations. Ann Surg. 2016;263:280– 285. doi: 10.1097/
SLA.00000 00000 001367

 17. Cronin L, Mehta SR, Zhao F, Pogue J, Budaj A, Hunt D, Yusuf S. Stroke 
in relation to cardiac procedures in patients with non– ST- elevation acute 
coronary syndrome. Circulation. 2001;104:269– 274. doi: 10.1161/01.
cir.104.3.269

https://doi.org/10.1016/j.jacc.2014.12.038
https://doi.org/10.1093/eurheartj/ehx048
https://doi.org/10.1093/eurheartj/ehx048
https://doi.org/10.1016/S0140-6736(03)12113-7
https://doi.org/10.1016/S0140-6736(03)12113-7
https://doi.org/10.1016/j.carrev.2020.08.019
https://doi.org/10.1016/j.carrev.2020.08.019
https://doi.org/10.1016/j.jcin.2019.04.015
https://doi.org/10.1002/ccd.28901
https://doi.org/10.1161/01.CIR.0000130786.28008.56
https://doi.org/10.1161/01.STR.32.7.1508
https://doi.org/10.1161/01.STR.32.7.1508
https://doi.org/10.1055/s-2007-1010178
https://doi.org/10.1097/SLA.0000000000001367
https://doi.org/10.1097/SLA.0000000000001367
https://doi.org/10.1161/01.cir.104.3.269
https://doi.org/10.1161/01.cir.104.3.269


 

 

 

SUPPLEMENTAL MATERIAL 

 



Table S1. Variables associated with increased risk of in-hospital strokes with STEMI. 

 Odds ratio Lower 

95% 

CI  

Upper 

95% 

CI 

P-

value 

Age, per 10 years 1.32 1.10 1.58 0.003 

Female 1.54 0.94 2.50 0.08 

Out of hospital CA 1.93 0.97 3.64 0.051 

Pre-intervention cardiogenic 

shock 

2.03 1.03 3.78 0.032 

 

CI: confidence interval 

 



Table S2. Long-term outcomes in STEMI patients with vs. without in-hospital stroke. 

Outcome Stroke (n=66) No stroke (n=6,941) log-rank p value 

Death n (%) 23 (35) 966 (14) <0.001 

Myocardial infarction n (%) 3 (4.8) 389 (5.6) 0.600 

 



Table S3. Variables independently associated with 5-year mortality. 

 Hazard Ratio Lower 

95% 

CI  

Upper 

95% 

CI 

P-

value 

In-hospital stroke 2.01 1.13 3.57 0.02 

Age, per 10 years 1.93 1.79 2.08 <0.001 

Female 0.95 0.79  1.14 0.58 

Diabetes 1.68 1.39 2.04 <0.001 

Hypertension 1.51 1.22 1.87 <0.001 

Dyslipidemia 1.03 0.85 1.24 0.77 

Pre-PCI cardiogenic shock  1.76 1.34 2.30 <0.001 

LVEF at PCI: <35 2.16 1.74 2.69 <0.001 

LVEF at PCI 35-50 1.32 1.08 1.63 0.01 

LAD Culprit 0.83 0.69 1.01 0.06 

 

PCI: percutaneous coronary intervention; LAD: left anterior descending artery; LVEF: left 

ventricular ejection fraction. 

 

 

 

 


