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Assessment of relationship between acute ischemic stroke and heart disease
— protocol of a prospective observational trial
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Background. Stroke and acute myocardial infarction are the leading causes of death and disability in industrialized
countries. Multiple interactions exist between the various forms of cardiovascular and cerebrovascular diseases, and risk
factors for development of stroke and major cardiovascular events are similar. There is currently no clear link between
acute coronary syndrome and stroke, although it has been repeatedly described. In addition, there are currently no
clear recommendations for how to proceed in the case of signs of myocardial damage in patients with acute stroke
and how to manage the next follow-up.

Methods-Design. In this prospective observational trial, 500 consecutive ischemic stroke patients admitted at the
Comprehensive Stroke Center will be enrolled within 12 h from stroke onset. The set of examinations will consist of: 1)
Acute brain computed tomography or magnetic resonance imaging 2) Laboratory tests: A) within 12 h from stroke onset:
NT pro B-type of natriuretic peptide, pro-atrial natriuretic peptide, creatinekinase MB, troponin T (cTnT), interleukin 6,
procalcitonin, high sensitive C-reactive protein and D-dimers. B) control level of cTnT after 4 h from admission C) non-
acute laboratory samples within 60 h from stroke onset: glycated haemoglobine, serum lipids; 3) Electrocardiogram
(ECG) on admission and 4 h from stroke onset; 4) Transesophageal or transthoracal echocardiography and 24-h ECG-
Holter within 15 days from stroke onset; 5) Neurosonological examination within 60 h from stroke onset; 6) Thirty
patients with a positive finding of acute myocardial ischemia (ECG, cTnT) will be examined by coronary angiography
(CAG); 7) Epidemiological data will be acquired.

Statistics. The epidemiological characteristics of the whole sample of patients; correlation between differences be-
tween group of cardioembolic ischemic stroke patients and group of patients with ischemic stroke of another etiology;
correlation of infarction volume on DWI-MRI with the level of cTnT; correlation of the ECG findings with the level of cTnT
and clinical signs; correlation of the CAG findings with level of cTnT and ECG findings will be statistically evaluated at
the 5% level of statistical significance.

Conclusion. The main goal of the project is to improve identification of patients with acute coronary syndrome and
with concurrent acute ischemic stroke as these patients require specific treatment and secondary prevention of isch-
emic events.

Trial registration. Clinicaltrials.gov NCT01541163.
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INTRODUCTION

Stroke and acute myocardial infarction are the leading
causes of death and disability in industrialized countries’.
Multiple interactions exist between the various forms of
cardiovascular and cerebrovascular diseases, and risk fac-
tors for the development of stroke and major cardiovas-
cular events are similar?. After acute myocardial injury,
stroke incidence is markedly increased, particularly early
after the cardiac event®®. Likewise, in patients surviving

cerebrovascular diseases, other manifestations of cardio-
vascular disease, particularly coronary artery disease, are
the main causes of long-term mortality®’.

There is currently no clear link between acute coro-
nary syndrome and stroke, although it has been repeatedly
described®!®. Due to the acute stroke, clinical symptoms
of acute coronary syndrome may be blurred and, cause of
the association between acute stroke and acute coronary
syndrome has not yet been completely verified. There
are two main theories: 1) myocardial damage caused by
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neuromediation during stroke brain damage and, 2) the
combination of underlying ischemic heart disease and
acute stroke. The latter theory is preferred.

Ischemic heart disease in the elderly may goes un-
noticed because of memory impairment, absence of
symptoms, and diminished patient physical activity'.
Moreover, symptoms of acute coronary syndrome are
often blurred because stroke is more severe, making it
difficult for patients to cooperate and adequately report
symptoms - due to cognitive impairment, speech distur-
bances, agitation, delirium and other disorders of con-
sciousness". In addition, coronary angiography (CAG)
in acute stroke patients could be dangerous and there are
currently no clear recommendations on how to proceed
in the case of signs of myocardial damage in patients with
acute stroke and how to manage the next follow-up.

AIM OF THE TRIAL

The aim of the project is to clarify the relationship
between acute ischemic stroke and concomitant heart
disease. The etiology of ischemic stroke will be classified
according the TOAST classification'® and presence of all
known risk factors will be investigated. The biochemical,
imaging and clinical parameters and markers of possible
coexisting acute heart disease will be investigated in the
prospective study in acute ischemic stroke patients. In se-
lected patients, analysis of the correlation between stroke
volume on brain DWI-MRI scans and troponin T (cTnT)
levels and correlation between cTnT levels, ECG, clinical
symptoms and findings on CAG will be performed.

Analysis of acquired data will identify the patient
group with concomitant heart disease, which requires
the specific treatment strategy and secondary prevention.

METHODS-DESIGN

Working hypothesis

Thanks to detailed further cardiologist investigation
(echocardiography, Holter ECG, CAG), it will be pos-
sible to assess the incidence of acute coronary syndrome
and other heart diseases in acute stroke patients. Owing
to detailed brain imaging (MRI), it will be possible to
correlate acute coronary with potential neuromediation
in acute stroke patients caused by direct brain damage.

Using complex cardiological examination we predict:
1) more accurate detection of patients with concomitant
heart disease (cardiac rhythm disorder, valve disorders,
acute coronary syndromes, cardiac thrombus and myxo-
ma, atrial and ventricular septum defects) and 2) higher
number of etiologically determined IS, which is crucial
for accurate secondary prevention.

We predict significant changes in biochemical pa-
rameters (NT pro B-type of natriuretic peptide, pro-atrial
natriuretic peptide, creatine kinase MB, cTnT), inflam-
matory markers (interleukin 6, procalcitonin, high sen-
sitive C-reactive protein), and coagulation parameters
(D-dimers) in patients with cardioembolic ischemic stroke
compared to other causes of ischemic stroke.

Assessing the glomerular filtration of cystatin C, gly-
cated haemoglobin and serum lipids and its correlation
with prior medication will allow us to evaluate the long-
term compensation of arterial hypertension, diabetes mel-
litus and dyslipidemia in ischemic stroke patients.

Patients

The enrolment of 500 consecutive ischemic stroke pa-
tients within 12 h from ischemic stroke onset, who will be
admitted at the Comprehensive Stroke Center during the
period 2009 - 2014 is planned. Inclusion and exclusion
criteria are listed in Table 1.
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Fig. 1. Study flow chart.

Red ellipses - Outcome measures, Blue boxes - Study population, Gray boxes - Excluded population.
CAG, coronary angiography; CT, computed tomography; cTnT, troponin T; ECG, electrocardiogram; MR, magnetic resonance; TEE, trans-

esophageal echocardiography.
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria 1
2
3

. Acute ischemic stroke, confirmed by CT or MR cerebral imaging
. Enrolment within 12 h after symptoms onset
. The ability and willingness to sign the informed consent

1
2
3

Exclusion criteria
. Age < 18 years

. Pregnancy

. Other etiology of symptoms than ischemic stroke

4. Probable survival of less than 7 days

CT, computed tomography; MR, magnetic resonance.

Diagnostics

Flow chart of the project with planned examinations
is presented in Fig. 1.

Physical and neurological examination: Physical and
neurological examinations will be performed by certified
investigators using the National Institute of Health Stroke
Scale (NTHSS) to evaluate stroke severity and to grade
neurological deficit!*?° and modified Rankin scale (mRS)
to evaluate the degree of disability? 2. Patients will be
scored on admission and on hospital discharge, which is
typically between Day 6 and Day 10 after hospital admis-
sion.

Imaging: All patients will undergo chest X-ray ex-
amination. Whenever possible, brain imaging will be
done using 1.5T MRI Siemens Symphony (Siemens
AG, Erlangen, Germany) or 1.5T MRI Siemens Avanto
(Siemens AG, Erlangen, Germany) instrument Statistical
correlation of the infarction volume on DWI-MRI with
serum c¢TnT level will be done in patients with acute brain
MRI examination. Patients contraindicated for MRI will
be examined with cerebral computed tomography using
GE Light Speed VCT64 (GE Healthcare Europe, Buc,
France) apparatus.

Laboratory tests: Laboratory tests will be performed in
the certificated laboratories of the Department of Hemato-
oncology and Department of Clinical Biochemistry,
University Hospital Olomouc. The following tests will be
performed in patients meeting the inclusion criteria (be-
side the standard laboratory tests performed in all acute
stroke patients, i.e. tests for electrolytes, renal and liver
functions parameters, blood count, basic coagulation):

A) acute laboratory markers within 12 h from stroke
onset: NT pro B-type of natriuretic peptide, pro-atrial na-
triuretic peptide, creatine kinase MB, c¢TnT, interleukin
6, procalcitonin, high sensitive C-reactive protein and
D-dimers,

B) control level of ¢cTnT within 4 h from the collection
of acute laboratory markers,

C) non-acute laboratory markers within 60 h from
stroke onset: glycated haemoglobine, serum lipids, coagu-
lation parameters, genetic examination. For details, and
normal values of the used specific methods see (Table 2).

Electrophysiology: Electrocardiogram (ECG) will
be performed on admission and 12 h after stroke onset.
Examination of 24-h ECG Holter monitoring will be
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performed using Philips DigiTrak XT machine (Philips
Healthcare, Best, Netherlands).

Coronary angiography: Thirty patients with a positive
finding of acute myocardial ischemia (ECG, ¢TnT) will
be examined by CAG.

Echocardiography: Transesophageal echocardiogra-
phy or transthoracic echocardiography investigations
will be performed using GE Ultrasound Vingmed Vivid
7 Dimension (GE Healthcare Technologies,Waukesha,
WI, USA) instrument equipped with transthoracic mul-
tifrequnce matrix ultrasound probe and multiplanar
probe for transesophageal examination with possibility
of off-line analysis speckle tracking echocardiography.
All Doppler applications include tissue doppler echocar-
diography, quantitative TVI analysis and echocontrast,
velocity profiles, strain/strain rate profiles, analysis of
amplitude, anatomic M-mode.

Neurosonology: Ultrasound examination of carotid,
vertebral and cerebral arteries will be performed within
24 h from stroke onset using Phillips HD 11SE (Phillips,
Bothel, WA, USA) apparatus.

Medical history: Epidemiological data will be col-
lected - age, gender, nicotine and alcohol consumption,
previous history of stroke or peripheral embolism, his-
tory of other vascular diseases (coronary artery disease,
peripheral artery disease, carotid artery stenosis, heart
failure and atrial fibrillation), history of vascular risk fac-
tors (diabetes mellitus, atrial fibrillation, hyperlipidemia,
arterial hypertension, coagulopathy) and administration
of appropriate treatment.

Statistics

Statistical evaluation will be performed at the Depart-
ment of Medical Biophysics, Faculty of Medicine and
Dentistry, Institute of Molecular and Translational
Medicine, Palacky University Olomouc. The epidemio-
logical characteristics of the whole sample of patients;
correlation between differences between group of patients
with cardioembolic ischemic stroke patients and group of
patients with ischemic stroke of another etiology; correla-
tion of the infarction volume on DWI-MRI with the level
of ¢TnT; correlation of the ECG findings with the level of
¢TnT and cardiac clinical signs; correlation of the CAG
findings with the level of cTnT and ECG findings will be
statistically evaluated at 5% level of statistical significance
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Table 2. Laboratory tests.

test method normal values
Coagulation aPTT COAG 22-36s
parameters prothrombin time COAG 70 - 101%
fibrinogen COAG 1.8 -45¢g/L
D-dimers LIA 0 - 0.24 ug/mL
thrombin time COAG 10-18s
factor 11 COAG 80 - 130%
factor VIII COAG 60 - 140%
factor IX COAG 73 - 130%
factor XI COAG 77 - 130%
vWEF: Ag LIA 61 - 158%
vWF: activity LIA 40 - 163%
protein C CHROM 72 - 146%
free protein S LIA F: 53 - 109%; M: 65 - 129%
APC resistance COAG negative (R = 1.95 to 9.00); positive (R < 1.95)
antitrombin CHROM 75 - 125%
plasminogen CHROM 89 - 112%
o-2-antiplasmin CHROM 75 - 120%
tPA ELISA 2.0 - 8.0 ng/mL
PAI-1 ELISA 7 - 43 ng/mL
lupus anticoagulant dRVVT negative (R < 1.20); positive (R > 1.20)
TAFI ELISA 83.5 - 132.5%
Clinical cholesterol ECT 2.9 - 5.0 mmol/L
biochemistry triacylglycerols ECT 0.45 - 1.7 mmol/L
HDL-cholesterol ECT, DHM F: 1.2 - 2.7 mmol/L; M: 1.0 - 2.1 mmol/L;
LDL-cholesterol IT 1.2 - 3.0 mmol/L
Apolipoprotein Al IT F:11-19g/L;M:1.0- 1.7 g/L
Apolipoprotein B IT 0.5-1.2¢g/L
Lipoprotein (a) IT 0.0-0.3g/L
C-reactive protein IT 0.0 - 5.0 mg/L
Interleukin-6 ECLIA 1.5 - 7.0 mg/L
procalcitonin ECLIA 0.0 - 0.5 ug/L
troponin T ECLIA 0.0 - 0.014 pg/L
NT-pro BNP ECLIA 0,1 - 125 ug/L
CK-MB mass ECLIA F: 1.0 - 2.88 ug/L; M: 1.35 - 4.94 pg/L
cystatin C IT 1 - 50 years: 0.55 - 1.15 mg/L
> 50 years: 0.63 - 1.44 mg/L
CDT HPLC 0.0 - 1.9%
pro-ANP TRACE 85.2 pmol/L for 97.5% percentile
glycated haemoglobin (HbAlc) HPLC 0.0 - 43.0 mmol/mol
Gepeti(.: factor V Leiden, FIIG20210A polymorphism, MTHFR polymorphism, PAI polymorphism
examination ’ ’ ’

Ag, antigen; ANP, Atrial Natriuretic Peptide; APC, Activated Protein C; aPTT, activated Partial Thromboplastin Time; CDT, Carbohydrate
Deficient Transferrin; CHROM, Chromogenic Method; CK-MB, Creatine Kinase MB; COAG, Coagulation Method; DHM, Direct Homogeneous
Method; dRVVT, dilute Russell's Viper Venom Time; ECLIA, Electrochemiluminescence Immunoassay; ECT, Enzymatic Colorimetric Test;
ELISA, Enzyme-Linked Immunosorbent Assay; HDL, High-Density Lipoprotein; HPLC, High-Performance Liquid Chromatography; IT,
Immunoturbidimetric Test; LDL, Low-Density Lipoprotein; LIA, Latex Inmuno-Assay; MTHFR, Methylenetetrahydrofolate Reductase; NT-pro
BNP, N-Terminal pro Brain Natriuretic Peptide; PAI-1, Plasminogen Activator Inhibitor-1; TAFI, Thrombin Activatable Fibrinolysis Inhibitor;
tPA, tissue Plasminogen Activator; TRACE, Time Resolved Amplified Cryptate Emission; vVWF, von Willebrand Factor.
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using the Mann-Whitney U test, Student t-test, x2-test,
ANOVA and regression analysis.

Ethics

The entire study and was approved by the Local
Ethics Committees of University Hospital Olomouc in
December 2009 and will be conducted in accordance with
the Helsinki Declaration of 1975 (as revised in 2004 and
2008). Trial registration was performed in February 2012
(clinicaltrials.gov NCT01541163).

DISCUSSION

There are a number of challenges to diagnosing acute
coronary syndrome in patients with acute ischemic stroke:
due to impaired consciousness, confusion, speech dis-
turbances, modification of clinical signs and laboratory
factors. Moreover, no specific guidelines exist for the man-
agement of patients with coincidence of acute ischemic
stroke and acute coronary syndrome.

A similar theme of the association between acute
ischemic stroke and heart disease is under investigation
in the TRELAS (TRoponin ELevation in Acute isch-
emic Stroke) trial, in which the primary objective is to
assess the frequency and the underlying pathomecha-
nism of cTnT elevation in acute ischemic stroke pa-
tients?>. TRELAS is a prospective, observational, single
center, matched-pair controlled trial conducted by the
Center for Stroke Research Berlin and the Department
of Cardiology at the Campus Benjamin Franklin of the
Charité University Hospital, Berlin, Germany. The study
plans to include 29 consecutive patients with imaging-
confirmed stroke admitted within 72 h after symptoms
onset to the Department of Neurology with cTnT el-
evation (i.e. > 0.05 ug/L) and normal serum creatinine
(£ 1.2 mg/dL), in whom CAG will be carried out within
the next 72 h. The control group should consist of 29 age-
and gender-matched patients with non-ST-elevation- ACS
(NSTE-ACS), thus showing elevated cTnT levels above
0.05 pg/L. The control group allows comparison with re-
gard to frequency of culprit lesions and left ventricular
(LV) dysfunction.

The primary hypothesis of TRELAS is that ¢TnT el-
evation in acute stroke patients is generally not caused
by coincidental myocardial infarction. Thus, TRELAS
authors predict angiographic culprit lesions to occur less
frequently in patients with acute stroke and elevated ¢TnT
than in patients with NSTE-ACS. Further, they hypoth-
esize that strokes affecting the insular cortex can be found
more often in patients with increased ¢TnT than in those
with normal ¢TnT. A further secondary hypothesis is that
LV global cardiac dysfunction occurs more frequently in
stroke patients with increased cTnT than in patients with
NSTE-ACS. Therefore, the findings of the left ventricu-
lography will serve as an outcome measure.
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CONCLUSION

The main goal of the project is to improve identifica-
tion of patients with acute coronary syndrome and with
concurrent acute ischemic stroke as these patients require
specific treatment and secondary prevention of ischemic
events.

ABBREVIATIONS

CAG, coronary angiography; cTnT, troponin T; DWI-
MRI, diffusion-weighted imaging - magnetic resonance
imaging; ECG, electrocardiogram; MRI, magnetic reso-
nance imaging; TOAST classification, Trial of Org 10172
in Acute Stroke Treatment clasiffication; TVI, Tissue
Velocity Imaging.
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