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Study Background:
Stroke is one of the leading causes of morbidity and mortality in New Zealand and each year over 7000 New Zealanders suffer from stroke. [1] Stroke can result in not only long-term disability but patients have increased risk of cardiovascular complications. The published literature suggests up to 35% of acute ischaemic strokes have elevated cardiac enzymes associated with myocardial ischaemia, such as troponin I or T. 
 ADDIN EN.CITE 
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 Postulated mechanisms for these changes include neurohormonal overdrive,  over secretion of acute stress-related peptides and concomitant thrombotic/non-thrombotic myocardial damage. 
 ADDIN EN.CITE 
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Several studies have investigated the role of cardiac enzymes in predicting short- and medium-term outcome after a stroke. Only one study provided long-term follow up with respect to mortality, [6] and no study has addressed future risk of coronary artery disease or performed follow-up cardiac stress investigations in patients exhibiting signs of cardiac damage during an acute cerebrovascular event. 

At this stage the significance of elevated troponin I in acute stroke and its relationship to coronary artery disease remains unanswered. 

Study Objective:

To determine if a relationship exists between an elevated troponin level during acute stroke and future risk of cardiac ischaemia, mortality and functional outcome.
Study methods:

These were detailed in the initial application for innovation fund.
Results:

Between 5th January 2010 and 10th June 2010, 160 consented patients were included in the study. One patient has subsequently withdrawn consent for phone call follow-up. Six patients, their families or general practitioner were unable to be reached using the available phone contact.  Hence three month follow-up data is available for 153 patients. The principal investigator moved to a different hospital as part of training, and due to the inability to continue with consecutive recruitment the investigators decided to stop recruitment.
Patient demographics:
Of the 160 patients, 140 (87.5%) had ischaemic stroke. Patients were between 38 and 97 years of age and 84 (52.5%) patients were male. The median NIHSS score was 6. Partial anterior circulation event (PACI) was the most common subtype of ischaemic stroke. The most common vascular risk factors were history of hypertension and hyperlipidaemia. Approximately one-third of the patients had atrial fibrillation and 3% had a mechanical heart valve. Table 1 illustrates the demographic features and stroke characteristics of the study population. 

	
	Number (%)
	Troponin I ≥ 0.1

n = 18
	Troponin I< 0.1

n=142

	Male
	84 (52.5%)
	9 (50%)
	75 (52.8%)

	Ischaemic stroke
	137 (85.6)
	15 (83.3%)
	122 (85.9%)

	Age*
	69.4
	70.3
	69.3

	TACI
	25 (18.2%)
	7
	18

	PACI
	49 (35.8%)
	5
	44

	LACI
	36 (26.3%)
	0
	36

	POCI
	27 (19.7%)
	3
	24

	Haemorrhagic stroke
	23 (14.3%)
	3
	20

	NIHSS on admission**
	6
	15.5
	5

	History of TIA/Stroke
	44 (27.5%)
	            3 (16.7%)
	           40 (28.2%)

	Hypertension
	114 (71.3%)
	            5 (27.8%)
	101 (71.1%)

	Hyperlipidaemia
	118 (73.4%)
	8 (44.4%)
	100 (70.4%)

	Diabetes Mellitus
	50 (31.3%)
	4 (22.2%)
	46 (32.4%)

	Current Smoker
	29 (18.1%)
	2 (11.1%)
	27 (19%)

	Obesity
	30 (18.8%)
	2 (11.1%)
	28 (19.7%)

	Atrial Fibrillaion / Flutter
	49 (30.6%)
	6 (33.3%)
	22 (15.5%)

	IHD
	43 (26.9%)
	5 (27.8%)
	32 (22.5%)

	Mechanical valve
	6 (3.8%)
	1 (5.6%)
	5 (3.5%)

	Table 1 patient demographics

*mean age in years **median NIHSS


Troponin I rise and outcome:

Troponin I levels were collected between 1 hr and 72 hours of stroke symptom onset. One hundred and forty one patients (88.2%) had at least two serial troponin I measured. We were unable to collect a second troponin test for the remaining patients due to unavailability of investigators after hours.
Eighteen patients (11.3%) have an acute troponin I level of ≥ 0.1mg/L, which is considered to be elevated (“High Troponin” group). Compared to those without a significant initial troponin I level (“Low Troponin” group), patients in the High Troponin group were older (mean age 70.3 years vs 69.3 years), and had more severe strokes (median NIHSS 15.5 vs 5). Twelve patients died during hospital admission; three (16.7%) patients from the High Troponin group compared to nine (6.3%) patients from the Low Troponin group. 

Three month follow-up information is available for 153 (96.2%) patients; 17 patients in the High Troponin group and 136 patients from the Low Troponin group. In the High Troponin group, four (23.5%) patients had died by three months and of the 13 (76.5%) surviving patients, 6 (35.3%) had remained independent with a modified Rankin Score of two or less.   In the Low Troponin group, 21 (15.4%) patients had died by three months. Of the survivors, 85 (62.5%) remained independent despite having mild disability. The data is presented in Table 2. 
	90 day outcome
	Troponin ≥0.1, n=17*
	Troponin <0.1, n=136*
	p value** 



	Death
	4 (23.5%)
	21 (15.4%)
	p= 0.41

	Myocardial infarct+ 
	4 (23.5%)
	5 (3.7%)
	p= 0.01

	Myocardial infarct+ after index stroke
	0
	3 (2.2%)
	

	Good outcome, mRS ≤2 
	6 (35.3%)
	85 (62.5%)
	p=0.038

	Barthel Index ≥80
	8 (47.1%)
	87 (64%)
	p=0.19

	Table 2 – 90 day outcome data  
*follow up information available ** p value calculated using chi-squre
+ Diagnosis of myocardiac infarction requires 2 out of 3 of ischaemic chest pain, ischaemic ECG changes and a troponin I level > 0.04 mg/L


Significant new or presumed new ischaemic ECG changes using the predefined criteria were noted in 25 (15.6%) patients, four patients were from the High Troponin group (Table 3). Six patients fulfilled the criteria for myocardial infarction on the basis of their ECG changes and troponin level at the time of the index admission, including four patients from the High Troponin group. Three patients subsequently had a myocardial infarction after their index admission and all had negative initial troponin levels (see table 2 and 3). No patients had reported acute or recent chest pain during their index stroke.
	
	Troponin > 0.1 mg/L,  n = 18
	Troponin <0.1 mg/L n=142

	New or presumed new ischaemic ECG changes
	4
	21

	ST elevation
	2
	2

	ST depression
	0
	4

	T wave inversion
	2
	10

	Q waves
	0
	2

	LBBB
	0
	2

	MI at time of stroke
	4
	2

	Total number MI within 90 days of stroke
	4
	5

	Table 3 – ECG changes and diagnosis of myocardial infarction


Discussion
We found a significant troponin I elevation in 11.3% of patients presenting with acute stroke. Patients in this group are older, have more severe stroke, and higher rates of cardiac arrhythmia and coronary artery disease. These patients have a higher risk of 90 day mortality (23.5% vs 15.4 %) and functional dependence (64.7% vs 37.5%) when compared to those patients without a Troponin rise. This observation is partly accounted for by the more severe strokes observed in the High Troponin group, and all these patients had non-lacunar strokes. Intracerebral pathology such as stroke is associated with cardiac enzyme derangements via neurohormonal activation of the autonomic nervous system. Our observations indicate troponin I elevation to be a marker of stroke severity, and hence a prognostic indicator of short-term outcome.
Six patients (3.8%) fulfilled the diagnostic criteria for myocardial infarction at the time of the acute stroke, with three (1.9%) other patients developing MI subsequent to their index event. A significantly larger proportion (22.2% vs 1.4%) of the High Troponin group patients fulfilled the diagnostic criteria for myocardial ischaemia on admission. While this could be coincidental (due to patients already fulfilling the biochemical criterion for MI), an underlying coronary arterial insufficiency, particularly in patients without history of coronary artery disease cannot be ruled out. This is likely underestimated as dysphasic patients or patients with altered level of consciousness may be unable to give a history of chest pain. Interestingly, we have not been able to correlate an increased risk of subsequent short-term cardiac events in patients with an initial high troponin. This may possibly be due to the larger number of surviving patients in the Low Troponin group and therefore more patients are at risk. An alternative explanation is that troponin elevation reflects patient with acute myocardial ischaemia and stroke complicating the myocardial event, and with intensification of medical therapy during admission the short term recurrent risk may have been reduced. 

Objectives achieved:

The primary aim of this study was to demonstrate the value of troponin I in acute stroke in predicting the risk of future cardiac ischaemia. We have not been able to conclusively demonstrate a firm relationship between an initial abnormal troponin level and risk of developing myocardial ischaemia in the following three months. This is despite a higher proportion of patients in the High Troponin group being diagnosed with MI using predefined criteria, the risk of these patients subsequent to the index stroke does not appear to be increased. This is likely due to the small number of patients in the High Troponin group, and a study with larger numbers and possibly a longer period of follow-up would be required to answer this important clinical question. While it is disappointing not to be able to achieve this objective, this study has provided a stepping stone for a further larger study to take place in the future.
The secondary objective was the value of troponin level in risk stratifying patients with acute stroke. We have achieved this objective by demonstrating acute stroke patients with a high initial troponin level are at a higher risk of poor outlook at least in the short-term. 

Benefits:
One of our goals was to increase the awareness of patient and family on secondary vascular outcomes particularly with respect to cardiac health. During phone call follow up with patients and their family, the primary investigator believes that there is an increased awareness by the participants and family of the need to better monitor their vascular risk factors and overall health. 
We hope the dissemination of study results via publication will provide physicians with another means of identifying high risk stroke patients and to better prognosticate. This would enable communication of the expected risks and outcome to patient, family and GPs to ensure that close surveillance and appropriate rehab needs are put in place to assist patient reintegration and future health risk reduction in the life after stroke.

Expenditure

The budget for this study was $4334 as set out in table below. The actual amount used was $1425.70 consisting mainly of laboratory costs associated with performing troponin I. We have allowed for 20 hours of professional service from the biostatistician when the study completes its final follow up in June 2012, as this is a report of the short term outcomes we have not required the services of biostatistician.  The cost associated with stationery composed of 3 large A4 folders at $5.95 each and 5 reams of paper at $20.74.
	BUDGET ITEMS
	AMOUNT REQUESTED ($)
	AMOUNT USED ($)

	Personnel 

	$0)
	$0 

	Consumables


	$500
	$38.6 

	Database – MS Excel
	$0
	$0

	Professional services

· Statistical analysis (20 hours x 85 per hour) 2
· Additional services…


	$1700


$xxx
	$0


$xxx

	Other

Additional troponin I levels - $10.67 (inc GST) per patient x 200
	$2134
	$1387.10

	TOTAL

(Maximum available $10,000)
	$4334
	$1425.70
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