Admission troponin measurement for the diagnosis of myocardial infarction - the search for one and done continues.

Professor Paul Collinson. Departments of Clinical Blood Sciences and Cardiology, St George’s University Hospitals NHS Foundation Trust and St George’s University of London, Cranmer Terrace London SW17 0QT, UK
Running title	Admission troponin and risk scores
Words		1326 words
Figures	0
Tables		0
Keywords
Cardiac troponin
Cardiac troponin I
Cardiac Troponin T
Risk Scoring
Chest Pain
Acute Coronary Syndromes
Correspondence to: Professor Paul Collinson. Department of Clinical Blood Sciences, St George’s University Hospitals NHS Foundation Trust, Cranmer Terrace,  London SW17 0QT, UK.
Tel 0208 725 5934				Fax 0208 725 5838
Email: paul.collinson@stgeorges.nhs.uk 

Abstract 
Rapid diagnosis or exclusion of acute myocardial infarction based on a single admission troponin measurement is a highly attractive option and has been endorsed by the European Society of Cardiology. It is accepted that risk factor scoring is required in addition to troponin measurement. The paper reviewed in this editorial suggests that the current scoring system included in the guidelines, the Global Registry of Acute Coronary Events score may not be appropriate and also highlights differences between findings from clinical study populations and audit of routine clinical practice. 

The ideal test for confirmation or exclusion of acute myocardial infarction (AMI) would be a single test on admission that was 100% sensitive and 100% specific. It would also fully explain the cause of the patients symptoms. Although the Star Trek tricordor has these abilities, this technology is not currently available. Diagnostic strategies in AMI have evolved from the electrocardiogram (ECG) to ECG plus daily cardiac enzyme measurements. Subsequently came serial measurements of creatine kinase and its MB isoenzyme over 4 to 8 hours from admission. Now we are in the cardiac troponin (cTn) era. But we want the diagnosis now.

The original use of cTn was a single measurement 10-12 hours from admission to provide a dichotomous diagnosis of AMI or not. Subsequent improvements in measurement technology for cTn plus the redefinition of AMI with cTn as the defining test, has had unintended consequence(1). It has been clearly demonstrated that cTn elevations occur in myocardial infarction but also in acute and chronic myocardial injury. Indeed acute and chronic myocardial injury now accounts for more cases of cTn elevation in patients presenting to the Emergency Department (ED) than AMI(2). The development of high sensitivity cTn assays has brought this to its logical conclusion. It must be remembered that high sensitivity assays are not measuring a different form of cTn. By definition, they measure with an analytical imprecision (the ability to measure repeated values reliably) of <10% at the 99th percentile of a reference population and will detect cTn in >50% of healthy normals. In practice this means troponin can be measured down to very low levels in most patients and that those measurements are repeatable at very low levels. Analytical imprecision is often 5% or less at low cTn values.
  
The ability to measure low levels reliably and repeatedly (with low imprecision) has produced an evolution in the diagnostic strategies in patients presenting with chest pain?acute coronary syndromes (ACS). Initially diagnosis was based on a rising troponin which then exceeded the 99th percentile (the upper limit of normal). The advent of hs troponin assays reduced the time frame required for diagnosis. Initially, measurement was performed on admission then 6 and 12 hours from admission. This evolved to measurement on admission and 6 hours from admission, then to measurement of admission and 3 hours from admission. This strategy is based on the ability of high sensitivity assays to detect change earlier. Use of admission and 3 hour measurement was endorsed by the European Society of Cardiology (ESC) in guidelines(3) and by health technology assessment(4). More recently, rapid diagnostic algorithms have been developed which utilise the ability to measure low levels of troponin accurately plus the ability to measure repeated values reliably (with low imprecision). These algorithms have two components. The first is an admission measurement to define a very low troponin value which will be predictive (hence prognostic) of the risk of a cardiac event, AMI or death, over the index admission and a subsequent follow up period, typically 30 days. The initial measurement is therefore not diagnostic but based on the probability that the initial measurement will predict the probability that a subsequent measurement, taken 10-12 hours later, would exceed the diagnostic threshold (the 99th percentile).The second component utilises two measurements taken a short time interval apart (typically 1 to 2 hours). Evidence of a rising cTn indicates active myocardial necrosis, presumed due to AMI, is occurring. Failure of the two values to change significantly indicates that either there is no active myocardial necrosis or the troponin value reflects a chronic elevation.
  
There is widespread acceptance that cTn measurement alone cannot be used as the sole criterion to confirm or exclude myocardial infarction and that additional data is required. Clinical judgement alone is a relatively poor decision strategy(5) although clinical assessment of the patient remains essential. Combination of troponin measurement with the presence of a normal ECG has been shown to be an effective strategy. In a meta-analysis of studies there was variable sensitivity for rule out for the combination of a very low cardiac Troponin T plus normal ECG although the pooled analysis supported such an approach(6). A widespread strategy has been to use a risk scoring system. A variety of scoring systems have been proposed. The current guidelines of the European Society Cardiology (ESC) include a recommendation for use of the Global Registry of Acute Coronary Events score (GRACE) score(3).

The current study by Marcusohn and colleagues has some very interesting findings to add to the debate on what constitutes an optimal strategy for single test rule out(7). They have performed a large retrospective cohort study of patients investigated for suspected ACS but managed by conventional rather than a rapid rule out algorithm. All patients had troponin measurement performed using a high sensitivity cardiac troponin I (cTnI) assay, the Abbott architect assay. A minimum of two samples were taken. The initial blood sample was taken six hours or more from admission. 60 day follow-up for major adverse cardiac events was available and the GRACE score could be calculated on all of them. They have selected those patients in whom the presentation cTnI was <5 ng/L and calculated the GRACE score for this group of patients.

This cohort therefore provides an excellent opportunity to evaluate the value of the GRACE score and a validation of a single troponin for rule out on admission. 9236/13800 (66.9%) of the patients evaluated had cTnI <5 ng/L with full data available on 7705/9236 (83.4%). Overall, the 60 day event rate was 2.3% but there were significant differences when the patients were split according to GRACE score. Patients with a score <109 had significantly lower risk of adverse events. One of the most powerful predictors was age. Age less than 53 years alone had a negative predictive value of 99.1%. They found that a lower threshold for GRACE score of 73 was required to achieve a negative predictive value of 99%.

This study raises two questions. First, whether it is appropriate to use a scoring system not developed in a low risk chest pain population for risk stratification for rule out. It would support the view that specific scoring systems developed for rule out in the Emergency Department are more appropriate. The corollary is that the recommendations in the current ESC guidelines need to be revisited. The findings by by Marcusohn and colleagues are consistent with others who have directly compared the GRACE score with other scoring systems(8, 9). Hence, although the GRACE score may be appropriate once a diagnosis of acute coronary syndrome has been made, it should be reserved for the ACS population and not used as part of a rule out strategy.

The second question is the event rate observed in this study. Overall the 60 day event rate was 2.3%. In a previous study which first suggested a diagnostic discriminant of <5 ng/L the 30 day event rate (for death or AMI) was 0% and only 0.6% at one year(10). Similar low event rates have been reported elsewhere(11). Does this therefore represent the difference between audit of routine clinical practice compared with research orientated studies, where a Hawthorne effect may occur? Or, does it represent a difference in population studied or subsequent treatment during follow-up. Is interesting to note that a recent reported clinical trial comparing rapid diagnosis using cTn compared with conventional diagnostic strategies (although the conventional diagnosis arm used a decision limit of twice the upper reference limit for troponin) reported a 1% event rate at 30 days(12).

Rapid diagnosis based on admission troponin plus clinical scoring is an attractive option and from is performed to date seems likely to be safe. However, the correct clinical scoring system needs to be selected, based on an appropriate population, and critically evaluated. This scoring system should then be incorporated into the decision-making algorithm. Most importantly, the time for observational studies of rapid diagnostic strategies is passed and well-designed prospective randomised controlled trials need to be performed.
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