
Objectives: "to develop an algorithm for accurate and rapid exclusion and diagnosis of AMI after 1 hour using a cutoff below the 99th percentile and compare it with the recommended 3-hour approach." (p. 398)
Methods: This study aimed to derive a protocol to exclude non-ST elevation myocardial infarction (NSTEMI) using an initial and one-hour high sensitivity cardiac troponin I (hs-cTnI) assay, then validate that protocol using cohorts from previously reported studies (the 2-Hour Accelerated Diagnostic Protocol to Assess Patients With Chest Pain Symptoms Using Contemporary Troponins as the Only Biomarker trial [ADAPT] and Advantageous Predictors of Acute Coronary Syndrome Evaluation Study [APACE]). The derivation cohort was prospectively recruited in the emergency department of the University Medical Center Hamburg-Eppendorf from July 19, 2013 to December 31, 2014. Adult patients older than 18 years presenting with chest pain or other symptoms suggestive of acute MI (AMI) were eligible for inclusion. Patients with STEMI were excluded.
All patients had blood drawn at admission, after 1 hour, and after 3 hours. Primary diagnosis was adjudicated by two cardiologists who were unaware of hs-cTnI results (with a third cardiologist refereeing in cases of disagreement). An optimal hs-cTnI cutoff to exclude NSTEMI of 6 ng/L, at admission and after 1 and 3 hours, was calculated to provide the highest negative predictive value (NPV) and maximal number of patients with AMI excluded. Algorithms that included hs-cTnI levels of >6 ng/L combined with an increase or decrease of at least 12 ng/L at 1 or 3 hours were considered to identify NSTEMI.

For the derivation cohort, 1040 patients were enrolled with a median age of 65 years; 64.7% were male. Fifty-seven patients with STEMI were excluded, leaving 983 patients for derivation. The two validation cohorts (ADAPT and APACE) included 1748 and 2261 patients, respectively. In the ADAPT study, hs-cTnI levels were measured at admission and 2 hours, while levels in the APACE study were measured at admission and after 1 hour.

	Guide
	Comments

	I.
	Are the results valid?
	

	A.
	Did clinicians face diagnostic uncertainty?
	Yes. Patients presenting to the ED with chest pain or other symptoms concerning for possible AMI were included. While some of these patients ruled in for AMI, many were eventually diagnosed with non-cardiac causes of chest pain. While there are many clinical decision rules that can assist in making this differentiation (HEART score, GRACE score, TIMI score), most of these include or rely on cardiac troponin testing to aid in risk stratification.

	B.
	Was there a blind comparison with an independent gold standard applied similarly to all patients?                                      

(Confirmation Bias)
	Yes. While there is no single gold standard for diagnosis of NSTEMI, the authors used an adjudicated final diagnosis as the reference criterion in this study. The authors specifically note that two cardiologists "who were unaware of the study troponin I data" performed this process, with a third cardiologist to referee in cases of disagreement.


	C.
	Did the results of the test being evaluated influence the decision to perform the gold standard? 

(Ascertainment Bias)
	Not specifically. Again, there was no true gold standard in this study, and adjudicated diagnosis was used as the reference criterion. While details were not provided, it is likely that the results of hs-cTnI and the algorithms derived did influence decisions about further testing, to include cardiac stress testing and cardiac catheterizations, which could have influenced the final adjudicated diagnoses, hence leading to differential and partial verification bias.

	II.
	What are the results?
	

	A.
	What likelihood ratios were associated with the range of possible test results?
	Derivation Cohort

The diagnostic test characteristics for rule-out and rule-in algorithms for diagnosis of NSTEMI are provided in the tables below.
For the rule-out algorithm:

· Initial troponin alone had LR- and LR+ values of 0.13 and 2.36.

· 1-hour algorithm had LR- and LR+ values of 0.05 and 2.09.

· 3-hour algorithm had LR- and LR+ values of 0.02 and 1.96.

For the rule-in algorithm:

· Initial troponin alone had LR- and LR+ values of 0.13 and 2.36.

· 1-hour algorithm had LR- and LR+ values of 0.41 and 29.9.

· 3-hour algorithm had LR- and LR+ values of 0.23 and 24.25.

· Twelve-month mortality in the derivation cohort was 4.2% overall, and was 1.0% in the rule-out population, 6.7% in the rule-in population, and 8.2% in the "gray-zone" population.
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Validation Cohorts
· In the ADAPT cohort (2-hour diagnostic algorithm) the rule-out algorithm had a negative predictive value of 99.7% (95% CI 99.2% to 99.4%) at 2 hours; the rule-in algorithm had a positive predictive value of 81.5% (95% CI 75.3% to 86.3%).

· In the APACE cohort, the NPV at 1 and 3 hours for the rule-out algorithm was 99.2% (95% CI 98.4% to 99.2%) and 99.1% (95% CI 97.1% to 99.8%), respectively. The PPV for the rule-in algorithm at 1 and 3 hours was 80.4% (95% CI 75.1% to 84.9%) and 68.8% (95% CI 59.2% to 77.3%).

	III.
	How can I apply the results to patient care?
	

	A.
	Will the reproducibility of the test result and its interpretation be satisfactory in my clinical setting? 
	Yes. The hs-cTnI assay used in this study is widely available and the algorithms used to diagnose AMI could easily be used in our institution.

	B.
	Are the results applicable to the patients in my practice?
	Yes. We routinely provide care for patients with undifferentiated chest pain. Current standard of care is to check serial cardiac enzymes in these patients, but that is based on a conventional (rather than high sensitivity) troponin assay. Use of a high sensitivity assay that allows disposition based on a one-hour algorithm would potentially reduce ED length of stay and improve patient satisfaction.

	C.  
	Will the results change my management strategy?
	No. While this study demonstrates moderately helpful negative likelihood ratios for the rule-out algorithm, we are unable to calculate 95% confidence intervals for these values and hence cannot reliably exclude a wide enough interval to deem them worthless. The authors did not apply any sort of risk stratification tools to these patients to identify those at low risk, and hence identify the post-test probability of disease in such patients. Furthermore, the authors did not attempt to identify the threshold for further testing (serial cardiac enzymes, stress test, cardiac catheterization) based on the risks of missed diagnosis and the risks/benefits of testing. Additionally, the authors do not discuss the management of the "gray zone" patients (which represent nearly half the cohort) and it is very unclear how this large group should be handled.

	D. 
	Will patients be better off as a result of the test?
	Uncertain. As noted above, identification of a test threshold for further testing and determination of the post-test probability of disease based on risk-stratified pre-test probability would be helpful to determine how to use these findings. If a 1-hour algorithm hs-cTnT is found to be sufficient to exclude disease in low-risk patients, it could potentially decrease ED length of stay and improve patient satisfaction


Limitations:
1. The final outcome of the study (i.e. the reference criterion) was diagnosis of AMI based on adjudication by two independent cardiologists. The authors mention that they were blinded to study troponin results but do not mention how they were able to make this diagnosis without any cardiac enzyme data available. Additionally, this is not a patient-centered outcome, and the authors did not look at need for revascularization or early cardiac mortality.

2. It is likely that the results of hs-cTnI and the algorithms derived influenced further testing and hence could have influenced the final adjudicated diagnoses via differential and partial verification bias.

3. The authors report negative and positive predictive values for their results, failing to consider that such value are entirely dependent on disease prevalence and hence may not be externally valid. Likelihood ratios would have been more useful as they can be used with pre-test probability to determine the likelihood of disease in those with negative and positive results.
4. The authors did not perform risk stratification, did not identify the post-test probability of disease, and did not attempt to identify the threshold for further testing based on the risks of missed diagnosis and the risks/benefits of testing, limiting the utility of these study's results.

5. The authors provide little information on how patients in the "gray zone" should be managed and what further testing they should undergo.
Bottom Line:
This prospective study sought to derive and validate both rule-in and rule-out algorithms for patients presenting with chest pain or equivalent using hs-cTnI testing at presentation and at one hour. Their rule-out algorithm had a LR- of 0.05 and the rule-in algorithm had a LR+ of 29.9, but 95% confidence intervals could not be calculated. Nearly half of patients ended up neither ruling in nor out, but their management was not discussed further. Similar results were obtained when validating these algorithms in 2 additional cohorts.
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