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Abstract 
 
Studies of Troponin have reported very high diagnostic value 
as reported by analysis of sensitivity and specificity via 
receiver operatory characteristic (ROC) area under the curve 
(AUC) close to 1 (no tradeoff between sensitivity and 
specificity). At a mid-sized academic community hospital 
where many patients have not had prior medical care in a 
decade, we found very different results: there is a sizeable 
subset of patients who have low AUC, indicating a significant 
drop in specificity at the usual “normal limit” threshold. 
Troponin I in our community hospital at lab recommended 
diagnostic threshold had a sensitivity of 57% and specificity of 
71%. We found a high false positive rate in patients who have 
MAP ≥ 100, GFR ≤ 45, or Age ≤ 50. Area under the curve of 
the ROC plot for this group was 0.644 compared to patients 
who had none of these three findings and who had a total area 
under the curve of 0.858. These differences offer major 
savings in cost-effective strategic planning for management of 
patients with elevated troponin I. 
 
Introduction 
 
Cardiovascular disease is the leading cause of death in the 
United States. Myocardial infarction occurs in 1.5 million 
people per year in the United States.1 In 2011, acute 
myocardial infarction cost $11.5 billion and 612,000 hospital 
days.2 One of the most common laboratory tests ordered for 
chest pain is troponin I levels (TNI). TNI is a 209 amino acid 
protein, which is a structural protein in heart muscle. It binds 
to actin in thin myofilaments to hold the actin-tropomyosin 
complex in place. When myocardial damage occurs, TNI 
spills into the circulation and is measured by multiple assays 
that are available on the market. Reichlin et al3 compared three 
assays of TNI and one assay of troponinT, plotted receiver 
operating characteristic plots and found high areas under the 
curve (AUC) for various TNI assays to be 0.96, 0.95, and 
0.96.3 Furthermore, troponinT had an area under the curve of 
0.96. Corresponding to these high AUC values, Keller et al4 
showed that the sensitivity and specificity of TNI to be 90.7 
and 90.2, respectively.4 This group also showed the positive 
predictive value and negative predictive value to be 86.7 and 
84.1, respectively. In our research, we examine the impact of 
confounding factors on the predictive accuracy of TNI in an 
indigent community. For example, patients with a MAP ≥ 100 
tend to have ventricular hypertrophy and chronic TNI 
spillover into the blood. Patients with GFR ≤ 45 may have 
impaired clearance of TNI resulting in elevated lab result.  

 
 
Those patients who are ≤ 50 years of age are less likely to 
have cardiovascular disease, which promotes false positive 
elevated TNI level. 
 
Methods 
 
Between January 2013 and May 2014, 133 people had a 
dobutamine (DSE) or treadmill stress test and had TNI levels 
drawn around the time of the stress test. In that same time 
interval, predictive accuracy of DSE at our institution was 
established versus cardiac catheterization to have 95% 
accuracy for actionable coronary disease.5 In the current study, 
we looked at all patients who had an elevated TNI level 
followed in 3 weeks or less by diagnostic stress testing. For 
this study, a stress test result was counted as POSITIVE for 
evidence of coronary disease if a patient had a new drop in 
ejection fraction to less than 55% or drop from prior >5%, 
stress induced ischemic ECG changes (ST shift >0.1 mV), or 
new segmental wall motion abnormalities. If a patient had 
chest pain maximal at peak but no ECG or imaging diagnostic 
changes, the stress test was counted as inconclusive. These 
criteria were applied to avoid underestimation of clinical true 
positives for TNI elevation related to myocardial injury. The 
population was divided into two subgroups. Group B included 
patients with at least one of the prior reasons a TNI elevation 
may be false positive: MAP ≥ 100, GFR ≤ 45, or Age ≤ 50. 
Group A was everyone with none of these three confounders. 
The null hypothesis was that differences were random; our 
alternate hypothesis (H1) was significant change in ROC AUC 
(e.g., a higher rate of falsely elevated TNI level in the 
presence of confounder factors).  
 
Sensitivity and specificity were calculated directly using a 4 x 
4 table. Receiver operating characteristic plot was calculated 
using an online program from Johns Hopkins University.6 The 
method of Delong et al7 for the calculation of the Standard 
Error of the Area Under the Curve (AUC) and the methods of 
Hanley & McNeil7,8 for the calculation of the Standard Error 
of the Area Under the Curve (AUC) and of the difference 
between two AUCs were used to generate the p value to 
compare Group A and Group B.  
 
 
 
 
 

http://en.wikipedia.org/wiki/Actin


Results 
 
Of the 133 people who had dobutamine echo or a treadmill 
stress test, 10 subjects had an inconclusive result (e.g., 
progressive chest pain but no evidence of induced wall motion 
abnormality). These 10 cases were excluded from the study. 
Of the 123 remaining cases, 4 were true positive, 82 were true 
negative, 34 were false positive, and 3 were false negative. 
Using the lab standard threshold for TNI elevation at 0.05 
ng/mL, these corresponded to sensitivity of TNI of 57% and 
specificity of 71%. Using the methods described above to plot 
the ROC curve of the overall results, the total area under the 
curve was calculated to be .681 (Figure 1).  
 
These 123 patients were further subdivided into Group A and 
Group B. Group B was patients with a MAP ≥ 100, or GFR ≤ 
45, or Age ≤ 50. Group A was everyone else. This gave a total 
of 86 patients in Group B and 37 patients in Group A. Of the 
86 patients in Group B, 3 were true positive, 3 were false 
negative, 25 were false positive, and 55 were true negative. Of 
the 37 patients in Group A, 1 was true positive, 0 were false 
negative, 9 were false positive, and 27 were true negative. 
After plotting the ROC curves for Group A and Group B, the 
area under the curve (AUC) for Group A and Group B were 
calculated. Group A area under the curve (AUC) was .644 and 
Group B area under the curve (AUC) was .858 (Figure 2). 
Using the diagonal as a standard operating point threshold, 
when the Group A sensitivity is 60%, the false positive rate is 
0.40 (specificity 60%). When Group B sensitivity is 85%, the 
false positive rate is 0.25 (specificity 75%). When using the 
lab cutoff for these same groups, Group A had a sensitivity of 
100% and specificity of 75%, while Group B had a sensitivity 
of 50% and specificity of 69%. 
 
Discussion 
 
Our study showed that TNI has the sensitivity of 57% and 
specificity of 71% in detecting myocardial injury or inducible 
ischemia. This is in contrast to multiple studies claiming that 
TNI has the sensitivity and specificity approaching 99%. 
These differences are substantial and have major 
consequences on cost. If TNI were 99% accurate, we might be 
obliged to send every patient to an outside facility for 
interventional catheterization at a cost exceeding $10,000 per 
incident. Knowledge of confounding factors that lower TNI 
accuracy to a coin flip changes management strategy. TNI can 
be elevated due to normal cardiac enzymes spillover, renal 
failure, or non-coronary cardiac stress. Furthermore, it is 
expected that a certain subgroup of the population will have an 
elevated TNI without it necessarily representing any clinically 
significant myocardial injury. As we demonstrated, patients in 
Group B, which included patients with a MAP ≥ 100, or GFR 
≤ 45, or Age ≤ 50, is a group that has a high rate of elevated 
TNI with no subsequent evidence of myocardial injury or 
coronary disease. Recently, the American College of 
Cardiology has acknowledged limitations of TNI by 
recommending that positives be interpreted in conjunction 
with independent evidence for coronary ischemia.9 
 
 
 
 

Limitations 
 
There are several limitations in the study that affect policy 
considerations. First, in this study we used a dobutamine or a 
treadmill stress test as a surrogate for clinically significant 
coronary disease. A minority also had catheterization proven 
“clean coronaries” while a majority declined catheterization. 
Cardiac catheterization in all cases would be more definitive. 
The high predictive accuracy for lack of coronary disease with 
the definition of negative findings as used in this study 
indicates that was not a major issue. Second, a larger number 
of cases with a greater number of false negatives would 
improve the power of the study. Third, the study was done in a 
county hospital, which serves a specific subgroup of the 
population with particular socioeconomic and cultural 
backgrounds. Fourth, we did not distinguish between the 
absolute values of the TNI.  
 
Conclusions 
 
TNI (TNI) is not reliable in all settings. In particular, patients 
with hypertension (mean arterial pressure > 100 mmHg), renal 
impairment (glomerular filtration rate <60%), or youth (age 
<50) have distinctly lower predictive accuracy of TNI 
elevations. Particular care to confirm evidence for coronary 
ischemia should factor into decisions to perform 
catheterization in such patients. 
 
Figures and Table. 
 
Figure 1. This ROC plot represents the cumulative data for all 
the patients. 
 

 
 
 
 
 
 
 



Figure 2. The red curve is Group B (MAP ≥ 100, GFR ≤ 45, 
or Age ≤ 50). The blue curve is Group A (none of the 
confounding factors). 
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Table 1. 
LAB “cutoff” Sensitivity Specificity 

Group A 100% 75% 

Group B 50% 69% 

Group A (None of the confounding factors) 
Group B (MAP ≥ 100, GFR ≤ 45, or Age ≤ 50) 
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