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Abstract

Background: The soon to be implemented state-wide introduction of high-
sensitivity troponin assays will allow the use of a lower threshold in identifying 
patients with acute myocardial infarction (AMI). Whether this assay will be too 
sensitive and therefore produce increased false positive results is still unclear. 
We aim to investigate whether a significantly elevated cardiac troponin using 
the current troponin assay (cTnI) will result in a clinical diagnosis of AMI.

Methods: A retrospective study was performed at a Queensland Hospital 
with all cTnI ordered across a single month reviewed. Patients who were 
diagnosed with Non ST-Elevation Myocardial Infarction or ST-Elevation 
Myocardial Infarction were labelled as having an AMI.

Results: In total, 944 investigations were ordered for 628 patients. Using 
the hospital laboratory cutoff of >0.040 μg/L(>99th percentile) for significance, 
a positive result was obtained in 105 patients (16.7%) and a negative result 
in 523 patients (83.3%). The positive troponin results were attributed to AMI 
(20%), congestive heart failure (20%), sepsis (19%), tachyarrhythmias (16.2%), 
renal failure (8.6%), airway disease (8.6%), pulmonary embolism (3.8%) and 
others - pericarditis, post angioplasty etc (3.8%). cTnI was found to be highly 
sensitive (100%, 95%CI 84-100%) and specific (86%, 95%CI 83-89%) for AMI. 
However, only 21 (3.3%) of 628 patients investigated received a diagnosis of 
AMI. The positive predictive value was poor (20%, 95% CI 13-29%), with the 
negative predictive value absolute (100%, 95% CI 99-100%).

Conclusion: Current troponin assays were found to be highly sensitive and 
specific in diagnosing AMI. However, its poor positive predictive value may be 
contributed by inappropriate requests.

Legend
ABS Apical Ballooning Syndrome
ACS Acute Coronary Syndrome

AIHW Australian Institute of Health and Welfare
AMI Acute Myocardial Infarct
CI Confidence Interval

CtnI Cardiac Troponin I
CTNT Cardiac Troponin T
CVA Cerebrovascular Accident
ECG Electrocardiography

hscTn-I High Sensitivity Cardiac Troponin I
NSTEMI Non ST-Elevation Myocardial Infarction

PE Pulmonary Embolism
STEMI ST-Elevation Myocardial Infarction
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Introduction
Chest pain is one of the most common presenting 

complaints in emergency departments, with the Australian 
Institute of Health and Welfare (AIHW) estimating around 
157,000 acute myocardial infarction (AMI) related hospital 
admissions a year1. The term myocardial infarction refers 
to cell death of cardiac myocytes caused by ischemia and 
can clinically present as chest pain, diaphoresis, jaw and 
upper extremity discomfort. Due to the numerous ways in 
which a patient with AMI can present, cardiac biomarkers 
(troponin I and T) play a pivotal role in the diagnosis of 
AMI2. A key component of diagnosing AMI consists of having 
the value of troponin that exceeds the 99th percentile of a 
reference control group2.

The use of troponin I (cTnI) is fairly limited in the first 
few hours of AMI as levels of cTnI can take about 6 hours 
to increase3. The sensitivity of cTn assays increases from 
10% to 45% within the first hour of the onset of pain to 
more than 90% at 8 or more hours3. Specificity reduces 
from 87% to 80% from 1 to 12 hours after symptom 
onset3. 

An increase in cTnI indicates myocardial damage; 
however, this is not restricted to myocardial damage from 
coronary plaque rupture/occlusion which would yield a 
diagnosis of AMI4. Myocardial damage can be associated 
with secondary ischaemic injury as well as non-ischaemic 
myocardial injury4,5. Thus, an elevation of cTnI is also often 
seen in other conditions such as sepsis, tachyarrhythmias, 
chronic kidney disease, congestive cardiac failure, chronic 
obstructive pulmonary disease, pericarditis, pulmonary 
embolism, intracranial haemorrhage, and endurance 
exercise, amongst others4,5.

The introduction of highly sensitive cTn assays (hscTn-I) 
permits the ability to detect troponin at a lower threshold 
which can help identify AMI at an earlier rate6,7. However, 
increased sensitivity comes at the expense of decreased 
specificity, leading to a decreased positive predictive 
value of AMI6,7. This could result in a larger proportion of 
positive troponin levels, further adding to many clinicians’ 
diagnostic difficulties6,7.

With the state-wide adoption of hscTn-I on the horizon, 
this study aims to investigate whether an elevated troponin 
using the current troponin assay levels actually correlate to 
the diagnosis of AMI.

Methods
All troponins ordered in an Australian district 

hospital across 1 month were reviewed. Initial troponin 
assays ordered were to evaluate for AMI in patients who 
complained of chest pain. Subsequent troponin assays 
ordered for the same patient were to evaluate troponin 
trend (Table 1). Positive troponin was defined as using 

the laboratory cutoff >0.040 μg/L (>99th percentile) 
for significance. Each patient who had a troponin test 
ordered was then reviewed using hospital electronic 
medical records.  Patients who were given the impression 
or diagnosis of Non ST-Elevation Myocardial Infarction 
(NSTEMI) or ST-Elevation Myocardial Infarction (STEMI) 
by a treating doctor were labelled as having an acute 
myocardial infarction.

Results
In total, 944 cTnI investigations were ordered. 

These consisted of 378 single and 250 serial (≥2 cTnI) 
investigations (Table 1).  In total, 331 female and 297 male 
patients (N = 628) with a mean age of 60 years (range = 13-
100) had tests requested. 

Using the hospital laboratory cutoff of >0.040 μg/L 
(>99th percentile) for significance, a positive result was 
obtained in 105 patients (16.7%) and a negative result in 
523 patients (83.3%). The positive troponin results were 
attributed to AMI (20%), congestive heart failure (20%), 
sepsis (19%), tachyarrhythmias (16.2%), renal failure 
(8.6%), airway disease (8.6%), pulmonary embolism 
(3.8%) and others - pericarditis, post angioplasty, 
hypoglycaemia, polypharmacy etc (3.8%) (Figure 1).

cTnI was found to be both highly sensitive (100%, 
95% CI 84-100%) and specific (86%, 95% CI  83-89%) 
for AMI. However, only 21 of 628 patients received a 
diagnosis of AMI, yielding a diagnostic rate of 3.3%. The 
positive predictive value was poor (20%, 95% CI 13-
29%), with the negative predictive value absolute (100%, 
CI 99-100%).

Discussion

The use of troponin testing plays an important role in 
the diagnosis and evaluation of AMI with a positive value 
exceeding the 99th percentile of a reference control group. 
The 1% threshold for the positive value of a troponin level, 
should always be used in the clinical context and is more 
valuable in individuals with a high pre-test probability2.  
Positive troponin assays are an indicator of myocardial 
inflammation or transient myocardial ischaemia and 
therefore multiple causes, other than AMI, can also be 
attributed to the result4,5.

The following list, although not exhaustive, lists possible 
causes of an elevated troponin. 

Number of cTnI ordered per patient Number of patients
1 378
2 204
3 33

≥4 13
Total 628

Table 1: Number of cTnI ordered per patient.
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ionotropic support and mechanical ventilation were all 
higher in the group with a raised troponin13.

Renal failure

Cardiac complications are the most common cause of 
death in end stage renal failure patients and an elevated 
troponin can be seen in largely asymptomatic patients. 
In this subset of patients, cTnT is more regularly elevated 
than cTnI. Possible explanations of troponin elevation in 
dialysis patients include left ventricular hypertrophy14 
or microinfarctions15. A large study showed that a raised 
troponin in dialysis patients coincided with a greater 
prevalence of severe coronary artery disease16 It has also 
been shown that an elevated troponin in dialysis patients 
prognostically increases the risk of death17,18.

Heart failure

Elevated troponins in patients with heart failure 
is a common finding and the mechanism behind it is 
multifactorial. Coronary artery disease is a common cause 
of heart failure, however serum troponins have also found 
to be raised in patients with no obstructive disease. This 
is likely due to subendocardial ischemia and inflammatory 
changes leading to myocyte damage. This is further 
exacerbated by tachycardia, hypotension, anaemia and 
arrhythmias19,20. As with other conditions such as PE and 
renal failure, an elevated troponin in acute heart failure has 
its own prognostic value. The Acute Decompensated Heart 

Sepsis
A positive troponin can be found in approximately 

61% of septic patients8 and 43% of patients in an 
intensive care unit9. A mismatch in supply and demand, 
secondary to hypotension, tachycardia and hypoxemia, 
leads to decreased myocardial perfusion and subsequent 
release of troponin. Myocarditis may also occur in sepsis 
due to cytokine and endotoxin release resulting in 
increased cell membrane permeability and myocardial 
depression10.

Pulmonary embolus
Patients with pulmonary embolism (PE) can present 

with similar symptoms of AMI such as chest pain and 
shortness of breath. This is further complicated by the 
fact that approximately 50% of patients with a PE have 
an elevated troponin11. The rise in troponin is attributed 
to decreased perfusion of the coronary arteries, overflow 
of the right ventricle and hypoxemia. Although troponin 
testing is generally reserved for diagnostic purposes, it 
has been shown that an elevated troponin in patients with 
PE plays an important prognostic role as this can predict 
right ventricular heart strain and an increased number 
of segmental perfusion defects on lung scintigraphy12. A 
prospective study of 56 patients with PE revealed that a 
cTnT tested within 12 hours of presentation was elevated 
in 32% of patients with a moderate or massive PE. The 
prevalence of cardiogenic shock, need for resuscitation, 
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Failure National Registry (ADHERE) study analysed 67,924 
patients from 274 hospitals. 4,240 (6.2%) of those patients 
had an elevated troponin on admission21. These patients 
were also found to have a lower blood pressure with a 
reduced left ventricular ejection fraction on presentation. 
An elevated troponin has also been associated with an 
increased risk of complications and mortality22.

Pericarditis
Elevated troponin levels can be found in up to 32% 

of patients with pericarditis23. An elevated troponin was 
associated with increased rates ST segment elevation and 
pericardial effusion. However, in a study of 118 patients 
with pericarditis, no negative prognostic value was shown23.

Cerebral Vascular Disease (CVA)
A systemic review of 15 studies revealed that 18.1% of 

acute stroke patients had an elevated troponin24. Possible 
mechanisms of troponin elevation in patients with CVA 
include increased catecholamine release secondary to 
increased sympathetic tone25 and a higher prevalence of 
atrial fibrillation, heart failure and renal disease. Multiple 
studies have shown a positive troponin level leads to 
adverse outcomes26,27. 

 Apical ballooning syndrome 

Apical ballooning syndrome (ABS), also referred to as 
Takotsubo cardiomyopathy, poses a diagnostic dilemma 
for clinicians as the clinical presentation, ECG findings 
and biomarker levels can all mimic an AMI. The condition 
is due to an increase in catecholamine release triggered 
by an emotional or physical stressor. This subsequently 
causes transient contractile dysfunction and microvascular 
spasms. Studies have suggested that in patients with 
suspected ACS, 1-2% are eventually diagnosed with ABS28,29.

In this study, cTnI was found to be both highly sensitive 
(100%) and specific (86%) for AMI. However, only 3.3% 
of patients investigated received a diagnosis of AMI, which 
yielded a poor positive predictive value of 20%. Congestive 
heart failure was the second most common cause of 
cTnI elevation, followed by sepsis, tachyarrhythmias, 
renal failure, airway disease, and pulmonary embolism. 
Despite cTnI being highly sensitive and specific, the 
poor positive predictive value of the test likely stemmed 
from the possibility of inappropriate requests and lack 
of understanding of the myriad of causes for troponin 
elevation. For example, we found that 20% of patients 
who had a positive troponin were due to congestive heart 
failure. In patients with heart failure, continuous troponin 
release is a well-known phenomenon19,20. The likelihood of 
a positive troponin in these patients is high and troponin 
should only be ordered in patients who report typical chest 
pain suggestive of AMI. Inappropriate testing would not 

only result in significant financial burden to the hospital, 
but also result in unnecessary interventions and a delay in 
ascertaining the correct diagnosis. Similar findings were 
also found in other hospitals. An audit in three metropolitan 
Victorian Hospitals found that serial troponin testing 
was ordered appropriately as per the hospital protocol30. 
However, single troponin assay was ordered frequently and 
inappropriately. The authors found that 93% of the 194 
single troponin assays ordered were not followed up with 
a second troponin, possibly due to initial overestimation 
of the diagnosis of AMI30. This suggested the possibility of 
clinicians utilising a single troponin assay as an exclusion 
criterion when faced with a diagnostic dilemma. An audit 
conducted in Royal Gwent Hospital in the UK also found 
troponin being used as a differentiating tool prior to clinical 
assessment in the emergency triage, resulting in numerous 
positive results in non-AMI patients31. In fact, only 6.1% 
of 213 troponin requests yielded a diagnosis of ACS31. 
This added unnecessary financial strain to the healthcare 
system.

These issues may further amplify with the introduction 
of hscTn-I which will provide a higher sensitivity at the 
expense of decreased specificity. One study found the 
use of hscTn-I resulted in significant rapid diagnosis of 
AMI, therefore reducing the time spent in the emergency 
department but without any change in admission rates6. 
However, it also resulted in an 8.2% increase in coronary 
angiography rate, although without an increased rate of 
coronary revascularisation or coronary artery bypass 
graft6. Nonetheless, there was no change in inhospital 
mortality6. A study which reclassified patients using 
hscTn-I whose troponin was below the diagnostic cut-
off using contemporary assay found that an additional 
17% of 10360 patients would have been classified as 
having positive troponin results. However, the additional 
diagnoses did not affect the incidence of cardiovascular 
death at 1 year7.

The findings of this study further expand upon previous 
literature, emphasising the fact that an adequate risk 
stratification of patients is fundamental for interpreting a 
positive troponin result. The low positive predictive value of 
cTnI found in this study likely stemmed from inappropriate 
request of the test. The test should only be ordered to 
‘rule in’ a diagnosis of AMI after a comprehensive clinical 
assessment, rather than using it to ‘rule out’ the diagnosis 
of AMI. Dr. Robert Jesse, a cardiologist commented: “When 
troponin was a lousy assay it was a great test, but now that 
it’s becoming a great assay, it’s getting to be a lousy test.32” 
As troponin assays continue to improve its sensitivity, this 
will come at the cost of decreased specificity. Clinicians 
have to remember that it is a tool that will only be useful 
if the operator is able to interpret it in the appropriate 
clinical context. It is imperative that clinicians have an 
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awareness of both ischaemic and non-ischaemic causes of 
troponin elevation. 

Some limitations were identified in this study. This 
was a retrospective study that looked at the number of 
troponin assays ordered, meaning only patients with 
troponin ordered were evaluated. Although unlikely, 
patients with AMI but without a troponin ordered would 
have been omitted. This study relied on diagnoses that 
were given by clinicians and accurate documentation on 
the electronic medical records. Clinical outcomes other 
than diagnosis were not collected. Information such as 
ECG, echocardiography, CT coronary angiography, stress 
echocardiography and myocardial perfusion scan were 
not collected which would have allowed better assessment 
of underlying coronary artery disease. While a troponin 
increase is not synonymous of AMI, nevertheless coronary 
artery disease may not be excluded. With exclusion of 
conditions such as pulmonary embolism and congestive 
heart failure whom other pathophysiological mechanisms 
are involved, haemodynamic changes induced by the 
patient’s clinical condition may unmask “silent” severe 
coronary artery disease. Further information with these 
non-invasive cardiac imaging modalities could provide 
further information of underlying coronary artery disease. 
Moreover, description of population such as atherosclerotic 
risk factors and gender were not included and as such, 
subgroup analysis and comparison were omitted. In 
addition, only contemporary cTnI assay was evaluated 
in this study. The findings of our study represented the 
findings from one district hospital over a period of one 
month. The sensitivity of troponin for the diagnosis of 
AMI was 100% in this study due to a small population 
size and the two patients who had acute STEMI both had 
a positive first troponin assay. However, it is likely that if 
the population size was bigger, as acute STEMI should 
preferably be diagnosed before the elevation of troponin 
levels, the sensitivity of positive troponin levels will be less 
than 100%. A prospective study may have been performed 
more easily during this short period of time which would 
have allowed better collection of aforementioned data. 
However, this was made difficult due to state-wide change 
over of troponin assay to hscTn-I.

Conclusion
An elevated troponin in this study correlated well to 

the diagnosis of AMI. However, its poor positive predictive 
value was the result of multiple positive troponin assays 
found in patients with diagnoses other than AMI. This 
was likely due to inadequate clinical stratification strategy 
when ordering troponin and signified the ongoing need of 
better clinical assessment.
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