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Availability of highly sensitive troponin assays 
and acute coronary syndrome care: insights 
from the SNAPSHOT registry

 R
ecent community campaigns on 
the warning signs of a heart at-
tack have significantly increased 

the number of patients presenting to 
emergency departments (EDs) with 
possible acute coronary syndrome 
(ACS).1 Concomitantly, the advent of 
assays with improved sensitivity for 
detecting circulating cardiac troponins 
(cTn) — which are fundamental to the 
diagnosis of acute myocardial infarc-
tion (AMI) — has allowed the detec-
tion of low concentrations of these 
biomarkers,2 and an increase in pro-
portions of ED patients with AMI has 
been reported.3 

There has also been an associated 
increase in the number of patients 
with an elevated cTn level that is not 
attributable to an unstable coronary 
artery plaque resulting in an ACS.3 It 
is recommended that patients in the 
ED who have an elevated troponin 
level have further assessment and/
or management of the underlying 
cause, which often includes admis-
sion to hospital with resulting use of 
resources.4 Thus, there is continued 
debate among clinicians about the 
overall utility of these highly sensi-
tive assays, and questions about the 
overall population benefits.

The diagnosis of myocardial infarc-
tion (MI) requires a characteristic 
dynamic profile of myocyte necrosis 
of cardiac biomarker(s), preferably a 
troponin (troponin I and T).2 There 
are many assays for detecting these 
troponins, and these vary in ana-
lytical performance. There are two 
defining characteristics of a highly 
sensitive assay — it must have a coef-
ficient of variation (a measure of ana-
lytical imprecision) of less than 10% 
at the 99th percentile of a healthy 
reference population, and should 
reliably measure results accurately 
in at least 50% of such a population.5 
A scoring system has been proposed 
for assays, whereby highly sensitive 
assays should all be deemed “guide-
line acceptable”.5,6

The SNAPSHOT ACS study,7 a pro-
spective audit of the management 
of consecutive patients admit-
ted with suspected ACS during 
a 2-week period in Australia and 
New Zealand, allowed a unique 
opportunity to assess the real-time 
implications of the assays used. At 
the time of the audit, some centres 
in Australia and New Zealand had 
access to an assay with higher sen-
sitivity (Roche hsTnT), while many 
continued to use the fourth genera-
tion cTnT assay or one of various 
cTnI assays. In this study we aimed 
to explore differences in the inves-
tigation, treatment, diagnosis and 
inpatient clinical course for patients 
whose management included the use 
of highly sensitive versus other tro-
ponin assay results.

Methods

The SNAPSHOT ACS study was 
conducted from 14 to 27 May 2012 in 
Australia and New Zealand, and has 
previously been described in detail.7 
Briefly, it was developed as a collab-
orative quality improvement initia-
tive between the Cardiac Society of 
Australia and New Zealand, the Heart 
Foundation of Australia, the Australian 
Commission on Safety and Quality in 
Health Care, the George Institute for 
Global Health, and health networks 
or state governments across Australia. 
Hospital participation, study proto-
cols, recruitment, data collection and 
ethics approvals have been previously 
published.7

Over the audit period, consecutive 
patients having a first admission with 
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a suspected or confirmed ACS were 
included. Patients were classified by 
primary discharge diagnosis into 
one of five diagnostic categories: (i) 
ST-segment-elevation MI/left bundle 
branch block (STEMI/LBBB); (ii) non-
STEMI (NSTEMI); (iii) unstable angina 
and ischaemic chest pain; (iv) unlikely 
ischaemic chest pain, and (v) other 
diagnosis.

Each site recorded the troponin assay 
being used (including the troponin 
— I or T), and the upper limit of its 
reference interval (clinical decision 
cut-point). The Roche hsTnT assay 
(Roche Elecsys Troponin T with the 
clinical decision cut-point of 14 ng/L) 
has improved precision and meets the 
guideline-acceptable criteria.5,6,8 At the 
time of the study this was the only 
assay with higher precision in use in 
the two countries, and we refer to it in 
this study as the hs (highly sensitive) 
assay. The analytical profile of all other 
assays could collectively be termed sen-
sitive or contemporary assays which 
were grouped into a single category 
termed “sensitive” assays. Hospitals 
that reported using both troponin T 
and troponin I assays where the upper 
limit of the reference interval for the 
troponin T assay was consistent with 
the hs assay cut-point of 14 ng/L were 
classified as having the hs test available.

Patients were grouped according to the 
binary troponin assay classification (hs 
assay or sensitive assay) that was used 
at the enrolling hospital. Patients who 
were subsequently transferred were 
analysed according to the assay used 
at the enrolling institution.

A common case record form was used 
for collating patients’ characteristics, 
recommended therapies for ACS and 
inhospital events, and logistical details 
of patient transfers between hospitals, 
and hospital resources were obtained.7

Inhospital events of death, new or 
recurrent MI, stroke, cardiac arrest 
or worsening heart failure were pre-
defined (Appendix 1). Formal adjudi-
cation of events was not possible, but 
2%–5% of all case record forms were 
monitored for data accuracy and qual-
ity by coordinators across all jurisdic-
tions. Irrespective of the assay type, in 
accordance with the universal defini-
tion of AMI,2 a change in troponin level 

was required to define the diagnosis of 
NSTEMI (Appendix 1). 

Statistical analysis

We present patient characteristics, in-
vestigations, and therapies among pa-
tients surviving to hospital discharge, 
and inhospital events. These are tabu-
lated as unadjusted descriptive statis-
tics stratified by troponin assay type 
(hs or sensitive) in the entire patient 
population and among those with a 
final diagnosis of ACS. 

As indicators of the time to care, we 
compared the time to angiography and 
the overall length of stay between hos-
pitals performing hs assays and sensi-
tive assays. Because these data were 
highly skewed, we present unadjusted 
comparisons only.

Two main methods were used to 
attempt to yield an unbiased estimate 
of major cardiac event risk by type of 
assay. One involved using propensity 
score matching (producing an analy-
sis subset of 3106 successfully matched 
patients) and a generalised estimating 
equation (GEE) to evaluate the associa-
tion between assay type and outcome, 
accommodating hospital-level cluster-
ing. Within this analysis, a propensity 
score of likelihood for having care pro-
vided by a hospital that had the hs assay 
available was developed; this included 
age, sex, diagnosis, Global Registry of 
Acute Coronary Events (GRACE) risk 
score, prior MI, prior coronary artery 
bypass grafting (CABG), atrial fibrilla-
tion, prior stroke, peripheral vascular 
disease, prior renal disease, prior can-
cer, prior dementia, need for assistance 
with activities of daily living, residence 
in a nursing home, and Australian 
Institute of Health and Welfare (AIHW) 

hospital classification. Patients from a 
hospital with hs assays available were 
matched to those in a hospital without 
hs assays within a ± 2% difference in 
propensity score, yielding a cohort of 
3106 patients (1545 and 1559 patients 
in the hs and sensitive troponin assay 
groups, respectively).

The second method involved an inverse 
probability-weighted (IPW) model with 
regression-adjusted estimators to esti-
mate the averages of the predicted 
outcomes among patients who were 
treated with and without the avail-
ability of an hs assay for troponin in 
all patients. In this model, clinical and 
hospital variables used to estimate 
the probability of troponin assay type 
included diagnostic classification, 
GRACE score, glomerular filtration 
rate < 60 mL/min/1.73 m2, a history 
of diabetes and prior MI alongside 
metropolitan location of the hospital, 
an onsite cardiac service and catheter 
laboratory, and AIHW hospital clas-
sification. The association between 
troponin assay type and outcome was 
then further adjusted for the clinical 
variables described above, although no 
clustering on enrolling hospital was 
possible in this model. 

A P value of < 0.05 was considered sta-
tistically significant and, as this was 
an exploratory analysis, no adjustment 
was undertaken for multiple compari-
sons. Analyses were undertaken using 
Stata version 13 (Statacorp).

Results

A total of 4398 patients were enrolled 
in 286 hospitals; data on troponin as-
say type was available for 4371 patients 

1 Discharge diagnoses of 4371 consecutive patients having a first admission with a 
suspected or confirmed acute coronary syndrome grouped by the type of cardiac 
troponin assays in use at the hospital to which they presented

Final diagnosis Sensitive assay Highly sensitive assay Total P

STEMI/LBBB 156 (8.9%) 262 (10.0%) 418 (9.6%)

0.004

NSTEMI 434 (24.8%) 570 (21.7%) 1004 (23.0%)

Unstable angina/likely ischaemic 395 (22.6%) 530 (20.2%) 925 (21.2%)

Chest pain, unlikely cardiac 448 (25.6%) 742 (28.3%) 1190 (27.2%)

Other 314 (18.0%) 520 (19.8%) 834 (19.1%)

Total 1747 (100%) 2624 (100%) 4371 (100%)

STEMI = ST-segment elevation myocardial infarction. LBBB = left bundle branch block. NSTEMI = non-ST-segment elevation 
myocardial infarction.  
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from 283 hospitals. Of these 283 hos-
pitals, 156 (55%) used an hs troponin 
assay (Appendix 2). Most patients pre-
sented to hospitals that used the hs as-
say, of which 46 (29%) were principal 
referral hospitals or hospitals in major 
cities, with 21 (13%) being private hos-
pitals (Appendix 2). There was no dif-
ference in the likelihood of use of hs 
assays compared with sensitive assays 
in institutions where cardiac services, 
including primary percutaneous coro-
nary intervention (PCI) were possible.

The characteristics of patients present-
ing to hospitals according to the assay 
type used are shown in Appendix 3. 
Patient discharge diagnoses according 

to the type of assay used are shown 
in Box 1. 

Box 2 shows the use of resources for 
patients tested with the two groups 
of assays. Patients who presented to a 
hospital using an hs assay underwent 
more non-invasive investigations (eg, 
exercise stress tests). However, there 
was no difference between hospitals 
using the two groups of assays in the 
rates of angiography, PCI or CABG. 
Higher rates of angiography and PCI 
were observed among patients with a 
final diagnosis of ACS, and these differ-
ences persisted within the propensity-
matched models (odds ratio [OR] for 
angiography, 1.58; 95% CI, 1.16–2.14; 

P = 0.003, and OR for PCI, 1.32; 95% CI, 
1.0–1.73; P = 0.043)

Inhospital treatment for the cohort 
diagnosed with ACS varied in terms of 
the medications prescribed. Significant 
differences in the use of guideline-
recommended therapy4 were observed, 
specifically in treatment with angioten-
sin-converting enzyme inhibitors and 
β-blockers (Box 2).

Box 3 shows that 442 patients had 
inhospital major adverse cardiac events; 
this represented 9.1% of patients in 
hospitals using an hs assay and 11.7% 
of patients in hospitals using a sensi-
tive assay (P = 0.005). Using the two 
approaches (GEE and IPW) to assessing 

2 Resources used for all 4371 patients* having a first admission with a suspected acute coronary syndrome (ACS) and those with 
(2347) and without (2024) ACS diagnoses according to the type of cardiac troponin assay used

ACS diagnosis Non-ACS diagnosis All patients

Investigations and 
treatments

Sensitive 
assay

Highly 
sensitive assay P†

Sensitive 
assay

Highly 
sensitive assay P†

Sensitive 
assay

Highly sensitive 
assay P†

Tests

Exercise stress test 54 (5.5%) 116 (8.5%) 0.005 97 (12.7%) 259 (17.6%) < 0.001 151 (8.6%) 375 (14.3%) < 0.001

Echocardiography 318 (32.3%) 544 (39.9%) < 0.001 146 (19.2%) 272 (21.6%) 0.198 464 (26.6%) 816 (31.3%) 0.001

Stress echocardiography 14 (1.4%) 25 (1.8%) 0.439 12 (1.6%) 54 (4.3%) 0.001 26 (1.5%) 79 (3.0%) 0.001

Stress nuclear scan 36 (3.7%) 29 (2.1%) 0.026 38 (5.0%) 45 (3.6%) 0.118 74 (4.2%) 74 (2.8%) 0.011

Computed tomography 
coronary angiogram

27 (2.7%) 63 (4.6%) 0.019 23 (3.0%) 50 (4.0%) 0.270 50 (2.9%) 113 (4.1%) 0.014

Angiogram 524 (53.2%) 802 (58.9%) 0.006 133 (17.5%) 155 (12.3%) 0.001 657 (37.6%) 957 (36.5%) 0.446

Procedures

Percutaneous coronary 
intervention

279 (28.3%) 452 (33.2%) 0.012 5 (0.6%) 3 (0.2%) 0.146 284 (16.3%) 455 (17.3%) 0.349

Coronary artery bypass graft 63 (6.4%) 93 (6.8%) 0.678 1 (0.1%) 4 (0.3%) 0.415 64 (3.7%) 97 (3.7%) 0.954

Inhospital therapy

Aspirin 914 (92.8%) 1273 (93.5%) 0.523 598 (78.5%) 858 (68.0%) < 0.001 1512 (86.6%) 2131 (81.2%) < 0.001

Intravenous heparin 319 (32.4%) 552 (40.5%) < 0.001 52 (6.8%) 100 (7.9%) 0.363 371 (21.2%) 652 (24.9%) 0.006

Low-molecular-weight 
heparin

543 (55.1%) 685 (50.3%) 0.021 241 (31.6%) 281 (22.3%) < 0.001 784 (44.9%) 966 (36.8%) < 0.001

GP IIb/IIIa inhibitor 67 (6.8%) 123 (9.0%) 0.051 3 (0.4%) 1 (0.1%) 0.123 70 (4.0%) 124 (4.7%) 0.258

Discharge treatment‡

Aspirin 823 (86.6%) 1166 (87.6%) 0.493 423 (55.6%) 637 (50.5%) 0.028 1246 (72.9%) 1800 (69.8%) 0.028

Other antiplatelet therapy 585 (61.6%) 850 (63.9%) 0.266 128 (16.8%) 213 (16.9%) 0.963 713 (41.7%) 1061 (41.1%) 0.706

β-blocker 697 (73.4%) 928 (69.7%) 0.058 298 (39.1%) 442 (35.0%) 0.065 995 (58.2%) 1366 (53%) 0.001

ACEi or AR2B 674 (71.0%) 819 (61.5%) < 0.001 351 (46.1%) 544 (43.1%) 0.194 1025 (60.0%) 1362 (52.8%) < 0.001

Statin 789 (84.0%) 1088 (81.7%) 0.160 381 (50.0%) 604 (47.9%) 0.351 1179 (69.0%) 1689 (65.5%) 0.017

Inhospital cardiac 
rehabilitation

411 (43.3%) 545 (41.0%) 0.269 103 (13.5%) 110 (8.7%) 0.001 514 (30.1%) 654 (25.4%) 0.001

Outpatient cardiac 
rehabilitation

464 (48.8%) 591 (44.4%) 0.036 104 (13.7%) 109 (8.6%) < 0.001 568 (33.2%) 699 (27.1%) 0.036

ACEi = angiotensin-converting enzyme inhibitor. AR2B = angiotensin-II receptor blocker. GP = glycoprotein.
* Sensitive assay, 1747; highly sensitive assay, 2624. † Values derived from univariate (unadjusted) analyses. ‡ Calculated among the 4288 patients (ACS diagnosis, 2281; non-ACS 
diagnosis, 2007) discharged alive.
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the association between assay type 
and outcome showed a consistently 
lower rate of inhospital events, includ-
ing recurrent heart failure, in patients 
where an hs assay was used. By the 
GEE approach, the use of an hs tropo-
nin assay was associated with an odds 
ratio of 0.75 (95% CI, 0.60–0.94; P = 0.014). 
Similarly, by the IPW analysis, we esti-
mated an event rate of 11.2% in patients 
in hospitals using sensitive troponin 
assays, with an average effect of a 2.3% 
absolute reduction in these events in 
patients in hospitals using the hs assay 
(P = 0.018). 

Exploring the factors potentially influ-
encing differences in outcome, we 
observed a shorter median delay in 
time to angiography in hospitals where 
the hs assay was available (38 hours; 
interquartile range [IQR], 14–72 hours 
for the hs assay v 43 hours; IQR, 19–75 
hours for the sensitive assay; P = 0.0136), 
but no difference in total length of stay 
(2.5 days; IQR, 1.1–4.8 days for the hs 
assay v 2.6 days; IQR, 1.1–4.9 days for 
the sensitive assay; P = 0.43).

Discussion

The SNAPSHOT ACS registry provides 
several important insights into the use 
of highly sensitive troponin assays in 
the care of patients with suspected ACS.

Patients with suspected ACS who were 
cared for in hospitals using the hs tro-
ponin assay had a lower proportion of 
NSTEMI and a higher proportion of 
non-cardiac chest pain as final diag-
noses. This contrasts with research 
cohorts where re-adjudication of 
diagnoses of individual ED patients 
showed an increased rate of diagnosis 
of NSTEMI when more highly sensitive 

assays were used.3 This observation 
may be explained by our study includ-
ing more patients with suspected ACS 
who eventually had an alternative diag-
nosis (eg, arrhythmia, heart failure and 
pulmonary disease). The SNAPSHOT 
registry found a lower proportion 
of patients diagnosed with unstable 
angina in sites that used the hs assay. As 
elevated troponin levels are required 
for a diagnosis of AMI,2 this finding 
is not surprising. However, this is the 
first time that the magnitude of effect 
of troponin assays on AMI diagnoses 
has been reported in an Australian and 
New Zealand population. 

There was no pattern in the type of 
institution that had access to the hs 
assay despite the perception that large 
metropolitan hospitals and private 
facilities would have greater access to 
the newer assays. Patients tested with 
hs assays had higher rates of non-inva-
sive investigations than those tested 
with the other assays. There was no 
difference between hospitals using the 
sensitive or hs assay in terms of hav-
ing cardiac intensive care, echocardio-
graphy or PCI services onsite. Hospitals 
using the hs assay did not have higher 
rates of angiography or PCI, consistent 
with no increase in the proportion of 
patients with ACS as their final diagno-
sis. Therefore, use of the hs assay may 
well drive a higher rate of some inves-
tigations, including non-invasive tests. 

A significant finding was that, for 
patients at hospitals using the hs assay, 
inhospital rates of major adverse car-
diac events were lower. The most sub-
stantial difference was a lower rate of 
inhospital heart failure in institutions 
where hs assays were used. This was 
seen in the overall population and in 

the ACS cohort. A modest reduction 
in the delay to angiography without 
a reduction in the length of stay was 
observed among patients in hospitals 
using hs assays. However, the availabil-
ity of high-sensitivity troponin testing 
may lead to a larger number of patients 
at lower risk of ACS, or without an even-
tual diagnosis of ACS, being admitted. 
Appropriately designed randomised 
clinical trials informed by high-quality 
ACS registries are needed to determine 
the true incremental value of high-sen-
sitivity troponin testing.

A number of limitations of our study 
must be considered. Assays may have 
been misclassified in terms of tropo-
nin type (I or T) and the clinical cut-
offs reported. Patients were grouped 
according to the assay used at the hospi-
tal they presented to, and we assumed 
all management was informed by these 
results. Further, troponin testing results 
were not available for patients trans-
ferred from or to non-participating 
centres.

In conclusion, the use of highly sensi-
tive troponin assay results in managing 
patients admitted with suspected ACS 
is associated with an increase in non-
ACS diagnoses with no increase in MI 
diagnoses. There was a lower rate of 
major inhospital events, predominantly 
heart failure, which may be attribut-
able to the larger proportion of non-ACS 
diagnoses. There is an ongoing need 
to determine the incremental value of 
the widespread introduction of highly 
sensitive troponin assays into routine 
clinical practice.
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3 Inhospital major adverse cardiac events, including death, myocardial infarction, cardiac arrest* in total, 
and new-onset heart failure stratified by the availability of highly sensitive and sensitive troponin assays 
(unadjusted [univariate] analysis)

Patients with an ACS diagnosis All patients

Major adverse cardiac events Sensitive assay Highly sensitive assay P Sensitive assay Highly sensitive assay P

Died in hospital 35 (3.6%) 31 (2.3%) 0.065 38 (2.2%) 45 (1.7%) 0.275

MI/further MI after admission 31 (3.2%) 47 (3.5%) 0.686 33 (1.9%) 52 (2.0%) 0.828

Inhospital heart failure 113 (11.5%) 122 (9.0%) 0.045 140 (8.0%) 155 (5.9%) 0.007

Total 164 (16.7%) 187 (13.7%) 0.050 204 (11.7%) 238 (9.1%) 0.005

ACS = acute coronary syndrome. MI = myocardial infarction. * Included in the total.  
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