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Letters

Risk Stratification Using
High-Sensitivity Cardiac
Troponin T in Patients
With Suspected Acute
Coronary Syndrome

High-sensitivity cardiac troponin assays allow the
early recognition of myocardial injury, and they have
facilitated the development of early rule-out path-
ways to identify patients who do not have acute
myocardial infarction. Although international guide-
lines recommend using the sex-specific 99th centile
from a healthy reference population as the diagnostic
threshold for myocardial infarction, it is increasingly
evident that the use of lower thresholds to risk-
stratify patients and rule-out myocardial infarction
at presentation is safer and more effective.

We previously defined the optimal risk stratifica-
tion threshold as the highest troponin concentration
that gave a negative predictive value (NPV) for
myocardial infarction or cardiac death at 30 days of
99.5%, to maximize effectiveness while maintaining
safety (1). This goal was achieved by using a high-
sensitivity cardiac troponin I assay at a
concentration <5 ng/l, which identified two-thirds of
patients as low risk at presentation and
misclassified <1 in 200 patients. The performance of
this risk stratification threshold has now been vali-
dated for both cardiac troponin I and T (2). We
developed a simple early rule-out pathway, which
incorporates separate risk stratification and diag-
nostic thresholds, and recognizes that small changes
within the reference range may be important in those
with intermediate troponin concentrations (3). In a
prospective, stepped wedge, cluster randomized
controlled trial, we recently showed that the intro-
duction of this early rule-out pathway into clinical
practice was both safe and effective (4). Whether this
pathway performs equally well using the U.S. Food
and Drug Administration–approved Roche Elecsys
(Roche Diagnostics, Basel, Switzerland) high-
sensitive cardiac troponin T assay is uncertain.

We recruited patients with suspected acute coro-
nary syndrome from the emergency department of

the Royal Infirmary of Edinburgh, a tertiary care
hospital in Scotland, between June 1, 2013, and March
31, 2017, into a substudy of the High-STEACS (High-
Sensitivity Troponin in the Evaluation of Patients
With Acute Coronary Syndrome) trial (3). We did not
enroll patients with ST-segment elevation myocardial
infarction, those unable to provide consent, or those
from outside our region to ensure complete follow-
up. Blood samples were obtained at presentation
and at 3 and 6 to 12 h. Samples were centrifuged and
stored at –80oC for batch processing. This clinical trial
was registered (NCT01852123) and approved by the
research ethics committee; patients provided written
informed consent. The final diagnosis was adjudi-
cated by 2 cardiologists, with consensus from a third
where required.

We evaluated the performance of our rule-out
pathway (Figure 1) applied by using the Roche Elec-
sys fifth-generation cardiac troponin T assay (limit of
detection: 5 ng/l; 99th centile: 14 ng/l). In recognition
of the U.S. Food and Drug Administration require-
ment not to report at a concentration of 5 ng/l, we
performed a sensitivity analysis using a concentra-
tion of 6 ng/l at presentation. The primary outcome
was type 1 myocardial infarction or cardiac death
within 30 days.

We enrolled 1,951 patients with suspected acute
coronary syndrome, of whom 1,859 had a cardiac
troponin T result available at presentation. Myocar-
dial injury was detected in 27.4% (509 of 1,859) of
patients, with an adjudicated diagnosis of type 1 or
type 2 myocardial infarction in 254 (13.7%) and 66
patients (3.6%), acute or chronic myocardial injury in
187 patients (10.1%), and 6 deaths from a cardiac
cause at 30 days. The pathway identified 58.7% (1,092
of 1,859) of patients as low risk, with 6 missed events
(5 index and 1 type 1 myocardial infarction at
30 days), for an NPV of 99.4% (95% confidence in-
terval [CI]: 98.9% to 99.8%) and sensitivity of 97.5%
(95% CI: 95.6% to 99.2%). This outcome compared
favorably to the European Society of Cardiology 3-h
pathway (5), which identified 64.2% (1,193 of 1,859) of
patients as low risk, with 47 missed events (NPV:
96.0% [95% CI: 94.8% to 97.1%]; sensitivity: 81.7%
[95% CI: 76.9% to 86.3%]). In the modified pathway
using 6 ng/l at presentation, a similar performance
was observed, with 59.2% (1,101 of 1,859) of patients
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identified as low risk, for an NPV of 99.3% (95% CI:
98.8% to 99.7%) and sensitivity of 97.1% (95% CI:
95.0% to 99.0%).

The High-STEACS early rule-out pathway seems
both safe and effective when using a high-sensitivity
cardiac troponin T assay, and it provides clinicians
with a simple approach to triage patients with sus-
pected acute coronary syndrome. Although our data
are observational, they are consistent with the find-
ings of our randomized controlled trial, and the
pathway seems safer than guideline-recommended
approaches using the 99th centile.
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FIGURE 1 Performance of the High-STEACS Early Rule-Out Pathway for Cardiac Troponin T

Suspected acute coronary syndrome
(n = 1,859)

hs-cTnT <5 ng/l*

Low-risk
26% (n = 480)

Outpatient
59% (n = 1,092)

6 patients had MI at 30 days
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Myocardial infarction (MI) is ruled out when cardiac troponin concentrations are <5 ng/l at presentation. *Patients with concentrations $5 ng/l and those who present

within 2 h of symptom onset are retested 3 h after presentation, and MI ruled out if concentrations are unchanged (delta <3 ng/l) and below the 99th centile (14 ng/l).

ECG ¼ electrocardiography; High-STEACS ¼ High-Sensitivity Troponin in the Evaluation of Patients With Acute Coronary Syndrome; hs-cTnT ¼ high-sensitivity cardiac

troponin T; NPV ¼ negative predictive value; PPV ¼ positive predictive value.
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trial.
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Anticoagulant Therapy
and Hip Fracture Risk

A Possible Involvement of Physical Activity

In their timely and important observational study
using the Danish national registries that included
37,350 older adult patients with atrial fibrillation who
received vitamin K antagonists (VKAs) or direct oral
anticoagulants (DOACs) over 180 days, Binding et al.
(1) found that the use of DOACs was significantly
associated with a decreased risk of any fracture but
not hip fracture compared with the use of VKAs. Of
note, the latter negative finding is compatible with
the results of a recent meta-analysis indicating that
there were no differences in the risk of hip or femoral
neck fracture between the use of DOACs versus
warfarin, a VKA, as previously pointed out (2); apart
from DOACs, a number of observational studies have
consistently shown that warfarin is not linked to hip
fracture risk (3). Considering that hip fracture is the
most severe osteoporotic fracture with substantial
morbidity and mortality, I would like to discuss the
possible mechanism involved.

Accumulating experimental and clinical evidence
suggests that VKAs can impair bone material stiff-
ness, but the impaired skeletal quality can be poten-
tially compensated by functional adaptation to the
mechanical environment, especially in highly weight-
bearing regions such as the hip, which is supported by
the higher bone mass in mice lacking osteocalcin or
g-glutamyl carboxylase (3,4). The compensation

theory means that hip fracture risk might be
increased if mechanical loading during physical ac-
tivity is insufficient. Consequently, although I agree
with Gage (5) that the choice of DOACs or VKAs in
elderly patients with atrial fibrillation is generally
based on the risks of ischemic stroke and hemorrhage,
monitoring, and cost rather than the risk of osteopo-
rotic fractures (5), hip fracture risk could become a
more considerable factor in the case of physical
inactivity, which is 1 of the strong risk factors for
osteoporotic fractures referred by the authors (1).
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REPLY: Anticoagulant Therapy and

Hip Fracture Risk

A Possible Involvement of Physical Activity

We thank Dr. Sugiyama for the letter regarding the
results from our latest study “Osteoporotic Fractures
in Patients With Atrial Fibrillation Treated With
Conventional Versus Direct Anticoagulants.”

Our study did not find a statistically significant
reduction in hip fractures among patients treated
with direct oral anticoagulants (DOACs) compared
with vitamin K antagonists (VKAs) (1). However, the
analysis showed a trend supporting the main theory
of the study, and our estimate of the relative risk of
hip fractures was 0.91 among DOAC-treated patients
compared with VKA-treated patients. The reason that
the effects of VKA treatment were not significantly
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