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A R T I C L E  I N F O A B S T R A C T

High sensitivity troponin (hsTn) assays provide an 
unprecedented opportunity to improve the detec-
tion and treatment of cardiac injury from coronary 
and non-coronary causes. They may also play a role 
in guiding the primary and secondary prevention 
of cardiovascular disease. However, to derive maxi-
mal benefit from their use, careful planning for the 
implementation of these new assays is required. In 
this manuscript, we will discuss actions that can be 
taken during hsTn pre-implementation, implementa-
tion and post-implementation phases. Key concepts 
for consideration in the pre-implementation phase 
include: the establishment of a multi-disciplinary im-
plementation team; development of quality control 
procedures; education of clinical staff; modification 
of existing clinical workflow and provision of com-
puterized decision support. Strategies for ensuring 
successful implementation and post-implementa-
tion phases will also be discussed. 
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INTRODUCTION

The introduction of high sensitivity cardiac tro-
ponin (hsTn) assays provide an unprecedented 
opportunity for earlier and more accurate diag-
nosis of myocardial infarction; improved diag-
nosis of myocardial injury from non-coronary 
etiologies and guidance for primary and sec-
ondary prevention of cardiovascular disease.1, 2 
hsTn assays are able to accurately measure 10-
fold lower concentrations of cardiac troponin 
than contemporary assays and therefore can 
measure troponin values in healthy persons. 
By definition, a hsTn assay measures troponin 
values in at least 50% of healthy individuals.3 
Additionally, hsTn assays measure troponin pre-
cisely with little variation between repeat mea-
surements (co-efficient of variation (CV) < 10% 
at the 99th% of a reference population).4 hsTn 
assays have been approved for clinical use in 
most parts of the world, with the exception of 
the United States (it is anticipated that approval 
in the United States will occur within the com-
ing 1-2 years).

Clinical use of hsTn has been associated with an 
increase in the diagnosis of myocardial infarc-
tion (especially in women5) and a reduction in 
morbidity and mortality of patients evaluated 
for acute coronary syndrome (ACS).6 It also re-
sults in a reduction in the emergency depart-
ment length of stay for patients evaluated for 
suspected ACS.7 However, a number of ques-
tions remain unanswered regarding the poten-
tial negative consequences of using hsTn clini-
cally. First, there is a concern that hsTn will lead 
to an increase in the number of patients with el-
evated troponin values and consequently, an in-
crease in hospital admissions and downstream 
testing. Although some studies have reported 
increases in the frequency of troponin values 
>99th percentile with the use of hsTn,8, 9 others 
have not.10 The change in frequency of tropo-
nin elevations with implementation of hsTn is 

related to analytic sensitivity of the contempo-
rary assay used and whether or not the 99th per-
centile of the contemporary assay was used for 
decision making. Additionally, an increase in the 
frequency of elevated troponin values may not 
necessarily result in an increase in the diagnosis 
of myocardial infarction (MI).11 Second, there 
is no consensus on the appropriate thresholds 
for clinical decision making.12 The threshold for 
ruling out MI, diagnosing MI, performing addi-
tional diagnostic evaluation for MI,13, 14 and for 
risk-stratification of different cardiovascular dis-
eases may be different.15 Furthermore, gender-
specific cut-offs may provide improved diagnos-
tic value over gender-neutral cut-offs.5 Third, 
optimal timing of serial troponin measurements 
and the ideal change values (relative versus ab-
solute) for distinguishing between acute and 
chronic troponin elevations remain under in-
vestigation.16, 17 Fourth, pre-analytical and ana-
lytical factors remain important in ensuring the 
accuracy of hsTn measures.18 

Successful implementation of a novel test oc-
curs in three phases: the pre-implementation 
phase, implementation phase and post-imple-
mentation phase (Figure 1). During the pre-im-
plementation phase, a multi-disciplinary team 
tasked with developing clinical guidance and 
quality assurance procedures and educating 
clinical staff should be established. The imple-
mentation phase should be guided by clinical 
and laboratory medicine champions. Each disci-
pline will need one or two champions who will 
provide ongoing education and decision sup-
port and be available to troubleshoot problems 
as they arise. During the post-implementation 
phase, ongoing assay performance verification 
should be performed. Additionally, key clini-
cal outcomes such as: assay turnaround time, 
prevalence of elevated hsTn, and the number 
of hospital admissions for evaluation of ACS 
should be monitored. The following paragraphs 
discuss these concepts further.
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ESTABLISHING A MULTI-DISCIPLINARY 
IMPLEMENTATION TEAM 

Clinical implementation of hsTn requires a 
multi-disciplinary approach with the viewpoints 
of all stakeholders represented. At minimum, 
the implementation team should consist of rep-
resentatives from cardiology, emergency medi-
cine, internal medicine/hospitalists and labora-
tory medicine. This team will oversee the entire 
implementation process and will be responsible 
for making recommendations regarding proto-
cols for interpreting hsTn values, threshold values 
for clinical decision making, education programs 
for clinical staff, and monitoring on-going quality 
improvement measures. This team will also be 
responsible for creating or endorsing a new di-
agnostic algorithm for ruling-out MI. The unique 
perspectives of each team member are impor-
tant. For example, from the perspective of cardi-
ologists who have the benefit of being able to ob-
serve the clinical course of hospitalized patients, a 

test that facilitates diagnosing MI with high speci-
ficity (i.e. low-likelihood of false positives) is desir-
able to avoid subjecting patients unnecessarily to 
procedures and treatments that can have adverse 
consequences. However, from the perspective of 
the ED physician challenged with determining the 
disposition of patients with symptoms suspicious 
of MI, a test that facilitates diagnosing MI with 
high sensitivity (i.e. low-likelihood of false nega-
tives) is desirable to avoid missing the diagnosis 
of MI and inadvertently discharging MI patients 
to their homes. Despite having these conflicting 
perspectives, clinicians of different specialties 
trust clinical laboratory values implicitly19 and 
don’t always appreciate potential analytical con-
founds that often influence laboratory values. 
Therefore a multi-disciplinary approach will en-
sure that the viewpoint of all key stakeholders are 
represented, with the primary objective of doing 
what’s best for patients. A number of key ques-
tions worth considering by the multi-disciplinary 
implementation team are presented in Table 1.

Pre-Implementation
• Multidisciplinary team

• Develop clinical 
guidance

• Develop quality 
assurance procedures

• Modify work-flow
• Educate clinical staff

Implementation
• Oversight provided by 

clinical and laboratory 
champions
• Ongoing education
• Provide decision 

support

Post-Implementation
• Ongoing verification of 

assay performance
• Monitoring of key clinical 

outcomes
• E.g. assay turnaround 

time, elevated hsTn, 
diagnosis of MI, hospital 
admissions 

Figure 1 Overview of  strategies for successful implementation of  hsTn

This figure depicts the strategies necessary for successful implementation of hsTn. It highlights important steps that 
ought to be taken in the pre-implementation, implementation and post-implementation phases.
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DEVELOPING QUALITY CONTROL  
PROCEDURES

As part of the pre-implementation phase, quality 
control procedures should be developed. These 
should include assay verification procedures such 
as validating the limit of blank (LoB), evaluating 
precision at the reported limit of detection (LoD), 
and assessing the linearity range of the assay. 
Monitoring the accuracy of assay values below 
the 99th percentile will be of critical importance 
since rapid rule-out MI protocols rely on the ac-
curacy of low hsTn values for risk-stratification. 
For example, a rule-out ACS strategy based on 
the 2015 European Society of Cardiology (ESC) 
guidelines will recommend discharging patients 
with an initial hsTn<99th percentile whose symp-
toms started more than 6 hours prior to blood 
draw, are pain free, have a Global Registry of 
Acute Coronary Event (GRACE) score <140 and 
in whom other life-threatening conditions have 
been excluded.20 Therefore if the 99th percentile 
of an assay is 26 ng/L and the clinical chemistry 
laboratory reports an erroneous value of 25 ng/L 
instead of an actual value of 27 ng/L (7.4% dif-
ference), an MI patient may be inadvertently 
discharged home. The likelihood of inadvertently 

discharging MI patients will be even more signifi-
cant if the rule-out ACS strategy is based on stud-
ies that deem it safe to rule-out MI in patients 
with initial hsTn<LoD.21-23 Processes must be es-
tablished to allow clinicians report cases in which 
hsTn values do not match the clinical scenario. 
Consequently, clinical chemistry laboratories 
should also have established protocols for ad-
dressing these inconsistencies. 

Although hsTn assays produce more robust re-
sults and fewer outlier values than contemporary 
troponin (cTn) assays,24 analytical confounds that 
currently affect cTn assays will continue to influ-
ence hsTn values. For example, hemolysis may 
result in decreases in hsTnT values and increases 
in hsTnI values.25, 26 Additionally, the imprecision 
of hsTnI values is influenced by the extent of cen-
trifugation performed.27 Therefore quality con-
trol procedures should include actions that rein-
force careful sample acquisition and preparation. 

EDUCATING CLINICAL STAFF

In preparation for the implementation phase, 
physicians, nurse practitioners (NPs), physician 
assistants (PAs), nurses and ancillary support 
staff who perform blood draws should receive 

Table 1 Key questions for multi-disciplinary implementation team

1 What is the appropriate threshold for the 99th percentile  
(gender-specific versus gender-neutral versus a combination of the two)?

2 How much change in hsTn constitutes sufficient change for an acute process?  
Should absolute changes, relative changes or a combination of the two be used?

3 What is the recommended practice for managing patients with acute or chronic 
myocardial injury but no evidence of myocardial infarction?

4 What quality control checks are need to ensure the accuracy of troponin values?

5 How should results be reported? (preferably with whole numbers)

6 What decision support should be provided to clinicians?

7 How should clinicians be educated about hsTn?
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education tailored to their role. Nurses and sup-
port staff who perform blood draws should be 
reminded of the importance using appropriate 
sample acquisition techniques. Nurses should 
receive additional education that highlights 
the differences between hsTn and cTn, and ex-
plains the new diagnostic algorithm formulated 
by the multidisciplinary team for ruling out MI. 
Physicians, NPs and PAs who will be utilizing 
hsTn tests need comprehensive education on 
hsTn. For many of them, learning to use hsTn 
will represent a paradigm shift in how they in-
terpret troponin values. More than ever before, 
they will have to remember that troponin eleva-
tion is not synonymous with myocardial infarc-
tion. Understanding the differences between 
acute myocardial injury, chronic myocardial in-
jury and myocardial infarction will continue to 
be critically important. Additionally, with the in-
crease in the detection of type 2 MIs in the hsTn 
era, clinicians will have to learn to distinguish 
between type 1 and type 2 MIs,28 and avoid 
treating type 2 MI patients the same way they 
treat type 1 MI patients. Improved understand-
ing of the prognostic value of minor troponin 
elevations will be important in the hsTn era. On 
one hand, the often causal dismissal of minor 
troponin elevations as “troponemia” needs to 
be moderated by the realization that patients 
with any elevated troponin values have higher 
risk of adverse cardiovascular events than those 
without troponin elevations.9, 29 On the other 
hand, the conservative approach to admit any 
patient with any troponin elevation also needs 
to be avoided. The success or failure of hsTn im-
plementation will largely depend on the success 
or failure of clinician education.

MODIFY EXISTING CLINICAL WORKFLOW

Implementation of hsTn can result in a decrease 
in the length of stay of ED patients evaluated 
for ACS.7 However, indiscriminate use of hsTn 
may also lead to an increase in the number of 

patients with elevated troponin values, and a 
potential increase in hospital admissions and 
downstream testing. Therefore, to derive maxi-
mal benefit from hsTn implementation, modi-
fication of the existing clinical workflow during 
the pre-implementation phase will be neces-
sary. In United States EDs, nursing triage orders 
are often placed to facilitate patient evaluations 
and decrease time-to-treatment.30 Troponin is 
often included in the list laboratory tests that 
triage nurses are allowed to order. In the era of 
hsTn, it will be important to provide clear guid-
ance regarding the criteria for ordering hsTn by 
triage nurses. Lack of such guidance may lead to 
hsTn testing in patients with a very low pre-test 
probability of having ACS. 

Decreasing the time it takes to rule-out MI us-
ing new protocols that incorporate hsTn testing 
also requires modifications to existing clinical 
workflow. For example, a number of studies 
have reported that 1-hour algorithms perform 
well in ruling-out MI.31-33 The turnaround time 
for hsTn assays may be approximately 60 min-
utes,34 thus to derive benefit from the 1-hour 
protocol, modifications to the work-flow, in-
cluding obtaining the second troponin sample 
prior to receiving the results of the first tropo-
nin sample deserves consideration. 

CONSIDER PROVIDING COMPUTERIZED 
DECISION SUPPORT

Interpreting hsTn values is not always simple. It 
often involves remembering complex decision 
making algorithms. The introduction of elec-
tronic medical records (EMR) provides a unique 
opportunity to provide computerized decision 
support that can guide clinical decision making. 
Diagnostic algorithms can be easily embedded 
into existing EMR to provide recommendations 
regarding the next steps of a patient’s work-up. 
Absolute and relative changes in hsTn can also 
be calculated automatically and integrated in 
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decision support algorithms, fostering a sys-
tematic approach to patient evaluation and 
treatment using hsTn. 

IMPLEMENTATION PHASE  
AND POST-IMPLEMENTATION PHASE

The implementation of hsTn should be led by 
champions from clinical chemistry, cardiology, 
emergency medicine and internal medicine. 
These champions should be available to pro-
vide ongoing education and decision support 
especially during the first month of implemen-
tation. They will also help troubleshoot prob-
lems as they arise. By modeling behaviors that 
exemplify best practices, clinical champions 
can be powerful agents of change during the 
implementation of hsTn.

The post-implementation phase is critical to 
ensuring a successful hsTn. During this pe-
riod, ongoing verification of the accuracy of 
assay performance should be continued as is 
done for most clinical assays. To keep track of 
the effect of hsTn on clinical care, key clini-
cal outcomes such as laboratory turnaround 
time, the prevalence of elevated hsTn, hos-
pital admissions for suspected ACS should be 
monitored.

CONCLUSIONS

HsTn holds promise for transforming the diag-
nostic evaluations for cardiovascular disease. 
Careful planning for the implementation of 
these assays will allow patients to derive maxi-
mal benefit from their promise. 
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