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Abstract The measurement of cardiac troponin concentrations in the blood is a key element in the
evaluation of patients with suspected acute coronary syndromes, according to current guidelines, and
contributes importantly to the ruling in or ruling out of acute myocardial infarction. The introduction
of point-of-care testing for cardiac troponin has the potential to reduce turnaround time for assay
results, compared with central laboratory testing, optimizing resource use. Although, in general,
many point-of-care cardiac troponin tests are less sensitive than cardiac troponin tests developed for
central laboratory—automated analyzers, point-of-care systems have been used successfully within
accelerated protocols for the reliable ruling out of acute coronary syndromes, without increasing
subsequent readmission rates for this condition. The impact of shortened assay turnaround times
with point-of-care technology on length of stay in the emergency department has been limited to
date, with most randomized evaluations of this technology having demonstrated little or no
reduction in this outcome parameter. Accordingly, the point-of-care approach has not been shown to
be cost-effective relative to central laboratory testing. Modeling studies suggest, however, that
reengineering overall procedures within the emergency department setting, to take full advantage of
reduced therapeutic turnaround time, has the potential to improve the flow of patients through the
emergency department, to shorten discharge times, and to reduce cost. To properly evaluate the
potential contribution of point-of-care technology in the emergency department, including its cost-
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effectiveness, future evaluations of point-of-care platforms will need to be embedded completely

within a local decision-making structure designed for its use.
© 2012 Published by Elsevier Inc.

1. Introduction

The management of patients presenting with chest pain
accounts for a substantial proportion of emergency care
resources [1]. Nevertheless, evaluating patients with acute
chest pain in the emergency department remains challenging,
despite an exponential recent growth in the volume of
published research on the diagnosis and management of
these patients. Patients with acute coronary syndromes
including acute myocardial infarction or other high-risk
conditions should be effectively identified by the emergency
physician in a timely manner to initiate specific clinical
actions. Conversely, patients who do not have acute coronary
syndromes (most patients admitted with chest pain [2]) or
alternative high-risk conditions should be discharged safely
and promptly. Achieving these outcomes benefits both the
patient (perhaps by facilitating the diagnosis of another
serious condition) and the emergency department, in terms
of increased efficiency and throughput and reduced
overcrowding.

Current recommendations identify the measurement of
cardiac markers, especially cardiac troponin, as an important
part of the diagnosis of acute myocardial infarction,
alongside other testing modalities such as electrocardiogram
(ECG) measurement and cardiac angiography [3-7]. In a
number of institutions, however, the central laboratory is
unable to meet the requirements for a rapid turnaround time
for cardiac biomarker measurement, with the recommended
time from blood draw to test result reporting of 60 minutes or
less [8-10]. Then, measurement at the point of care is a
potential strategy for reducing the turnaround time for
cardiac troponin testing in the emergency setting [11]. Here,
we review systematically the rationale for and the current
status of point-of-care testing in the emergency department
setting, with regard to its evidence base, limitations,
advantages, and barriers, and, in respect of a series of key
questions, its impact on length of stay, patient management,
outcomes, and resource use.

2. Methods

PubMed was searched for “troponin AND (‘point-of-
care’ OR ‘point of care’ OR POCT) AND (‘myocardial
infarction” OR ‘acute coronary syndrome’ OR ‘acute
coronary syndromes’).” Further materials came from the
reference lists from publications or from the experience of
the authors. Preference was given to randomized, controlled
trials, where available, although other types of studies were
considered where data from randomized trials were lacking.

3. What is the state of the art for the evaluation
of patients presenting with chest pain to an
emergency department?

3.1. Elevated cardiac troponin and cardiac risk

An increasing level of cardiac troponin in the bloodstream
signifies severe and, probably, irreversible damage to the
myocardium, and it is central in the diagnostic definition of
an evolving acute myocardial infarction (see below) [3,4].
The clinically important troponins are troponin I and
troponin T: separate genes regulate their expressions in the
heart and skeletal muscle. Expression of cardiac isoforms of
troponins has not been reported outside the heart in adult
humans. Accordingly, the detection in the blood of troponin
isoforms of cardiac origin can be achieved using specific
monoclonal antibodies. The detection of circulating cardiac
troponin is currently the most sensitive and specific
biochemical marker of irreversible myocardial injury
(necrosis) that is available to the physician in clinical
settings including the emergency department [12].

No single diagnostic instrument consistently identifies or
rules out the presence of an acute coronary syndrome at
presentation to the emergency department, and relying on
signs and symptoms alone can be misleading because a
substantial proportion of patients present with nonspecific
symptoms [13,14]. Several approaches have been used to
incorporate measurements of cardiac biomarkers, including
cardiac troponin, alongside ECG measurement, patients
history, and so on, during the diagnostic workup of patients
with chest pain in the emergency setting. For example,
elevated cardiac troponin, along with ST-segment changes,
has been used to stratify patients for risk of adverse cardiac
outcome using a risk score derived from the Thrombolysis in
Myocardial Infarction trial [15,16]. Lower cardiac troponin
concentrations than those traditionally required for diagnosis
of acute myocardial infarction (see below) have also been
shown to predict adverse prognosis, and we may need to
reassess the clinical importance of minor increases in cardiac
troponin with respect to therapeutic intervention [17,18],
especially as cardiac troponin assays become more sensitive
and more widely used in routine clinical practice [19].

3.2. Cardiac troponin and diagnosis of acute
coronary syndromes: recommendations, consensus
statements, and guidelines

Fig. 1 summarizes key steps in the triage and management
of patients presenting with suspected acute coronary syn-
dromes [20]. The initial triage of a patient presenting to an
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Fig. 1  Algorithm for triage and evaluation of a patient presenting with chest pain suggestive of a possible acute coronary syndrome.
Reproduced from Hamm et al [20], with the permission of Oxford University Press.

emergency department with acute chest pain and ST-segment
elevation in the 12-lead ECG is usually straightforward.
Patients with non—ST-elevation acute coronary syndromes
must be assessed using a combination of 3 key factors: clinical
presentation, 12-lead ECG findings, and measurement of
cardiac biomarkers (principally, cardiac troponin [12]; see also
Fig. 1), incorporating formal risk stratification using risk
assessment tools such as the Thrombolysis in Myocardial
Infarction, Platelet glycoprotein IIb/Illa in Unstable angina:
Receptor Suppression Using Integrilin Therapy (PURSUIT),
or Global Registry of Acute Cardiac Events (GRACE) risk
scores (reviewed elsewhere [21]). The Universal Definition of
Myocardial Infarction, a collaborative consensus proposed
jointly by European, American, and international expert
societies in 2007, considered that a change in the blood
concentrations of cardiac troponin, with at least 1 value above
the 99th percentile limit of the distribution of reference values,
can be used to diagnose acute myocardial infarction when
accompanied by other signs of ischemia (symptoms or ECG
changes) [3,4]. Further recommendations proposed by the
International Federation of Clinical Chemistry and Laboratory
Medicine and the National Academy of Clinical Biochemistry
(NACB) also proposed a diagnostic cutoff for cardiac troponin
(cardiac troponin I or cardiac troponin T) corresponding to the
99th percentile limit [5,6].

In some cases, cardiac troponin measurements made soon
after the presentation and alongside ECG measurements may
contribute to accelerated patient management decisions.
Recent recommendations have noted that currently available
cardiac troponin assays can contribute to rule-out protocols
for myocardial infarction within 3 hours of arrival at the
emergency department [7,20] (a useful guide to the
characteristics of such assays has been published recently)

[22]. One additional study from the United States showed
that measurement of myoglobin and creatine kinase (CK)
MB did not add to the value of a sensitive cardiac troponin
assay for achieving the diagnosis of non—ST-elevation
myocardial infarction (NSTEMI) within 2 hours [23].
Other diagnostic modalities such as imaging techniques
may assist in the ruling in or ruling out other potentially life-
threatening conditions such as pulmonary embolism or aortic
dissection. Using the data assembled during this process, the
emergency department physician must either refer the patient
to one of the following: immediate revascularization,
intensive care unit, coronary care unit, other wards, or
ambulatory care, usually with a coronary stress test.

3.3. Availability of biomarker test results in the
emergency department

The core principle underlying point-of-care measurement
has been described as reducing turnaround time without
compromising the quality of information on which clinical
decisions for patients are based [24]. In the United States, the
NACB noted that patients with ST-elevation myocardial
infarction (STEMI) should receive treatment within 60 minutes
of admission without the use of cardiac biomarkers (the
European Society of Cardiology provided a similar recom-
mendation [20,25]). The NACB further recommended an
accelerated protocol involving the use of cardiac biomarkers in
the diagnosis of acute coronary syndrome, which would be of
benefit to patients with NSTEMI [10]. Specifically, a
turnaround time of less than 1 hour should be achieved, and
it can be observed that the availability of point-of-care testing
can reduce this to less than 30 minutes. The 2011 guideline for
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management of non—ST-elevation acute coronary syndromes
noted that a rapid (2-hour) rule-out protocol for acute coronary
syndromes using point-of-care biomarker testing, ECG, and
risk scoring was found to be safe [20,26].

It should also be noted that a turnaround time of 20 to
30 minutes would provide results during the initial
examination by the physician, although a longer turnaround
time (45-60 minutes) would often provide results when the
physician was attending to another patient. Accordingly,
institutions that cannot consistently deliver turnaround of
cardiac biomarker results within 1 hour should consider the
introduction of point-of-care cardiac troponin testing to
address this issue [5].

3.4. Point-of-care technology and platforms for
cardiac troponin

Point-of-care systems should provide quantitative measure-
ment of cardiac troponin to support or rule out a diagnosis of
acute myocardial infarction. In addition, the sensitivity of the
assay system should not differ from that provided by automatic
platforms in the central laboratory. The imprecision of the
measurement at the 99th percentile concentration (the
consensus diagnostic threshold for acute myocardial infarc-
tion, as described above) has been highlighted as important in
the current management recommendations relating to the
cardiac troponin measurement [4]. Specifically, imprecision
(as coefficient of variation) of 10% or less at the 99th percentile

limit is desirable, and routine use of cardiac troponin assays
with imprecision greater than 20% is no longer recommended.
There are 2 main types of point-of-care devices for the
measurement of cardiac troponin: bench-top systems and
handheld devices; key features relating to cardiac troponin
measurement are reproduced in Table 1 [24,27,28]. Most
devices measure cardiac troponin I, with only 2 systems
measuring cardiac troponin T. There is no standardization of
measurement of cardiac troponin I, with various different assay
technologies in use and different cutoff levels for this
biomarker applying to different instruments. In addition,
there is a considerable variation among devices according to
the amount and type of the biological sample (blood, plasma,
or serum) required for measurement. Some systems measure
multiple biomarkers simultaneously (eg, cardiac troponin I,
CK-MB, and myoglobin). In general, assay times are of the
order of 10 to 15 minutes (although the overall assay reporting
time may depend on the number of biomarkers being measured
for some systems). Additional technologies for point-of-care
measurement of cardiac troponin are emerging, with the
potential to reduce assay times to about 5 minutes [29].

4. How reliable are point-of-care assays for
cardiac troponin?

In general, currently available point-of-care tests for
cardiac troponin are less sensitive than central laboratory

Table 1  Features of currently available quantitative point-of-care assay systems for measuring cardiac troponin, as reported by assay

manufacturers
Brand name/company ~ 99th percentile Technology, Limit of blank Sample Analytic
upper reference reaction detection (ug/L) turnaround
limit (ug/L) time (min)
i-Stat Troponin I/Abbott  0.08 ELISA, ALP 0.02 16 uL whole blood 10
Triage troponin I/Alere  0.056 Chromatographic, 0.01 250 uL heparinized whole 15
fluorescence blood or plasma
PATHFAST troponin 0.029 Magnetic beads, CL  0.008 100 uL heparinized whole blood, 17
I/Mitsubishi plasma, or serum
AQT90 Flex troponin 0.023 Sandwich ND 1 mL EDTA or heparinized 18
I/Radiometer immunoassay, whole blood, plasma, or serum
fluorescence (40 pL for individual tests)
AQT90 Flex troponin 0.017 Sandwich ND 1 mL EDTA or heparinized 12
T/Radiometer immunoassay, whole blood, plasma, or serum
fluorescence (40 pL for individual tests)
RAMP troponin <0.1 Chromatographic, 0.03 75 uL EDTA whole blood 18
I/Response fluorescence
Biomedical Corp
Cardiac Reader troponin <0.05 Chromatographic, <0.05 150 puL heparinized whole blood 12
T/Roche color
Stratus CS troponin 0.07 ELISA, ALP 0.03 3 mL heparinized whole blood 14
I/Siemens (100-200 uL plasma for individual tests)

Data have been obtained from assay inserts and the official home pages of the respective companies. ELISA, enzyme-linked immunosorbent assay; ALP,

Alkaline phosphatase; CL, chemiluminescence; ND, not determined or not available.

Manufacturer locations: Abbott, Illinois, USA; Alere, Waltham, MA, USA; Mitsubishi, Diisseldorf, Germany; Radiometer, Bronshgj, Denmark; Response
Biomedical Corp, Vancouver, Canada; Roche, Basel, Switzerland; Siemens, Erlangen, Germany.
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tests: this potentially limits their use for reliable ruling out of
a diagnosis of acute myocardial infarction in the emergency
department [30,31]. A survey of 1069 consecutive admis-
sions to an emergency department in Sweden illustrated the
importance of this point by comparing the performance of 2
point-of-care devices (i-Stat [Abbott Diagnostics, Illinois,
USA] and Stratus CS [Siemens Healthcare Diagnostics,
Erlangen, Germany]) with that of 2 central laboratory—based
devices (Access AccuTnl [Beckman Coulter, Chaska MN,
USA] and Architect cTnl [Abbott Diagnostics]) [32]. Using
the 99th percentile as a medical decision limit for acute
myocardial damage, as currently recommended, the central
laboratory assays identified more patients as having elevated
cardiac troponin I (39% and 48%, respectively) compared
with 20% and 27% for the 2 point-of-care assays. At the
same diagnostic cutoff, the laboratory assays identified 81%
or 88% of all patients who died of cardiovascular disease
during 35 months of follow-up, compared with 50% or 54%
for the point-of-care assays. The authors concluded that “If a
clinical suspicion of myocardial injury remains despite
negative cardiac troponin I results with the point-of-care
assays, such results should be complemented by results from
sensitive laboratory assays.” To be implemented successful-
ly, a point-of-care test for cardiac troponin should signifi-
cantly reduce turnaround time without worsening analytical
performance (detection limit, etc) and, thus, diagnostic
performance. In particular, emergency physicians would
tolerate neither a significant increase in false-negative results
(leading to discharge of patients with a persistent risk of
cardiac adverse events) nor a substantial increase in “false
positive” acute myocardial infarction classifications with the
risk of unjustified therapeutic interventions.

A further difficulty is that data provided by device
manufacturers with regard to sensitivity and specificity for
ruling out acute myocardial infarction may use outdated
definitions of acute myocardial infarction based on cardiac
enzymes (Mendis and colleagues [33] have reviewed the
development of definitions of acute myocardial infarction
over time), rather than the current recommendations from
expert cardiology societies from either side of the Atlantic
[3]. Such levels of sensitivity are only adequate for the
diagnosis of a large acute myocardial infarction, which can
be often made more reliably based on the ECG and on
history and symptoms.

5. What is the impact of point-of-care testing
for cardiac troponin on outcome/safety?

The safety of an accelerated 90-minute protocol to
exclude a diagnosis of acute myocardial infarction has
been demonstrated in the emergency department setting in
the United States in 2001, using serial multimarker point-of-
care tests (cardiac troponin, CK-MB, myoglobin) [34]. All
cases of acute myocardial infarction were diagnosed within

90 minutes, and admissions to the coronary care unit were
decreased by 40%. In addition, 90% of patients with negative
cardiac biomarkers and ECG findings were discharged, with
only 1 returning with myocardial infarction within 1 month.
The authors considered that their simple, inexpensive
protocol provided rapid and effective triage for their
population, although confirmation of this approach using
the current universal definition of myocardial infarction [3]
would be reassuring. Another study from the United States,
published in the same year, focused on 817 consecutive
emergency department admissions for suspected acute
myocardial infarction [35]. Here, a point-of-care testing
strategy involving measurement of CK-MB and cardiac
troponin provided a sensitivity of 96.9% and a negative
predictive value of 99.6% for the diagnosis of myocardial
infarction within 90 minutes, facilitating prompt and reliable
ruling out of acute myocardial infarction. The median
turnaround time for the point-of-care tests was 24 minutes
compared with 71 minutes for the central laboratory. A study
in patients presenting to an emergency department in the
United Kingdom between 2003 and 2004 showed that
measurement of cardiac markers (cardiac troponin, CK-MB,
and myoglobin) with point-of-care technology allowed rapid
discharge of one-third of patients admitted with chest pain,
with only 1% readmission with acute coronary syndromes
and no deaths after 6 months of follow-up [36].

A systematic review of 11 observational and 2 random-
ized controlled trials published in 2009 concluded that there
was no evidence that implementing point-of-care testing for
cardiac markers significantly altered clinical outcomes [11].
Some operational benefits such as reduced length of stay,
faster throughput, or fewer hospital admissions were noted in
some studies, but results were variable. A further 3
randomized clinical trails have appeared since the publica-
tion of this review. Table 2 provides an overview of these
randomized clinical trials and those included in the review
described previously [37-42]: most of these studies,
originating from a broad variety of countries, demonstrated
a benefit for point-of-care vs the central laboratory. The
finding of reduced time to the application of anti-ischemic
therapy associated with the use of point-of-care testing [36]
has been confirmed by a study based on a large registry in the
United States [43].

In addition, the Randomised Assessment of Treatment
using Panel Assay of Cardiac Markers (RATPAC) study
demonstrated no significant differences in adverse events
(death, myocardial infarction, hospitalization for acute
coronary syndromes, life-threatening arrhythmia, or emer-
gency revascularization) between patients randomized to
clinical evaluation based on point-of-care measurement of
cardiac biomarkers and those randomized to clinical
evaluation based on standard care [40,41]. It should be
remembered, however, that these studies used older
definitions of myocardial infarction for adjudicated out-
comes. Current high-sensitivity cardiac troponin I assays
may identify additional patients who might benefit from
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Table 2
with suspected cardiac ischemia

Overview of randomized trials comparing POC vs central laboratory measurement of cardiac biomarkers in patients presenting

Reference Patients (country) Setting Biomarkers

Key findings

measured
[37] 263 with suspected ACS CCU  cTnT and Equivalent diagnostic accuracy and mortality with POC testing
(United Kingdom) CK-MB vs central laboratory.
No overall change in LOS, but a significant decrease in a
prespecified group of early discharge patients
(145 h vs 80 h excluding the CCU, 209 h vs 150 h overall)

[38] 860 with suspected ACS (France) ED cTnl Decrease in time to anti-ischemic therapy of about 45 min for
POCT vs central laboratory due to more rapid availability of
cTnl data; no significant difference between groups for LOS or
clinical outcomes

[39] 2000 with suspected ACS at4  ED cTnl No overall change in LOS, but the effect of POC testing on

centers (United States) LOS varied between centers

[40,41] 2243 with suspected AMI at 6 ED c¢Tnl, CK-MB, POC vs central laboratory resulted in more successful discharges

centers (United Kingdom) myoglobin (32% vs 13%; P < .001), reduced median initial hospital stay
(9 hvs 14 h; P <.001), and greater use of coronary care facility
(4% vs 3%; P = .041). Mean initial hospital stay or clinical
outcomes did not differ between groups®.

[42] 1194 with suspected ACS ED cTnl, CK-MB, Despite underuse of POC, there was a 10% increase in the

admitted to 2 EDs (Australia) myoglobin proportion discharged within 8 h (P = .007), together with a

nonsignificant trend
to shorter LOS. Benefits were greater when 24-h central
laboratory support was unavailable.

ACS, acute coronary syndrome; CCU, coronary care unit; ¢Tn, cardiac troponin; ED, emergency department; LOS, length of hospital stay; POC: point of care.

*Within 4 hours with no adverse outcome within 3 months.

invasive interventions, as suggested by a recent study where
lowering the detection threshold for myocardial necrosis
from 0.20 to 0.05 ug/L reduced the risk of adverse clinical
outcomes in patients presenting with suspected acute
coronary syndromes [44].

6. What is the impact of point-of-care testing
for cardiac troponin on the length of stay in the
emergency department?

The average length of stay in the emergency department in
the United States is increasing, particularly for patients from
ethnic minorities [45], so that initiatives that could potentially
shorten length of stay are of considerable clinical interest.
Table 2 includes information on length of stay from
randomized clinical trials that evaluated point-of-care
platforms within the management of patients presenting
with suspected acute myocardial infarction/acute coronary
syndromes. Randomization of 263 patients admitted to the
coronary care unit to cardiac biomarkers using point-of-care
or central laboratory systems (with other aspects of
management unchanged) did not reveal a significant effect
on length of stay, even if length of stay in hospital was
reduced significantly with point-of-care testing in 64 patients
(24%) meeting the prespecified criteria for early discharge
(the “rapid rule-out” group) [37]. “Ownership” of results by

the nursing staff who performed the point-of-care tests, for
example, facilitating early prompting of physicians, was
identified as a factor that contributed to reduced length of stay
in some cases. Length of stay was also unaffected in a further,
relatively small trial in 860 patients, of whom 113 had a high
risk of non—ST-elevation acute coronary syndromes [38].
The Disposition Impacted by Serial Point of Care Markers
in Acute Coronary Syndromes trial set out to test the
hypothesis that point-of-care testing for cardiac troponin I
would reduce length of stay, relative to central laboratory
testing, in a large sample of 2000 patients evaluated for
suspected acute coronary syndromes [39]. Again, there was
no overall change in length of stay, but findings varied
between the 4 participating study centers, with significantly
reduced length of stay in one center and significantly
increased length of stay in another. However, there was no
account taken of the rapid availability of results and no
requirement to change the care pathway specified in the
point-of-care testing arm of the study, which would have
reduced the likelihood of detecting a consistent change in
length of stay [46]. The authors concluded that reduced assay
turnaround time per se was insufficient to influence length of
stay and that point-of-care testing must impact on other
aspects of patient management (eg, physicians being ready to
receive and process biomarker measurements at the time they
become available) to translate reduced assay turnaround time
to more rapid discharge. Reducing “brain-to-brain time” (the
time between a physician ordering a test and when he/she
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interprets its results; see Fig. 2) was considered key to
reducing overall length of stay.

A similar finding emerged from the RATPAC trial, which
set out to evaluate the effect of point-of-care cardiac biomarker
testing on successful discharge rates in 2243 patients admitted
with suspected acute myocardial infarction in 6 centers [40].
Median initial hospital stay was reduced, alongside an
increased frequency of successful discharges, but there was
no change in the mean hospital stay or the number of inpatient
days during follow-up. Heterogeneity between lengths of stay
in centers was again noted, and the authors considered that the
way that point-of-care testing is incorporated within local
practices and protocols is crucial in its effects on the length of
stay [47]. A trial in 1194 patients with suspected acute
coronary syndromes showed that 10% more patients were
discharged in less than 8 hours with point-of-care vs central
laboratory testing (P =.007), but that the differences in overall
length of stay was not significant [42]. Finally, measurement of
turnaround times for blood tests in a hospital in the United
Kingdom showed that these had an impact on time to diagnosis
[48]. Overall, the length of stay was influenced by the degree to
which the process of care was altered to make use of the rapid
turnaround time when using point-of-care testing.

7. What are the cost implications of point-of-
care testing for cardiac troponin?

Improved operational efficiency of the emergency depart-
ment should result in greater economic efficiency. An

economic analysis of the RATPAC study concluded that a
point-of-care panel of cardiac biomarkers was not cost-effective
compared with standard practice, with overall costs per patient
of $1006 for standard care vs $1217 for point-of-care [49].
However, as described above [40], it would be important to
fully integrate point-of-care testing into hospital procedures to
realize its potential benefits for efficiency and cost-effective-
ness, which was not uniformly the case at RATPAC centers. A
previous study from the United States involved 545 patients
admitted to a cardiology unit with chest pain in roughly equal
proportions immediately before or after the introduction of
point-of-care testing for cardiac troponin I [50]. Charges to
patients fell by 25% after the introduction of point-of-care
testing due to reduced costs associated with boarding, other
departments, pharmacy, laboratories, and cardiac or noncardiac
procedures. Ultimately, a prospective randomized clinical trial
is required to validate the true cost-effectiveness of a clinical
pathway reengineered with point of care.

8. What is the potential impact of point-of-care
testing for cardiac troponin on the manage-
ment of patients presenting with chest pain?

8.1. Changes to clinical procedures

Preliminary evidence from randomized clinical trials,
described previously, demonstrates the potential for point-of-
care testing to deliver important operational benefits for the
emergency department and the hospital. Nevertheless, these



8

R. Bingisser et al.

effects are variable, and shortening the turnaround time alone
without delivering additional benefits is clearly insufficient.
A major limitation of some studies has been their failure to
test the overall concept of point-of-care—driven decision
making: successful implementation of point-of-care cardiac
troponin testing requires a multidisciplinary approach where
members of emergency department, primary care physicians,
divisions of cardiology, hospital administrations, and clinical
laboratories collectively develop an accelerated protocol for
the evaluation of patients with suspected myocardial injury.
This includes the use of quality assurance measures and
evidence-based guidelines, with point-of-care testing results
available on a central database accessible to different
members of the team. Moreover, laboratory personnel must
be involved in the selection of devices, training, mainte-
nance, and regulatory compliance issues. It is also important
that an account of any differences in the analytical sensitivity
of the systems used in the central laboratory and point-of-
care testing setting is taken; for example, if the point-of-care
system is more sensitive, it may detect more cases ruled in
(and vice versa for a less-sensitive assay). Critically, with
regard to the pathway of care, the time at which decisions are
made and implemented needs to be changed to take
advantage of the faster delivery of results. Finally, the
point-of-care testing device should be close to the patient so
that transport delays/logistics are minimized.

Unlocking the full potential benefits of point-of-care
technology requires changes to clinical pathways and
services, a need identified clearly by previous work in this
area. It has been noted during the conduct of randomized
comparisons of point-of-care testing and central laboratory
services that structured decision making must be incorporated
alongside the introduction of point-of-care testing to reduce
in-hospital stay [11], that operational changes must accom-
pany the use of point-of-care testing to translate reduced
turnaround time into meaningful improvements in length of
stay [39], and that changes to training and maintenance
programs need to contribute to a change in the clinical culture
surrounding the use of point-of-care testing to support its
effective introduction [42]. The rapid availability of results
from point of care, for example, may render this technology
useful during initial triage [51], and reduced length of stay in
the emergency department has been observed when point-of-
care testing for cardiac troponin is performed by nurses [52].

Fig. 2 summarizes the various activities that take place
during the passage of a patient with suspected acute coronary
syndromes through the emergency department [10]. This
approach provides a framework for “lean thinking,” a
quality-driven approach to process improvements that
focuses on reengineering of the decision-making pathway
to remove inefficiencies (eg, unnecessary transport time or
waiting time). The delay involved in waiting for the results
from the central laboratory is clearly one such inefficiency.
Point-of-care testing not only should reduce assay turn-
around time (from drawing of blood to reporting of results)
but would also reduce the “vein-to-brain” time (time from

blood collection to action on result) and, more importantly,
brain-to-brain time (the therapeutic turnaround time from the
decision to order the test to the resulting clinical action based
on the result). The latter point is crucial in optimizing the
benefit from point-of-care testing: improving the speed of
delivery of test results alone will not shorten the time to
clinical intervention if the decision-making pathway is not
optimized to act on rapidly produced test results [24].

By using this process, point-of-care testing will have the
ability to reduce costs while simultaneously improving patient
care. The concept of lean thinking, first described in the
automotive industry, is being used increasingly to improve the
flow of patients and information in the health care sector with
concomitant improvement in the use of resources [53]. Lean
thinking analyses 7 key aspects of the process, in terms of
transport (moving people and materials), inventory (materials
in stock, information in transit, and unfinished processes),
motion (people moving around), waiting (for people or for
things to happen), overproduction (more being done than the
next person in the system actually requires), overprocessing
(things being done that the next person does not need at all),
and defects (inappropriate actions or inactions). Careful
analysis of how and why actions take place, followed by
stripping away waste at each stage, improves the overall
efficiency, and flow through the system is improved. It is
important to remember, as discussed previously, that the whole
system must be reengineered to maximize the overall benefit
from shortened turnaround times by point-of-care assays.

In the future, the introduction of high-performance point-
of-care testing may have broader implications for the
operation of the emergency department. At present, the
value of point-of-care testing may lie principally in the
reduced length of stay/early discharge, thereby optimizing
bed use and improving the efficiency of the emergency
department as a whole.

8.2. Modeling

The operational benefit of the reengineered pathway (with
point of care) in comparison with the conventional strategy
(without point of care) can be explored using modeling. A
model representing a real-time simulation of patients through
an urban emergency department, based on actual patient
data, showed that reducing laboratory turnaround time had
major positive impacts on patient flow through the
department, length of stay, and on emergency medical
system diversions [54]. The authors noted that these are
important but inadequately studied measures that should
receive prospective evaluation and validation.

8.3. Connectivity and clinical decision
support systems

When making a diagnosis, the cardiac troponin result is
just one piece of information that needs to be integrated with
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other critical data such as ECG profiles, clinical history, and
signs and symptoms. Arguably, in many situations, the
portability of equipment is less important than having
relevant information at hand and being able to translate it
into patient-specific decisions. Computer-assisted clinical
decision support is regarded as a promising tool to assist
clinicians in this process. The contribution of clinical
decision support to cardiovascular care in general has been
evaluated, although studies are lacking in relation to the use
of point-of-care testing for suspected acute coronary
syndromes [55,56].

8.4. Barriers to the introduction of point-of-care
testing in the clinical setting

There are significant barriers to the routine introduction of
point-of-care testing. These include lack of confidence in the
results, driven by lower performance of current generation
point-of-care devices compared with central laboratory
testing; practical issues relating to user (eg, training,
maintenance, or accreditation); and perceived higher costs
and reimbursement issues, particularly when laboratory
services are run on a fee-for-service basis [57,58].

Current recommendations regarding point-of-care testing
are largely based on expert consensus. To date, there is
insufficient evidence to show that point-of-care testing for
cardiac troponin has any impact on clinical outcome, largely
because few studies (of varying designs) have addressed this
question. The evidence base in support of point-of-care
testing will need to be increased, with studies evaluating this
approach embedded completely within the hospital decision-
making structure, as described previously. New studies must
evaluate the efficacy, safety (including longer-term out-
comes), patient-centered outcomes (such as satisfaction with
treatment), and health-economic outcomes of the point-of-
care testing strategy.

9. Conclusions: can point-of-care testing for
cardiac troponin improve the ruling out and
ruling in of acute myocardial infarction?

The rationale for the use of troponin point-of-care
cardiac troponin testing to improve global efficiency in
patient care within the emergency department differs
between the situations of patients presenting with STEMI
or NSTEMI. For patients with STEMI, international
guidelines recommend that diagnoses should be made
using symptoms and specific ECG changes, with no need to
wait for the result of a biomarker test, for immediate
referral to coronary revascularization. For patients with
NSTEM]I, the added value of a rapid point-of-care test for
cardiac troponin differs according to whether NSTEMI
rule-in or rule-out is considered. Elevated cardiac troponin
concentrations are crucial for the diagnosis of NSTEMI, but

the added value from the time gain due to point-of-care
testing remains a matter of debate. So far, no study has
clearly demonstrated that saving 60 minutes in establishing
the diagnosis of NSTEMI and the initiation of appropriate
treatment reduces the risk of major adverse cardiac events
during follow-up. From a patient’s perspective, negative
cardiac troponin concentrations may mean earlier relief;
from an emergency department physician’s perspective, it
may point to other severe conditions needing to be ruled in
or out more quickly.

High-risk patients with NSTEMI are usually referred
immediately for catheterization. Lower-risk patients with
NSTEMI should be examined within 48 to 72 hours,
limiting the therapeutic relevance of obtaining a cardiac
troponin measurement 30 to 60 minutes earlier than the
current standard practice. Conversely, patients awaiting the
ruling out of NSTEMI represent, by far, the most frequent
and, therefore, time-consuming source of overcrowding of
the emergency department, which is a major source of
concern for emergency physicians, particularly with regard
to the large subgroup of low-risk patients. For these
patients, the availability of a sensitive and accurate point-
of-care measure of blood cardiac troponin levels, at the
same time as ECG recordings, would have a considerable
impact on the time spent under diagnostic evaluation, with
the potential for major benefits for patients in the
emergency department.

Such potential for benefit from point-of-care testing is
speculative, however, and new-generation, high-sensitivity
point-of-care tests for cardiac troponin require evaluation in
interventional studies (as do improved central laboratory
tests). The introduction of novel high-performance point-of-
care systems that at least match the performance of central
laboratory systems for cardiac troponin testing, coupled with
a systems engineering approach (lean thinking) to change
clinical practice, will be required to deliver the full benefit of
this emerging technology.
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