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ABSTRACT
Objective To determine the effect of cardiac troponin I
testing with a point-of-care (POC) device versus central
laboratory on length of stay (LOS) in emergency
department (ED) patients presenting with possible acute
coronary syndromes (ACS).
Methods A 12-week randomised controlled trial at two
metropolitan ED in eastern Australia with a combined
annual census of 80 000. Participants were all patients
presenting with possible ACS. Exclusions were
a diagnosis of ACS before arrival, ST elevation and failure
to wait for complete assessment. Randomisation was by
week when POC was made available. Primary outcome
was LOS from patient arrival to physical departure from
the ED. The proportion of patients meeting a government
target of less than 8 h stay was compared. Analysis was
by intention to treat.
Results Despite underutilisation of POC, LOS was
shorter during weeks when it was available. The time
savings translates into approximately 48 minutes (95% CI
12 to 84) per average LOS of almost 7 h, which did not
reach statistical significance (p¼0.063), or an absolute
increase of 10% (95% CI 4.3 to 16.6) in the number of
people discharged from the ED within the target LOS of
less than 8 h, which did reach significance (p¼0.007).
These savings were more pronounced in the setting
without 24 h central laboratory availability.
Conclusions POC testing for troponin in the ED tended
to reduce the LOS for possible ACS patients. The degree
of this benefit is likely to be markedly dependent on its
acceptance and uptake by attending personnel, and on
the ED setting in which it is used.

Measurement of troponin in the emergency
department (ED) has become essential in risk
stratiﬁcation and diagnosis of acute coronary
syndromes (ACS).1e3 Bedside testing might be
expected to improve the speed of this process and
reduce patient length of stay (LOS). Clear evidence
for this, however, remains to be demonstrated.
Singer et al4 showed in a non-randomised trial that
patients were booked for admission earlier with
point-of-care (POC) troponin testing in the ED; the
result was available on average in 15 versus
83 minutes for the laboratory result. However, there
are many factors that might mitigate this beneﬁt,
including:
< Increased use of clinical staff time to run the
assay and maintain the device.
< Procedural failures (eg, rejected cartridges).
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< Clinicians’ willingness to trust a non-laboratory

assay in the process of discharging patients with
a potentially lethal condition.5 6
< Delay in patient ﬂow including hospital access
block.
In 2008 a large multicentre randomised
controlled trial in the USA showed only limited
improvement in patient stay at some centres and
lengthened stay at others.7
Previous studies had shown variable changes in
time to decision, therapy and LOS.8e12 Many
addressed the use of multiple assays rather than
troponin alone or were also trials of new diagnostic
protocols.13 Murray et al,14 in a randomised
controlled trial looking at multiple POC tests
including older cardiac biomarkers, showed a reduced
LOS for ED patients, greatest if they were destined
to be discharged. Most studies have been observational, including before and after methodologies, and
these may suffer from the Hawthorne effect.15

OBJECTIVES
We sought to test in a randomised controlled trial
whether POC troponin testing would decrease
patient LOS in the ED for patients arriving with
possible ACS.

METHODS
Setting
Two ED in Newcastle, Australia, from November
2007 to January 2008. The larger site, John Hunter
Hospital (JHH) has acute interventional angiography and cardiac surgery. Neither has a chest pain
observation unit. Undifferentiated chest pain
comprises 5e8% of total presentations. All patients
are initially seen by ED staff and are assessed
according to Australian Heart Foundation guidelines, with second troponin taken a minimum 8 h
after the onset of symptoms.16 The Department of
Health has set a benchmark LOS in emergency of
8 h, to be met in 80 % of cases.
Patients with diagnosed ACS or those considered
to be at high risk of adverse events or ACS are
admitted to cardiology. Intermediate risk patients
are referred to the cardiology service for further
evaluation, which may be as an inpatient. Low-risk
patients are discharged for outpatient follow-up.

Selection of participants
All patients over 25 years of age who presented to
the ED with possible ACS, and who had a troponin
ordered, were consecutively enrolled. Patients were
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identiﬁed by triage coding and were collected on a prospective
database being used to audit the ACS pathway. Exclusions were:
< Transfer from another hospital with known ACS or known
elevated troponin.
< ST elevation on arrival, as troponin seldom affects initial
management in this case.
< Departure against medical advice.

Study design
This was a cluster randomised controlled trial in which the unit
of randomisation was weeks using a single computer-generated
block of 12 for each site. A sealed envelope opened each Monday
morning determined the availability of the device.
Clinical staff were not forced to use POC and still had the
option of sending samples to the laboratory as usual. Before the
trial, a validation study for the POC system was conducted,
which included training in its use for all medical and nursing
staff. The machine had been in the department for 4 months
before the trial started and personnel were familiar with its use.
Ethics permission, and exemption from patient consent, was
granted by our regional ethics committee and the study was
registered a priori with the Australian/NZ controlled trials
registry (ACTRN12607000475448; http://www.anzctr.org.au/).
The primary and secondary outcomes were registered as were
the exclusion criteria listed under the patient selection
subheading.

Troponin measurement
The POC system (i-Sta;, Abbott Laboratories, Abbott Park, Illinois, USA) requires 10 minutes to analyse a sample.17e19 Two
units allowed for simultaneous samples to be run without delay.
Results are automatically downloaded to a research database.
The central laboratory used the Beckman Coulter Accu TnI
assay (Beckman Coulter, Fullerton, California, USA).20 21
Samples from the ED are marked high priority, and delivered by
pneumatic tube. The minimum time from sample dispatch to
result is 50 minutes. At the larger site (JHH), this is available 24 h
a day; the second study hospital (Belmont) laboratory closes at
midnight, and uses a courier until 08:00 hours adding approximately 1 h to the turnround time.

Outcome measures
The primary outcome measure was patient LOS. This was
assessed by downloading data from the ACS audit computer
database. Length of stay was the time of physical arrival to
departure from the ED, either to an inpatient bed or discharge.
Statistical analyses were performed using SAS (version 9, SAS
Institute) and Stata (version 10, Stata Corp) software.

Statistical analysis
Univariate analyses of continuous data were performed using
student t-tests when the assumption of normality was appropriate and Wilcoxon rank sum tests when the assumption was
not valid. Categorical data were analysed using c2 tests. Shared
frailty models were used to compare differences in the LOS
between treatment groups. The shared frailty model is a survival
analysis technique, which, in this context, allows for the
adjustment of clustering within a randomised week.22 The model
was ﬁt in Stata using the command streg group, d(weibull) frailty
(g) shared(week), where group is the treatment group variable
and week is the clustering variable. Length of stay was also
analysed as the percentage of patients meeting the target of 8 h
or less. The primary analysis was intention to treat,
meaning that patients were analysed according to the week of
Emerg Med J 2010;27:194e198. doi:10.1136/emj.2008.069427

randomisation regardless of whether they had their troponin
measured by POC or not. A secondary, ‘per-protocol’ analysis of
LOS was also conducted using all patients but was analysed
according to whether the POC machine was used or not, irrespective of week of attendance.
The original sample size estimate assumed a SD of 1.5 h,
p¼0.05, power of 80%, 1 : 1 randomisation, and a design effect of
3, yielding approximately 300 participants per group to allow
detection of a difference of approximately 35 minutes, and
approximately 450 participants per group to allow the detection
of a difference of approximately 30 minutes.

RESULTS
A total of 1194 patients with possible ACS attended the study
hospitals during the 12-week period (ﬁgure 1).
Patients in both groups were similar with respect to age,
troponin level, gender and the hospital they attended (table 1).
One patient received a POC measurement during a non-allocated
week.
In the weeks randomised to no POC, 445 patients had a valid
troponin measure versus 467 patients in the weeks randomised
to availability of POC. No patients were lost to follow-up. All
patients were analysed as allocated. Figure 2 shows box plots of
the LOS by the week and presence of intervention.

Intention to treat analysis
Length of stay for the two groups is shown as a KaplaneMeier
curve in ﬁgure 3; the data had a skewed distribution and nonparametric methods of statistical analysis were used. Patients
were also clustered within randomised weeks and therefore
a survival analysis technique using a frailty model was considered
appropriate to take account of the correlated data. Figure 2 shows
the median LOS by week for each centre, and indicates that there
were no major differences in LOS from week to week at each
centre due to other factors, for example, stafﬁng levels, access
block, etc.
In the weeks when POC was available, patients tended to
have a shorter LOS than in the weeks when POC was not
available, irrespective of whether LOS was measured as

1194 patients presented to the
ED with possible ACS
(827 at JHH & 367 at Belmont)

16 patients had ST-elevation
(11 at JHH and 5 at Belmont)

53 patients departed prior to
full assessment
(45 at JHH & 8 at Belmont)

211 patients did not have
troponin measured
(148 at JHH and 63 at Belmont)

2 patients were referred
elsewhere
(2 at Belmont)

912 patients had a valid troponin
measurement
(623 at JHH and 289 at Belmont )

445 patients randomised to
Laboratory testing
(313 at JHH & 132 at Belmont)

467 patients randomised to
POC available
(310 at JHH & 157 at Belmont)

Figure 1 Random assignment of patients. ACS, Acute coronary
syndrome; ED, emergency department; JHH, John Hunter Hospital; POC,
point of care.
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Table 1

Per-protocol analysis

Characteristics of patients included in the trial
Laboratory,
no POC
(n[445)

Baseline
characteristic
Age (years)
Troponin level
Gender
Female
Male
Hospital
JHH
Belmont
Method
POC (6) laboratory
Laboratory only

POC
available
(n[467)

Median (min, max) 62 (25, 99) 60 (25, 101)
Median (min, max) 0.2 (0, 18.5) 0.2 (0, 24.3)
n (%)
224 (50.3%) 223 (47.8%)
n (%)
221 (49.7%) 244 (52.2%)
n (%)
313 (70.3%) 310 (66.4%)
n (%)
132 (29.7%) 157 (33.6%)
n (%)
1 (0.2%) 212 (45.4%)
n (%)
444 (99.8%) 255 (54.6%)

JHH¼John Hunter Hospital; POC¼point of care.

a continuous variable or as the percentage of patients meeting
the target of less than 8 h (ﬁgure 2, table 2).
The median LOS was 6.4 h in the POC group compared with
7.2 h in the central laboratory group; as a percentage meeting the
target time of 8 h or less, the values were 71% and 60%, respectively. After adjustment, the observed difference between groups
for LOS as a continuous measure was no longer statistically
signiﬁcant (p¼0.063), but the percentage meeting the target of
less than 8 h remained signiﬁcant (p¼0.007). Conﬁdence intervals for the median times (table 2) are calculated from simulation
methods, whereas the p value is based on the non-parametric
Wilcoxon rank sum test. This explains the discrepancy between
the signiﬁcance of the time difference (48 minutes, with CI not
overlapping 0) and the non-signiﬁcance of the direct p value
(p¼0.063); such discrepancies between methods can occur when
the result is on the borderline of signiﬁcance and, in order to avoid
type 1 error, we have chosen the more conservative test.
Given that the gains from POC may be more evident in sites
where laboratory facilities are not available around the clock, we
performed a subgroup analysis by site. The difference between
the POC and laboratory groups was greater at the site without
24-h laboratory services (Belmont) compared with the site with
such services (JHH); again, after adjustment for clustering, the
difference was not statistically signiﬁcant when LOS was
measured as a continuous variable, but was signiﬁcant when
measured as percentage meeting the less than 8-h target (table 2).

We demonstrated time savings of approximately 48 minutes, out
of an average LOS of almost 7 h, although this was not signiﬁcant after adjusting for clustering. Using the Health Department
target of discharge within 8 h, we found a statistically signiﬁcant
absolute increase of 10% meeting this outcome in the POC
group. This may be a small increase but represents 6e12 h in ED
monitored beds each day with attendant effects on safety and
efﬁciency of patient treatment.23 As expected, the difference was
more marked at the site where pathology was not available
around the clock; it is in these situations when the most
potential gains could be made.
It is important to note that the difference seen between the
two groups in our study probably represents an underestimate
of the potential gains. This is evidenced by the fact that the
majority of patients during the POC allocated weeks (53%)
continued to receive only the laboratory troponin measure. The
potential reasons for this are:
< Mistrust of the POC machine. Nursing staff anecdotally
noted that doctors were often not acting upon the results of

JHH, Point of care

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

Belmont, Laboratory

Belmont, Point of care

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

0 5 10 15 20 25 30

JHH, Laboratory

0

Length of stay (hours)

DISCUSSION
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Figure 2 Box plots of length of stay by hospital and
treatment group. JHH, John Hunter Hospital.

Approximately half of patients (45.4%) during the POC allocated weeks actually had a POC troponin performed. This
lower-than-expected uptake may have biased the results
towards the null, that is, minimised the potential difference
between the groups. In order to explore this, we performed
a ‘per-protocol’ analysis, comparing those who actually had
a result on the POC machine to those who had a laboratory
result, regardless of week. This analysis showed no signiﬁcant
difference between the two groups (see table 3); in fact, the point
estimate for LOS was slightly higher for the POC group than the
central laboratory group.
We believe this was due to a selection bias in using the POC
device during the weeks it was available. In particular POC
appears to have been used for patients who were less likely to be
in need of hospitalisation; 91% of patients who had their
troponin measured by the POC device were discharged,
compared with 70% of patients when both methods were used
and 67% of patients when troponin was only measured by the
laboratory.

Graphs by Hospital and Treatment Group
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Table 3 Comparison of LOS between patients whose troponin was
measured using POC and those whose troponin was measured in the
laboratory (per-protocol analysis)

0.50

0.75

group = Laboratory
group = Point of care

LOS

Laboratory
(n[699)

POC (n[213)

p
Value

Adjusted
p value*

Median (min, max)
Number (%) <8 h

6.7 (0.35, 27.8)
462 (66)

7.1 (1.6, 20.1)
138 (65)

0.244
0.725

0.403
0.631

0.25

*Adjusted for clustering by week and by site.
LOS¼length of stay; POC¼point of care.
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Figure 3 KaplaneMeier curve of length of stay by treatment group.
the POC system, but rather waiting for a conﬁrmatory result
from the laboratory.
< Unfamiliarity. Physicians perhaps needed more training than
was given as part of the validation study and more time to
effect behaviour change than the 4 months that had elapsed.
< Time pressure on staff. Although the POC machine is faster,
providing results in 10 minures, this was time required of the
medical or nursing staff who could have otherwise continued
with their other work.
These factors may have led to a complex pattern of POC use,
as evidenced by the fact that the per-protocol analysis showed
no signiﬁcant difference, and indeed a trend to paradoxically
longer times for the POC group. The increased use of the POC
device for patients ultimately discharged suggests the presence
of selection bias. These patients tend to stay longer while
waiting for biomarkers, whereas more obviously unwell patients
have earlier disposition decisions. The per-protocol analysis may
also be confounded given the difference in LOS between sites
(regardless of troponin type) and the difference in POC use
between sites. For these reasons, we believe that the per-protocol
analysis is not reliable.
By reducing the time to availability of the test result, POC
testing for troponin holds the promise of speeding up patient
treatment and disposition. Despite this, uptake has been slow in
many ED. A 2004 survey of one third of all US hospitals over 150
beds found that uptake of POC was less than expected by
manufacturers. Cardiac markers were more frequently evaluated
but then not adopted than any other test panel.24 While the
study was not designed to examine the reasons behind this effect,
our ﬁndings support the possibility that a variable degree of
clinician enthusiasm and trust in POC troponin is one of the
reasons behind its less than universal implementation.2

Neither institution in this study has a dedicated chest pain unit.
Patients remain in the ED until they are either discharged or
transferred to an inpatient bed. This may limit external validity
with respect to those ED that operate physically separate areas
for chest pain assessment.
We used cluster randomisation by weeks rather than by
individual patients. Individual randomisation was thought to be
impractical due to likely protocol violations. The signiﬁcant
disadvantage was that the intervention was not mandatory and
approximately half the patients seen during allocated weeks did
not receive a POC reading, potentially reducing any measured
effect, and biasing our results towards the null.

CONCLUSIONS
There was a non-signiﬁcantly shorter LOS for those allocated to
the POC group, particularly in the setting where central laboratory services are not available 24 h a day; this effect reached
signiﬁcance when LOS was measured as percentage discharged
within 8 h rather than as a continuous variable, and remained
signiﬁcant after adjusting for clustering by site and week. There
was also a paradoxical trend to longer times in the ‘per-protocol’
analysis, indicating a complex pattern of behaviour around
ordering POC tests. This may have been selective use of the POC
assay for patients who seemed at lower risk and were more likely
to be discharged. We suggest that successful introduction of POC
testing for troponin requires not just a comprehensive training
and maintenance programme but also an effective initiative to
change the clinical culture surrounding its use.
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Images in emergency medicine
Emergency retinal pallor
A 76-year-old woman presented with sudden visual loss in her
right eye. There was no history of malaise, neck stiffness,
temporal scalp tenderness, jaw claudication, limb weakness or

headache. Visual acuity measured 6/60 right eye and 6/9 left eye.
There was a central, sectoral area of retinal pallor involving the
right macula. The optic nerve appeared swollen nasally (ﬁgure 1).
The left eye was unremarkable.
Full blood count was normal. Erythrocyte sedimentation
rate measured 122 mm/h and C-reactive protein 26 mg/l. Giant
cell arteritis (GCA) was conﬁrmed on temporal artery biopsy
histology. Cilioretinal infarcts have a similar aetiology to anterior ischaemic optic neuropathy and, although GCA usually
presents as anterior ischaemic optic neuropathy, it must be
excluded as a potential cause. This emergency ophthalmic
presentation, with raised inﬂammatory markers, requires
urgent steroid treatment to avoid other serious GCA sequelae
including contralateral blindness, aortitis and fatal brainstem
infarctions.
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Figure 1 Right eye funduscopy showing central, sectoral area of retinal
pallor and nasal optic nerve swelling.
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