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Abstract

Background: The 3-h high-sensitivity cardiac troponin T (hs-cTnT) algorithm is the most commonly used scheme
to diagnose acute myocardial infarction. The 1-h hs-cTnT algorithm has recently been approved by the European
Society of Cardiology as an alternative algorithm for earlier diagnosis. If the hs-cTnT test cannot discriminate the
diagnosis of the patient at 1 h, the patient is defined as observational group. Their test must be repeated at 3 h. A
high prevalence of this group may indicate a low clinical utility of the 1-h hs-cTnT algorithm. This study was aimed
to estimate the proportion of the observational group in Thai emergency department (ED) patients and also the
time to rule-in/out between both the algorithms.

Methods: A historical control study was conducted in patients with chest pain for 1–12 h at the ED of Siriraj
Hospital, Bangkok, Thailand. The study compared two groups: one prospective group of all patients evaluated with
the 1-h hs-cTnT algorithm between June and September 2017 and one historical control group evaluated with the
3-h hs-cTnT algorithm between January and March 2017.

Results: A total of 130 patients were included (3-h hs-cTnT algorithm group n = 65 and 1-h hs-cTnT algorithm
group n = 65). Twelve patients [18.5% (95% CI 10.0–30.1)] were categorized as observational group in the 1-h hs-
cTnT algorithm group. The mean rule-in/out times in the 3-h hs-cTnT algorithm and 1-h hs-cTnT algorithm groups
were 238 min (SD 63.3) and 134 min (SD 68.5), respectively (both p < 0.001). The time to disposition was also
shortened in the 1-h hs-cTnT algorithm group (p < 0.001). Multivariable regression analysis performed to identify
and adjust for confounders among patient characteristics revealed no significant confounders.

Conclusions: The use of the 1-h hs-cTnT algorithm in the ED resulted in an acceptable proportion in the
observational group and a decreased time to rule-in/out compared with the 3-h hs-cTnT algorithm.
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Background
Acute myocardial infarction (AMI) is one of the major
causes of mortality [1, 2]. Cardiac biomarkers play an im-
portant role in the diagnostic process of non-ST-elevation
myocardial infarction (NSTEMI) [3–6]. Of all cardiac
biomarkers, cardiac troponin (cTn) is the most preferable
due to its specificity to myocardial injury. It could provide
high sensitivity and specificity for the diagnosis of NSTEMI
[3, 4]. High-sensitivity cardiac troponin T (hs-cTnT) or
high-sensitivity cardiac troponin I (hs-cTnI) could provide
even higher sensitivity and specificity [7–11]. These
biomarkers increased the diagnostic accuracy over conven-
tional assay, especially in patients presenting early after
chest pain onset [7–11]. In cases of NSTEMI, troponin will
show a pattern of dynamic elevation above the 99th per-
centile [5]. Current clinical practice guidelines recommend
a serial cardiac troponin test at presentation and 3 h later
for evaluation of dynamic elevation compatible with
myocardial injury [5, 6].
Earlier diagnosis and treatment of AMI can improve clin-

ical outcome. Rapid exclusion is also helpful for the emer-
gency department (ED) with limited resources or
overcrowding. Recent approaches towards earlier diagnosis
and exclusion using cutoff values below the 99th percentile
have been proposed. The 1-h algorithm using hs-cTnT and
hs-cTnI were developed and validated [12–17]. The 1-h
hs-cTnT algorithm could substantially accelerate the man-
agement with accurate rule-in and safe rule-out for AMI in
two large prospective cohort studies [16, 17]. In one multi-
center study with more than 1200 patients enrolled with
chest pain, the 1-h hs-cTnT algorithm could provide

negative predictive value (NPV) and sensitivity for the
rule-out group of as high as 99% and 97%, respectively [17].
Positive predictive value (PPV) and specificity for the
rule-in group were also high at 77.2% and 96.1%, respect-
ively [17]. The European Society of Cardiology (ESC) im-
plemented the 1-h hs-cTnT or hs-cTnT algorithm in their
2015 guidelines for the management of non-ST-elevation
acute coronary syndrome (NSTE-ACS), stating that the al-
gorithms have been adequately validated and could be con-
sidered as an alternative in validated laboratory [6].
The 1-h hs-cTnT algorithm classifies patients into

three groups: rule-in, rule-out, and observational
group (Fig. 1). Patients who are triaged as the obser-
vational group are those who cannot be classified
with hs-cTnT at 0 and 1 h. They require a third
hs-cTnT test at 3 h, which is interpreted using the
conventional 3-h hs-cTnT algorithm. Consequently,
the observational group needs a total of three instead
of two hs-cTnT tests. If the prevalence of this group
is high, the putative improved cost-effectiveness of
the 1-h hs-cTnT algorithm could be decreased. The
prevalence of patients in the observational group in
the previous prospective cohort studies ranged
between 22 and 24% [12–17].
The 1-h hs-cTnT laboratory assay has only recently

been certified for use at our institution. Although the
1-h hs-cTnT algorithm has been validated in many
countries, its feasibility has not been studied in Thailand.
We sought to estimate the prevalence of the observa-
tional group and the average change in time to rule-in/
out after implementing the 1-h hs-cTnT algorithm.

Assay A B C D E 

hs-cTnT (Elecsys) 5 12 3 52 5 

hs-cTnI (Architec) 2 5 2 52 6 

Fig. 1 The hs-cTnT 1-h algorithm. Abbreviations: NSTEMI, non-ST-elevation myocardial infarction; hs-cTnT, high-sensitivity cardiac troponin T; hs-
cTnI, high-sensitivity cardiac troponin I. Adapted from [6]
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Methods
Study design
The primary aim was to estimate the proportion of the ob-
servational group in the 1-h hs-cTnT algorithm. A high
prevalence of the observational group may indicate that it
has low feasibility in an often-crowded Thai ED setting. We
recruited a 1-h hs-cTnT algorithm or post-implementation
group prospectively for the primary aim.
The secondary aim was to compare the rule-in/out times

between the 3 and 1-h hs-cTnT algorithms. We recruited
a historical control or pre-implementation group that used
the 3-h hs-cTnT algorithm retrospectively for the second-
ary aim. We assumed that ED crowding may be a con-
founding variable of time to rule-in/out. The variability of
ED crowding in Siriraj Hospital usually depends on time
of ED arrival. Therefore, the pre- and post-implementation
groups were matched on time of the day and day of the
week of presentation. Patients were divided into three
groups based on their time of arrival: daytime of working
day (8 am–8 pm, Monday to Friday), nighttime of working
day (8 pm–8 am, Monday to Friday), and weekends or
national public holidays.

Setting
The study was conducted at the ED of Siriraj Hospital,
Mahidol University, Bangkok, Thailand. The hospital is
the largest tertiary and university hospital in Thailand
with over 20,000 ED visits per year. The study was ap-
proved by the Siriraj Institutional Review Board (certifi-
cate of approval Si 328/2017). Informed consent was
waived because the 1-h hs-cTnT algorithm was already
validated, and the study did not affect rights, diagnostic
adjustment, or clinical intervention of the patients.

Participants
Eligibility criteria
Participants were included if they were over 18 years of age
and presented to the ED with chest pain or other symp-
toms suggestive of AMI with the onset in a duration of 1–
12 h prior to presentation. Participants were excluded if
they had ST elevation on electrocardiogram (ECG), had
undergone defibrillation or cardioversion in their visit to
the ED, had undergone coronary artery bypass grafting
within the last month, and had been diagnosed as AMI
within the last 3 weeks. Patients were also excluded if they
had stage V chronic kidney disease, had end-stage renal
disease, were pregnant, or were breastfeeding.

Recruitment of the post-implementation group
All patients meeting the inclusion criteria were recruited
prospectively and consecutively between 22 June and 12
September 2017. Investigations and treatments were
given according to standard clinical practice guidelines.
The 1-h hs-cTnT algorithm was conducted as shown in

Fig. 1. After the patients were classified, they were man-
aged according to their classification. Patients in the
rule-out group were discharged if there were no other clin-
ical problems. Patients in the rule-in group were treated as
NSTEMI unless proven otherwise. The observational group
had to wait for an additional hs-cTnT test at 3 h. Patients
in this group were then classified as rule-in/out according
to the 3-h hs-cTnT algorithm. Data were collected by
medical record review after the patients were discharged.

Recruitment of the pre-implementation group
For this historical control group, medical records of pa-
tients presenting to the ED with chest pain or other symp-
toms suggestive of AMI with NSTE-ACS as the provisional
diagnosis or a differential diagnosis from 8 January to 30
March 2017 were reviewed consecutively. We started with
records on March 2017 and continued backwards in time
until the quota of the comparable number of patients in
each time of arrival interval was reached. In this group, the
3-h hs-cTnT algorithm was used to classify the patients.
Investigations and management were also given according
to standard clinical practice guidelines.

Data collection
We collected the baseline patient demographics, the time
of ED arrival, the time of first blood drawing, the troponin
test results, the time of receiving the specimen at the
laboratory, and the time of reporting results. The time of
patient discharged from the ED, the patient disposition at
discharge, and the medications for acute coronary syn-
drome (ACS) received by the patient were also collected.
Major adverse cardiac events (MACE), defined as com-
posite events of all-cause mortality, AMI, percutaneous or
surgical revascularization, and significant stenosis on
coronary angiography that occurred within 30 days of ED
arrival, was also documented. Furthermore, the number of
patients in the ED at the time that the patients arrived
was recorded. This information was for the evaluation of
the effect of ED crowding.

Blood sample collection and laboratory diagnostic testing
At Siriraj Hospital, the blood specimens were sent to the
central laboratory unit (ISO 15189 approved laboratory)
using messengers. Samples in both groups were assayed
using Elecsys 2010 solution in Cobas 8000 machine
(Roche Diagnostics, Rotkreuz, Switzerland).

Outcome measurements
Classification by the 1-h and 3-h hs-cTnT algorithms
According to either the 1- or 3-h hs-cTnT algorithm, the
patients’ category (rule-in, rule-out, or observational
group) after laboratory interpretation was recorded. In
the observational group, the final category using the 3-h
hs-cTnT result was recorded.
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Proportion in the observational group using the 1-h hs-
cTnT algorithm
This was the primary aim. The proportion was deemed
acceptable if it was not more than that of the previous
trials (22–24%) [12–17].

Average change in time to rule-in/out between the pre- and
post-implementation groups
This was the secondary aim. We calculated time intervals.
The rule-in/out time was defined as the time of first blood
drawing to the time of the last laboratory result reporting.
Laboratory transport time was defined as the time taken
to bring the specimen to the laboratory. Laboratory pro-
cessing time was defined as the time the laboratory took
to analyze and interpret the results.

Sample size calculation
For the primary aim, a previous pilot study in Siriraj
Hospital investigated 10 patients using the 1-h hs-cTnT
algorithm, and the proportion of the observational group
was 0.4 (40%). With a proportion of 0.4 (95% CI
0.28–0.52), a sample of 65 was required. For the secondary
aim, a pilot study investigated 10 patients using the 3-h
hs-cTnT algorithm (group 1) and 10 patients using the 1-h
hs-cTnT algorithm (group 2). The mean difference in time
to rule-in/out was about 80 min with an SD in group 1 of
65 min and in group 2 of 30 min. A difference in mean
time of 60 min was considered clinically important by the
consensus of the authors. Using a two-sided type I error of
0.01 and 90% power, we calculated a sample of 25 per
group. To answer primary and secondary aims, a sample
size of 65 patients per group was required. nQuery Advisor
(Cork, Ireland) was used to calculate the sample size.

Statistical analysis
Data were reported using descriptive statistics and com-
pared by chi-square and two-sample t tests as appropriate.
Data with parametric distribution were reported as mean
(SD). Data with nonparametric distribution were reported
as median (IQR) and were compared by Mann-Whitney
U test. Frequency was reported as number (%).
The proportion of observational group in the

post-implementation group was reported with 95% CI.
A two-sample t test was used to compare time to
rule-in/out of AMI and other time intervals between
the two groups. One-way ANOVA analysis was used to
measure differences between subgroups. Multivariable
linear regression was used to analyze factors
influencing the secondary outcomes. Multivariable
logistic regression was also used for triage type.
Predictors were chosen by forward stepwise and back-
ward stepwise selection. The variables examined
included age, gender, onset of chest pain, current use of
beta-blocker, nitrate, diuretic, ED prescription of
aspirin, anticoagulant, nitroglycerin, intravenous
furosemide, and oxygen treatment. All analyses used
SPSS version 18 (SPSS Inc., Chicago, IL).

Results
A total of 130 patients were recruited. From June to Sep-
tember 2017, 65 patients were prospectively enrolled in the
post-implementation group. In the pre-implementation
group, 65 patients matched on the time of the day and day
of the week during which they visited to the ED with the
post-implementation group were enrolled during January
and March 2017 (Fig. 2).

Fig. 2 Flow diagram of study. Abbreviations: ESRD, end-stage renal disease; OBS, observational group; R/I, rule-in group; R/O, rule-out group,
STEMI, ST-elevation myocardial infarction; 0–1 h, 1-h high-sensitivity cardiac troponin T algorithm; 0–3 h, 3-h high-sensitivity cardiac troponin T
algorithm; MACE, major adverse cardiac events
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Patient characteristics
Compared with the post-implementation group, the
pre-implementation group was older and had longer onset
of chest pain at presentation and lower glomerular filtration
rate (GFR). They also had been taking more beta-blockers
and diuretics prior to ED visit and had been given more
treatments associated with ACS in the ED (Table 1).

Primary outcome and secondary outcome
There were 12 patients [18.5% (95% CI 10.0–30.1)] catego-
rized as the observational group in the post-implementation
group. The mean rule-in/out time was 238 min (SD 63.3) in
the pre-implementation group and 134.3 min (SD 68.5) in
the post-implementation group (p < 0.001) (Table 2 and
Fig. 3).
The mean laboratory transport time was not signifi-

cantly different between the two groups. The mean
laboratory processing time of the first specimen, that of
the second specimen, and the median time to disposition
were significantly longer in the pre-implementation
group (p = 0.001, < 0.001, and < 0.001, respectively)
(Table 2 and Fig. 3). After adjusting for baseline differ-
ences by multivariable linear regression, the adjusted dif-
ferences of time to rule-in/out, laboratory transport
time, and laboratory processing time were comparable
to the crude mean differences. No patient characteristics
had significant effect on any time interval from the re-
gression model [min–max of p = 0.18–0.74].
The proportions of patients classified by the 3-h

hs-cTnT algorithm in the pre-implementation group
were rule-in in 35.4% and rule-out in 64.6%. The propor-
tions of patients classified by the 1-h hs-cTnT algorithm
in the post-implementation group were rule-in in 21.5%
and rule-out in 60%. The number of patients in the ob-
servational group in the post-implementation group was
12 (18.5%). Of these, two patients were eventually ruled
in according to the 3-h hs-cTnT algorithm. Both of them
had further had cardiac testing. Of the 10 patients in the
observational group who were eventually ruled out, two
patients also had further cardiac testing. Of the observa-
tional group, two patients (16.7%) had 30-day MACE
(Fig. 2). After categorizing the observational group into
rule-in or rule-out, the triage type between the two
groups was not significantly different (p = 0.25). Multi-
variable logistic regression model did not find any sig-
nificant confounders among patient characteristics that
predicted triage type. Disposition types were also not
significantly different between the two groups (Table 2).
The mean number of patients in the ED was signifi-

cantly higher on daytime of working day [11.0 (SD 3.2)]
compared with nighttime of working day [8.7 (SD2.2)]
and public holiday [8.6 (SD 2.9)] (p = 0.032 and 0.025,
respectively). However, no significant differences in the
mean rule-in/out time, laboratory processing time,

Table 1 Patient characteristics
Variable 0–3 h (n = 65) 0–1 h (n = 65) p value

Age (years) 71.6 ± 13.2 66.6 ± 14.2 0.041

Male sex 37 (56.9) 26 (40) 0.054

Underlying disease

Coronary artery disease

Previous CABG 12 (18.5) 10 (15.4) 0.77

Previous PCI 7 (10.8) 8 (12.3)

No intervention 12 (18.5) 10 (15.4)

Diabetes mellitus 25 (38.5) 21 (32.3) 0.46

Hypertension 45 (69.2) 43 (66.2) 0.71

Chronic kidney disease 27 (41.5) 23 (35.8) 0.47

Stage III 15 (23.1) 10 (15.4) 0.01

Stage IV 11 (16.9) 2 (3.1) 0.24

GFR (mL/min/1.73m2) 55.7 ± 25.8 67.1 ± 22.4 0.008

Current medication

Aspirin 32 (49.2) 34 (5.2) 0.65

P2Y12 inhibitor 16 (24.6) 16 (24.6) 0.96

Beta-blocker 39 (58.5) 25 (38.5) 0.03

Calcium-channel blockers 23 (35.4) 20 (30.8) 0.62

Nitrate 24 (36.9) 13 (20) 0.05

Anticoagulant 9 (13.8) 10 (15.4) 0.78

Diuretic 17 (26.2) 8 (12.3) 0.007

ACEI/ARB 28 (43.1) 23 (35.4) 0.41

Onset of chest pain (hours) 5.5 ± 3.5 3.1 ± 3.0 < 0.001

Period of emergency department visit

Government day time 28 (43.1) 29 (44.6) 0.99

Government night time 19 (29.2) 19 (29.2)

Public holiday 18 (27.7) 17 (26.2)

Initial electrocardiogram

ST depression 15 (23.1) 11 (16.9) 0.54

T wave inversion 13 (20) 8 (12.3)

Pathologic q wave 5 (7.7) 10 (15.4)

LBBB 3 (4.6) 2 (3.1)

RBBB 6 (9.2) 4 (6.2)

Arrhythmia 5 (7.7) 7 (10.8)

Treatment in emergency department

Aspirin 27 (41.5) 15 (23.1) 0.04

P2Y12 inhibitor 24 (36.9) 17 (26.2) 0.19

Morphine 3 (4.6) 0 (0) 0.08

Nitroglycerine 23 (35.4) 14 (21.5) 0.08

Intravenous furosemide 28 (43.1) 18 (27.7) 0.07

Anticoagulant 26 (40) 19 (29.2) 0.2

Oxygen 37 (56.9) 17 (26.2) < 0.001

Data was presented in mean ± SD. Frequency was presented in n (%)
Abbreviations: ACEI angiotensin converting enzyme inhibitor, ARB
angiotensin receptor blocker, CABG coronary artery bypass grafting, GFR
glomerular filtration rate, LBBB left bundle branch block, PCI percutaneous
coronary intervention, RBBB right bundle branch block, 0–1 h 1-h high-
sensitivity cardiac troponin T algorithm, 0–3 h 3-h high-sensitivity cardiac
troponin T algorithm
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Table 2 Results

Variable 0–3 h (n = 65) 0–1 h (n = 65) p value

Primary outcome

Observational zone cohort – 12 (18.5% (CI 10.0–30.1)) –

Secondary outcome

Rule-in/out time (min) 238 ± 63.3 134.3 ± 68.5 < 0.001

Laboratory transport time (min) 18.3 ± 21.8 14.9 ± 13.6 0.29

Laboratory processing time (min)

First laboratory 53.0 ± 16.6 43.1 ± 17.7 0.001

Secondary laboratory 44.5 ± 12.4 29.6 ± 10.9 < 0.001

Time to disposition (min) 260 (180–325) 140 (106.5–220) < 0.001

Triage type and 30-day MACE

Rule in 23 (35.4) 14 (21.5) 0.001

30-day MACE 18 (78.3) 11 (78.6)

Sensitivity 69.2% (48.2, 85.7) 68.8% (41.1, 89)

PPV 72% (55.6, 84.1) 73.3% (50.7, 88)

Rule out 42 (64.6) 39 (60) –

30-day MACE 8 (19) 5 (12.8)

Specificity 82.1% (66.5, 92.5) 89.5% (75.2, 97.1)

NPV 80% (68.8, 87.9) 87.2% (76.5–93.4)

Observational zone – 12 (18.5) –

30-day MACE 2 (16.7)

Disposition type

Admit 20 (30.8) 11 (16.9) 0.065

Discharge 22 (33.8) 36 (55.4)

Transfer to urgent room 20 (30.8) 17 (26.2)

Refer 3 (4.6) 1 (1.5)

Data was presented in mean ± SD, median (interquartile range) or 95% CI. Frequency was presented in n (%)
Abbreviations: rule-in/out time time to rule-in/out, 0–1 h 1-h high-sensitivity cardiac troponin T algorithm, 0–3 h 3-h high-sensitivity cardiac troponin T algorithm,
30-day MACE major adverse cardiac events within 30 days, PPV positive predictive value, NPV negative predictive value

Fig. 3 Diagnostic timeline of patients presenting to the ED with chest pain compared between 0–1 h and 0–3 h groups. Abbreviations: 0–1 h, 1-
h high-sensitivity cardiac troponin T algorithm; 0–3 h, 3-h high-sensitivity cardiac troponin T algorithm
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laboratory transport time, and time to disposition by
time of day and day of week were found in subgroup
analysis (Table 3).

Discussion
The 1-h hs-cTnT algorithm is a validated alternative al-
gorithm to the 3-h hs-cTnT algorithm for diagnosing
AMI with the benefit of both earlier management for
the rule-in group and earlier discharge for the rule-out
group [4]. However, since the algorithm was developed
based on earlier determination, it may lack the necessary
properties to determine the observational group. To
date, no studies have evaluated its use and the propor-
tion of the observational group in Thailand. Therefore,
we conducted this study to evaluate its feasibility.
The proportion of the observational group in our sam-

ple was 18.5%. The proportion was even less than in re-
ports of previous trials, which were between 22 and 24%
[12–17]. This was considered acceptable by our a priori
definition of acceptable. Moreover, a reduction of approxi-
mately 100 min of ED length-of-stay when using the 1-h
algorithm was useful. This proves the feasibility of this
algorithm in crowded Thai ED settings. Nevertheless,
further studies are necessary to estimate its cost savings.
We found that the number of patients visiting the ED

was highest during daytime of working day. Although
we hypothesized that ED crowding might cause a delay
in the diagnostic process, the subgroup analysis with

regard to period of ED visit showed no significant differ-
ences. A trend towards longer duration on daytime of
working day was found in all intervals although these
were not significant. This might have been because of
small numbers of patients in subgroup analyses.
The laboratory processing time was longer in the

pre-implementation group. This may have been caused
by recent improvements in our laboratory analyzing sys-
tem and process that affected the post-implementation
group. However, in the post-implementation group, we
found that the first laboratory process took about
13 min longer than the second. This might have been
because the first laboratory examination usually con-
sisted of not only cardiac troponin, but also other blood
chemistry while the second laboratory taken 1 or 3 h
later was usually troponin alone. Thus, the delay in the
first laboratory process could have been from waiting for
other blood chemistry results. If hs-cTnT had been
analyzed and reported separately, the first laboratory
processing time may have been similar to the second.
Patients in the pre-implementation group appeared to be

more at risk of having an AMI. The differences may have
been due to enrollment of controls who were matched
using retrospective data collection. It might also have
caused a time-related benefit for the pre-implementation
group. Because of the prolonged time from the onset of
chest pain to presentation, patients in this group had a
higher tendency towards having highly elevated first
hs-cTnT results, which would have made the diagnosis
possible earlier than in the post-implementation group.
Nevertheless, the outcomes after controlling for these
patient characteristic differences were not significantly
different from the original values. Disposition type was also
not significantly different between the two groups despite
the higher admission rate in the pre-implementation group.
The reasons for this high admission rate were the
higher number of rule-in patients predisposed to
being admitted and the higher number of rule-out
patients admitted due to diagnoses other than AMI in
the pre-implementation group.
The 1-h hs-cTnT algorithm showed good discrimin-

ation to rule-in and rule-out patients suspected of AMI.
The 1-h hs-cTnT algorithm had higher sensitivity, speci-
ficity, PPV, and NPV for 30-day MACE than the 3-h
hs-cTnT algorithm. Nevertheless, this interpretation
should be treated with caution given that each algorithm
was performed on a different group of patients preclud-
ing direct comparison. Furthermore, the proportion of
as much as 60% was seen in the rule-out category of the
post-implementation group. The proportion that could
be rapidly triaged as rule-in or rule-out at 1 h was as
much as 81.5%. This percentage was comparable to the
previous trials that externally validated this algorithm
[12–17]. Nevertheless, the sensitivity, specificity, PPV,

Table 3 Results compared by period of ED visit

Variable 0–3 h (n = 65) 0–1 h (n = 65) p value

Rule-in/out time (min)

Work D 260.5 ± 72.2 (n = 28) 131.5 ± 64 (n = 29) < 0.001

Work N 226.4 ± 34.6 (n = 19) 146.8 ± 83.2 (n = 19) < 0.001

Holiday 215.3 ± 63.6 (n = 18) 125.2 ± 61.4 (n = 17) < 0.001

Laboratory processing time (min)

Work D 58.5 ± 192 (n = 28) 45.9 ± 20.3 (n = 29) 0.19

Work N 51.0 ± 13.9 (n = 19) 41.8 ± 13.5 (n = 19) 0.05

Holiday 46.4 ± 12.2 (n = 18) 39.9 ± 17.2 (n = 17) 0.2

Laboratory transport time (min)

Work D 26.0 ± 25.9 (n = 28) 15.6 ± 10.4 (n = 29) 0.05

Work N 12.2 ± 15.0 (n = 19) 13.5 ± 13.0 (n = 19) 0.77

Holiday 12.0 ± 17.7 (n = 18) 15.1 ± 18.9 (n = 17) 0.69

Time to disposition (min)

Work D 280 (180, 327.5) (n = 28) 130 (109, 210) (n = 29) < 0.001

Work N 225 (127.5, 307.5) (n = 19) 195 (96, 265) (n = 19) 0.59

Holiday 260 (187.5, 382) (n = 18) 135 (91.5, 192) (n = 17) 0.002

Data was presented in mean ± SD or median (interquartile range)
Abbreviations: work D daytime of working day, work N nighttime of working
day, holiday public holiday and weekend, rule-in/out time time to rule in/out,
0–1 h 1-h high-sensitivity cardiac troponin T algorithm, 0–3 h 3-h high-
sensitivity cardiac troponin T algorithm
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and NPV for 30-day MACE in our study were less than
those for AMI in those previous trials [12–17]. This
could be explained by the different outcome measure
(MACE vs. AMI) and our small sample size that was in-
adequate to externally validate the algorithm’s ability to
discriminate the classification of the patients because
30-day MACE was not planned as a study outcome.

Limitations
There were many limitations in this study. First, the study
design was a historical control design, which resulted in un-
equal patient characteristics. Although we controlled these
in multivariable analysis, further studies properly matching
by risk stratification should still be performed. Secondly,
the sample size may have been too small to determine the
effect of ED crowding. A further study with a large sample
size may find a significant difference. Finally, this study was
a single-centered study in a major university hospital
tertiary care center. Thus, our findings may not be
generalizable to other EDs in different Thai settings.

Conclusions
The 1-h hs-cTnT algorithm was feasible because of the
acceptable proportion in the observation group. It was
beneficial for Thai ED patients with chest pain because
it decreased the rule-in/out time compared with the 3-h
hs-cTnT algorithm.
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