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Background: We aimed to evaluate the use of a 1-hour measurement of 
high-sensitivity cardiac troponin T (hs-cTnT) in an emergency department 
(ED) population of chest pain patients with a nonelevated baseline hs-cTnT 
and to examine the prevalence of early dynamic changes in hs-cTnT and the 
association with admission rate, diagnosis, and outcome.
Methods: All patients with a chief complaint of chest pain presenting to the 
ED of Karolinska University Hospital, Solna, Sweden, from December 2014 
to September 2015 who had a baseline hs-cTnT of ≤14 ng/L and a second 
value obtained within >30 to ≤90 minutes were followed for 30 days regarding 
admission, readmission, myocardial infarction (MI), and death.
Results: A total of 1091 patients were included. Dynamic 1-hour changes 
in hs-cTnT defined as an increase or decrease of ≥3 ng/L occurred in 23 
patients (2.1%). Fifteen patients (65.2%) in the dynamic group were 
admitted, compared with 148 patients (13.9%) in the nondynamic group (P 
< 0.001). Four of the admitted patients (26.7%) in the dynamic and 1 (0.7%) 
in the nondynamic group were diagnosed with an MI (P < 0.001). No death 
or MI occurred within 30 days among those discharged from the ED.
Conclusions: Dynamic 1-hour changes in hs-cTnT were uncommon but 
associated with a higher rate of admission and of MI in an unselected population of 
chest pain patients with a nonelevated hs-cTnT at presentation. Lack of dynamic 
changes makes MI highly unlikely, and a 1-hour measurement may facilitate an 
early rule out of MI but should be used together with clinical assessment.

Key Words: 1-hour algorithm, chest pain, emergency department, 
myocardial infarction, troponin

(Crit Pathways in Cardiol 2018;17: 6–12)

Chest pain is a common symptom among patients presenting 
to the emergency department (ED).1 Although acute coronary 

syndrome (ACS) can be ruled out in a majority of these patients, a 
few will eventually be diagnosed with an ongoing ACS.2 Notably, 
approximately 1% of patients discharged from the ED with unspeci-
fied chest pain experience a major adverse cardiac event (MACE) 
within 30 days.3 It is of great importance to find a reliable algorithm 
for early rule in and rule out of ACS in chest pain patients, enabling 
an early initiation of treatment for those with an ongoing ACS and an 
early discharge for those where ACS can be ruled out.

The high-sensitivity cardiac troponin (hs-cTn) assays have 
markedly improved the accuracy of the test and made early testing 
more reliable.4 While conventional troponin assays require sampling 
6 to 12 hours after presentation to safely rule out an ongoing myo-
cardial infarction (MI), 3 to 6 hours from symptom onset has been 
considered sufficient in the algorithms using hs-cTn.5,6 In 2012, a 
1-hour hs-cTn algorithm in chest pain patients was suggested7 and 
later validated.2,8 The European Society of Cardiology has recently 
presented this algorithm as an alternative to traditional assessment.9 
Still, there is a lack of studies investigating early dynamic changes in 
troponin in the clinical setting, in particular, in patients with a nonel-
evated troponin at presentation.

The aim of the present study was to evaluate the use of a 
1-hour measurement in clinical routine in an unselected ED popula-
tion of chest pain patients with a nonelevated high-sensitivity cardiac 
troponin T (hs-cTnT) at presentation. Further, we studied whether 
early dynamic changes in hs-cTnT were associated with admission 
rate, subsequent diagnosis, and outcome.

METHODS
A new algorithm for the assessment of chest pain patients in 

the ED was introduced in clinical routine at Karolinska University 
Hospital, Solna, Sweden, on December 1, 2014. The algorithm was 
derived from the algorithm presented by Reichlin et al7 in 2012. In 
all patients presenting with symptoms suggestive of ACS, regardless 
if the suspicion of ACS was low, intermediate, or high, and for whom 
analysis of hs-cTnT was initiated, a second sample should routinely 
be obtained after 1 hour. The attending physician had the possibil-
ity to omit the second sample in case it was considered redundant 
but did not routinely assess the patient before the second sample.9 
In patients with a baseline hs-cTnT within normal reference range 
(ie, ≤14 ng/L), the absolute change in hs-cTnT (Δhs-cTnT) was 
calculated and categorized as nondynamic if <3 ng/L and dynamic 
if ≥3 ng/L. The attending physician was also recommended to risk-
stratify the patients using the History, Electrocardiogram (ECG), Age, 
Risk factors and initial Troponin (HEART) score. The HEART score 
is prospectively validated for risk stratification of chest pain patients 
in the ED and includes the variables history, ECG, age, risk factors, 
and troponin.10 A HEART score of ≤3 points is associated with a very 
low acute risk of a MACE, whereas a score of >3 is associated with an 
elevated acute risk.10–12 In patients with a baseline level of hs-cTnT of 
≤14 ng/L and a dynamic 1-hour change in hs-cTnT, the algorithm sug-
gested consideration of an ongoing MI and admission. In patients with 

Experiences of a One-hour Algorithm in Chest Pain Patients 
With a Nonelevated Troponin T at Presentation

Anna Pettersson, MD1,* Lina Ljung, MD1,†‡ Caroline Johansson, MD,*§ Umut Heilborn, MD, PhD,*††  
Tomas Jernberg, MD, PhD,¶ Mats Frick, MD, PhD,†‡ Kai M. Eggers, MD, PhD,║ Bertil Lindahl, MD, PhD,║** 

Rikard Linder, MD, PhD,¶ Arne Martinsson, MD, PhD,†† and Per Svensson, MD, PhD*§

ISSN: 1003-0117/18/1701-0006
DOI: 10.1097/HPC.0000000000000138

Received for publication June 4, 2017; accepted September 23, 2017.
From the *Department of Medicine, Solna, Karolinska Institutet, Sweden; †Department 

of Clinical Science and Education, Södersjukhuset, Karolinska Institutet, 
Sweden; ‡Department of Cardiology, Södersjukhuset, Sweden; §Functional 
Area of Emergency Medicine, Karolinska University Hospital Solna, Sweden; 
¶Department of Clinical Sciences, Danderyd University Hospital, Karolinska 
Institutet, Sweden; ║Department of Medical Sciences, Uppsala University, 
Sweden; **Uppsala Clinical Research Center, Uppsala University, Sweden; and 
††Department of Emergency Medicine, Capio S:t Göran’s Hospital, Sweden.

1Anna Pettersson and Lina Ljung share first authorship.
Kai M. Eggers has received honoraria from Abbott Laboratories and AstraZeneca 

and has served as a consultant for Abbott Laboratories and Fiomi Diagnostics. 
Bertil Lindahl has received consulting fees from Roche Diagnostics, 
bioMérieux Clinical Diagnostics, Philips Healthcare, ThermoFischer, and 
Fiomi Diagnostics and has received a research grant from bioMérieux Clinical 
Diagnostics and Fiomi Diagnostics. For the remaining authors, none were 
declared. This research was supported by grants provided by the Swedish 
Heart-Lung Foundation and the Stockholm County Council (ALF project).

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s Web site (www.critpathcardio.com).

Reprints: Lina Ljung, MD, Department of Clinical Science and Education, 
Södersjukhuset, Karolinska Institutet, Department of Cardiology, 
Södersjukhuset, S-118 83 Stockholm, Sweden. E-mail: lina.ljung@sll.se.

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc. This 
is an open-access article distributed under the terms of the Creative Commons 
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where 
it is permissible to download and share the work provided it is properly cited. The 
work cannot be changed in any way or used commercially without permission from 
the journal.

www.critpathcardio.com
mailto:lina.ljung@sll.se
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Critical Pathways in Cardiology  •  Volume 17, Number 1, March 2018� Experiences of a One-hour Troponin Algorithm

© 2018 Wolters Kluwer Health, Inc. All rights reserved.� www.critpathcardio.com    |    7

a baseline level of hs-cTnT of ≤14 ng/L and a nondynamic change, the 
assessment depended on the HEART score. In patients with a HEART 
score of >3 points, admission should be considered and those with a 
HEART score of ≤3 were recommended to be discharged after con-
sideration of differential diagnoses.

The patient selection in this retrospective observational study 
was made through the Karolinska University Hospital Database 
(KARDA), which consists of data from the hospital’s electronic 
medical records. All patients who were registered with a chief 
complaint of chest pain when presenting to the ED of Karolinska 
University Hospital, Solna, Sweden, from December 1, 2014, to 
September 14, 2015, were screened for inclusion. The following 
inclusion criteria were applied:1 registered chief complaint of chest 
pain categorized by a triage nurse,2 age >18 years,3 a Swedish iden-
tity number,4 2 hs-cTnT measurements obtained during the ED 
visit with a time period between the first and second sample of >30 
minutes but ≤90 minutes. The same time interval was used as in 
the first clinical study evaluating the original algorithm.8 Patients 
were excluded if they had ST-segment–elevation MI or ventricular 
tachycardia at presentation, and these patients routinely bypassed 
the ED and were admitted directly to the coronary care unit or cath-
eterization laboratory. For patients with several ED visits during the 
study period, one unique visit was randomly chosen and included 
in the analyses. Data extracted from the KARDA included baseline 
characteristics, time of arrival and time of stay in the ED, time until 
the physician met the patient, the attending physician’s interpreta-
tion of the ECG and the result, and time of blood samples drawn in 
the ED. The interpretation of the ECG was reviewed by the authors. 
The time of onset of chest pain was not available. Hs-cTnT was 
analyzed with a Roche-Modular E or a Roche-Cobas 8000 e602 
from Roche Diagnostics (Basel, Switzerland). The assay has a 
limit of blank of 3 ng/L and a limit of detection of 5 ng/L, a 99th 
percentile cutoff point of 14 ng/L, and a coefficient of variation of 
less than or at 10% at the upper reference limit.13 The renal func-
tion expressed as estimated glomerular filtration rate was measured 
with the modification of diet in renal disease formula.14 To char-
acterize all patients with a dynamic change in hs-cTnT, as well as 
those diagnosed with ACS without a dynamic change, the HEART 
score was calculated retrospectively by the authors using the medi-
cal records and read-outs of admission ECGs. The authors were 
blinded to hs-cTnT and outcome to avoid bias.

All patients with a baseline hs-cTnT value of ≤14 ng/L 
were followed for 30 days regarding admission, readmission to the 
Karolinska University Hospital, Solna or Huddinge, and death. This 
information, including diagnoses coded according to the International 
Classification of Diseases, was extracted from the KARDA with a 
linkage to the Swedish population register. In all patients with a main 
discharge diagnosis of I21 or I22, the diagnosis and type (1 or 2) of 
MI was adjudicated by 2 independent cardiologists.

Continuous variables were presented as mean with standard 
deviation or median with interquartile range (IQR) or minimum and 
maximum range (min–max range) as appropriate, and comparisons 
were made with a Student t test for normally distributed variables 
and with a Mann–Whitney U test for other continuous variables. 
Categorical variables were given as numbers and percentages, and 
comparisons were made with Pearson’s χ2 test or Fisher’s exact test 
where appropriate. A P value <0.05 was considered statistically sig-
nificant. All statistical analyses were performed using STATISTICA 
version 12 (2014; Stat Soft Inc., Tulsa, OK) and Microsoft Excel 
(Microsoft Office 2008; Microsoft Corp., Redmond, WA) on Mac 
OS (Apple Inc., Cupertino, CA).

The study was conducted according to the principles of the 
Declaration of Helsinki and approved by the Regional Ethical Review 
Board in Stockholm (approval number 2016/744-31/4).

RESULTS

ED Population
Out of 3581 visits to the ED with a chief complaint of chest 

pain, hs-cTnT was analyzed in 3169. In 1973 patients, a second hs-
cTnT was analyzed, and among these patients, the median (IQR) time 
between admission to the ED and the first sample of hs-cTnT was 26 
(16–47) minutes, and the median (IQR) time between the first and the 
second sample was 73 (63–96) minutes. The majority (70.8%) of all 
second hs-cTnT samples were obtained within the time limit of >30 
minutes and ≤90 minutes, resulting in 1397 visits by unique patients 
who fulfilled the inclusion but not exclusion criteria. The selection of 
the study group is presented in Figure 1. In patients who had a base-
line value of hs-cTnT of ≤14 ng/L, the median (IQR) time between 
admission to the ED and the first sample of hs-cTnT was 28 (16–47) 
minutes, and the median (IQR) time between the first and the second 
sample was 67 (60–75) minutes (Fig. 2). In this group, 70.4% of all 
second hs-cTnT samples were obtained within the time limit of >30 
minutes and ≤90 minutes, resulting in 1091 included patients with a 
baseline value of hs-cTnT of ≤14 ng/L.

Study Population
Baseline characteristics of the 1397 included patients are 

shown in Table 1. Patients with a hs-cTnT baseline value of ≤14 ng/L 
were younger and showed significant healthier values in almost all 
variables (eg, systolic blood pressure, renal function, N-terminal pro-
hormone of brain natriuretic peptide, and ECG). The incidence of MI 
in the study population (n = 1397) was 4.2%, compared with 4.4% 
in all screened patients who had an analysis of hs-cTnT (n = 3169).

Dynamic Changes in hs-cTnT in Patients With a 
Nonelevated Baseline Value of hs-cTnT

The results of Δhs-cTnT in patients with a hs-cTnT baseline 
value of ≤14 ng/L (n = 1091) are presented in Figure 3. The median 
(IQR) value of the first as well as the second hs-cTnT values was <5 
(<5–7) ng/L. A total of 23 patients (2.1%) had a dynamic change 
(≥3 ng/L).

Outcome and 30-Day Follow-Up in Patients With a 
Nonelevated Baseline Value of hs-cTnT

In patients with a baseline hs-cTnT of ≤14 ng/L (n = 1091), 
comparisons were made between the dynamic and nondynamic 
groups (Table 2). Admission to the hospital was more common in 
the dynamic group compared with the nondynamic group (65.2% 
and 13.9%, respectively). A total of 6 admitted patients were even-
tually discharged with an MI diagnosis, out of which 5 were adju-
dicated as non-ST-segment–elevation MI type 1 and 1 as unstable 
angina pectoris (UAP; see Table, Supplemental Digital Content 1, 
http://links.lww.com/HPC/A205, which shows the characteristics of 
patients with a hs-cTnT baseline value of ≤14 ng/L and a final diag-
nosis of MI or UAP). This resulted in an MI diagnosis in 4 of the 
admitted patients (26.7%) in the dynamic group, compared with 1 of 
the admitted patients (0.7%) in the nondynamic group. The total inci-
dence of MI in those presenting with a baseline value of ≤14 ng/L was 
0.5%. In addition, 9 patients (6.1%) in the nondynamic group were 
diagnosed with UAP. Altogether, 14 (8.6 %) of the admitted patients 
were diagnosed with ACS (ie, MI or UAP; see Table, Supplemental 
Digital Content 1, http://links.lww.com/HPC/A205). Diagnoses for 
all admitted patients are shown in Table 2.

Eight patients (34.8%) in the dynamic group were discharged 
directly from the ED. These patients were not diagnosed with an 
ACS, and none of them were readmitted or died during follow-up. 
Out of these 8 patients, 5 had a Δhs-cTnT of 3 ng/L, 1 had a Δhs-
cTnT of 4 ng/L, and 2 a Δhs-cTnT of 5 ng/L. In the nondynamic 
group, 920 patients (86.1%) were discharged directly from the ED, 

http://links.lww.com/HPC/A205
http://links.lww.com/HPC/A205
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N = 3581

N = 1397

N = 3164

N = 3169

N = 2863

N = 1973

No hs-cTnT sample
N = 412

Patients with multiple visits
N = 301

Patients with an ECG with VT or STEMI
N = 5

Patients with only one hs-cTnT sample
N = 890

≤30 or >90 min between the two hs-cTnT samples
N = 576

First value hs-cTnT 
≤14ng/L
N = 1091

First value hs-cTnT 
>14ng/L
N = 306

FIGURE 1.  Selection of the study group of 
chest pain patients. N indicates total num-
ber of patients/visits; STEMI, ST-segment–
elevation myocardial infarction; VT, 
ventricular tachycardia.

FIGURE 2.  Time distribution between first and 
second sample of hs-cTnT in chest pain patients 
with a baseline value of ≤14 ng/L and 2 hs-cTnT 
values obtained within a time period of >30 to 
≤90 minutes, N = 1091.
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and 11 patients (1.2%) were later readmitted, although no death or 
MI occurred within 30 days. The most common diagnosis at readmis-
sion was unspecified chest pain (R07.4).

The median (min–max range) HEART score values among 
patients discharged with a dynamic change and among those admit-
ted and diagnosed with ACS without a dynamic change was 1 (0–4) 
and 5 (range, 4–7) respectively. The HEART score of these sub-
groups are presented in Table 3.

In addition, we analyzed the 621 patients with a hs-cTnT 
baseline value of <5 ng/L (ie, below the limit of detection). Among 
these, 6 patients (1.0%) had a dynamic Δhs-cTnT. Two patients 
(33.3%) and 62 patients (10.1%) were admitted in the dynamic and 
nondynamic group, respectively. None of the admitted patients were 
diagnosed with MI. One patient (1.6%) in the nondynamic group, 
and none in the dynamic group, was diagnosed with UAP. Among 
those discharged directly from the ED, no death, MI, or readmission 
occurred in any of the groups within the 30-day follow-up. Thus, in 
total, only 1 of the 621 (0.2%) patients with a hs-cTnT baseline value 
of <5 ng/L was diagnosed with ACS.

DISCUSSION
In the current study, we evaluated the use of a 1-hour mea-

surement of hs-cTnT adopted in the clinical routine in an unselected 
ED population of chest pain patients with a nonelevated hs-cTnT at 

presentation. The main finding was that dynamic 1-hour changes in 
hs-cTnT were uncommon but associated both with higher rate of 
admission and higher rate of MI. Further, no death or MI occurred 
within a 30-day follow-up of patients who were discharged directly 
from the ED. These findings support that the algorithm implemented 
in the clinical routine is useful and safe in the assessment of chest 
pain patients in the ED, a patient population with a traditionally high 
admission rate.

Dynamic changes occurred in 23 (2.1%) of the patients in 
our study. The high proportion of patients with nondynamic changes 
might be explained by several factors. First, the base for inclusion 
was an unselected chest pain population at low risk that consisted 
of all patients registered with chief complaint of chest pain in the 
ED, independently of the suspected cause, onset and duration of the 
chest pain, and the patients’ past medical history. Second, and even 
more important, in contrast to previous studies, this study excluded 
patients with a baseline hs-cTnT of >14 ng/L. This resulted in a 
higher proportion of patients in the nondynamic group compared 
with the rule-out groups in previous studies that included patients 
regardless of the baseline hs-cTnT value.2,8,15

There was a significant difference in admission rate between 
the dynamic and nondynamic group in our study (65.2% vs, 13.9%), 
indicating that the algorithm was well implemented into clinical 
practice. We assume that the relatively low proportion of admitted 

TABLE 1.  Characteristics of Chest Pain Patients According to Baseline Value of hs-cTnT

Variable ≤14 ng/L (N = 1091) >14 ng/L (N = 306) P

Age (years) 52 ± 16 [1085] 71.8 ± 14.3 <0.001

Male gender 604 (55.4%) 193 (63.1%) 0.04

Systolic BP (mm Hg) 147 ± 25 [1081] 153 ± 29 [298] <0.001

Diastolic BP (mm Hg) 82 ± 12 [1072] 82 ± 15 [290] 0.66

Heart rate (bpm) 77 ± 17 [1076] 80 ± 19 [295] 0.001

eGFR (mL/min/1.73 m2) 93 ± 23 [1082] 68 ± 30 [303] <0.001

NT-proBNP (ng/L) 105 (39–222) [131] 1020 (413–3290) [108] <0.001

Hemoglobin (g/L) 142 ± 15 [1083] 132 ± 18 [304] <0.001

White blood cell count (109/L) 7.7 ± 2.5 [1083] 8.8 ± 5.4 [304] <0.001

C-reactive protein (mg/L) 1 (<1–4) [1088] 4 (1–10.5) [303] <0.001

ECG rhythm <0.001

 � Sinus 861 (78.9%) 182 (59.5%)

 � Atrial flutter/atrial fibrillation 29 (2.7%) 45 (14.7%)

 � Other pathologies/rhythm not commented 82 (7.5%) 47 (15.4%)

 � No ECG available for review 119 (10.9%) 32 (10.5%)

ECG morphology <0.001

 � Normal 695 (63.7%) 99 (32.4%)

 � LBBB/ventricular pacing 22 (2%) 29 (9.5%)

 � ST-segment depression* 33 (3%) 41 (13.4%)

 � T-wave inversion 35 (3.2%) 23 (7.5%)

 � Other pathologies† 147 (13.5%) 69 (22.5%)

 � Morphology not commented 40 (3.7%) 13 (4.2%)

 � No ECG available for review 119 (10.9%) 32 (10.5%)

Time of stay in the ED (min) 240 (194.5–310) 270 (201–382.5) <0.001 

Time until attended by physician (min) 74 (37–142) [1081] 58 (30.75–96.25) [304] <0.001

Includes all patients with a second hs-cTnT sample of a time period >30 to ≤90 minutes, N = 1397. Data are presented as the mean ± standard deviation or median (interquartile 
range) or sum and percent of the total/[amount of group].

*Significant or nonsignificant ST-segment depression with or without other pathologies.
†Unspecific branch block, low voltage, Q waves, and unspecific ST-segment changes with or without other pathologies.
BP indicates blood pressure; eGFR, estimated glomerular filtration rate; LBBB, left bundle branch block; N, total number of patients in the group; NT-proBNP, N-terminal 

prohormone of brain natriuretic peptide.
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patients in the nondynamic group reflects clinical assessment with 
both the 1-hour hs-cTnT algorithm and the HEART score. We also 
found a significant difference in the rate of patients admitted due to 
MI between the dynamic and nondynamic groups (26.7% vs. 0.7%), 
and 17.4% of all patients presenting with a dynamic Δhs-cTnT 
received the diagnosis MI, compared with 0.1% in patients with a 
nondynamic change. The very low proportion of MI in the nondy-
namic group was in accordance with prior findings.2,8 This indicates 
that the algorithm adds important information that can facilitate a 
safe rule out of MI in an ED chest pain population. Even though the 
total incidence of MI in those presenting with a baseline value of 
≤14 ng/L was only 0.5%, prior studies have shown that a single value 
of hs-cTnT within normal reference range is not enough to safely 
rule out an ongoing MI.16

The incidence of MI in our study was markedly lower compared 
with that in prior studies evaluating the original algorithm,2,7,8,15 both 
in the dynamic group when compared to the rule-in groups of previ-
ous studies and in all patients regardless of Δhs-cTnT. The difference 
in MI incidence between our dynamic group and the rule-in groups in 
the abovementioned studies might partly be explained by the fact that 
prior studies used an observational zone for patients between rule 
in and rule out, which hampers comparisons to the dynamic group 
in our study. The overall low incidence of MI is mainly explained 
by the fact that we only included patients with a baseline hs-cTnT 
of ≤14 ng/L in the final analysis, which reduced the MI incidence 
from 4.2% in the study population to 0.5% in the final analysis. It is 
also partly explained by the fact that we included more unselected 
chest pain patients with a lower risk. In a prior study that included an 
unselected chest pain population in the ED, the MI incidence within 
30 days was only somewhat higher in all patients independently of 
the baseline result of hs-cTnT (5.4% vs. 4.2% in our study).17

A total of 11 (73.3%) out of 15 admitted patients with a Δhs-
cTnT of ≥3 ng/L were not diagnosed with an ACS. This reflects the 
fact that release of as well as dynamic changes in hs-cTnT might 

be due to other diagnoses such as tachyarrhythmia, decompensated 
heart failure, pulmonary embolism, or a severe infection.4,13,18 In 
addition to the one patient in the nondynamic group who was admit-
ted and diagnosed with an MI, 9 of the patients in the nondynamic 
group were admitted and diagnosed with UAP. The median HEART 
score value for these 10 patients was high (5 points), suggesting that 
calculation of HEART score could identify those patients with an 
acute risk of a MACE. These findings indicate that we cannot com-
pletely rely on early dynamic changes in hs-cTnT for the diagnosis 
of ACS. History, risk factors, clinical findings, and ECG still need to 
be a part of the clinical assessment.

In the 8 patients discharged directly from the ED in the 
dynamic group, the median HEART score value was very low (1 
point), and no death or MI occurred within 30 days of follow-up. 
This indicates that the HEART score may be used to safely discharge 
chest pain patients also in those with early dynamic changes. This is 
a novel finding, but we acknowledge the small size of this subgroup. 
Further, none of the 920 (86.1%) patients in the nondynamic group 
who were discharged directly from the ED died or had an MI within 
30 days of follow-up.

Whether a further measurement of troponin after 1 hour is 
necessary in patients with undetectable levels of hs-cTnT at baseline 
remains a matter of debate. Previous studies have shown an excellent 
prognosis in these patients,17,19–21 which was verified also in the pres-
ent study. The results suggest that undetectable levels of hs-cTnT at 
baseline might be included in the rule-out algorithm, as indicated in 
a previous study using a novel hs-cTn I assay.22

The present study has several limitations. This was a sin-
gle-center study, which may influence the generalizability of the 
results. Further, this was a retrospective study in an unselected ED 
population of chest pain patients. However, this might reflect the 
everyday clinical situation in a different way than prior controlled 
studies, and the study setting could provide results that are more 
representative of the 1-hour algorithm when adopted into clinical 

FIGURE 3.  Distribution of absolute change in hs-
cTnT in chest pain patients with a baseline value 
of ≤14 ng/L and 2 hs-cTnT values obtained within 
a time period of >30 to ≤90 minutes, N = 1091. 
∆ indicates delta/absolute change.



Critical Pathways in Cardiology  •  Volume 17, Number 1, March 2018� Experiences of a One-hour Troponin Algorithm

© 2018 Wolters Kluwer Health, Inc. All rights reserved.� www.critpathcardio.com    |    11

practice, which could also be considered as a strength of the study. 
A relatively high proportion of the screened patients had only 1 
hs-cTnT sample drawn in the ED. It is possible that this was a 
clinical decision in accordance with the present guidelines (eg, 
long duration since pain onset, undetectable baseline hs-cTnT, 
admission without further assessment). It is also possible that this 
has led to that some patients with dynamic changes have been 
missed. However, the overall low risk profile of our study popu-
lation indicates that a wide, rather than narrow indication for a 
second hs-cTnT was used, and the MI incidence in those with a 
second troponin obtained within >30 minutes but ≤90 minutes was 

comparable to that in all screened patients who had an analysis 
of hs-cTnT. A time period between the first and second sample of 
hs-cTnT of >30 minutes but ≤90 minutes was accepted because 
an exact time is very difficult to obtain in clinical practice. The 
majority of the second samples of hs-cTnT were obtained >60 
minutes, but despite an interval of ≤60 minutes in some patients, 
no MACE occurred in patients discharged from the ED. The total 
time for transport, analysis, and response to the initial hs-cTnT 
usually exceeded 1 hour; thus, in a large proportion of cases, 
the result of the baseline value was not known when the second 
sample was drawn. Although the HEART score was implemented 

TABLE 2.  Comparisons of the Nondynamic and Dynamic Groups With a Baseline Value of ≤14 ng/L

Variable ∆ < 3 (N = 1068) ∆ ≥ 3 (N = 23) P

Age (years) 51.8 ± 16 [1062] 59.8 ± 14.2 0.018

Male gender 594 (55.6%) 10 (43.5%) 0.240

Systolic BP (mm Hg) 147 ± 25 [1059]  148 ± 27 [22] 0.787

Diastolic BP (mm Hg) 82 ± 12 [1050] 86 ± 17 [22] 0.091

Heart rate (bpm) 77 ± 16 [1054] 91 ± 27 [22] <0.001

eGFR (mL/min/1.73 m2) 93 ± 23 [1059] 85 ± 19 0.095

NT-proBNP (ng/L) 105 (38–221) [123] 147 (60–968) [8] 0.436

Time in the ED (min) 240 (194.5–309) 267 (182–355) 0.487

Time until attended by physician (min) 75 (38–143) [1058] 30 (21–71) 0.001

Admitted 148 (13.9%) 15 (65.2%) <0.001

  Myocardial infarction (ICD I21-I22) 1 (0.7%) 4 (26.7%) <0.001

  Unstable angina pectoris (ICD I20.0) 9 (6.1%) 0 1.000

  Angina pectoris (ICD I20.8–9) 12 (8.1%) 1 (6.7%) 1.000

  Atrial fibrillation (ICD I48) 8 (5.4%) 1 (6.7%) 0.590

  Supraventricular tachycardia (ICD I47.1) 2 (1.4%) 1 (6.7%) 0.252

  Unspecified chest pain (ICD R07.4) 70 (47.3%) 6 (40%) 1.000

  Other diagnoses 46 (31.1%) 2 (13.3%) 0.234

  Death within 30 days 1 (0.7%) 0 NS

  Readmission within 30 days due to myocardial infarction, unstable angina pectoris, or angina pectoris 0 0 NS

  Readmission within 30 days due to any diagnosis 7 (4.7%) 0 0.502

Discharged directly from the ED 920 (86.1%) 8 (34.8%) <0.001

  Death or readmission within 30 days due to myocardial infarction or unstable angina pectoris 0 0 NS

  Readmission within 30 days due to angina pectoris 1 (0.1%) 0 NS

  Readmission within 30 days due to any diagnosis 11 (1.2%) 0 0.756

N =1091. Data are presented as mean ± standard deviation or median (interquartile range) or sum and percent of the total/[amount of group].
∆ indicates delta; BP, blood pressure; bpm, beats per minute; eGFR, estimated glomerular filtration rate; ICD, international classification of diseases; N, total number of patients in 

the group; NS, not significant; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

TABLE 3.  HEART Score of Subgroups of Chest Pain Patients With a Baseline Value of ≤14 ng/L

 
Discharged With Dynamic  

Change (n = 8)
Admitted Without Dynamic Change and ACS 

Diagnosis (n = 10)
Admitted With Dynamic  

Change (n = 15)

HEART score 1 (0–4) 5 (4–7) 4 (1–6)

H 0 (0–0) 1 (0–2) 0 (0–2)

E* 0 (0–1) 0 (0–1) 0 (0–2)

A 1 (0–2) 1.5 (1–2) 1 (1–2)

R 0 (0–2) 2 (1–2) 1 (0–2)

T 0 0 0

A second value was obtained within a time period of >30 to ≤90 minutes. Data are presented as median (minimal and maximal range).
N indicates total number of patients in the group; H, history; E, electrocardiogram; A, age; R, risk factors; T, initial Troponin.
*No missing electrocardiogram interpretation.
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in the clinical routine, it was unfortunately not systematically 
documented and, therefore, only calculated retrospectively and in 
subgroups. Follow-up was limited to 30 days because this is a com-
mon follow-up time in similar studies.7,8,15,19,22 The incidence of 
dynamic hs-cTnT changes as well as the event rate of MI was low, 
and a larger population would be necessary to evaluate the rule in 
part of the algorithm. However, our findings suggest that the rule-
out strategy is safe in a population that was earlier often admitted 
for further analysis of hs-cTnT.

CONCLUSIONS
We found that dynamic 1-hour changes in hs-cTnT were 

uncommon in the clinical routine but associated with a higher rate 
of MI in an unselected ED population of chest pain patients with a 
nonelevated hs-cTnT at presentation. No death or MI occurred dur-
ing a 30-day follow-up among patients discharged directly from the 
ED. Thus, a 1-hour measurement may facilitate an early rule out of 
MI in chest pain patients in the ED, a patient population with a tra-
ditionally high admission rate. A careful clinical assessment is still 
necessary, for example, with the HEART score, to identify patients 
with UAP, as well as those few MI patients where dynamic 1-hour 
changes in hs-cTnT cannot be seen. Further studies examining the 
effect of introducing the algorithm in a prospective setting with a 
more selected chest pain population are needed.
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