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Abstract

Aims: The purpose of this study was to determine (a) the ability of serial high-sensitivity cardiac troponin T measurements
to rule out acute myocardial infarction and (b) the ability of a single high baseline high-sensitivity cardiac troponin T
measurement to rule in acute myocardial infarction in patients presenting to the emergency department with acute chest
pain.

Methods and results: Embase, Medline, Cochrane, Web of Science and Google scholar were searched for prospective
cohort studies that evaluated parameters of diagnostic accuracy of serial high-sensitivity cardiac troponin T to rule
out acute myocardial infarction and a single baseline high-sensitivity cardiac troponin T value>50 ng/l to rule in acute
myocardial infarction. The search yielded 21| studies for the systematic review, of which 14 were included in the meta-
analysis, with a total of | 1,929 patients and an overall prevalence of acute myocardial infarction of 13.0%. For rule-out, six
studies presented the sensitivity of serial measurements <14 ng/l. This cut-off classified 60.1% of patients as rule-out and
the summary sensitivity was 96.7% (95% confidence interval: 92.3-99.3). Three studies presented the sensitivity of a one-
hour algorithm with a baseline high-sensitivity cardiac troponin T value<12 ng/l and delta | hour <3 ng/l. This algorithm
classified 60.2% of patients as rule-out and the summary sensitivity was 98.9% (96.4—100). For rule-in, six studies reported
the specificity of baseline high-sensitivity cardiac troponin T value>50 ng/l. The summary specificity was 94.6% (91.5-97.1).
Conclusion: Serial high-sensitivity cardiac troponin T measurement strategies to rule out acute myocardial infarction
perform well, and a single baseline high-sensitivity cardiac troponin T value>50 ng/l to rule in acute myocardial infarction
has a high specificity.
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These features are especially desirable in patients who
present at the emergency department (ED) with non-differ-
entiated acute chest pain, where a timely diagnosis is essen-
tial. Acute chest pain is the second most common reason for
visits to the ED.23 Only 10-20% of these patients are even-
tually diagnosed with acute myocardial infarction (AMI).
However, missing this diagnosis may have grave conse-
quences.!# Various strategies have been suggested for safe
and early discharge of patients based on serial or a single
low value of hs-cTnT balanced with the clinical presenta-
tion. In conjunction with these rule-out strategies, a direct
rule-in strategy has also been proposed for patients with
highly abnormal baseline hs-cTnT values.?

The aim of this systematic review and meta-analysis
was to determine (a) the ability of serial hs-cTnT measure-
ments to correctly rule out AMI and (b) the ability of a sin-
gle high baseline hs-cTnT measurement to correctly rule in
AMI in patients presenting to the ED with acute chest pain.

Methods

We conducted a systematic review and meta-analysis of the
literature in agreement with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.®

Search strategy

The following databases were searched on 12 April 2017:
Embase, Medline Ovid, Cochrane CENTRAL, Web of
Science and Google scholar, without a restriction on the
publication date. Only articles in English were included.
The strategies for the literature search are provided in the
Supplementary Material Table S1. Reference lists of rele-
vant papers including systematic reviews were hand
searched for potentially relevant additional studies.

Study inclusion

Titles and abstracts were independently screened by two
investigators (MA and EAD) and selected for further evalu-
ation if they met the following criteria: (a) the publication
was a prospective cohort study published in a peer-reviewed
journal; (b) patients were adults; (c) patients presented to
the ED with symptoms suggestive of an acute coronary
syndrome; (d) the diagnostic accuracy of the Roche Elecsys
hs-cTnT was evaluated; (e) the primary endpoint was an
admission diagnosis of AMI based on the universal defini-
tion of AMIL.” Full-text articles were then retrieved and
independently screened for inclusion by both investigators
(MA and EAD). In case of disagreement, a consensus was
reached by joint reading. There were no restrictions on the
type of troponin assay used as part of the reference stand-
ard. Studies were excluded if they missed diagnostic accu-
racy data relevant to our research questions or if there were

insufficient data for the derivation of 2X2 contingency
tables. The screening process was performed with the refer-
ence manager Endnote X7 using the method proposed by
Bramer et al.8

Methodological quality assessment

The methodological quality of the included articles was
independently assessed by two investigators (MA and
EAD) using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool.? In case of disagreement, con-
sensus was reached by joint reading or by consulting a third
investigator (AD).

Data extraction and statistical analysis

Using a standardised data extraction form, one investigator
(MA) extracted relevant details concerning the study design
(e.g. study population, inclusion period, target condition
and reference standard), the patient characteristics and
study results relevant to our research questions. The
extracted data were then verified by two investigators
(EAD and AD).

First, we were interested in the capability of serial hs-
c¢TnT measurements to correctly rule out AMI. For studies
reporting the diagnostic accuracy of serial measurements,
the timing of the troponin measurements and the reported
cut-offs were extracted. Subsequently, the extracted data
were assessed on appropriateness for quantitative analysis.
If appropriate, 2X2 contingency tables were constructed
for the individual studies and thereafter the sensitivity was
calculated with 95% confidence intervals (CIs). In the case
of overlapping samples, only the publication with the larg-
est cohort was included in the quantitative analysis.

Second, we were interested in the capability of a single
high baseline measurement to correctly rule in AMI. A sin-
gle high baseline measurement was defined as a baseline
hs-cTnT value> 50 ng/l. This cut-off was chosen because it
resembles the cut-off point for direct rule-in recommended
by the European Society of Cardiology (ESC).> After con-
structing 2X2 contingency tables, the specificity for each
study was calculated with 95% CI.

Statistical analysis

Because of our dual research question, we were primarily
interested in obtaining the summary estimate of sensitivity
of serial hs-cTnT measurements to rule out AMI, and the
summary estimate of specificity of a single high hs-cTnT
value to rule in AMI. In addition, we also calculated the
other parameters of diagnostic accuracy for both research
questions, i.e. negative predictive value (NPV), specificity
and positive predictive value (PPV) for serial hs-cTnT
measurements; and PPV, sensitivity and NPV for a single
high baseline hs-cTnT value. To this end, a meta-analysis
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Figure |. Flow diagram: study inclusion process for the systematic review and meta-analysis.
AMI: acute myocardial infarction; hs-cTnT: high-sensitivity cardiac troponin T.

for proportions was performed by applying random effects
models. Briefly, the Freeman-Tukey double arcsine method
was used to transform the sensitivity, NPV, specificity and
PPV estimates for each study.!%!! These were then used to
calculate weighted summary estimates and their 95% Cls
under the random effects model.!? Heterogeneity was
assessed with the P2 statistic.!314

Due to the limited number of studies in the quantitative
analyses (<<10), subgroup analyses and meta-regression
were not performed. Publication bias was not investigated,
because of suboptimal performance of standard tests and
funnel plots in diagnostic test accuracy (DTA) studies and
little evidence of the existence of publication bias in DTA
studies to this date.!> All statistical analyses were performed
using Microsoft Excel 2010 (Microsoft Corporation,
Redmond, Washington State, USA) and MedCalc statistical
software version 18 (MedCalc Software bvba, Ostend,
Belgium).

Results

The systematic literature search generated 625 potentially rel-
evant citations. An additional article was identified through a
hand search of reference lists of relevant papers. After titles
and abstracts screening, 539 studies were excluded. The
remaining 87 articles were assessed in full-text, after which
66 studies were excluded for various reasons (Figure 1). Of

the 21 articles discussed in the present systematic review
(Table 1),'63¢ 14 studies were included in the meta-analysis
with a total of 11,929 patients and an overall prevalence of
AMI of 13.0% (range 3.6-56%)17:19-20-24-27.29-33,35,36

Study and patient characteristics

In studies that reported time to presentation, the median
time to presentation ranged from one hour?’ to 6.3 h (Table
1).18:19 The proportion of women varied from 30.7%32 to
51%.20 Fourteen out of 21 studies excluded patients with
ST-segment elevation myocardial infarction (STEMI) from
the analysis. Four studies had a hs-cTnT threshold>14 ng/l
as part of their inclusion criteria?!-2328 (see Supplementary
Material Table S2). Eleven studies used the hs-cTnT assay
as part of their reference standard.?0-23.2526,28,31,32,35.36
Additional characteristics of all included studies, such as
the reported cut-offs and the timing of the troponin meas-
urements for serial measurement strategies can be found in
Supplementary Material Tables S2, S3 and S5.

Methodological quality assessment

The results of the QUADAS-2 methodological quality
assessment are provided in Supplementary Material Table
S4. Eight studies consecutively enrolled patients presenting
to the ED.17:20-243435 Eleven studies used the hs-cTnT assay
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Study Reference Serial Target  Prevalence TP/(TP+FN) Sensitivity (95% Cl)
test troponin, condition
hours

Aldous 2011 (17) cTnl 6-24 AMI 33.1% 100/110 0.909 (0.839-0.956) + L

Aldous 2012 (19) cTnl 2 NSTEMI 21.8% 189/205 0.922(0.876-0.955) | =

Bahrmann 2013 (20) |hs-cTnT 3 NSTEMI 12% 38/38 1.000(0.907-1.000) | i

Melki 2011 (26) hs-cTnT 2 NSTEMI 56% 131/131 1.000(0.972-1.000) - —a

Parsonage 2014 (30) |cTnl 2 AMI 7.3% 54/56 0.964 (0.877-0.996) - -

Thelin 2013 (36) hs-cTnT 3-4 NSTEMI  14% 69/70 0.986 (0.923-1.000) - ‘—'—‘.‘—'

Summary estimate  0.967 (0.923-0.993) | *
080 0 :35 0 :)O . 0 I’)S 1 IDO
Sensitivity

Figure 2. Forest plot displaying the summary estimate of sensitivity of serial high-sensitivity cardiac troponin T (hs-cTnT)

measurements <14 ng/l (99t percentile).

AMI: acute myocardial infarction; Cl: confidence interval; cTnl: cardiac troponin I; FN: false negative; NSTEMI: non-ST segment elevation myocardial

infarction; TP: true positive.

as part of their reference standard and were considered as
high risk for incorporation bias.20-23:25,26.28,31,32.35.36 Seven
studies did not exclude STEMI patients,!6:17:25.27:29,30.33 thyg
raising concerns about applicability. All studies formally
re-adjudicated the final diagnoses, except the study by
Slagman et al.3> in which the initial clinical diagnosis was
used to establish the endpoints. Reference assay cut-offs
used for defining the endpoint differed between the various
papers that used a standardised adjudication process (see
Supplementary Material Table S4).

Meta-analysis

Serial measurements of hs-cTnT for rule-out
of AMI

Out of the 14 studies that were included in the meta-analy-
sis, nine studies reported the diagnostic accuracy of serial
measurements.!719-20.26.27,30-32.36 Sjx of these studies pre-
sented the sensitivity of serial hs-cTnT measurements <14
ng/l (99t percentile).!7.19:20.26.30.36 The median time of serial
troponin measurement was 2.5 h (range, two to 624 h).
The prevalence of AMI ranged from 7.3-56%. Applying
the 99t percentile as cut-off classified 60.1% (range, 32.0—
77.7%) of patients as rule-out (see Supplementary Material
Table S6). The summary sensitivity of serial hs-cTnT meas-
urements <14 ng/l was 96.7% (95% CI. 92.3-99.3;
1?=82.1) (Figure 2). The NPV’s of the individual studies
varied from 94.7% to 100% (see Supplementary Material
Figure S1). For completeness, the summary estimates of
NPV, specificity and PPV are provided in Supplementary
Material Figures S1-S3.

The remaining three studies used a one-hour algorithm
for serial measurements and presented the sensitivity of a
baseline hs-cTnT value<<12 ng/l and delta (A) 1 h<3
ng/1.2731:32 The prevalence of AMI was comparable between

the studies, ranging from 16.6—17.3%. The one-hour algo-
rithm classified 60.2% (range, 56.3—-63.4%) of patients as
rule-out (see Supplementary Material Table S6). The
pooled sensitivity for this algorithm was 98.9% (95% CI:
96.4-100; I>=77.5%) (Figure 3). The NPV’s of the individ-
ual studies varied from 99.1% to 100% (see Supplementary
Material Figure S4). For completeness, the summary esti-
mates of NPV, specificity and PPV are provided in
Supplementary Material Figures S4-S6.

Single high baseline measurement of hs-
cTnT for rule-in of AMI

Six out of 14 studies reported the specificity of a single
high baseline measurement?42529-32.3335 (Figure 4). The
prevalence of AMI differed considerably between the stud-
ies, ranging from 3.6-24%. The pooled specificity of a high
baseline hs-cTnT value was 94.6% (95% CI: 91.5-97.1;
I2=95.5%). Sensitivity analysis, performed by removing the
two studies that used cut-offs other than 50 ng/l, produced
a pooled specificity of 95.2% (91.6-97.9%). The PPV’s of
the individual studies varied from 28.3-86.5% (see
Supplementary Material Figure S7). For completeness, the
summary estimates of PPV, sensitivity and NPV are pro-
vided in Supplementary Material Figures S7-S9.

Discussion

Novel cardiac biomarkers such as the hs-cTnT have become
increasingly important in the diagnostic pathway and risk
stratification of patients presenting with acute chest pain to
the ED. They are a central part of clinical decision algo-
rithms recommended by the current ESC guidelines.> The
present systematic review and meta-analysis demonstrates
that: (a) the two most frequently reported serial hs-cTnT
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Study Reference Target  Prevalence TP/(TP+FN) Sensitivity (95% Cl)
test condition

Mueller 2016 (27) [cTnl AMI 16.6% 206/213 0.967 (0.933-0.987)

Reichlin2012 (31) |hs-cTnT NSTEMI 16.9% 147/147 1.000(0.975-1.000)

Reichlin 2015 (32) |hs-cTnT NSTEMI 17.3% 228/229 0.996 (0.976-1.000) -

Summary estimate

0.989 (0.964-1.000)

|

T T T T T T T T
on o 09 (-] oor

Sensitivity

Figure 3. Forest plot displaying the summary estimate of sensitivity of high-sensitivity cardiac troponin T (hs-cTnT) <12 ng/l and

Al h<3 ng/l.

AMI: acute myocardial infarction; Cl: confidence interval; cTnl: cardiac troponin I; FN: false negative; NSTEMI: non-ST segment elevation myocardial

infarction; TP: true positive.

Study Reference Threshold Target Prevalence TN/(TN+FP) Specificity (95% Cl)

test used, ng/L condition
Chenevier-Gobeaux 2013 (24) |cTnl 53.5 NSTEMI  27% 53/61 0.869(0.758-0.942)
Goorden 2016 (25) hs-cTnT 50 AMI 1.7% 1244/1376 0.904 (0.B88-0.919) —
Mueller-Hennessen 2017 (29) |cTnl 50 AMI 16.6% 1047/1069 0.979(0.969-0.987) - i .
Reichlin 2015 (32) hs-cTnT 50 NSTEMI 17.3% 1065/1091 0.976(0.965-0.984) -
Reiter 2011 (33) cTnl, cTnT 54 AMI 28% 206/308  0.961(0.933-0.980) ——
Slagman 2017 (35) hs-cTnT, 50 NSTEMI 3.6% 3081/32%9 0.934(0.925-0.942) - | |

POC-TnT i

Summaryestimate  0.946(0.915-0.971) -
T T T T T T T T T T T T
070 075 080 085 090 095 100
Specificity

Figure 4. Forest plot displaying the summary estimate of specificity of a baseline high-sensitivity cardiac troponin T (hs-cTnT)

value>50 ng/l.

AMI: acute myocardial infarction; Cl: confidence interval; cTnl: cardiac troponin I; cTnT: cardiac troponin T; FP: false positive; NSTEMI: non-ST
segment elevation myocardial infarction; POC-TnT: point-of-care troponin T; TN: true negative.

measurement strategies have a high sensitivity to rule out
AMI, while triaging a similarly large proportion of patients
towards rule-out and (b) a direct rule-in strategy with a sin-
gle baseline hs-cTnT value>50 ng/1 has a high specificity.

Serial measurements for rule-out of AMI

Several meta-analyses have previously assessed the ability
of a hs-cTnT assay to rule out AMI. Four articles examined
a single baseline hs-cTnT measurement for rule-out of AMI
at various diagnostic cut-offs.3”40 The 99 percentile was
shown to have modest sensitivity for rule-out of AMI,37-3940
however when the cut-off for rule-out of AMI was set below
the limit of detection, i.e. <5 ng/1 for the hs-cTnT assay, the
sensitivities were generally high.38-40 It has been suggested
that serial measurement of hs-cTnT is more accurate and
informative than a single measurement for rule-out of AMI.

As serial measurements provide information on rise and fall
patterns, they are more informative for discrimination of
acute from chronic myocardial injury.’® A serial measure-
ment strategy is particularly necessary in early presenters as
they might have normal initial troponin values due to the
time dependency of troponin release.*!*2 A subgroup analy-
sis performed by Mueller et al. showed that in early present-
ers (chest pain onset to presentation <2 h) the one-hour
algorithm reached a NPV comparable to late presenters
(chest pain onset to presentation =2 h) to the emergency
room.?” Adding copeptin, a marker which is released very
carly after onset of symptoms, to hs-cTnT has also been sug-
gested for early presenters in particular.*® A recent meta-
analysis by Shin et al. showed that adding copeptin to
hs-cTnT improved the sensitivity for rule-out of AML#
Our meta-analysis exclusively investigated the ability of
the hs-cTnT assay to rule out AMI with the two most
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frequently reported serial measurement strategies. We
found similar diagnostic accuracy for rule-out of AMI with
serial high-sensitivity troponin measurements <99 per-
centile compared to the study by Lipinski et al.3’

Recently, Badertscher et al. directly compared the one-
hour algorithm with the three-hour algorithm, which uses a
fixed cut-off (the 99t percentile) at presentation and three
hours in conjunction with clinical criteria (Global Registry
of Acute Events (GRACE) score <140 and the requirement
to be pain free). While both ESC recommended algorithms
had comparable NPVs for rule-out, the one-hour algorithm
allowed the rule-out of significantly more patients.S
Contrastingly, the results of our study do not suggest a dif-
ference between the two rule-out strategies in the propor-
tion of patients that are triaged towards rule-out. However,
it is important to note that the serial measurement strategy
with a fixed 99™ percentile cut-off described in our study
lacked the clinical criteria which are a key part of the ESC
three-hour algorithm.3

It is important to highlight that the majority of the stud-
ies, including the studies in this meta-analysis, have only
examined the performance of the hs-cTnT assay in patients
presenting with acute chest pain and free from major comor-
bidities. Few prospective studies have assessed the perfor-
mance of this assay in lower-risk patients, e¢.g. women
presenting with atypical symptoms, and higher-risk patients,
e.g. patients with renal failure, to better reflect the cohort of
patients in clinical practice. Biener et al. demonstrated that
in patients presenting with atypical symptoms the sensitivity
of a rule-out strategy with hs-cTnT was lower than in
patients with typical chest pain.2? Twerenbold et al. showed
that in patients with renal failure a rule-out strategy based on
hs-cTnT had a comparably high sensitivity and NPV to
patients without renal failure, however they found that the
efficacy of the strategy was substantially lower.*® The under-
lying cause is the increased baseline troponin value in
patients with renal failure, which decreases the possibility of
a rule-out when using the same cut-off values.*’

Single high baseline measurement for rule-in
of AMI

To our knowledge, this is the first systematic review and
meta-analysis to report the specificity and PPV of a direct
rule-in strategy with baseline hs-cTnT value>50 ng/l. The
prevalence of AMI differed considerably between the stud-
ies; in the study by Slagman et al. the prevalence of AMI
was 3.6%, whereas in the study by Reiter et al. the preva-
lence was 24%.3335 The specificity of the direct rule-in
strategy was consistently high between the individual stud-
ies. At the same time the PPV differed considerably; in
studies with a low prevalence of AMI, we observed a lower
PPV, which is in concordance with the theorem of Bayes.*3
We conclude that the applicability of a direct rule-in strat-
egy with baseline hs-cTnT value>50 ng/l is highly

dependent on the pre-test probability of disease and this
stresses the importance of assessing the individual pre-test
probability for clinicians. Patients with a low pre-test prob-
ability or a very atypical presentation might suffer from
other conditions that also give rise to hs-cTnT. In such
cases, serial hs-cTnT measurements can increase the prob-
ability of AMI when a rise and fall pattern is present.*® If
after serial sampling AMI is deemed unlikely, other causes
of troponin elevations should be investigated as elevated
troponins are associated with an unfavourable prognosis
even in the absence of an AMI.%°

Recommendations for further research

The 2015 ESC one-hour algorithm has distinct cut-offs for
‘rule-out’ and ‘rule-in’ and patients not meeting these crite-
ria are placed in the ‘observational zone’. This concerns a
considerable number of patients (20—30%) who are known
to have an unfavourable prognosis.’! They are now faced
with prolonged observational periods in the hospital, with
or without invasive testing. Further research is needed to
determine the optimal diagnostic approach. It has been sug-
gested that advanced cardiac imaging may be useful for
better risk stratification in these patients.’>

Study limitations

Our study has several limitations. The studies included in
the current analysis had different methods for adjudication
of the final diagnosis. Some used conventional assays,
whereas others used high-sensitivity assays for the refer-
ence standard. In addition, studies that used the same assay
frequently had different cut-offs for adjudication of the
final diagnosis. The use of high-sensitivity assays as
opposed to conventional assays as the reference standard
can influence the diagnostic accuracy parameters of the test
being evaluated. Because of its higher sensitivity, the high-
sensitivity assay detects more patients with myocardial
injury not due to NSTEMI when compared to conventional
assays. Moreover, we were not able to validate and exam-
ine the performance of the official ESC 0/1 hour algorithm
for rule-out and rule-in, because of the limited number of
distinct cohorts that were in studies with this algorithm.
Due to lack of individual patient data and the limited num-
ber of studies we could not perform meta-regression or sub-
group analysis to investigate the effects of certain patient
and study characteristics, such as age, cardiac risk factors,
target condition, time of chest pain onset to obtaining the
first blood sample, assay used for reference standard and
prevalence of AMI.

Conclusion

Serial hs-cTnT measurement strategies to rule out AMI per-
form well and can classify 60% of patients for rule-out,
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while a direct rule-in strategy with a baseline hs-cTnT
value >50 ng/l has a high specificity.

Acknowledgements

The authors would like to thank Wichor Bramer (Biomedical
Information Specialist, Erasmus MC) for his aid in the develop-
ment and implementation of the search strategy.

Conflict of interest

The authors declare that there is no conflict of interest.

Funding

This work was supported by a research grant from the Erasmus
MC Thorax Foundation (project grant B4).

Supplemental material

Supplemental material for this article is available online.

References

1. Reichlin T, Hochholzer W, Bassetti S, et al. Early diagno-
sis of myocardial infarction with sensitive cardiac troponin
assays. N Engl J Med 2009; 361: 858-867.

2. Goodacre S, Cross E, Arnold J, et al. The health care burden
of acute chest pain. Heart 2005; 91: 229-230.

3. Pitts SR, Niska RW, Xu J, et al. National hospital ambulatory
medical care survey: 2006 Emergency department summary.
Natl Health Stat Report 2008: 1-38.

4. Than M, Cullen L, Reid CM, et al. A 2-h diagnostic pro-
tocol to assess patients with chest pain symptoms in the
Asia-Pacific region (ASPECT): A prospective observational
validation study. Lancet 2011; 377: 1077-1084.

5. Roffi M, Patrono C, Collet JP, et al. 2015 ESC guidelines
for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation: Task
Force for the Management of Acute Coronary Syndromes in
Patients Presenting without Persistent ST-Segment Elevation
of the European Society of Cardiology (ESC). Eur Heart J
2016; 37: 267-315.

6. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA state-
ment for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: Explanation
and elaboration. PLoS Med 2009; 6: ¢1000100.

7. Thygesen K, Alpert JS, White HD, et al.; Joint ESC/ACCF/
AHA/WHF Task Force for the Redefinition of Myocardial
Infarction. Universal definition of myocardial infarction.
Circulation 2007; 116: 2634-2653.

8. Bramer WM, Milic J and Mast F. Reviewing retrieved ref-
erences for inclusion in systematic reviews using EndNote.
JMLA 2017; 105: 84-87.

9. Whiting PF, Rutjes AW, Westwood ME, et al.;QUADAS-2
Group. QUADAS-2: A revised tool for the quality assessment
of diagnostic accuracy studies. Ann Intern Med 2011; 155:
529-536.

10. Freeman MF and Tukey JW. Transformations related to
the angular and the square root. Ann Math Stat 1950; 21:
607-611.

11.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Miller JJ. The inverse of the Freeman-Tukey double arcsine
transformation. Am Stat 1978; 32: 138—138.

DerSimonian R and Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986; 7: 177-188.

Borenstein M, Higgins JPT, Hedges LV, et al. Basics of meta-
analysis: 12 is not an absolute measure of heterogeneity. Res
Synth Methods 2017; 8: 5-18.

Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring
inconsistency in meta-analyses. BMJ 2003; 327: 557-560.
van Enst WA, Ochodo E, Scholten RJIPM, et al. Investigation
of publication bias in meta-analyses of diagnostic test accu-
racy: A meta-epidemiological study. BMC Med Res Methodol
2014; 14: 70-70.

Aldous S, Pemberton C, Richards AM, et al. High-sensitivity
troponin T for early rule-out of myocardial infarction in
recent onset chest pain. Emerg Med J 2012; 29: 805-810.
Aldous SJ, Florkowski CM, Crozier IG, et al. Comparison
of high sensitivity and contemporary troponin assays for the
early detection of acute myocardial infarction in the emer-
gency department. Ann Clin Biochem 2011; 48: 241-248.
Aldous SJ, Richards AM, Cullen L, et al. Early dynamic
change in high-sensitivity cardiac troponin T in the investi-
gation of acute myocardial infarction. Clin Chem 2011; 57:
1154-1160.

Aldous SJ, Richards M, Cullen L, et al. Diagnostic and prog-
nostic utility of early measurement with high-sensitivity tro-
ponin T assay in patients presenting with chest pain. CMAJ
2012; 184: E260-E268.

Bahrmann P, Christ M, Bahrmann A, et al. A 3-hour diag-
nostic algorithm for non-ST-elevation myocardial infarction
using high-sensitivity cardiac troponin T in unselected older
patients presenting to the emergency department. J Am Med
Dir Assoc 2013; 14: 409-416.

Biener M, Mueller M, Vafaie M, et al. Diagnostic perfor-
mance of rising, falling, or rising and falling kinetic changes
of high-sensitivity cardiac troponin T in an unselected emer-
gency department population. Eur Heart J Acute Cardiovasc
Care 2013; 2: 314-322.

Biener M, Mueller M, Vafaie M, et al. Impact of leading present-
ing symptoms on the diagnostic performance of high-sensitivity
cardiac troponin T and on outcomes in patients with suspected
acute coronary syndrome. Clin Chem 2015; 61: 744-751.
Biener M, Mueller M, Vafaie M, et al. Comparison of a
3-hour versus a 6-hour sampling-protocol using high-sen-
sitivity cardiac troponin T for rule-out and rule-in of non-
STEMI in an unselected emergency department population.
Int J Cardiol 2013; 167: 1134-1140.

Chenevier-Gobeaux C, Meune C, Freund Y, et al. Influence
of age and renal function on high-sensitivity cardiac troponin
T diagnostic accuracy for the diagnosis of acute myocardial
infarction. Am J Cardiol 2013; 111: 1701-1707.

Goorden SMI, van Engelen RA, Wong LSM, et al. A novel
troponin I rule-out value below the upper reference limit for
acute myocardial infarction. Heart 2016; 102: 1721-1727.
Melki D, Lind S, Agewall S, et al. Diagnostic value of high
sensitive troponin T in chest pain patients with no persistent
ST-elevations. Scand Cardiovasc J 2011; 45: 198-204.
Mueller C, Giannitsis E, Christ M, et al.; Investigators
TRAPID-AMI. Multicenter evaluation of a 0-hour/1-hour
algorithm in the diagnosis of myocardial infarction with



22

European Heart Journal: Acute Cardiovascular Care 9(1)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

high-sensitivity cardiac troponin T. Ann Emerg Med 2016;
68: 76-87.¢74.

Mueller M, Biener M, Vafaie M, et al. Absolute and rela-
tive kinetic changes of high-sensitivity cardiac troponin T in
acute coronary syndrome and in patients with increased tro-
ponin in the absence of acute coronary syndrome. Clin Chem
2012; 58: 209-218.

Mueller-Hennessen M, Mueller C, Giannitsis E, et al. Serial
sampling of high-sensitivity cardiac troponin T may not be
required for prediction of acute myocardial infarction diag-
nosis in chest pain patients with highly abnormal concentra-
tions at presentation. Clin Chem 2017; 63: 542-551.
Parsonage WA, Greenslade JH, Hammett CJ, et al. Validation
of an accelerated high-sensitivity troponin T assay protocol
in an Australian cohort with chest pain. Med J Aust 2014;
200: 161-165.

Reichlin T, Schindler C, Drexler B, et al. One-hour rule-
out and rule-in of acute myocardial infarction using high-
sensitivity cardiac troponin T. Arch Intern Med 2012; 172:
1211-1218.

Reichlin T, Twerenbold R, Wildi K, et al. Prospective valida-
tion of a 1-hour algorithm to rule-out and rule-in acute myo-
cardial infarction using a high-sensitivity cardiac troponin T
assay. CMAJ 2015; 187: E243-E252.

Reiter M, Twerenbold R, Reichlin T, et al. Early diagnosis of
acute myocardial infarction in the elderly using more sensitive
cardiac troponin assays. Eur Heart J2011; 32: 1379-1389.
Santalo M, Martin A, Velilla J, et al. Using high-sensitivity
troponin T: The importance of the proper gold standard. Am
J Med 2013; 126: 709-717.

Slagman A, von Recum J, Mockel M, et al. Diagnostic per-
formance of a high-sensitive troponin T assay and a troponin
T point of care assay in the clinical routine of an emergency
department: A clinical cohort study. Int J Cardiol 2017; 230:
454-460.

Thelin J, Melander O and Ohlin B. Early rule-out of acute
coronary syndrome using undetectable levels of high sensi-
tivity troponin T. Eur Heart J Acute Cardiovasc Care 2015;
4: 403-409.

Lipinski MJ, Baker NC, Escarcega RO, et al. Comparison of
conventional and high-sensitivity troponin in patients with
chest pain: A collaborative meta-analysis. Am Heart J 2015;
169: 6-16 e6.

Pickering JW, Than MP, Cullen L, et al. Rapid rule-out of
acute myocardial infarction with a single high-sensitivity
cardiac troponin T measurement below the limit of detec-
tion: A collaborative meta-analysis. Ann Intern Med 2017,
166: 715-724.

Zhelev Z, Hyde C, Youngman E, et al. Diagnostic accuracy
of single baseline measurement of Elecsys troponin T high-
sensitive assay for diagnosis of acute myocardial infarction
in emergency department: Systematic review and meta-anal-
ysis. BMJ 2015; 350: h15.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Sethi A, Bajaj A, Malhotra G, et al. Diagnostic accuracy of
sensitive or high-sensitive troponin on presentation for myo-
cardial infarction: A meta-analysis and systematic review.
Vasc Health Risk Manag 2014; 10: 435-450.

Bandstein N, Ljung R, Johansson M, et al. Undetectable
high-sensitivity cardiac troponin T level in the emergency
department and risk of myocardial infarction. J Am Coll
Cardiol 2014; 63: 2569-2578.

Morrow DA. Clinician’s guide to early rule-out strategies
with high-sensitivity cardiac troponin. Circulation 2017,
135: 1612-1616.

Mueller C, Mockel M, Giannitsis E, et al. ESC Study Group
on Biomarkers in Cardiology of the Acute Cardiovascular
Care Association. Use of copeptin for rapid rule-out of acute
myocardial infarction. Eur Heart J Acute Cardiovasc Care
2018; 7: 570-576.

Shin H, Jang BH, Lim TH, et al. Diagnostic accuracy of add-
ing copeptin to cardiac troponin for non-ST-elevation myo-
cardial infarction: A systematic review and meta-analysis.
PLoS One 2018; 13: €0200379.

Badertscher P, Boeddinghaus J, Twerenbold R, et al. Direct
comparison of the 0/1h and 0/3h algorithms for early rule-
out of acute myocardial infarction. Circulation 2018; 137:
2536-2538.

Twerenbold R, Badertscher P, Boeddinghaus J, et al. 0/1-
Hour triage algorithm for myocardial infarction in patients
with renal dysfunction. Circulation 2018; 137: 436-451.
Thygesen K, Alpert JS, Jaffe AS, et al. ESC Scientific
Document Group. Fourth universal definition of myocardial
infarction (2018). Eur Heart J 2018: ehy462.

Baron JA. Uncertainty in Bayes. Med Decis Making 1994;
14: 46-51.

Reichlin T, Irfan A, Twerenbold R, et al. Utility of absolute
and relative changes in cardiac troponin concentrations in the
early diagnosis of acute myocardial infarction. Circulation
2011; 124: 136-145.

Roos A, Bandstein N, Lundback M, et al. Stable high-sensi-
tivity cardiac troponin T levels and outcomes in patients with
chest pain. J Am Coll Cardiol 2017; 70: 2226-2236.
Nestelberger T, Wildi K, Boeddinghaus J, et al
Characterization of the observe zone of the ESC 2015 high-
sensitivity cardiac troponin Oh/lh-algorithm for the early
diagnosis of acute myocardial infarction. Int J Cardiol 2016;
207: 238-245.

Hoffmann U, Truong QA, Schoenfeld DA, et al. ROMICAT-II
Investigators. Coronary CT angiography versus standard
evaluation in acute chest pain. N Engl J Med 2012; 367:
299-308.

Ferencik M, Liu T, Mayrhofer T, et al. hs-Troponin I fol-
lowed by CT angiography improves acute coronary syn-
drome risk stratification accuracy and work-up in acute
chest pain patients: Results from ROMICAT II trial. JACC
Cardiovasc Imaging 2015; 8: 1272-1281.



