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Abstract

Background A critical and unmet therapeutic need is the prompt and reliable exclusion of acute myocardial infarction (AMI),
which would allow for prompt discharge from the emergency department. High-sensitivity troponin (HS-TnT) combined
with copeptin has been proposed to expedite the diagnostic exclusion of AMI in addition to its predictive usefulness in the
intermediate and long-term outcomes of AMI. The European Society of Cardiology recommends the Global Registry of
Acute Coronary Events (GRACE) as a prognostic score to manage acute coronary syndrome (ACS) without ST segment
elevation. The purpose of this study was to compare the diagnostic accuracy of HS-TnT combined with copeptin in ruling
out AMI compared to HS-TnT alone. By combining a low GRACE score (108) with negative HS-TnT (14 ng/L) and copeptin
(14 pmol/L), non-ST and ACS were reliably ruled out, including non-ST segment elevation MI and unstable angina.
Results The present research included nine studies with a total of 13,232 participants. The negative predictive value (NPV)
for copeptin and HS-TnT was found to be slightly higher in combination (62-99%) than for HS-TnT alone (60-99%). The
sensitivity of copeptin ranged from 0% to 100%, with a pooled sensitivity of 0.79 (CI 95% 0.76, 0.82). The specificity of
copeptin ranged from 13% to 100%, with a pooled specificity of 0.89 (CI1 95% 0.85, 0.91), a pooled positive likelihood ratio
(PLR) of 9.86 (CI1 95% 4.42, 22.02), and a pooled negative likelihood ratio (NLR) of 0.08. (95% CI 0.01, 0.44).
Conclusions The use of combined negative copeptin and highly sensitive troponin testing in low-to-intermediate risk patients
with suspected acute coronary syndrome resulted in a quick discharge with a safe and rapid rule out of non-ST + ACS.
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Background

Acute myocardial infarction (AMI) is a difficult diagnosis to
determine due to the narrow therapeutic window and need
for immediate attention [1, 2]. Chest pain is common and
most often caused by non-cardiac conditions. Atypical pres-
entations of acute coronary syndrome (ACS), as well as the
unreliability of the presence or absence of cardiovascular
risk factors, make the diagnosis of ACS difficult in patients
with chest pain syndrome, particularly in those without ST
elevation on electrocardiograms.

Several cardiac biomarkers have been proposed for use in
the early diagnosis of these patients in the emergency depart-
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ment. Despite that troponin assays are highly specific, their
delayed rise (up to 6-12 h) limits their effectiveness as a
diagnostic tool and reduces their overall negative predictive
value (NPV) [1, 2]. Furthermore, most patients with chest
pain require serial troponin measurements over several hours
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before A non-ST-elevation myocardial infarction (NSTEMI)
is ruled out (Table 1).

Copeptin is a 39-amino acid glycopeptide derived from
the C-terminus of the arginine vasopressin (AVP) hormone
precursor (CT-proAVP) [3]. Copeptin levels peak early
(0-1 h) after AMI and then return to baseline within 12-36 h
in patients with early presentation of AMI. Thus, copeptin
improves the early detection of non-ST segment elevation
myocardial infarction (MI) and the prediction of infarct size,
cardiac function alteration, and, most importantly, prognosis
after AMI.

Objectives

To compare the diagnostic accuracy of copeptin plus tro-
ponin versus troponin alone in the prompt rule out of acute
myocardial infarction and assess the prognostic value of
the combined measurement on post-myocardial infarction
outcomes.

Methods

The literature review was conducted from June 2021 to
April 2022 using the databases PubMed Central, Embase,
and Web of Science as well as the Cochrane Library. The
keywords “copeptin AND troponin AND acute myocardial
infarction” and their synonyms were used. The search was
comprehensive, employing an umbrella method, and refer-
ence lists from the articles retrieved were cross-checked.

Study selection
The reference management software Endnote 7.4 was used

for all identified studies. Two reviewers examined the title,
abstract, and type for each identified article.

Table 1 Data from 8 studies used for analysis

The included studies fulfilled the following criteria: full
text articles, peer-reviewed articles, and any observational
or interventional articles with no language restriction. The
following articles were excluded: reviews, case reports, edi-
torials, letters, comments, conference abstracts, systematic
reviews and/or meta-analyses; animal studies; duplicate
studies; irrelevant population; irrelevant index test; and
irrelevant outcomes.

A third reviewer intervened in cases of disagreement
between the two reviewers, and differences were discussed
until a consensus was reached. The full texts of the cho-
sen articles were acquired, which were then rescreened and
evaluated more thoroughly for eligibility using the same
exclusion criteria.

After exclusion, nine articles were selected for the final
review. Two authors independently reviewed selected arti-
cles. All disagreements were resolved with a discussion
between the two authors and mutually agreed upon by the
authors. A third independent reviewer provided input as
needed.

Study design

The study was conducted in accordance with the princi-
ples outlined by the Systematic Reviews of Diagnostic Test
Accuracy as well as Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA).

Data extraction

The two reviewers obtained the characteristics and results of
the selected studies. They contacted the authors of studies
lacking data. Despite this outreach, studies with lacking data
were excluded from the meta-analysis. Data regarding true-
positive, false-positive, false-negative, and true-negative
results for individual studies were obtained. The following
variables were extracted from the studies: first author, year

Authors, year Sex m Mean age Comorbidities

Hypertension Diabetes Smoking Hyperlipidemia
Liorens, 2014 [15] 639/1018 66.4(14.8) 673/1018 278/1018 299/1018 518/1018
Charpentier, 2013 [16] 382/587 58(16.6) 174/586 75/586 167/586 244/586
Wildi, 2015 [17] 1316/1929 62(10) 1226/1929 343/1929 483/1929 971/1929
Sebbane, 2013 [18] 123/194 61.4(12.5)
Malley, 2013 2818/4432 75.5(12.2) 3217/4432 1382/4432 1183/4432
El shafey, 2016 50/71 54.3(11.29) 27/71 27/71 32/71 27/71
Sukul, 2013 248/405 65.5(11.2) 271/405 110/405 72/405
Giannitsis, 2020 2693/4596 67.3(10.2) 3003/4596 837/4596 1362/4596

63.8 years 8591/13037 3052/13037 3598/13037 1516/3604
65.94% 23.41% 27.60% 42.06%
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of publication, country, study population, inclusion period,
and patients’ baseline characteristics. Furthermore, ethical
approval was not required for this study as already available
databases were used to obtain data and patients were not
directly involved.

Assessment of methodological quality

The two reviewers assessed the methodological quality of the
primary studies at the study level. They accessed patient selec-
tion, index test, reference standard, flow, and timing using a
checklist adapted from the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool. The potential for incor-
poration bias was the primary methodological issue in deter-
mining whether to include studies. Thus, Elevation of copeptin
(cTn), which is a part of non-ST elevation myocardial infarction
(NSTEMI), was included as one of the index tests in this study.

Statistical analysis

For each primary study, estimates of sensitivity and specific-
ity points and corresponding 95% confidence intervals (CI)
were calculated from extracted data for cTn alone and cTn with
copeptin. We used SPSS Statistics to perform a bivariate.

The statistical significance for hypothesis testing was set at
0.05 for two-tailed heterogeneity testing and at 0.10 for two-
tailed tests. Dichotomous variables were reported as proportions
(%), whereas continuous variables are reported as the mean
(standard deviation [SD]) or median (interquartile range [IQR]).

Summary diagnostic accuracy estimates

The summary estimates of sensitivity, specificity, positive likeli-
hood ratios (PLRs), and negative likelihood ratios (NLRs) were
derived from bivariate mixed-effect regression model parameter
estimates.

Sensitivity analyses

A sensitivity analysis was performed for all studies A sub-
group analysis was also performed for studies comparing
levels of troponin alone versus troponin combined with
copeptin only in MI patients.

Results

Our literature search yielded nine relevant articles [4—12]
with studies from 2013 to 2020. A total of 13,232 patients
were studied in these articles. Copeptin levels were meas-
ured in all of them, and specific characteristics were noted.

Copeptin levels were measured in all the studies within
12 h of the cardiovascular events, making comparisons
between them easier. Three of the studies were even more
specific, obtaining lab results within 4 h of the event’s
occurrence.

Copeptin was the most studied of all available markers.
The sensitivity ranged from 0 to 100%, with a pooled sen-
sitivity of 0.79 (CI 95% 0.76, 0.82). The specificity ranged
from 13 to 100%, with a pooled specificity of 0.89 (CI 95%
0.85, 0.91), a pooled PLR of 9.86 (CI 95% 4.42, 22.02),
and a pooled NLR of 0.08 (CI1 95% 0.01, 0.44) (Fig. 1, 2, 3,
4). Figure 5 depicts the summary receiver operating char-
acteristic (ROC) plot as well as an overview of the studies,
including their summary sensitivity and specificity with
areas under the curve (AUCs) of 0.9816 and Q* =0.9403.

In the pooled analysis of the studies, the combination of
copeptin and troponin showed a slightly higher sensitivity
(86-97%) compared troponin alone (70-97%). However,
the specificity was slightly lower in the combination group
(62-79%) than in the troponin group (80-95%). The com-
bined measurement of copeptin and troponin levels had a
slightly higher NPV (62-99%) than measurements of tro-
ponin levels alone (60-99%) (Fig. 6).

Discussion

Copeptin is a neuroendocrine peptide derived from the
C-terminus of the pre-pro-hormone of arginine vasopressin
(AVP). Copeptin is released with AVP) after hemodynamic
or osmotic stimuli. It is released into the circulation follow-
ing AMI, first with an immediate rise that is then followed
by a rapid decline within 5 days.

According to studies involving a large proportion of ST
elevation myocardial infarction (STEMI) patients, the com-
bination of copeptin and troponin has a high NPV of AMI,
allowing rapid rule out of AMI in the emergency depart-
ment [14]. Copeptin increases in the first 6 h, unlike cardiac
troponins, which typically increase at 12 h. As a result, the
use of copeptin is inadequate in the first 1-3 h as a rule-in
marker for AMI and in ruling out patients with acute chest
pain and a history of coronary artery disease (CAD) [15].

According to Gu et al., cardiac troponin-T (cTnT) levels
rise within 6-9 h of symptom onset, with a sensitivity of
39-43% in the first 3 h [16]. In the CHOPIN trial, the inclu-
sion of copeptin allowed 58% of patients with non-diagnos-
tic electrocardiogram (ECGs) to be ruled out for an AMI
with a negative predictive value (NPV) of greater than 99%
and a decrease in the time for AMI diagnosis from 3 to 1.8 h
on average (43% reduction). The addition of another bio-
marker to ¢TnT, such as copeptin, may be more informative
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Fig.1 PRISMA flow diagram

Records identified through
database searching
(PubMed, Google Scholar,
ScienceDirect, Medline)
(n = aa45)

l

Additional records identified
through other sources (snowballing
through references, handpicked
journal search)

(n = 426)

|

Records after duplicates removed
(n = 359)

Fig.2 Pooled sensitivity and

Records screencd

Records excluded

(n = 290)

|

Full-text articles assessed
for eligibility
(n =49)

Studies included in the
systemaltic review
(n=21)

(n=241)

Full-text articles excluded
(n = 28)

20 irrelevant, 1 Spanish,
1 Chinese, 4 different
outcomes, 2 different

population

Sensitivity (95% CI)

Chi square tests for copeptin
levels

3%

092
0.68
095
098
1.00
0.51

(0.86 - 0.96)
(0.53 - 0.80)
(0.90 - 0.98)
(0.89 - 1.00)
(0.98 - 1.00)
(0.45-0.57)

b' Pooled Sensitivity = 0.79 (0.76 to 0.82)
Chi-square = 254,35, df « 5 (p = 0.0000)

0 0.2 0.4

Fig. 3 Pooled specificity and

0.6
Sensitivity

08 Inconsistency (I-square) = 98.0 %

Specificity (95% CI)

Chi square tests for copeptin
levels

0.93
1.00
1.00
1.00
0.85
0.85

(0.80-0.98)
(0.90-1.00)
(0.87 -1.00)
(0.83-1.00
(0.81-0.89
(0.62-0.97)

Pooled Specificity = 0.89 (0.851t0 0.91)
Chi-square = 23.91;df = 5 (p = 0.0002)

0.2 0.4

in detecting myocardial ischemia [17]. Furthermore, the
additive effect accelerates clinical decision-making in ruling
out non-AMI patients without the need for extended moni-
toring times extended monitoring times and serial blood
sampling for repeated cTnT measurements [18, 19].

A metanalysis from Hyungoo et al. revealed a high sensi-
tivity (100%) of copeptin with troponin measured in the first
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6 h and a high NPV of copeptin with troponin-I measured
in the first 6 h (100%) [20]. Furthermore, Bohyn et al. used
copeptin, high-sensitivity troponin T, and GRACE scores
to rule out AMI quickly [21]. Finally, in another study con-
ducted by Ray et al., participants with a prior history of
CAD and negative cTn on admission were evaluated, and the
researchers found that copeptin was superior to conventional
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cTn in patients with acute chest pain and a prior history of
CAD [22].

Impact of sex, age, and comorbidities
on copeptin diagnostic accuracy

According to our findings, the male gender has a sig-
nificant influence on the diagnostic accuracy of copep-
tin levels. The pooled analysis revealed that 8,269 of
the 13,232 patients enrolled in our studies were males.

4 0.6
1-spectficity

This is consistent with a systematic review from Lipinski
et al., which found that men made up 64% of the enrolled
patients [13]. Our enrolled patients had an average age
of 63.8 years. This is also consistent with Lipinski et al.,
in which the average age of the studied population was
64 years [13].

Of the patients included, 65.95% had hypertension as a
comorbidity. Lipinski et al. also reported a weighted mean
of 63.0%. Furthermore, 23.41% of the patient population
in our study was diabetic. Smoking also seemed to have an
impact on copeptin diagnostic accuracy, as 27.60% of the
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patient population were smokers. This is also consistent with
Lipinski et al., where 28.6% were smokers. Our results from
the lipid profile were also in line with Lipinski et al., with
42.06% of the patients having hyperlipidemia [13].

Most clinical studies used a copeptin cutoff of 14 pmol/l
[23-25]. Keller et al. tested several copeptin cutoff values
in a large reference population (n=1386), revealing that the
99th percentile value was 18.9 pmol/l, the 97.5th percen-
tile value was 13 pmol/l, and the 95th percentile value was
9.8 pmol/l. Thus, the lower the cutoff value, the higher the
NPV for AMI diagnosis. However, a 95th percentile value
(10 pmol/l) may be preferable to avoid false-negative results
[26, 27]. A plasma copeptin cutoff level of 21.1 pg/ml might
be used for early rule-in of myocardial infarction, which can
later be confirmed by troponin measurement.

Conclusions

Combining copeptin and troponin I improves diagnostic
accuracy in the emergency department for chest pain that
appears within 12 h of onset. Copeptin allows for the rapid
exclusion of NSTEMI, adding value to standard cTn in
patients with acute chest pain and a history of CAD. How-
ever, even when using a standard troponin assay, the sensi-
tivity of this combination is insufficient to rule out NSTEMI
safely.
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