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Objective: To assess the role of Copeptin in diagnosis of acute myocardial infarction in troponin-blind
period.
Subjects and methods: This study was conducted on 40 patients who presented to emergency department
complaining of chest pain and were highly suspicious to have acute cardiac ischemia, in addition to 10
subjects serving as a healthy control group. Blood samples were collected for determination of CK-MB,
cTnI and Copeptin. These were measured twice (in patients’ group); at 3 h and then at 6–9 h from admis-
sion time.
Results: The first sample revealed a non-significant difference between UA group and AMI group as
regards CKMB and troponin, however, high significant difference was found as regards Copeptin (Z =
5.29, P < 0.001). Moreover, ROC curve analysis of serum Copeptin for discriminating AMI group from
UA group in the first sample showed diagnostic sensitivity and specificity of 100%.
In conclusion: Determination of copeptin in early diagnosis of AMI has diagnostic value being superior to
a conventional cTn-I within the first three hours after acute chest pain.

� 2018 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction ity of 39–43% when the patient is admitted to the emergency
The term acute coronary syndrome (ACS) refers to any group of
clinical symptoms compatible with acute myocardial ischemia and
includes unstable angina (UA), non-ST-segment elevation myocar-
dial infarction (NSTEMI), and ST-segment elevation myocardial
infarction (STEMI).1

According to the latest third international definition of acute
myocardial infarction (AMI), the electrocardiographic abnormali-
ties together with changes of cardiac troponins (cTns) level repre-
sent the key diagnostic elements for diagnosis of AMI in the
emergency department.2 cTns are golden standards in diagnosis
of AMI uniformly approved and recommended by guidelines.3

However, due to a delayed release of cTns into the bloodstream,
cTns assays lack sensitivity within the first hours of myocardial
injury, a phenomenon referred as the ‘troponin-blind period. cTns
is raised within 6–9 h from the onset of symptoms giving sensitiv-
department in the early three hours of onset.4,5

In addition, multiple non-ischemic conditions may challenge
the interpretation of causes of elevation in plasma cTns.2,3 Thus,
addition of another biomarker such as, Copeptin may be more sen-
sitive and informative in reflecting myocardial ischemia with a
specific pathophysiological mechanism in AMI development.2

Copeptin, as an endogenous marker of stress6 and with its
immediate release after the acute event, it seems to have a role
in the early exclusion of AMI.7 It is the c-terminal part of the vaso-
pressin prohormone and is secreted from the neurohipophysis in
equimolar amounts with arginine vasopressin (AVP).8

2. Aim of the work

The aim of the present study was to examine the role of serum
Copeptin in enhancing the sensitivity of diagnosis of AMI during
the early hours of admission of patients in emergency department.

3. Subjects and methods

3.1. Subjects

This study was conducted on 40 patients who presented to
emergency department complaining of chest pain and were highly
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suspicious to have acute cardiac ischemia, in addition to 10 sub-
jects serving as a healthy control group.

Subjects included in this study were classified into the follow-
ing groups:

(1) Patients’ Group (I) (n = 40):

This group included 40 patients. Diagnosis was based on the
combination of clinical presentation, ECG and routine laboratory
markers (cTnI and CKMB). This group includes 20 males and 20
females. Their median age was 50 years. They were classified into
two subgroups:

(a) Subgroup I-a [Unstable Angina (UA) Group]:

This subgroup included 15 patients with UA. Their median age was
60 years.

(b) Subgroup I-b [Acute Myocardial Infarction (AMI) Group]:
This subgroup included 25 patients with AMI. Their median age

was 49 years.

(2) Control group (n = 10):

This group included 10 age and sex matched healthy subjects
serving as a healthy control group. The median age of this group
was 51 years.

Exclusion criteria:

Patients with stroke, traumatic brain injury, renal diseases and
septic shock were excluded.

All individuals included in this study were subjected to labora-
tory investigations including assay of serum cardiac troponin I (cTn
I), CK-MB and serum Copeptin. These were measured twice (in
patients’ group); at 3 h and then at 6–9 h from admission time.

3.2. Methods

(A) Analytical methods:
Five milliliters of venous blood were withdrawn under aseptic

condition from patients on admission to emergency department
and from control. Serum was separated by centrifugation at
3000g for 15 min and divided into two parts. The first part was
used for immediate assay of CK-MB, cTnI, while the remaining part
was stored within 2 h in aliquots at ��80 �C for subsequent assay
of Copeptin. Repeated freezing and thawing was avoided.

CK-total was assayed spectrophotometrically on the synchron
CX9 auto- analyser (Beckman Instruments Inc.)a which measures
CK-total activity by an enzymatic rate method. CK-MB was assayed
spectrophotometrically on the synchron CX9 auto-analyser (Beck-
man Instruments Inc.)a by the immune-inhibition technique.cTn-I
was assayed using Architect I 1000 from Abbott Diagnostics System.b

The used method is a two-step assay based on chemiluminescent
microparticle immunoassay.

The level of Copeptin in samples was determined using a
double-antibody sandwich ELISA kit supplied by Elabscience Co.,
Ltdc. In this technique, samples or standards containing Copeptin
was captured between two antibodies: the first was fixed to the
inner wall of ELISA wells plate and the second was labeled with bio-
tin to which Streptavidin-horse radish peroxidase was combined
forming immune complex.
a Beckman Instruments Inc.; Scientific Instruments Division, Fillerton, California
92634, 3100, USA.

b Abbott Diagnostic System: 65,205 Wlesbaden, Germany, +49-6122-580.
c Elabscience Co., Ltd. P.O. Box 5993, Bethesda, MD 20824, USA.
Addition of chromogen results in color development that mea-
sured spectrophotometrically at a wavelength of 450 nm. The color
development is stopped by stopping solution. The concentration of
Copeptin was proportional to the color intensity of the test sample.
A standard curve was constructed from which the concentrations
of Copeptin in the samples were determined.

(B) Statistical Methods:

Statistical analysis was performed by standard complete pro-
gram of SPSS, version 20.0, IBM Corp., USA, 2012 Statistical
Package.

Data was expressed descriptively as median and interquartile
range for quantitative skewed data. Comparison between each
two groups was done using Wilcoxon rank sum test for skewed
data for dependent samples andMannWhitney U Test for indepen-
dent samples. P < 0.05 was considered significant and p < 0.01 was
considered highly significant and p > 0.05 was considered non-
significant. Furthermore, the diagnostic performance of the studied
parameters was evaluated using receiver operating characteristic
curve analysis, in which sensitivity% was plotted on the Y axis
and 100-specificity on the x-axis. The best cut off value (the point
nearest to the left upper corner of the curve) was determined.
4. Results

Results of the present study are shown in Tables 1–7 and
Figs. 1–3.

Descriptive statistics of first sample (at 3 h from admission
time) and second sample (at 6–9 h from admission time) regarding
different cardiac markers among control group, UA group and AMI
group are shown in Table 1.

Comparative statistics by using Wilcoxon Signed Rank Test
between the first and second sample in AMI group revealed high
significant difference as regards CKMB (Z = 3.28, P < 0.001), tro-
ponin (Z = 4.37, P < 0.001), and also a high significant difference
was found as regards Copeptin (Z = 4.19, P < 0.001) as shown in
Table 2.

Regarding UA group, a non-significant difference was found
between first and second sample in all the studied markers as
shown in Table 3.

Comparative statistics by using Mann Whitney U Test between
UA group and AMI group in the first sample revealed a non-
significant difference as regards CKMB (Z = 3.36, P = 0.07) and tro-
ponin (Z = 1.77, P = 0.076), however, high significant difference
was found as regards Copeptin (Z = 5.29, P < 0.001). In the second
sample, high significant difference was found as regards CKMB
(Z = 4.81, P < 0.001), troponin (Z = 5.24, P < 0.001) and Copeptin
(Z = 5.03, P < 0.001) as shown in Table 4.

Receiver operating characteristic (ROC) curve analysis was
applied to assess the diagnostic performance of CKMB for discrim-
inating AMI group from UA group in the first sample. The best cut-
off level of CKMB was 22 IU/mL. This cutoff level had a diagnostic
of sensitivity 64%, specificity of 93.33%, positive predictive value
(PPV) 94.1%, negative predictive value (NPV) 60.9% and an area
under the curve (AUC) of 0.82 as shown in Fig. 1 and Table 5.

Also for troponin, ROC curve analysis was applied to assess its
diagnostic performance for discriminating AMI group from UA
group in the first sample. The best cutoff level of troponin was
12.6 (pg/mL), its diagnostic sensitivity was 92%, specificity
46.67%, PPV 74.2%, NPV 77.8% and the AUC was 0.669 shown in
Fig. 2 and Table 6.

Moreover, ROC curve analysis was applied to assess the diag-
nostic performance of serum Copeptin (pg/mL) for discriminating
AMI group from UA group in the first sample. The best cutoff level



Table 1
Descriptive statistics of different cardiac markers in first (1st) and second (2nd) sample.

Parameters First sample (3 h) median (IQR)* Second sample (6-9 h) median (IQR)*

Troponin in AMI (pg/mL) 26.5 (22.6–34.8) 1134.2 (666.5–4444.2)
Troponin in UA (pg/mL) 21.6 (5.5–31.3) 28 (24.5–32)
Troponin in control (pg/mL) 8.05 (3.2–13)
Copeptin in AMI (pg/mL) 1900 (1600–2000) 450 (350–700)
Copeptin in UA (pg/mL) 35 (25–50) 27 (21–33)
Copeptin in control (pg/mL) 23.5 (20–30)
CKMB in AMI (IU/mL) 22 (16–32) 56 (38–89)
CKMB in UA (IU/mL) 18 (16–23.4) 21 (15–24)
CKMB in Control (IU/mL) 12.5 (9–20)

* IQR: Inter quartile range.

Table 2
Statistical comparison between first (1st) sample versus second (2nd) sample
regarding CKMB, troponin and copeptin in acute myocardial infarction (AMI) group
using wilcoxon signed rank test.

1st sample versus second 2nd sample
in AMI

Z p value

CKMB 1st 3.28 <0.001*

CKMB 2nd
Troponin 1st 4.37 <0.001*

Troponin 2nd
Copeptin 1st 4.19 <0.001*

Copeptin 2nd

p < 0.001: Highly significant difference.

Table 3
Statistical comparison between first (1st) sample versus second (2nd) sample
regarding CKMB, troponin and copeptin in unstable angina (UA) group Using
Wilcoxon Signed Rank Test:

1st sample versus second 2nd sample
in UA

Z p value

CKMB 1st 1.19 0.231*

CKMB 2nd
Troponin 1st 1.70 0.088*

Troponin 2nd
Copeptin 1st 2.11 0.09*

Copeptin 2nd

* P > 0.05: non significant difference.

Table 4
Statistical comparison between unstable angina (UA) group versus acute myocardial
infarction (AMI) group regarding different cardiac markers using Mann-Whitney U
test.

UA group versus AMI group

Z P

CKMB 1st 3.36 0.07**

CKMB 2nd 4.81 <0.001*

Copeptin 1st 5.29 <0.001*

Copeptin 2nd 5.03 <0.001*

Troponin 1st 1.77 0.076**

Troponin 2nd 5.24 <0.001*

* P < 0.01: Highly significant difference.
** P > 0.05: Non significant difference.
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of Copeptin was 150 pg/mL, its diagnostic sensitivity was 100%,
specificity 100%, PPV 100%, NPV 100% and AUC was 1.0 shown in
Fig. 3 and Table 7.

5. Discussion

The gold standard for the diagnosis of AMI are ECG and determi-
nation of serum cTns concentration, together with clinical assess-
ment.9 However, ECG is of little help in the exclusion of AMI in
one quarter to one third of patients with AMI as no significant
ECG changes are detected in the presence of ongoing acute cardiac
ischemia.10

Moreover, the exclusion of AMI is still a demanding point of
interest especially within the first hours of myocardial injury, in
the so-called ‘troponin-blind period’. This is due to the fact that
cTns levels do not increase during the first few hours of AMI.
Therefore, the exclusion of AMI requires monitoring of patients
between a 6 to 9 h-period and serial blood sampling for measure-
ment of cTns concentration.5

Therefore, many biomarkers are being evaluated, alone or in
combination with cTns for enhancing the early diagnosis of AMI
with higher sensitivity.
Copeptin as a marker of acute stress, is excreted into circulation
independent of necrosis of cardiac cells in cases of AMI.11 Also,
inadequate filling of the left ventricle caused by AMI stimulates
cardiac baroreceptors or causes direct damage to baroreceptors
which subsequently leads to AVP and Copeptin secretion from
the posterior pituitary gland.12

Results of the present study revealed statistical significant dif-
ference between the levels of Copeptin in AMI group and UA group
in first sample (3 h). This was in agreement with studies by Folli
et al. and El Sayed et al.13,14 This result is attributed to two
hypotheses; first, the stress hypothesis where Copeptin/AVP is a
substantial part of the endocrine stress response. The second is
the hemodynamic hypothesis where AMI results in hypotension
leading to baroreceptor stimulation and finally secretion of Copep-
tin/AVP from the posterior pituitary gland.15,16

In our study, the levels of Copeptin were declined afterwards in
the second sample (6–9 h). These results were in agreement with
Reichlin et al., Keller et al., Charpentier et al. and Folli et al.7,17,18,13

where Copeptin levels at admission were higher in the AMI group
presenting zero to four hours after onset of symptoms with a fall-
ing pattern afterward from five to ten hours. They attributed this to
the initiation of the formation of new angiogenesis of collateral
coronaries which may reduce the ischemic symptoms, reduce the
stimulation of cardiac baroreceptors and consequently decrease
the Copeptin/AVP release axis.

Moreover, decreasing concentration of Copeptin may indicate
adjustment to neurohumoral stress by activation of AVP system
after AMI.19 A decrease in Copeptin concentration may also be
due to the cessation or at least reduction of chest pain after the
onset of AMI, or may be an inter-play of both reasons.7

Our study revealed that the levels of cTns in AMI group were
significantly elevated in the second sample than the first sample.
White suggested several potential pathobiological mechanisms
for cTns elevations: myocyte necrosis, apoptosis, cellular release
of proteolytic troponin degradation products, increased cell mem-
brane permeability, formation and release of membranous blebs.20



Table 5
Diagnostic performance of CKMB (IU/mL) in acute myocardial infarction group (AMI) group versus unstable angina (UA) in the first sample at cut–off level > 22.

Parameter Cutoff Sensitivity (%) Specificity (%) NPV (%) PPV (%) AUC

CKMB (IU/mL) >22 64 93.33 94.0 60.9 0.82

Table 6
Diagnostic performance of troponin (pg/mL) in acute myocardial infarction group (AMI) group versus unstable angina (UA) in the first sample.

Parameter Cutoff Sensitivity (%) Specificity (%) NPV (%) PPV (%) AUC

Troponin (pg/mL) >12.6 92 46.67 74.2 77.8 0.669

Table 7
Diagnostic performance of copeptin (pg/mL) in acute myocardial infarction group (AMI) group versus unstable angina (UA) in the first sample group.

Parameter Cutoff Sensitivity (%) Specificity (%) NPV (%) PPV (%) AUC

Copeptin (pg/mL) 150 100 100 100 100 1.0
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Fig. 1. Receiver operating characteristic curve (ROC) analysis showing the diag-
nostic performance of CKMB (IU/mL) in acute myocardial infarction group (AMI)
versus unstable angina (UA) in the first sample.
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Fig. 2. Receiver operating characteristic curve (ROC) analysis showing the diag-
nostic performance of troponin (pg/mL) in acute myocardial infarction group (AMI)
versus unstable angina (UA) in the first sample.

Fig. 3. Receiver operating characteristic curve (ROC) analysis showing the diag-
nostic performance of copeptin (pg/mL) in acute myocardial infarction group (AMI)
versus unstable angina (UA) in the first sample.
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Moreover, regarding cTns, our study revealed no significant dif-
ference in cTns levels between AMI and UA in the first sample. This
is in agreement with other studies by Charpentier et al. and
Chenevier-Gobeaux et al.18,21 that observed delayed increase of
cTns level after admission of patients with AMI. This may be due
to the fact that majority of cTns is bound to myofilaments, while
the remainder is free in the cytosol. When myocyte damage occurs,
the cytosolic pool is released first followed by a more protracted
release from stores bound to deteriorating myofilaments.22

Regarding CKMB, no significant difference was revealed in
CKMB levels between AMI and UA in the first sample. These results
agree with a study carried out by Esses et al.23 The gradual increase
in the level of CK-MB in AMI group was attributed to its location
predominantly in a cytoplasmic pool of myocardial cells, therefore,
after disruption of the sarcolemmal membrane of the cardiomy-
ocyte, the cytoplasmic pool of biomarkers is released first.

Regarding the results of Copeptin in UA group, a non-significant
difference was found between the first and second sample. These
results may be due to partial occlusion in coronaries, therefore,
there is a minimal oxygen supply and thus, there is no cardiac
underfilling, thus, no baroreceptors stimulation leading to no
release of Copeptin.23 El Sayed et al.14 stated that UA is not accom-
panied by myocardial necrosis, thus, it does not cause enough
endogenous stress for Copeptin release.
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In concordance with these results, studies carried by Reichlin
et al., Keller et al., Charpentier et al. and Folli et al.7,17,18,13 revealed
that Copeptin values of UA subset of patients with ACS were nor-
mal and didn’t show any difference from those observed in
patients with benign causes of chest pain.

Similarly, the results of cTns in UA group shows a non-
significant difference between the first and second sample. This
could be explained by that there is no trigger for cTns release as
the cardiac myocyte is still intact without any pathological necro-
sis, but the presence of minute amounts of serum cTns in the UA
group may be due to the normal turnover rate of cardiac myocytes.

These results were in agreement with Aborehab et al.24 where
cTns levels inUAgroupof patients remainedunchanged throughtout
the different samples regardless time from admission to hospital.

Also, the results of CKMB in UA group shows a non-significant
difference between the first and second sample, as long as there
is no myocardial necrosis so CKMB levels did not show elevation.

Assessment of the diagnostic performance by ROC curve analy-
sis of serum cTns, CKMB and Copeptin showed that, in the first
sample, cTns with cutoff value 12.6 pg/mL, revealed sensitivity
92%, specificity 46.67%, PPV 74.2% and NPV 77.8%. While CKMB
with cutoff value 22 IU/mL, revealed sensitivity 64%, specificity
93.3%, PPV 94.1% and NPV 60.9%. Regarding Copeptin, the diagnos-
tic accuracy in the first sample at cutoff value of 150 pg/mL was
higher than that of cTns with sensitivity 100%, specificity 100%,
PPV 100%, NPV 100%.

These results were in agreement with Keller et al.17 who
reported that Copeptin is more sensitive than cTns within the first
3 h of AMI detection, the median serum Copeptin level in patients
with AMI is significantly different from the non-ischemic patients.
Moreover, the area under the curve for Copeptin alone was signif-
icantly higher than that for cTns alone.

However, in contrast, Lotze et al.19 reported a positive correla-
tion between cTns and Copeptin at the time of initial AMI presen-
tation (r = 0.41; P < 0.001).

Moreover, in this regards, Mockel et al. and Nursalim et al.
reported that the combination of cTns and Copeptin at admission
compared with use of only cTns increased detection of AMI.25,26

Meune et al. revealed that the combination of cTns and Copeptin
at admission excludes AMI with a sensitivity of 86.7% and NPV of
82.6%.27 The sensitivity of only cTns measured at admission was
73.3% and NPV was 76.5%, while sensitivity and NPV of cTns mea-
sured after 3 h were 83.3% and 83.9%, respectively. In addition,
Reinstadler et al.28 found that the combination of Copeptin and
cTns reached sensitivity of 98.8% and NPV of 99.7% for ruling-out
of AMI already at presentation. Thus, these studies proposed that
in the final exclusion of AMI, Copeptin is not able to replace cTns,
but adding Copeptin to cTns allows safe rule out of AMI.

In conclusion, our study revealed that Copeptin concentration is
significantly higher in patients with AMI compared to patients
with UA. Moreover, Copeptin rises at a time when other biomark-
ers namely the routinely used markers; cTns and CKMB are still
undetectable.

However, being non-organ specific, the rapid rule-out of AMI is
almost the only application of Copeptin in acute cardiac care as
being adherent to the exclusion criteria sounds sometimes imprac-
tical. Practically, the use of Copeptin within a dual-marker strategy
together with conventional cardiac troponin increases the diagnos-
tic accuracy and particularly the negative predictive value of car-
diac troponin alone for AMI.
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