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PURPOSE: Copeptin, a stable peptide derived from the
AVP precursor, has been linked to presence and sever-
ity of myocardial ischemia. We sought to evaluate the
predictive value of copeptin and its incremental value
beyond that of high-sensitivity cardiac troponin T (hs-
cTnT) in patients with acute chest pain and low to in-
termediate risk for acute coronary syndrome (ACS).

METHODS: We recruited patients who presented with
acute chest pain to the emergency department and
had a negative initial conventional troponin T test
(�0.03 �g/L). In all patients, hs-cTnT and copeptin
measurements were taken. Each patient also under-
went cardiac computed tomography (CT) and coro-
nary angiography.

RESULTS: Baseline copeptin concentrations, in contrast
to hs-cTnT, were not significantly higher in patients
with ACS than in those without (P � 0.24). hs-cTnT
showed an earlier rise in patients with ACS than copep-
tin, when analyses were stratified by time. A copeptin
concentration �7.38 pmol/L had a negative predictive
value (NPV) of 94% and a sensitivity of 51%, whereas
hs-cTnT (�13.0 pg/mL) had a NPV of 96% and a sen-
sitivity of 63%. The combination of copeptin and hs-
cTnT resulted in a lower diagnostic accuracy than
hs-cTnT alone. Finally, on cardiac CT, copeptin con-
centrations were not associated with coronary artery
morphology, although they were related to the pres-
ence of left ventricular dysfunction (P � 0.02).

CONCLUSIONS: Among patients with acute chest pain
and low to intermediate risk for ACS, copeptin concen-
trations are not independently predictive of ACS and
do not add diagnostic value beyond that of hs-cTnT
measurements.
© 2011 American Association for Clinical Chemistry

A substantial proportion of patients presenting to the
emergency department (ED)6 with acute chest discom-
fort have normal electrocardiograms (ECGs) and initially
reassuring conventional cardiac troponin concentrations,
but still subsequently develop myocardial infarction (MI)
(1). Because early-invasive strategies for acute coronary
syndrome (ACS) management have been shown to be
associated with significantly better patient outcome in
higher-risk patients, additional biochemical measures for
diagnosis and initial risk stratification of patients pre-
senting with chest pain are needed (2 ).

The role of the antidiuretic and vasoconstricting
hormone arginine-vasopressin (AVP) in myocardial
ischemia is still unclear. Copeptin, the C-terminal part
of the AVP prohormone, is a stable peptide derived
from the AVP precursor, thereby monitoring AVP lev-
els (3 ). Secretion of copeptin is prompted by individual
stress and seems to mirror moderate levels of stress
even more subtly than cortisol (4 ). Copeptin concen-
trations are associated with measures of insulin resis-
tance and metabolic syndrome in hypertensive adults
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and have been linked to survival in critically ill patients
suffering from hemorrhagic and septic shock (5, 6 ).
Furthermore, copeptin has prognostic implications in
patients with decompensated heart failure, patients
with heart failure after acute MI, and post-MI patients
(7–9 ). These findings suggest the potential of copeptin
for diagnostic evaluation of suspected ACS. Whereas
conventional cardiac-specific troponin T (cTnT) takes
at least 3– 6 h to rise to measureable circulating concen-
trations after myocardial injury, and does not always
adequately predict ACS in patients with low to inter-
mediate risk, copeptin concentrations were reported to
be increased at baseline in patients who were initially
negative for cTnT and detectable within 1–3 h after
onset of ischemia (10, 11 ). Accordingly, we sought to
evaluate the predictive value of copeptin in patients
with acute chest pain and low to intermediate risk of
ACS. We also aimed to analyze the correlation of
copeptin concentrations with cardiac structure and
function using cardiac computed tomography (CT).
In addition, we sought to evaluate the incremental
predictive value of copeptin beyond that of the high-
sensitivity (hs)-cTnT assay, the Roche fourth-
generation cTnT assay, which was recently shown to
allow an earlier diagnosis of ACS (12 ).

Materials and Methods

METHODS

The ROMICAT study was designed to determine the
clinical utility of coronary CT angiography (CTA) in
patients with acute chest pain. The study was approved
by the local ethics committee. Written informed con-
sent was obtained from all participating patients. The
study methods have been described in detail (13 ).
Briefly, patients were recruited who presented with
acute chest pain to the ED of the Massachusetts General
Hospital and had a negative initial conventional cTnT
test based on a cutoff of 0.03 �g/L (Roche Diagnostics)
and a normal or nondiagnostic ECG on admission. The
blood sample for biomarker testing was taken at a me-
dian of 4.3 h after the initial presentation. CTA was
performed at the same time. In all patients, hs-cTnT
measurements were performed by an assay equiva-
lent to an actually available commercial assay (Roche
Diagnostics). Copeptin concentrations were deter-
mined by a commercial assay (Brahms AG) in the
chemiluminescence/coated-tube format (11 ).

STUDY DESIGN AND POPULATION

Patients presenting to the ED within 24 h after the on-
set of chest pain of suspected cardiac origin lasting at
least 5 min were eligible. Detailed exclusion criteria
have been described (13 ). The institutional review
board approved the study protocol, and all patients

provided written informed consent. ACS was a com-
bined endpoint including acute MI and unstable an-
gina pectoris (UAP), and was diagnosed according to
AHA (American Heart Association), ACC (American
College of Cardiology), and European Society of Car-
diology guidelines (14 –16 ). The final diagnosis of ACS
was made retrospectively based on the judgment of 2
physicians, blinded to the results of copeptin, hs-cTnT,
and CT imaging, with access to the history and nature
of the presenting symptoms, medical history, results of
physical examination, and all of the medical records
available from index hospitalization (including the re-
sults of standard troponin testing) through 180 days
from presentation. Events subsequent to 180 days from
enrollment did not influence the final diagnosis. Dis-
agreement in final diagnosis occurred in 4% of cases
and was resolved by consensus involving a third re-
viewer. A total of 377 individuals were enrolled. After
excluding those with missing blood samples and miss-
ing information, data from 366 individuals formed the
basis for the present analyses.

DIAGNOSTIC PROCEDURES

All study participants underwent an initial clinical as-
sessment, including patient history, physical examina-
tion, ECG, and standard blood tests. Trained medical
staff collected information on sociodemographic vari-
ables, smoking habits, and history of CHD through
standardized interviews. In addition, all study partici-
pants underwent an initial conventional cTnT test
(Roche Diagnostics, Elecsys, fourth generation, detec-
tion limit 0.01 �g/L, 10% imprecision cutpoint 0.03
�g/L). The interassay CVs were 6.6% and 3.8% at con-
centrations of 0.07 and 2.2 �g/L, respectively.

CORONARY CTA

At a median of 4.3 h from initial presentation, CT im-
aging was performed using a 64-slice CT scanner (Sen-
sation 64, Siemens Medical Solutions) (17 ). Assess-
ment of coronary CTA datasets for the presence of
significant coronary stenoses and the presence of cor-
onary atherosclerotic plaque was performed as a con-
sensus reading by 2 experienced investigators blinded
to the study participant’s clinical presentation and bio-
marker testing using a modified 17-segment model of
the coronary artery tree (18 ). Furthermore, several
structural and functional parameters, such as chamber
volume in end-systole and end-diastole, left-
ventricular ejection fraction, left ventricular mass, and
regional left-ventricular dysfunction, were assessed.

BIOCHEMICAL ANALYSES

Blood for additional biomarker testing was taken at the
time of CT angiography. Blood samples were immedi-
ately processed and stored at �80 °C. All biomarkers
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were analyzed on the first freeze–thaw cycle. C-reactive
protein (CRP) concentrations were measured with a
high-sensitivity latex-enhanced nephelometric assay
on a BN II analyzer (Dade Behring) (19 ). hs-cTnT
measurements were performed with an experimental
assay that has since become available commercially
(Roche Diagnostics) on an Elecsys 2010 platform. A
value of 13 pg/mL has recently been reported to repre-
sent the 99th percentile in a healthy reference popula-
tion (20 ). The interassay CVs were 3.6% and 2.9% at
concentrations of 42 and 2.82 pg/mL, respectively. Co-
peptin concentrations were determined in a single
batch using a novel commercial sandwich immunolu-
minometric assay (LIA assay, CT-proAVP, Brahms
AG), as described in detail (4 ). The lower detection
limit for the test is 0.4 pmol/L, and the functional assay
sensitivity is �1 pmol/L. Unlike hs-cTnT, the copeptin
assay was evaluated for diagnostic performance by
using the ROC-optimized cutpoint in all study partic-
ipants, and the results in this patient population were
clearly better than the 99th percentile obtained in a
healthy reference population. Laboratory analyses were
done without knowledge of clinical presentation.

STATISTICAL METHODS

We computed means and SDs or proportions for base-
line demographic and clinical characteristics. In case of
nonnormality, we calculated medians and interquartile
ranges. For categorical variables, tests were carried out
using asymptotic Pearson �2 tests. Associations be-
tween continuous variables were performed using Wil-
coxon tests or Kruskal–Wallis tests for comparing 2 or
more groups. We calculated Spearman correlation co-
efficients in the cohort sample to assess univariate as-
sociations between copeptin, hs-cTnT, and continuous
risk factors for CHD. For dichotomous risk factors,
we performed logistic regression and obtained the
�-coefficient. The diagnostic performance of the co-
peptin and hs-cTnT assay and their combination were
assessed by use of ROC curves, with area under the
curve (AUC) as a quality criterion for the diagnostic
test exhibiting a range of 0.5–1, where 0.5 mirrors poor
performance, i.e., a completely random choice of diag-
nosis. Furthermore, we evaluated sensitivity and specific-
ity, as well as the positive and negative predictive value, for
a copeptin concentration of 7.38 pmol/L (the ROC-
optimized cutpoint in all study participants). The extent
to which copeptin reassigned individuals to risk cate-
gories that better reflected their final outcome was as-
sessed by use of the net reclassification index (NRI) mea-
sure (21). For individuals with ACS, risk classification is
considered improved if the individual moves to a higher
risk category with the addition of copeptin, and worsened
if the individual moves to a lower one. For individuals
without ACS, the converse is true. In ACS patients, the

difference in the proportion of individuals moving up and
down a category was calculated, and in patients without
ACS, the proportion of individuals moving down minus
the proportion moving up a category was calculated. The
NRI was obtained as the sum of these 2 values. In all anal-
yses, values exhibiting a P value �0.05 were considered to
be statistically significant. All statistical evaluations were
performed using the SAS software package (version 9.1
and 9.2, SAS Institute).

Results

In the overall study population, ACS occurred in 35 of
366 patients, of whom 27 had UAP using standard cri-
teria. Baseline demographic, clinical, and laboratory
characteristics of the study population are shown in
Table 1. According to Thrombolysis in Myocardial In-
farction (TIMI) risk score, 89% of the patients were at
low risk, whereas 10% were at medium risk. According
to Framingham risk score, 63% were at low risk
(�10%) and 22% at medium risk (10%–20%). Known
coronary artery disease (CAD) was uncommon (n �
44; 12.0%); 37% of the UAP patients (10 of 27), 12.5%
of the MI patients (1 of 8), and 10% of the non-ACS
patients (33 of 331) had a history of CAD. Individuals
with ACS were older and more often male, whereas
body mass index (BMI), systolic blood pressure, and
smoking status did not differ, comparing cases with
noncases. Furthermore, cases more frequently re-
ported hypertension, hyperlipidemia, diabetes, and
prior MI. hs-cTnT concentrations were higher in pa-
tients with ACS, whereas concentrations of CRP did
not differ. Copeptin concentrations were somewhat
higher in cases, although the difference did not reach
statistical significance. The geometric mean (median)
of log copeptin was 7.5 (6.9) pmol/L in cases with UAP,
6.2 (7.4) pmol/L in cases with MI, and 5.0 (4.6) pmol/L
in noncases. CT angiography revealed a substantially
higher plaque burden and an increased number of ves-
sels with clinically significant stenoses in ACS patients.

Spearman correlation coefficients (r) were calcu-
lated between copeptin, hs-cTnT, conventional risk
factors, and CRP (see Supplemental Table 1, which
accompanies the online version of this article at
http://www.clinchem.org/content/vol57/issue8). The
�-coefficients for copeptin and hs-cTnT were calcu-
lated for dichotomous variables from logistic regres-
sion. A weak but statistically significantly increased
probability for a history of CAD as well as hypertension
with rising copeptin concentrations was seen. Further-
more, a modest positive correlation between copeptin
and hs-cTnT was observed (r � 0.137, P � 0.009),
whereas no correlation was found with CRP (P �
0.760). hs-cTnT correlated weakly with systolic blood
pressure (r � 0.144, P � 0.006) and strongly with age
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(r � 0.362, P � 0.001), while again no association was
found with CRP (P � 0.228).

As Table 2 shows, concentrations of copeptin were
not associated with characteristics of coronary CT an-
giography and global left-ventricular ejection fraction,
when stratified for the ROC-optimized cutpoint 7.38
pmol/L (calculated for all patients, n � 366), although
in patients with increased copeptin concentrations, a
significantly increased rate of regional left-ventricular
dysfunction was found. In total, 68 patients had steno-
sis �50%, of whom 44 (65%) were called not ACS. The
ROC-optimized cutpoint performed clearly better
than the 99th percentile in a healthy reference popula-
tion (data not shown).

Table 3 summarizes the diagnostic performance of
copeptin. A copeptin concentration below the ROC-
optimized cutpoint 7.38 pmol/L would have correctly
ruled out ACS 4 h after presentation in the ED, with a

negative predictive value (NPV) of 94%, but a low sensi-
tivity of 51%, an acceptable specificity of 74%, and a low
positive predictive value (PPV) of 18%. Using the 99th,
97.5th, or 95th percentile values of our cohort, the NPVs
were 91.1%, 91.0%, and 90.8% (corresponding PPVs:
60%, 30%, and 15%), respectively, and therefore lower
than calculated with the ROC-optimized cutpoint (data
not shown). By comparison, hs-cTnT, using the 99th per-
centile in a healthy population (13 pg/mL), would have
correctly ruled out ACS in 96%, with a sensitivity of 63%
and a specificity of 88%, and a PPV of 36%.

Owing to the clinical standard of 0.09, several (n �
4) patients classified as having unstable angina had tro-
ponin values between 0.03 and 0.09. Exclusion of these
patients (data not shown) resulted in a specificity per-
formance for copeptin of 74.0% (instead of 74.3%, as
shown in Table 3) that was clearly lower than the spec-
ificity performance of hs-cTnT (88.5%).

Table 1. Baseline characteristics of participants with and without ACS at evaluation.a

UAP MI No ACS P

n 27 8 331

Mean age, years (SD) 64.0 (11.2) 55.3 (10.4) 52.9 (11.7) �0.001a

Male sex, n (%) 21 (77.8) 8 (100.0) 206 (62.2) 0.0276b

Diabetes, n (%) 8 (29.63) 0 (0.0) 37 (11.2) 0.0110b

Hypertension, n (%) 19 (70.4) 4 (50.0) 131 (39.6) 0.0070b

Hyperlipidemia, n (%) 19 (70.4) 3 (37.5) 129 (39.0) 0.0061b

Mean BMI, kg/m2 (SD) 29.42 (4.3) 28.09 (6.0) 28.93 (6.0) 0.52a

Mean systolic blood pressure, mmHg (SD) 135.7 (23.4) 138.4 (17.8) 138.6 (22.5) 0.94a

Mean diastolic blood pressure, mmHg (SD) 71.5 (13.8) 83.1 (6.2) 80.5 (13.5) 0.0069a

Current smoker, n (%) 8 (29.6) 1 (12.5) 82 (24.8) 0.61b

History of CAD, n (%) 10 (37.0) 1 (12.5) 33 (10.0) �0.001b

Prior MI, n (%) 7 (25.9) 1 (12.5) 24 (7.3) 0.0040b

Computed tomography

Mean segments with calcified plaques, n (SD) 6.80 (3.46) 5.75 (3.96) 1.74 (3.04) �0.001a

Mean segments with non-calcified plaques, n (SD) 3.76 (3.38) 4.00 (2.73) 0.90 (1.83) �0.001a

Mean segments with any plaque, n (SD) 7.72 (3.42) 6.38 (4.03) 2.01 (3.22) �0.001a

Mean segments with significant stenosis, n (SD) 1.40 (1.50) 1.25 (1.67) 0.10 (0.43) �0.001a

Mean vessels with plaque, n (SD) 3.08 (1.00) 2.75 (1.16) 1.06 (1.37) �0.001a

Mean vessels with significant stenosis, n (SD) 0.88 (0.97) 1.00 (0.93) 0.07 (0.31) �0.001a

Mean left ventricular mass, g/m2 (SD) 161.3 (44.1) 160.7 (25.5) 150.3 (42.6) 0.39a

Mean left ventricular ejection fraction, % (SD) 64.7 (13.9) 63.1 (8.7) 67.3 (9.8) 0.42a

Regional left ventricular dysfunction, n (%) 18 (66.7) 8 (100.0) 33 (10.4) �0.001b

Median hs-cTnT, pg/mL (IQR) 16.2 (44.7) 118.0 (117.2) 5.1 (5.6) �0.001a

Median CRP, mg/L (IQR) 2.2 (3.0) 0.91 (2.3) 1.3 (2.2) 0.38a

Median copeptin, pmol/L (IQR) 7.5 (6.9) 6.2 (7.4) 5.0 (4.6) 0.24a

a Kruskal–Wallis test for continuous variables.
b Symptotic Pearson �2 test for categorical variables.
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Table 4 shows the NRI analysis for copeptin. Over-
all, 6 patients without ACS were reclassified false posi-
tive, whereas none of the patients with ACS was reclas-
sified correctly. Thus, the NRI was below 0 (�0.018;
P � 0.56), suggesting no benefit in adding copeptin to
existing risk prediction tools in ACS.

If patients with ACS were divided into groups ac-
cording to the time since onset of symptoms, copeptin
concentrations on admission were highest in the group
of patients presenting between 0 – 4 h (n � 12, median
7.97 pmol/L) and �10 h after onset of symptoms (n �
12, median 7.74 pmol/L), with lower concentrations in
between (5–10 h, n � 11, median 4.05 pmol/L) (Fig. 1).
By contrast, hs-cTnT concentrations were highest in
those presenting between 0–4 h (median 74.1 pg/mL)
with a clearly decreasing pattern thereafter (5–10 h, me-
dian 28.0 pg/mL; �10 h, median 22.95 pg/mL). Of note, 8
of 35 ACS patients had non–ST-elevation myocardial in-
farction (NSTEMI), in 6 of whom copeptin and hs-cTnT
concentrations were determined 0–4 h after onset of
symptoms, while in the remaining 2 MI patients they were
determined 5–10 h after onset of chest pain.

Fig. 2 shows that the diagnostic accuracy of hs-
cTnT in the diagnosis of ACS, as quantified by the area
under the ROC curve, was 0.795, which was signifi-
cantly higher (P � 0.0015) than the diagnostic accu-
racy of copeptin (AUC 0.588). The combination of
both markers showed a lower diagnostic power for
ACS than hs-cTnT alone (AUC 0.771), although the
difference was not statistically significant (P � 0.447).
Calculating the diagnostic value for copeptin as a func-
tion of time did not yield a significant difference be-
tween the 3 time periods (data not shown). The AUC
for copeptin concentrations determined 0 – 4 h after
onset of symptoms was 0.616, for copeptin concentra-
tions between 5 and 10 h it was 0.545, and it was 0.682
for copeptin concentrations quantified �10 h after on-
set of symptoms.

Discussion

Comparing copeptin and hs-cTnT, we report 4 major
findings. First, in contrast to hs-cTnT, copeptin con-
centrations were not significantly higher in patients

Table 3. Copeptin and hs-cTnT to rule out acute coronary syndrome.

Analyte, cutoff
concentration

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI) AUC

Copeptin, 7.38 pmol/L 51.4 (46.3–56.6) 74.3 (69.8–78.8) 17.5 (13.6–21.4) 93.5 (91.0–96.1) 0.588

hs-cTnT, 13.0 pg/mL 62.9 (58.0–67.8) 88.2 (84.9–91.5) 36.1 (31.2–41.0) 95.7 (93.6–97.8) 0.795

Table 2. Comparison of CT angiography characteristics as a function of copeptin concentrations
(ROC-optimized cutpoint).

Copeptin
<7.38 pmol/La

Copeptin
>7.38 pmol/L P

n 263 103

Computed tomography

Segments with calcified plaques �1, n (%) 118 (44.87) 46 (44.66) 0.9715c

Segments with non-calcified plaques �1, n (%) 102 (38.78) 37 (35.92) 0.6121c

Segments with any plaque �1, n (%) 133 (50.57) 48 (46.60) 0.4947c

Segments with significant stenosis � 1, n (%) 27 (10.27) 15 (14.56) 0.2461c

Vessels with plaque � 1, n (%) 133 (50.57) 48 (46.60) 0.4947c

Vessels with significant stenosis � 1, n (%) 21 (7.98) 14 (13.59) 0.1009c

Median left-ventricular mass, g/m2 (IQR) 144.0 (55.0) 157.0 (51.0) 0.0568b

Median left-ventricular ejection fraction, % (IQR) 68.6 (10.3) 67.7 (13.4) 0.3182b

Regional left-ventricular dysfunction, n (%) 35 (13.89) 24 (24.24) 0.0196c

a ROC-optimized cutpoint in all study participants.
b Wilcoxon test for continuous variables.
c Pearson �2 test for categorical variables.
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with ACS than in patients without ACS. Second, co-
peptin provided no additional diagnostic information
to that of hs-cTnT in patients with ACS presenting
early (0 – 4 h) to the ED. Thus, copeptin was not an

earlier marker of ACS. Third, we were able to show that
copeptin did not directly reflect coronary artery status,
but was associated with the presence of left ventricular
dysfunction, suggesting that its increases occurred in

Table 4. NRI analysis for copeptin.a

Model without
copeptin

Model with copeptin Reclassified

<8% 8%–12% >12% Total
Increased

risk
Decreased

risk
Net correctly
reclassified

Patients with ACS

�8% 6 (85.71) 0 (0.00) 1 (14.29) 7 2 2 0

8–12% 1 (8.33) 10 (83.33) 1 (8.33) 12

�12% 0 (0.00) 1 (6.25) 15 (93.75) 16

Total 7 11 17 35

Patients without ACS

�8% 151 (75.50) 47 (23.50) 2 (1.00) 200 56 50 �6

8–12% 50 (40.32) 67 (54.03) 7 (5.65) 124

�12% 0 (0.00) 0 (0.00) 7 (100.00) 7

Total 201 114 16 331

a Data are frequency (row percentage). NRI � �0.018 (P � 0.56).

Fig. 1. Copeptin and hs-TnT concentrations in ACS patients in relation to time since onset of symptoms.

Median concentrations of copeptin (blue bars) and hs-TnT (green bars) at presentation to the ED according to the time since
onset of symptoms, in patients with the adjudicated diagnosis of ACS.
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response to systemic stress, such as seen in myocardial
ischemia. Fourth, in this population of low to interme-
diate risk patients with chest discomfort, a copeptin
concentration interpreted according to a ROC-
optimized cutpoint (7.38 pmol/L) would have cor-
rectly ruled out ACS 4 h after presentation in the ED
with a NPV of 94% and a sensitivity of 51%, whereas
hs-cTnT (cutoff 13.0 pg/mL) had a NPV of 96% and a
sensitivity of 63%. Thus, given the endorsement by
consensus groups (10 ) and increasing clinical use of
hs-cTnT assays, the role of copeptin in the diagnostic
evaluation of patients with suspected ACS may be
limited.

Despite several reports linking copeptin to insulin
resistance, metabolic syndrome (6 ), heart failure (8 ),
acute destabilized heart failure (9 ), and outcome after
acute MI (11 ), further prospective data on the associ-
ation of copeptin and subsequent coronary events is
sparse. There are only 2 studies reporting on copeptin
in the diagnosis of acute MI. In the APACE (Advanta-
geous Predictors of Acute Coronary Syndromes Evalu-
ation) study, Reichlin et al. (11 ) determined copeptin
concentrations in 487 consecutive patients with mod-
erate to high risk presenting to the ED within 12 h after
onset of symptoms. Baseline copeptin concentrations

were significantly higher in 81 study participants who
subsequently experienced a coronary event compared
with controls (median 20.8 vs 6.0 pmol/L; P � 0.001).
Comparing the outcomes of APACE with ROMICAT,
several differences are of particular interest. First, the
accuracy of copeptin in the diagnosis of acute MI as
quantified by the area under the ROC curve seems to be
better in high-risk populations (AUC 0.75 in APACE vs
0.59 in ROMICAT), and one would also expect the
accuracy of hs-cTnT for MI to be higher in those with
higher pretest probability. Second, there seems to be an
inverse correlation between copeptin and time since
onset of symptoms in high-risk populations. Whereas
in APACE, copeptin concentrations were highest in the
group of patients presenting at 0 – 4 h with a falling
pattern thereafter, there was no significant difference
in time pattern in ROMICAT. Third, baseline copeptin
measurements in ROMICAT, at a median of 4.3 h from
initial presentation, showed much lower concentra-
tions in ACS patients, namely 7.4 pmol/L [interquartile
range (IQR) 2.7–10.1], than in the AMI patients of
APACE. However, it has to be considered that 27 of 35
ACS patients in our study were diagnosed as UAP. In
contrast to APACE, in our cohort no significant differ-
ences in copeptin concentrations were seen between

Fig. 2. ROC curves for the diagnosis of ACS.
ROC curves for hs-TnT (red line), copeptin (blue line), and the combination of both markers (green line) in the diagnosis of ACS.
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UAP and NSTEMI patients. If only UAP was analyzed,
there was no significant difference between both stud-
ies. This suggests that copeptin may be of less value in
those with UAP, a group of patients traditionally de-
fined by negative troponin values. Another difference
might arise from inclusion criteria: in APACE copeptin
was predominantly evaluated in AMI patients with sig-
nificant ECG abnormalities and/or positive initial cTn
test (76 of 81 AMIs), and only 5 patients had neither a
positive initial troponin T nor diagnostic ECG changes,
whereas in our study, patients with positive findings
were excluded.

In a more recent study by Keller et al. (22 ), in a
high-risk population of 1386 patients, 299 (21.6%) had
a discharge diagnosis of AMI, and in 184 (13.3%) the
discharge diagnosis was UAP. The authors found that
combined measurement of copeptin and cTnT im-
proved the c-statistic from 0.84 for conventional tro-
ponin alone to 0.93 in the overall population, and from
0.77 to 0.90 in patients presenting within 3 h after chest
pain onset. However, when high-sensitivity cardiac
troponin I (hs-cTnI) was defined as the reference
marker instead of conventional TnT in the same pop-
ulation, the benefit of adding copeptin to hs-cTnI was
seen only in AMI patients (STEMI � NSTEMI) but not
in UAP patients presenting within 3 h after chest pain
onset. Here the combination of copeptin with hs-cTnI
only marginally improved the AUC from 0.96 (0.95–
0.98, hs-cTnI alone) to 0.97 (0.96 – 0.98, hs-cTnI � co-
peptin combined).

We recently reported that hs-cTnT concentrations
are associated with coronary angiographic morphology
in ACS patients (23 ). This was not the case for copeptin
in the present analysis. In CTA only the presence of
regional left ventricular dysfunction was found to be
associated with increased copeptin concentrations,
but even in these results we caution that an associa-
tion between copeptin and left ventricular ejection
fraction was not apparent. Interestingly, a prior
study by Kelly et al. (24 ) also showed a positive as-
sociation between copeptin concentrations and left
ventricular dysfunction in 274 survivors of an acute
MI. One could hypothesize that because acute left
ventricular dysfunction causes a reduction in cardiac
output, resulting in arterial underfilling and in-
creased osmolality, this might activate baroreceptors
in the aortic arch and the carotid sinus, with subse-
quent acute release of copeptin (25 ).

Our study has several limitations that need to be
addressed. First, measurements of copeptin and hs-
cTnT concentrations were performed an average of 4 h
after presentation in the ED, and this might be respon-
sible for the lack of an association between copeptin
and ACS, although stratification by time did not
change the predictive value significantly. Second, in the

study by Reichlin et al. (11 ), increased copeptin was
associated with NSTEMI but not with UAP. In our
study, the majority of patients, however, had UAP as an
ACS endpoint; this is not unimportant, as UAP is a
common diagnosis, and an area of weakness for other
biomarkers such as troponin. Third, because the diag-
nosis of ACS relies on troponins, there is a circular logic
in favor of troponin vs copeptin. Fourth, the cohort
studied was of moderate size only. Fifth, there is some
selection bias in our study based on the fact that pa-
tients with serum creatinine �1.3 mg/dL, concomitant
treatment with metformin, and hyperthyroidism were
excluded, thus most likely resulting in a lower pretest
probability. Sixth, owing to the prior clinical cTnT
standard of 0.09 �g/L used for the enrollment criteria
of the ROMICAT study (chosen according to the prior
standard at the study site), several (n � 4) patients
classified as having unstable angina had troponin con-
centrations �0.03 �g/L; however, exclusion of these
patients (n � 4) did not result in a better specificity
performance for copeptin (74.0% instead of 74.3%, as
shown in Table 3), which was clearly lower than the
specificity performance of hs-cTnT (88.5% instead of
88.2%). Seventh and last, although the diagnosis of
ACS was based on 2 physicians using clinical data as
well as conventional cTnT results, there is potential
inherent bias against biomarkers such as copeptin in
that a biochemical diagnosis may be more biologically
sound than a clinical one. However, the same bias af-
fects hs-cTnT, and with CTA results to back up the
diagnosis, our finding that copeptin adds little to the
clinical picture will likely stand.

Exclusion of patients with a history of CAD had no
effect on our results. Indeed, the strength of our study
consists in the availability of data on coronary anatomy
by CTA, allowing pathophysiological insights into co-
peptin secretion.

In conclusion, for the clinical situation where hs-
cTnT was not diagnostic for low-risk patients with
ACS, copeptin did not contribute additional informa-
tion. Thus, our study does not suggest a clinically im-
portant diagnostic role for copeptin in low- to
intermediate-risk ACS patients.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 re-
quirements: (a) significant contributions to the conception and design,
acquisition of data, or analysis and interpretation of data; (b) drafting
or revising the article for intellectual content; and (c) final approval of
the published article.

Authors’ Disclosures or Potential Conflicts of Interest: Upon man-
uscript submission, all authors completed the Disclosures of Potential
Conflict of Interest form. Potential conflicts of interest:

Employment or Leadership: None declared.

1144 Clinical Chemistry 57:8 (2011)



Consultant or Advisory Role: J. Januzzi, Roche Diagnostics, Critical
Diagnostics.
Stock Ownership: None declared.
Honoraria: None declared.
Research Funding: J. Januzzi, Siemens, Critical Diagnostics, Balson
Scholar Award, significant (�$10 000) research grant support from
Roche Diagnostics; C.L. Schlett, German National Merit Founda-
tion. This study was supported by research grants from the NIH
(RO1 HL080053) and by additional funds provided by the University
of Ulm. We are grateful to Brahms AG for providing copeptin mea-
surements free of charge, and Roche for providing reagents for hs-
cTnT testing.

Expert Testimony: None declared.

Role of Sponsor: The funding organizations played no role in the
design of study, choice of enrolled patients, review and interpretation
of data, or preparation or approval of manuscript.

Acknowledgments: We thank all members at the Massachusetts
General Hospital who were involved in the planning and conduct
of the ROMICAT study. Furthermore, we thank Gerlinde
Trischler for excellent technical assistance and Jens Baumert for
statistical advice. We are grateful to Prof. Kern for providing ac-
cess to the BN analyzer. Finally, we express our appreciation to all
study participants.

References

1. Pope JH, Aufderheide TP, Ruthazer R, Woolard
RH, Feldman JA, Beshansky JR, et al. Missed
diagnoses of acute cardiac ischemia in the
emergency department. N Engl J Med 2000;
342:1163–70.

2. Cannon CP, Weintraub WS, Demopoulos LA, Vi-
cari R, Frey MJ, Lakkis N, et al. TACTICS (Treat
Angina with Aggrastat and Determine Cost of
Therapy with an Invasive or Conservative Strategy)—
Thrombolysis in Myocardial Infarction 18 Investi-
gators. Comparison of early invasive and conser-
vative strategies in patients with unstable
coronary syndromes treated with the glycoprotein
IIb/IIIa inhibitor tirofiban. N Engl J Med 2001;344:
1879–87.

3. Morgenthaler NG, Struck J, Alonso C, Bergmann
A. Assay for the measurement of copeptin, a
stable peptide derived from the precursor of va-
sopressin. Clin Chem 2006;52:112–9.

4. Katan M, Morgenthaler NG, Widmer I, Puder JJ,
König C, Müller B, Christ-Cain M. Copeptin, a
stable peptide derived from the vasopressin pre-
cursor, correlates with the individual stress level.
Neuro Endocrinol Lett 2008;29:341–6.

5. Saleem U, Khalegi M, Morgenthaler NG, Berg-
mann A, Struck J, Mosley TH Jr, Kullo IJ. Plasma
carboxy-terminal pro-vasopressin (copeptin): a
novel marker of insulin resistance and meta-
bolic syndrome. J Clin Endocrin Metab 2009;
94:2558 – 64.

6. Morgenthaler NG, Muller B, Struck J, Bergmann
A, Redl H, Christ-Crain M. Copeptin, a stable
peptide of the arginine vasopressin precursor, is
elevated in hemorrhagic and septic shock. Shock
2007;28:219–26.

7. Stoiser B, Mortl D, Hulsmann N, Berger R, Struck
J, Morgenthaler NG, et al. Copeptin, a fragment
of the vasopressin precursor, as a novel predictor
of outcome in heart failure. Eur J Clin Invest
2006;361–8.

8. Gegenhuber A, Struck J, Dieplinger B, Poelz W,
Pacher R, Morgenthaler NG, et al. Comparative
evaluation of B-type natriuretic peptide, mid-
regional pro-A-type natriuretic peptide, mid-
regional pro-adrenomedullin, and copeptin to
predict 1-year mortality in patients with acute
destabilized heart failure. J Card Fail 2007;13:
42–9.

9. Khan SQ, Dhillon OS, O’Brien RJ, Struck J, Quinn
PA, Morgenthaler NG, et al. C-terminal provaso-
pressin (copeptin) as a novel and prognostic

marker in acute myocardial infarction: Leicester
Acute Myocardial Infarction Peptide (LAMP)
study. Circulation 2007;115:2103–10.

10. Thygesen K, Mair J, Katus H, Plebani M, Venge P,
Collinson P, et al.; the Study Group on Biomark-
ers in Cardiology of the ESC Working Group on
Acute Cardiac Care. Recommendations for the
use of cardiac troponin measurement in acute
cardiac care. Eur Heart J 2010;31:2197–204.

11. Reichlin T, Hochholzer W, Stelzig C, Laule K,
Freidank H, Morgenthaler NG, et al. Incremental
value of copeptin for rapid rule out of acute
myocardial infarction. J Am Coll Cardiol 2009;54:
60–8.

12. Giannitsis E, Kurz K, Hallermayer K, Jarausch J,
Jasche AS, Katus HA. Analytical validation of a
high-sensitivity cardiac troponin T assay. Clin
Chem 2010;56:254–61.

13. Hoffmann U, Bamberg F, Chae CU, Nichols JH,
Rogers IS, Seneviratne SK, et al. Coronary com-
puted tomography angiography for early triage of
patients with acute chest pain: the ROMICAT
(Rule Out Myocardial Infarction using Computer
Assisted Tomography) trial. J Am Coll Cardiol
2009;53:1642–50.

14. Braunwald E, Antman EM, Beasley JW, Califf RM,
Cheitlin MD, Hochman JS, et al. ACC/AHA 2002
guideline update for the management of patients
with unstable angina and non-ST-segment eleva-
tion myocardial infarction. Summary article: a
report of the American College of Cardiology/
American Heart Association task force on practice
guidelines (Committee on the Management of
Patients with Unstable Angina). J Am Coll Cardiol
2002;40:1366–74.

15. Gibler WB, Cannon CP, Blomkalns AL, Char DM,
Drew BJ, Hollander JE, et al. Practical implemen-
tation of the guidelines for unstable angina/non-
ST-segment elevation myocardial infarction in the
emergency department: a scientific statement
from the American Heart Association Council on
Clinical Cardiology (Subcommittee on Acute Car-
diac Care), council on cardiovascular nursing, and
quality of care and outcomes research interdisci-
plinary working group, in collaboration with the
Society of Chest Pain Centers. Circulation 2005;
111:2699–710.

16. Gibler WB, Cannon CP, Blomkalns AL, Char DM,
Drew BJ, Hollander JE, et al. Practical implemen-
tation of the guidelines for unstable angina/non-
ST-segment elevation myocardial infarction in the

emergency department. Ann Emerg Med 2005;
46:185–97.

17. Hoffmann U, Nagurney JT, Moselewski F, Pena A,
Ferencik M, Chae CU, et al. Coronary multidetec-
tor computed tomography in the assessment of
patients with acute chest pain. Circulation 2006;
114:2251–60.

18. Hoffmann U, Moselewski F, Cury RC, Ferencik M,
Jang IK, Diaz LJ, et al. Predictive value of 16-slice
multidetector spiral computed tomography to de-
tect significant obstructive coronary artery dis-
ease in patients at high risk for coronary artery
disease: patient-versus segment-based analysis.
Circulation 2004;110:2638–43.

19. Kolz M, Koenig W, Müller M, Andreani M, Greven
S, Illig T, et al.; AIRGENE Study group. DNA
variants, plasma levels and variability of
C-reactive protein in myocardial infarction
survivors: results from the AIRGENE study. Eur
Heart J 2008;29:1250–8.

20. Kurz K, Giannitsis E, Zehelein J, Katus HA. Highly
sensitive cardiac troponin T values remain con-
stant after brief exercise- or pharmacologic-
induced reversible myocardial ischemia. Clin
Chem 2008;54:1234–8.

21. Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr,
Vasan RS. Evaluating the added predictive ability
of a new marker: from area under the ROC curve
to reclassification and beyond. Statist Med 2008;
27:157–72.

22. Keller T, Tzikas S, Zeller T, Czyz E, Lillpopp L,
Ojeda FM, et al. Copeptin improves early diag-
nosis of acute myocardial infarction. J Am Coll
Cardiol 2010;55:2096–106.

23. Januzzi JL, Bamberg F, Lee H, Truong QA, Nichols
JH, Karakas M, et al. High sensitivity troponin T
concentrations in acute chest pain patients eval-
uated with cardiac computed tomography. Circu-
lation 2010;121:1227–34.

24. Kelly D, Squire IB, Khan SQ, Quinn P, Struck J,
Morgenthaler NG, et al. C-terminal provasopres-
sin (copeptin) is associated with left-ventricular
dysfunction, remodeling, and clinical heart failure
in survivors of myocardial infarction. J Card Fail
2008;14:739–45.

25. Voors AA, von Haehling S, Anker SD, Hillege HL,
Struck J, Hartmann O, et al. C-terminal provaso-
pressin (copeptin) is a strong prognostic marker
in patients with heart-failure after an acute myo-
cardial infarction: results from the OPTIMAAL
study. Eur Heart J 2009;30:1187–94.

Copeptin in Low- to Intermediate-Risk Patients

Clinical Chemistry 57:8 (2011) 1145


