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Abstract: Background: Copeptin, a marker of vasopressin production, has been introduced for earlier diagnosis of acute 
myocardial infarction and other clinical emergencies. We evaluated the analytical performance of a new generation co-
peptin assay in an inter-laboratory trial.  

Methods: Precision, linearity range, carry-over contamination, the limit of blank and an inter-laboratory comparison trial 
for the copeptin US KRYPTOR assay were performed on the B·R·A·H·M·S KRYPTOR compact PLUS.  

Results: The intra-assay imprecision (CVs) was 12.6–2.2% and total imprecision over five days was 12.3-4.3% between 
3.1 and 18.2 pmol/L. The assay had excellent linearity between 7-222 pmol/L. The limit of blank was 2.5 pmol/L and the 
limit of detection was 3.2 pmol/L, but was dependent on the analyte-free material used. No significant difference between 
sample type, such as serum or different types of plasma or reagent lots, was noted. The copeptin results remained un-
changed upon five repeated freeze-thaw cycles. A set of patient samples with a mean copeptin concentration of 2.1-61 
pmol/L run at two separate sites showed close correlation (r2=0.99, slope=1.01, intercept=0.35), indicating comparable re-
sults across laboratories. 

Conclusion: The new ultrasensitive copeptin KRYPTOR assay shows excellent inter-lab precision, opening up the possi-
bility for international guidelines to exclude acute myocardial infarction. 
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INTRODUCTION 

 Vasopressin (also known as antidiuretic hormone 
(ADH)) has been inaccessible to routine measurements due 
to its extreme instability in plasma. Copeptin is a stable, ap-
parently non-functional, 39 amino acid peptide that is co-
secreted with vasopressin, both being produced by cleavage 
of the vasopressin precursor [1,2]. The development of 
automated copeptin methods now allows for measurement of 
the release of vasopressin in different disease states [3]. The 
most direct application for copeptin measurement is in the 
diagnosis of central diabetes insipidus, a disease caused by a 
primary vasopressin synthesis defect [4]. Measurement of 
copeptin has also been suggested in the early exclusion of 
acute myocardial infarction among patients with suspected 
acute coronary syndrome [5,6,10]. In addition, copeptin 
measurement provides prognostic information in several 
acute conditions such as myocardial infarction [11], heart 
failure [12-16], infection [17-19], stroke [20,21], traumatic  
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brain injury [22,23], and acute exacerbation of chronic ob-
structive pulmonary disease [24]. 

 The introduction of copeptin measurements in clinical 
routine practice requires that the methods used are validated 
and show appropriate precision, analyte stability, sensitivity 
and inter-laboratory variation. A newly developed copeptin 
assay with improved analytical sensitivity has been designed 
to meet the analytical specifications necessary to enhance the 
current use of copeptin in clinical practice. Independent ana-
lytical validation is, however, essential for the safe introduc-
tion of copeptin measurements in the clinical setting and for 
future international guidelines on the diagnosis of diabetes 
insipidus and exclusion of acute myocardial infarction. Thus, 
the purpose of this study was to validate the analytical per-
formance of the copeptin ultrasensitive method run on the 
KRYPTOR compact PLUS in an inter-laboratory interna-
tional evaluation.  

MATERIALS AND METHODES 

Study Population 

 Blood samples from healthy volunteers (n=13, 6 men and 
7 women, age ranging from 25 to 48 years) with no history 
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of disease and not receiving medical treatment were col-
lected from employees at the Department of Clinical Bio-
chemistry, Rigshospitalet, Copenhagen, Denmark. All the 
serum and plasma samples (EDTA, heparin) were drawn by 
standard venipuncture using a butterfly needle (21G). The 
samples were centrifuged within 30 min. at 2000 g for 10 
min., transferred to cryotubes and frozen in aliquots at -80°C 
until analysis. Decoded serum samples with different co-
peptin concentrations for the inter-laboratory comparison 
(Fig. 3) were collected from analytical routine work at Sahl-
grenska University Hospital, based on NT-proBNP results. 
Serum samples from patients with apparent complete central 
diabetes insipidus were collected during follow-up visits at 
the Department of Endocrinology at Sahlgrenska University 
Hospital, Gothenburg, Sweden. Samples were stored at –
20°C until analysis. The study was approved by the ethics 
committee at the University of Gothenburg and the study 
protocol followed the ethical guidelines of the 1975 Declara-
tion of Helsinki. 

Diabetes Insipidus Patients 

 Patient 1 was a 58-year-old man who was diagnosed with 
large non-functioning pituitary adenoma eleven years earlier. 
Magnetic resonance imaging showed a large intra- and su-
pra-sellar tumor, compressing the optic chiasm. Pituitary 
surgery with transcranial approach was performed. Post-
operatively, the patient developed panhypopituitarism, in-
cluding central diabetes insipidus (DI), and has been receiv-
ing replacement therapy with hydrocortisone, L-Thyroxin, 
testosterone, growth hormone and desmopressin ever since. 
Patient 2 was a 49-year-old woman who was operated on 
transsphenoidally one year earlier due to ACTH-producing 
pituitary adenoma (Cushing’s disease). Histopathological 
examination confirmed the diagnosis and also showed parts 
of a normal posterior pituitary. Postoperatively, she devel-
oped hypernatremia, polyuria (~8 liter per day) and dilute 
urine. Initially, she received conservative treatment with 

increased fluid intake. Two weeks later, when still producing 
large amounts of dilute urine, she was given desmospressin 
with prompt effect. Based on the histopathological diagnosis, 
the clinical picture and treatment effect, the patient was di-
agnosed with central diabetes insipidus and was still receiv-
ing desmopressin at the time of participation in this study. 

Limit of Blank and Assay Linearity 

 Sample handling, analysis and calibrations were per-
formed according to the manufacturer’s instructions. All 
reagents, calibrators and controls used were provided by 
B.R.A.H.M.S. The limit of blank (LoB) was determined us-
ing the horse serum-based diluent provided with the assay. 
Horse serum was analyzed 22 times in a single run (Table 1) 
and the 95th percentile from these measurements was calcu-
lated. A patient serum sample (3.0 pmol/L, Table 1) that 
gave a significantly (p<0.05) higher value than the LoB (low 
sample) was analyzed 12 times and used to calculate the 
limit of detection (LoD). Calculations of LoB and LoD were 
performed according to the CLSI EP17-A specifications 
(LoB=meananalyte-free+1.645 SDanalyte-free and LoD=LoB+-
1.645SDlow sample). In addition, 5% human albumin solution 
(50g albumin/L in water) for in vivo infusion (CSL Behring, 
King of Prussia, USA) (n=3), pig plasma from three individ-
ual pigs and serum samples from two patients with apparent 
complete central diabetes insipidus were analyzed. The dia-
betes insipidus patient samples were also diluted 1:3 with 
diluent and analyzed (n=4). Dilution linearity was evaluated 
by duplicate analysis of two-fold dilutions of a patient serum 
sample with a mean copeptin concentration of 222 pmol/L 
and a serum sample with a mean copeptin concentration of 
3.0 pmol/L, resulting in calculated copeptin concentrations 
between 7-222 pmol/L.  

Imprecision Study 

 Serum or EDTA plasma samples (mean copeptin concen-
tration 1.4-102 pmol/L) were used to determine the intra-

Table 1. Intra-assay Imprecision of the Copeptin US KRYPTOR Assay 

Sample Type Mean Copeptin (pmol/L) CV(%) n 

EDTA plasma 1.4 18.3 10 

EDTA plasma 1.8 21.6 10 

Horse serum 1.9 17.5 22 

serum 3.0 14.8 12 

EDTA plasma 3.0 18.0 10 

serum 3.1 15.6 10 

Serum 5.0 8.3 10 

EDTA plasma 7.9 6.3 10 

serum 9.3 6.8 10 

serum 18.2 2.2 12 

serum 102.0 1.2 12 

 



Evaluation of a Sensitive Copeptin Assay for Clinical Measurement The Open Clinical Chemistry Journal, 2012, Volume 5    23 

assay precision by replicate measurements (n=10-12) in a 
single run. Total five-day imprecision was evaluated by ana-
lyzing aliquots of three serum samples (mean copeptin con-
centration 3.0, 18 and 103 pmol/L) with twelve replicates on 
day one and three replicates on day 2-5 (n=24 determina-
tions). Aliquots were stored frozen (−20 °C) and thawed 
immediately before analysis (Table 1). 

 

Fig. (1). Intra-assay imprecision of the copeptin US KRYPTOR 
assay. Patient serum or EDTA plasma samples with mean copeptin 
concentrations between 1.3-102 pmol/L were analyzed 10-22 times 
to determine the concentration-dependent intra-assay CV.  

Inter-laboratory Survey 

 Two laboratories participated in the inter-laboratory 
comparison survey. Five unique frozen (−20 °C) serum sam-
ples from 18 individual patients (mean copeptin concentra-
tion range 2.1–61 pmol/L) were transported on dry ice to the 
testing laboratories and copeptin concentrations were meas-
ured in a single run on the same day at the two sites. 

Stability 

 To analyze whether freeze-thaw cycles affect the co-
peptin concentrations, three EDTA plasma samples with 
copeptin concentrations of 8-13 pmol/L, determined on the 
unfrozen samples, were split into five aliquots. The aliquots 
were frozen and thawed repeatedly up to five times at -80°C. 
All the samples were later analyzed in a single run. 

Carry-over Analysis 

 Inter-sample contamination (carry-over) by the KRYP-
TOR compact PLUS was determined by three replicate 
measurements of a low serum sample (mean copeptin con-
centration 3.1 pmol/L) after analysis of a high serum sample 
(mean copeptin concentration 225 pmol/L). The analysis was 
repeated twice. 

RESULTS 

 The results of the imprecision study are summarized in 
Table 1, Table 2 and Fig. (1). The intra-assay coefficient of 
variation (CV) ranged from 17.5%-22% for samples below 3 

pmol/L and 1–2% for samples with copeptin concentrations 
above 10 pmol/L (Table 1). The intra-assay CV increased 
when the copeptin concentration was below10 pmol/L  
(Fig. 1), but the CV remained below 10% down to 5 pmol/L. 
Total five-day imprecision was close to the intra-assay im-
precision (Table 2). Repeated serial analysis of samples with 
a 75-fold difference in copeptin concentration did not show 
any evidence of cross-contamination (Table 3). Dilution of a 
high patient sample (222 pmol/L) with a low patient sample 
(3.0 pmol/L) resulted in excellent linearity between 7-222 
pmol/L (Fig. 2). In addition, analysis of individual patient 
samples with a range of copeptin concentrations (2.1-61 
pmol/L) at two different laboratories showed close correla-
tion (Fig. 3). Repeated freeze-thaw cycles did not result in 
significant changes to the measured copeptin concentrations 
(Table 4). In addition, measurement of the copeptin concen-
tration in serum, heparin or EDTA plasma collected from 13 

Table 2. Imprecision of the Copeptin US KRYPTOR Assay 

Measurement Sample 1 Sample 2 Sample 3 n 

Mean Copeptin (pmol/L) 3.1 17.9 103 24 

Intra-assay imprecision (CV%) 12.6 2.3 1.2 12 

Total five-day imprecision (CV%) 12.3 4.1 2.5 24 

Largest difference between series (pmol/L) 0.42 1.8 7.8 24 

 

Table 3. Analysis of Carry-over Contamination 

Sample Mean Copeptin Concentration (pmol/L) n 

Uncontaminated Low sample 3.1 3 

High sample 225 2 

Low sample after high sample, run 1 2.5 3 

Low sample after high sample, run 2 2.8 3 
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apparently healthy individuals did not reveal any significant 
difference linked to sample type (Table 5). The LoB was 2.5 
pmol/L and the LoD 3.2 pmol/L. However, the signal dif-

fered significantly if the same apparently copeptin-free sam-
ple was reanalyzed on a different day and when other types 
of apparently copeptin-free samples were analyzed (Table 6). 

Fig. (2). Linearity analasys of the copeptin US KRYPTOR assay. 
Dilution of a high patient serum sample (222 pmol/L) with a low 
patient serum sample (3.0 pmol/L), resulting in a concentration 
range between 7-222 pmol/L, was analyzed. Plotted data are means 
of duplicate measurements. Error bars are too small to be visual-
ized. 

DISCUSSION 

 Copeptin measurement holds great promise as a marker 
of poor prognosis in several acute conditions , in the diagno-
sis of diabets insipidus [4] and in early rule-out of acute 
myocardial infarction [5,7]. However, several studies have 
used copeptin assays with an unacceptable analytical preci-
sion at the proposed cut-off values [5,9]. On the other hand, 
studies using more sensitive copeptin assays lack rigorous 
standardization and are unsuitable in the clinical setting 
[7,8]. This may have contributed to the variability of re-
ported cut-off values. In response to the clinical emphasis on 
low copeptin concentrations and the need for optimum ana-
lytical performance, manufacturers have produced a copeptin 
US assay with improved precision and sensitivity, capable of 
measuring copeptin concentrations in healthy individuals. 
For this reason, we have evaluated the analytical perform-
ance of a new improved copeptin assay on the KRYPTOR 
compact PLUS platform from Brahms. Multicenter evalua-
tions are an important part of the analytical and clinical vali-
dation process, as they often reveal how an assay will per-
form realistically in daily practice.  

Table 4. Copeptin Measurements in Serum Samples After Repeated Freeze-thaw Cycles (pmol/L) 

Patient No. Frozen 1 Time Frozen 2 Times Frozen 3 Times Frozen 4 Times Frozen 5 Times 

3 13.1 13.1 13.3 13.0 12.3 

9 11.0 10.8 11.2 11.6 12.0 

12 8.1 9.2 8.6 8.5 9.4 

 

Table 5. Copeptin Measurements in Serum, EDTA or Heparin Plasma (pmol/L) 

Patient nr. Sex Age Serum EDTA Plasma Heparin Plasma 

1 female 25 1.5 1.1 1.9 

2 female 28 3.5 4.0 4.3 

3 male 39 12.0 12.0 13.0 

4 male 36 3.2 3.6 4.0 

5 male 25 8.1 7.1 7.5 

6 male 25 3.1 3.1 2.9 

7 female 28 4.1 3.9 3.7 

8 male 37 1.6 2.5 2.5 

9 male 28 10.4 10.5 10.7 

10 female 48 2.8 2.7 1.6 

11 female 35 4.9 4.5 4.5 

12 female 29 7.7 7.5 7.7 

13 female 34 LOW 1.0 1.2 

Slope = 1.00 
Intercept= - 0.2967 

R² = 1.00 
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 The diagnosis of myocardial infarction often relies on 
baseline serum concentrations and the dynamic response of 
the myocardial necrosis markers troponin T or troponin I. 
Analytical guidelines recommend an optimum CV for tro-
ponin of ≤10% at the decision limit [25]. Recently, a low 
copeptin concentration a few hours after symptom onset has 
been shown to be useful in the early exclusion of myocardial 
infarction [5,7,8]. Unfortunately, most studies have used 
clinical assays unable to measure copeptin concentrations 
below 14 pmol/L with sufficient precision and have therefore 
been forced to set the cut-off points at the analytical impreci-
sion limit [5,9]. Using a more sensitive research-based 
sandwich immunoluminometric assay, the median copeptin 
level was 3.7 – 4.2 pmol/L [1,8] and the 95th copeptin per-
centile was 9.8 pmol/L in the general population [7]. This 
indicates that copeptin assays capable of reliably measuring 

below 10 pmol/L may be required to define optimum cut-off 
points. In addition, to allow for the development of interna-
tional guidelines, there is a need for copeptin assays that are 
fast and robust enough to enable clinical measurements with 
low inter-lab variation. The present performance data for the 
copeptin US KRYPTOR assay indicate that this method 
meets these criteria. The CV was <10% at 5 pmol/L and 
showed good inter-laboratory precision when actual patient 
samples over a wide range of copeptin concentrations were 
used. Furthremore, the assay was not significantly affected 
by common pre-analytical errors such as storage [2], freeze-
thaw cycles and sample type. However, the analytical sensi-
tivity was not found to match the information provided by 
the manufacturer. The assay insert gives the LoD as 0.9 
pmol/L, the functional sensitivity with a CV <20% as 2 
pmol/L and the limit of quantification as 1.9 pmol/L. Our 
results do not confirm these values. Use of several appar-
ently analyte-free preparations, including the diluent pro-
vided with the assay kit, resulted in values around 1-2 
pmol/L (Table 6) and a LoB of 2.5 pmol/L. Although the 
CVs of these measurements were <20%, our data indicate 
that the signal is likely due to an analyte-independent back-
ground signal. Since the KRYPTOR Compact PLUS is un-
able to measure in plain buffers, we cannot exclude the pos-
sibility of matrix effects or of copeptin-like molecules being 
present in the apparent analyte-free solutions that we used. 
However, due to this background signal, the limit of quanti-
fication (LoQ) must be in the range of 3-5 pmol/L. This in-
troduces an analytical limit to the applicability of the co-
peptin US KRYPTOR assay in the diagnosis of diabetes in-
sipidus, where the suggested diagnostic test is based on a 
relative increase in copeptin during a water deprivation test. 
As most patients undergoing this test had a baseline copeptin 
level <3.2 pmol/L [4] in agreement with the reference linits 
among healthy (1.7 - 11.2 pmol/L[1]), this diagnostic algo-
rithm cannot be used when measurements are performed 
using copeptin US on the KRYPTOR Compact PLUS. 

Fig. (3). Inter-laboratory evaluation of the copeptin US KRYPTOR 
assay. Aliquots of individual patient serum samples with a mean 
copeptin concentration between 2.1-61 pmol/L were analyzed in the 
same run at Sahlgrenska University Hospital, Sweden (SU), and 
Rikshopsitalet (RH), Denmark. 

 In summary, our results show that the copeptin US 
KRYPTOR assay performed on the B·R·A·H·M·S KRYP-
TOR compact PLUS is robust and that the results are repro-

Table 6. Measurement of Copeptin in Different Blanks 

Sample Mean Copeptin Concentration (pmol/L) SD (pmol/L) n 

Diluent (horse serum) run 1 1,92 0,34 22 

Diluent (horse serum) run 2 1,05 0,09 4 

5% Albumin in water 2,18 0,44 3 

DI patient 1 (serum) 2,02 NA 1 

DI* patient 1 diluted 1:3 with Diluent 0,91 0,02 4 

DI patient 2 (serum) 1,25 NA 1 

DI* patient 2 diluted 1:3 with Diluent 1,22 0,1 4 

Pig 1 (plasma) 0,44 0,24 3 

Pig 2 (plasma) 1,19 0,44 3 

Pig 3 (plasma) 1,46 0,18 3 

*DI; Diabetes Insipidus 

Slope = 1,01 
Intercept=0,35 

R² = 1.00 
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ducible, also between independent testing sites, but may lack 
sufficient analytical sensitivity for some clinical applica-
tions. 
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