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Introduction

Arginine vasopressin (AVP), a neuropeptide stored in the 
posterior pituitary lobe, maintains the vasomotor tone 
during shock and promotes vasoconstriction through non-
adrenergic pathways (1). Several previous studies showed 
that AVP levels were associated with heart failure severity 
(2-4). Despite its clinical importance, it is unclear how 
endogenous AVP responds to cardiac surgery. In a recent 

study, AVP plasma concentrations in cardiac surgery 
patients, 24 h after intensive care unit (ICU) admission, 
were higher than those in patients with sepsis or systemic 
inflammatory response syndrome (5). AVP is highly 
unstable and rapidly degradable ex vivo even when frozen at 
−20 ℃ (6). Several studies have suggested that copeptin, the 
C-terminal portion of the pre-pro-vasopressin molecule, 
may be a reliable surrogate for AVP (5-7), because it is 
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secreted in equimolar amounts to AVP besides being more 
stable and easier to measure (8,9). Copeptin concentrations 
in plasma increase as a response to physiological stress and 
have prognostic value in several disease entities, such as 
acute myocardial infarction and septic shock (10,11). We 
hypothesized that copeptin levels in patients admitted to 
ICU after surgery are mostly affected by surgical stress; 
thus, the measurement of copeptin levels could enable 
an early assessment of surgical stress. The present study 
investigated whether copeptin levels in patients admitted 
to ICU and following cardiac surgery predicted the clinical 
outcome of the patients.

Acute kidney injury (AKI) is a common postoperative 
complication that significantly increases the rates of 
morbidity and mortality (12-14). AKI has been defined in 
2012 by the Kidney Disease Improving Global Outcomes 
(KDIGO) criteria and is divided into three stages, based 
on an increase in serum creatinine or urine output (15). 

Postoperative AKI is a strong predictor of mortality, and 
severe AKI increases mortality by 3- to 8-fold (16). Even a 
small increase of 0.5 mg/dL in creatinine levels following 
cardiac surgery has strongly deleterious effects (17,18). 
Even though few studies have evaluated postoperative 
AKI markers, they have not associated them with clinical 
outcome prediction (19). Therefore, the goal of this study 
was to determine copeptin levels following surgery and 
investigate their possible association with postoperative 
AKI development in a prospective observational cohort 
of patients undergoing cardiac surgery. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-20-
2323).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional review board of Nara Medical 
University (December 19th, 2018; approval number: 2050) 
and informed consent was taken from all the patients.

Study design

We prospectively enrolled 23 patients aged 18 years or older 
undergoing cardiac surgery at Nara Medical University 
Hospital from January 2018 to December 2019 and 
measured their plasma AVP and copeptin concentrations. 
Patients with end-stage renal disease on hemodialysis were 

excluded from the enrollment.
Study patients underwent five blood draws that were 

performed with arterial catheters or by puncture of a 
peripheral vein. The first blood draw was performed before 
or immediately after anesthesia induction in the operating 
suite. The second blood draw was taken immediately after 
surgery. The third, fourth, and fifth blood samplings were 
performed on the first, third, and seventh postoperative 
days after surgery, respectively. Blood was collected in 
pre-chilled tubes containing ethylenediamine tetra-acetic 
acid, and plasma was removed and immediately frozen 
at −70 ℃ until use. Copeptin levels were measured with 
a commercially available immunoluminometric assay 
(B.R.A.H.M.S. LUMItest CT-proAVP, B.R.A.H.M.S. AG, 
Hennigsdorf/Berlin, Germany). The measurable range of 
the copeptin assay was 0.7–2,000 pmol/L. Vital signs, blood 
pressure, and norepinephrine doses were documented. 
As for the measurement of BNP, blood samples were 
immediately placed in EDTA-treated tubes, transported to 
the laboratory department of our hospital, and analyzed by 
sandwich fluorescence immunoassay (Siemens Healthineers, 
NY, USA).

Study endpoint

The primary endpoint was the incidence of postoperative 
AKI, which was defined according to the 2012 KDIGO 
criteria: a serum creatinine increase greater than 50% from 
baseline or ≥0.3 mg/increase within 48 h (20). The KDIGO 
urine output criterion was not applied to determine AKI.

Statistical analysis

Continuous variables were expressed as the means and 
standard deviations or as medians and interquartile ranges, 
while categorical variables were presented as numbers and 
percentages. Comparisons were performed with Student’s 
t-test or the

Wilcoxon rank-sum test for continuous variables and 
the chi-squared test for categorical variables. Correlations 
between copeptin levels and variables, such as AVP, were 
assessed by Bland-Altman analysis, or Pearson’s correlation 
coefficient or Spearman’s rank correlation test. According 
to the median copeptin levels at ICU admission, we set the 
cut-off serum copeptin level as 43.7 pmol/L to discriminate 
high (≥43.7 pmol/L)- and low (<43.7 pmol/L)-copeptin 
groups. We estimated the risk of AKI in both groups at ICU 
admission by the logistic regression model and expressed 
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the results as odds ratio (OR) and 95% confidence intervals 
(CIs). Differences with two-sided P values <0.05 were  
statistically significant. JMP software for Windows version 
13 (SAS Institute, Cary, NC, USA) was used for all 
statistical analyses.

Results

Baseline characteristics

Table 1 shows patient characteristics, stratified according to 
low or high copeptin levels following surgery. There was no 

Table 1 Patient characteristics, according to copeptin values at the ICU after surgery

Characteristics Study Population (n=23)
Low-copeptin  

(<43.7 pmol/L) (n=11)
High-copeptin  

(≥43.7 pmol/L) (n=12)
P value

Baseline clinical data

Age (years) 74±6 76±4 72±7 0.12

Female gender [%] 7 [30] 4 [36] 3 [25] 0.668

BSA (m2) 1.6±0.2 1.6±0.2 1.6±0.2 0.418

NYHA ≥3 [%] 9 [39] 3 [27] 6 [50] 0.4

Comorbidities [%]

Hypertension 11 [48] 4 [36] 7 [58] 0.4 

Diabetes 8 [35] 2 [18] 6 [50] 0.193

Preoperative LVEF (%) 55±12 59±11 51±13 0.175

Preoperative BNP (pg/mL) 135 [73–529] 109 [76–249] 287 [56–668] 0.481

Surgical intervention [%]

CABG 9 [36] 3 [27] 6 [50] 0.4

Valvular surgery 5 [21] 4 [36] 1 [8] 0.155

CABG and valvular surgery 7 [30] 3 [27] 4 [33] 1

Others 4 [17] 1 [9] 3 [25] 0.59

Operation time (min) 367±147 320±137 410±148 0.142

Cardiopulmonary bypass time (min) 197±104 174±69 220±131 0.374

Aortic cross clamp time (min) 132±82 108±42 165±113 0.282

Intraoperative blood loss (ml) 1,200 [470–2,395] 1,110 [415–2,232] 1,275 [574–2,298] 0.424

Postoperative data

MAP on ICU admission (mmHg) 70±13 68±12 73±15 0.397

CVP on ICU admission (mmHg) 8±3.7 7.5±4 8.5±3.5 0.55

CI on ICU admission (L/min/m2) 2.6±0.6 2.7±0.6 2.6±0.6 0.721

SVRI on ICU admission 1967±509 1859±403 2066±591 0.336

Maximum NE dosage (mcg/kg per min) 0.105±0.068 0.076±0.059 0.131±0.067 0.047

Time on ventilator in ICU (h) 8 [5–15] 8 [6–14] 10 [5–15] 0.689

ICU LOS (days) 2 [2–4] 2 [2–3] 3 [2–4] 0.599

ICU, intensive care unit; BSA, body surface area; NYHA, New York Heart Association functional class; LVEF, left ventricular ejection 
fraction; BNP, B-type natriuretic peptide; CABG, coronary artery bypass grafting; MAP, mean arterial blood pressure; CVP, central venous 
pressure; CI, cardiac index; SVRI, systemic vascular resistance index; NE, norepinephrine; LOS, length of stay. 
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significant difference in age (P=0.12) or preoperative New 
York Heart Association functional class (P=0.4) between the 
two groups. Additionally, there was no significant difference 
in preoperative BNP (P=0.48), mean arterial pressure 
(P=0.39), or any other variable. Although there was no 
significant difference in ICU length of stay, patients in the 
high copeptin group required higher norepinephrine doses 
than those in the low copeptin group.

Correlations between copeptin levels and other variables

Figure 1 shows that AVP and copeptin concentrations 
were closely correlated (r =0.787, P<0.001). The time 
course of copeptin plasma concentrations in the low and 
high copeptin groups in our study cohort is shown in 
Figure 2. Although copeptin concentrations after surgery 
significantly differed between the two groups (P<0.001), 
no differences were observed on the 1st postoperative 
day and thereafter. In the low copeptin group, the 
copept in  concentrat ions  at  ICU admiss ion were 
significantly lower than those on the 1st postoperative 
day (P<0.001), as a difference with the high copeptin 
group (P=0.81). Table 2 presents laboratory parameters 
between low and high copeptin groups during the 
observational period. AVP and cortisol levels following 
surgery in the high copeptin group were higher than 
those in the low copeptin group. Serum creatinine levels 
on days 1 and 3 after surgery in the high group were 
higher than those in the low group. No correlation was 
detected between copeptin concentration and serum 
osmolarity. Interestingly, central venous pressure (CVP) 
(P=0.03) and norepinephrine dose (P=0.008) were the 
only parameters significantly correlated with copeptin 
levels right after surgery, according to the explorative 
bivariate regression analysis (Figure 3). There was no 
detectable correlation between copeptin levels and other 
hemodynamic parameters.

Figure 1 Correlation analysis between copeptin and arginine 
vasopressin plasma concentrations. A Spearman rank-order 
correlation test was performed to assess the correlation between 
copeptin and arginine vasopressin plasma concentrations from 116 
pairs of measurements. r =0.78, P<0.001.
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Predictors of AKI

In this study, six instances of postoperative AKI occurred. 
Copeptin levels following surgery provided a strong 
prediction of postoperative AKI (area under the ROC curve 
of 0.83, P=0.004), and the cut-off value was 144.5 pmol/L.  
Results of linear regression followed by a univariate 
regression are reported in Table 3. Univariate analysis 
indicated that copeptin levels right after surgery (P=0.03) 
and cardiopulmonary bypass time (P=0.04), without 
copeptin levels before surgery, as predictors of postoperative 
AKI.

Discussion

The principal finding of this study is that copeptin 
concentration right after surgery is a predictor of 
postoperative AKI development. Copeptin levels after 
surgery were also associated with the administered 
norepinephrine dose, although not with ICU length of 
stay. To the best of our knowledge, this is the first study 
to demonstrate an association between copeptin levels 
following cardiac surgery and clinical outcomes.

Our study evidenced a strong correlation between levels 
of copeptin and AVP. Interestingly, as shown in Figure 1, 
the value of copeptin is larger than the value of AVP, and 
the larger the value of copeptin and AVP, the larger the 
difference between copeptin and AVP. This finding means 
that the measured value for larger AVP deviates from the 
value of copeptin, which is thought to be close to the true 
value of AVP because AVP and copeptin are produced 
at equal stoichiometry. Therefore, the larger the AVP 
value, the more uncertain the AVP measurement. This 
observation suggests that copeptin needs to be measured 
to study the role of AVP in cardiovascular surgery and 
that under high levels of stress, such as undergoing cardiac 
surgery, copeptin levels may reflect the real degree of the 
stress rather than that approximated by the AVP levels. As 
a result, it might be natural that copeptin as a substitute 
for AVP should indicate the degree of the impact of AVP 
on the renal function, considering the kidney is one of the 
main target organs of AVP under the arterial underfilling 
condition such as following cardiac surgery. However, more 
comprehensive studies to unravel copeptin’s predictive role 
in terms of the true AVP value in cardiac surgery should be 
carried out soon. Furthermore, we investigated the copeptin 
concentration following surgery as a novel biomarker for 
hemodynamic stress. Although several previous studies 
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have reported an association between copeptin levels before 
and one day after surgery with clinical outcome (21,22), 
our study of copeptin levels immediately after surgery was 
specifically assessed as a biomarker for surgical stress. As 
Table 3 shows, our analysis of predictors of postoperative 
AKI seems to indicate that copeptin right after surgery may 
have more clinical significance than those in another period. 

Further studies on the clinical significance of copeptin levels 
immediately after cardiac surgery should be performed 
in the future. Among all the studied parameters, a strong 
association was detected only between copeptin levels and 
CVP following surgery. Spiegel documented that although 
the physiology behind venous return is extremely complex, 
operative stress can reduce the vessel wall compliance (with 

Figure 3 Correlation of copeptin levels right after surgery with (A) central venous pressure (CVP) and (B) maximum norepinephrine dose.

20

18

16

14

12

10

8

6

4

2

0

0.3

0.25

0.2

0.15

0.1

0.05

0

C
V

P
 o

n 
IC

U
 a

dm
is

si
on

 (m
m

H
g)

M
ax

im
um

 N
E

 d
os

ag
e 

(m
cg

/k
g 

pe
r 

m
in

)

R2=0.2, P=0.03 R2=0.29, P=0.008

Copeptin on ICU admission (pmol/L) 

0        100    200      300      400      500      600      700     800 0       100     200     300     400     500     600     700     800

Copeptin on ICU admission (pmol/L)

A B

Table 3 Univariate predictors of postoperative AKI

Characteristics OR for AKI prediction 95% CI P value

Age 1.01 0.85–1.19 0.94

Female 1.2 0.16–8.79 0.86

Diabetes mellitus 2.4 0.35–16.21 0.37

Preoperative creatinine (mg/dL) 1.72 0.94–3.16 0.08

Preoperative hemoglobin (g/L) 0.55 0.29–1.08 0.08

Type of Surgery 0.2 0.02–2.37 0.23

Intraoperative blood loss (ml) 1.01 0.99–1.01 0.54

Operation time (min) 1.01 0.99–1.01 0.1

Cardiopulmonary bypass time (min) 1.01 1.01–1.02 0.04

Cross-clamp time (min) 1.01 0.99–1.02 0.12

Vasopressin before surgery 1.15 0.89–1.49 0.27

Vasopressin right after surgery 1.02 0.99–1.03 0.17

Copeptin before surgery 1.09 0.96–1.25 0.19

Copeptin right after surgery 1.01 1.01–1.02 0.03

AKI, acute kidney injury; OR, odds ratio; CI, confidence interval; ICU, intensive care unit.
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the addition of vasopressor agents), changing the venous 
return (23). Our results suggested that surgical stress may 
influence the physiology of venous return. In our cohort, 
these hemodynamic changes, including in CVP levels, may 
have influenced the development of postoperative AKI.

Postoperative AKI is a relatively common complication 
of cardiothoracic surgery and has short- and long-term 
survival implications, even for those who do not progress to 
renal failure. Currently, the incidence of renal failure onset 
that requires dialysis is approximately 2% (24). Additionally, 
as there are no active treatments for AKI, clinicians focus 
on prevention and risk factor management. In-depth 
knowledge of the risk factors and pathogenesis associated 
with AKI offers some guidance to clinicians for the 
prevention and management of AKI. Postoperatively, urine 
IL-18, and plasma neutrophil gelatinase-associated lipocalin 
(NGAL) levels peaked within 6 hours after ICU admission 
and were strongly associated with AKI (25). Although 
several postoperative biomarkers can predict the risk and 
enable early diagnosis of AKI in patients undergoing cardiac 
surgery (26-28), additional assessments are required to 
determine their potential to predict improved outcomes. In 
recent years, there have been several reports that biomarkers 
associated with surgical and kidney stress are important in 
predicting postoperative AKI after cardiac surgery (29-32). 
Therefore, the discovery that copeptin levels immediately 
after surgery predicted the postoperative AKI condition 
was of great clinical importance. However, the implications 
between this association and the subsequent clinical 
outcomes require more research. Several studies showed 
that combined surgical procedures (valve replacement and 
coronary artery bypass) and prolonged cardiopulmonary 
bypass times increased the incidence of AKI (33,34). 
Cardiopulmonary bypass times and copeptin levels following 
surgery were also predictors of postoperative AKI in our 
study. We believe that the stress generated due to cardiac 
surgery, including the use of cardiopulmonary bypass, 
affected copeptin levels immediately after surgery, and those 
subsequent hemodynamic changes led to postoperative AKI 
onset. Thus, copeptin levels right after surgery could reflect 
the overall endogenous stress of the patient, predicting 
mortality, independently of the underlying pathology.

Study limitations

This study has several limitations. First, this was a single-
center study that only included 23 patients, who were 
followed for a short period, resulting in a relatively small 

number of postoperative AKI, and thus of few covariates 
that were only analyzed with univariate models. However, 
follow-up was complete for all patients, and patients 
who had end-stage renal disease with hemodialysis 
were excluded because of the presence of a variety of 
confounding factors. The fact that copeptin levels at ICU 
admission predicted adverse events even in a relatively small 
sample size highlighted the strong correlation between 
those parameters. Finally, several surgeons were involved 
during this period, which could increase the variability of 
the data; however, the performance of the surgeon may not 
considerably affect the outcomes.

Conclusions

Although the use of copeptin concentration as a novel risk 
factor for cardiac surgery should be further validated.; 
we provided evidence that copeptin concentration serves 
as a biomarker of postoperative AKI onset after cardiac 
surgery. 
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