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ABSTRACT  

I N T R O D U C T I O N: Neonates with congenital heart defects (CHD) require careful fluid management due to the risk of 

cardiovascular failure. Routine laboratory parameters are not the optimal tool to detect fluid overload; therefore the 

search for novel markers is justified. Copeptin (pre-pro-vasopressin – CTproAVP) may be one of them. The aim of the 

study was to analyze the influence of the current protocol of hydration in neonates with CHD on the physiological 

volume homeostasis measured with CTproAVP. 

M A T E R I A L  A N D  M E T H O D S : Ten term newborns with CHD hospitalized in neonatal intensive care before cardiac surgery 

were enrolled in the study. Four of them presented symptoms of respiratory insufficiency and all except two received 

alprostadil. Clinical management was routine, with the exception of CTproAVP measurement in the first five days of 

life with evaluation of serum and urine osmolality. Fluid intake was within the normal range for age. Term, healthy 

neonates (N = 200) served as the control. 

R E S U L T S: The current hydration protocol did not cause an increase in serum and urine osmolality compared to the 

controls. The effective osmolality of the analyzed body fluids was even lower in the neonates with CHD. The 

concentration of CTproAVP was also lower in the study group, but the difference was not statistically significant. There 

were no clinical signs of cardiovascular distress or overhydration. No factors explaining the variability in CTproAVP 

concentration were identified. 

C O N C L U S I O N S: These preliminary data suggest that the protocol of hydration does not cause dehydration or stimulation 

of CTproAVP release. It seems that even more restrictive protocols of fluid management can be applied in newborns 

with CHD at the risk of pulmonary congestion. A longer observation period is needed, including the postoperative period, 

to obtain more reliable information on optimal fluid management and the role of CTproAVP in monitoring volemia. 
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STRESZCZENIE  

W S T Ę P: Noworodki z wrodzoną wadą serca (WWS) wymagają ostrożnej terapii płynami z uwagi na ryzyko wystąpienia 

niewydolności krążenia. Rutynowe badania laboratoryjne nie są optymalnym narzędziem w identyfikacji stanu prze-

wodnienia i dlatego konieczne są poszukiwania nowych markerów. Kopeptyna (CTproAVP) może być jednym z nich. 

Celem pracy była analiza wpływu aktualnie obowiązującego protokołu nawadniania noworodków z WWS na homeo-

stazę wolemii z wykorzystaniem CTproAVP. 

M A T E R I A Ł  I  M E T O D Y : Do badania włączono 10 noworodków z WWS hospitalizowanych na oddziale intensywnej tera-

pii noworodka przed zabiegiem kardiochirurgicznym. Cztery z nich prezentowały objawy niewydolności oddechowej, 

a wszystkie z wyjątkiem dwóch otrzymywały alprostadil. Postępowanie kliniczne było rutynowe, z wyjątkiem pomiaru 

CTproAVP w pierwszych pięciu dniach życia wraz z oceną osmolalności surowicy i moczu. Podaż płynów mieściła się 

w zakresach normy dla wieku. Grupę kontrolną stanowiło 200 zdrowych donoszonych noworodków.  

W Y N I K I: Aktualny protokół nawadniania nie powodował, w porównaniu z grupą kontrolną, wzrostu stężenia osmolalno-

ści surowicy i moczu. Efektywna osmolalność analizowanych płynów ustrojowych była nawet niższa u noworodków 

z WWS. Również stężenie CTproAVP było niższe w grupie badanej, lecz różnica nie była istotna statystycznie. Nie 

obserwowano klinicznych objawów niewydolności krążenia lub przewodnienia. Nie zidentyfikowano czynników, które 

wyjaśniałyby zmienność w stężeniu CTproAVP. 

W N I O S K I : Wstępne wyniki sugerują, że aktualny protokół nawadniania nie powoduje odwodnienia ani nie stymuluje 

uwalniania CTproAVP. Wydaje się, że u noworodków z WWS i ryzykiem przeciążenia krążenia płucnego można za-

stosować nawet bardziej restrykcyjny protokół nawadniania. Konieczna jest dłuższa obserwacja, z włączeniem okresu 

pooperacyjnego, aby otrzymać bardziej miarodajne dane na temat optymalnego nawodnienia i roli kopeptyny w  moni-

torowaniu wolemii. 

SŁOWA KLUCZOWE  

wrodzona wada serca, stan nawodnienia, noworodek, kopeptyna, efektywna osmolalność surowicy 

INTRODUCTION 

Hydration is an essential process to maintain the 

homeostasis of body water and electrolytes. The 

interplay of several hormones e.g. arginine vasopressin 

(AVP), natriuretic peptides, and the renin-angiotensin-

-aldosterone system ensures proper regulation of fluid 

intake and output, as well as protects healthy 

individuals against dehydration or fluid overload.  

In numerous clinical conditions, water balance is 

maintained by the infusion of a certain amount of 

different fluids, including nutritional substances and 

medications, while the output is stimulated by diuretics. 

In these cases, the interference in body homeostasis 

requires monitoring of the water balance and is 

supported by calculations of fluid requirement based on 

clinical data.  

Hypothetically, monitoring the changes in AVP may 

help to improve fluid balance management. 

Unfortunately, this substance is not a very grateful 

marker due to its instability and short lifetime [1]. 

Human pre-pro-vasopressin (1–164), known as 

copeptin (CTproAVP), is supposed to be more useful 

in laboratory measurements [2]. For the first time since 

it was mentioned more than forty years ago, but 

described precisely only in 2005 [3,4], CTproAVP 

seemed to be a better indicator of hydration, and 

analysis  of its concentrations in various  disease  states  

 

was started. However, the obtained results indicated 

that CTproAVP concentration is also influenced by 

other factors besides hydration, like stress, circulatory 

insufficiency, hypoxia or sepsis [4,5,6,7].  

Some researchers have studied the role of CTproAVP 

in evaluating circulatory status in pathological con-

ditions in adults, mainly in post-cardio surgery evalu-

ation [8,9]. CTproAVP in patients with various cardio-

vascular pathologies, including left heart failure was 

shown to be linked with higher mortality [1,10,11].  

Neonates with congenital heart defects (CHD) 

constitute a very special group of patients with car-

diovascular pathology. While in the adaptation period 

to extrauterine life, at the same time they experience the 

effects of abnormal circulation. Such patients’ fluids 

should be managed carefully due to the risk of 

pulmonary congestion. To protect the cardiovascular 

system against overload, moderate to restrictive fluid 

therapy and echocardiography (ECHO) evaluation are 

usually recommended and prescribed. 

The available routine laboratory parameters are not 

very useful to detect fluid overload. This makes the 

optimal fluid intake remain elusive and justifies the 

search for novel markers that enable fluid therapy with 

a minimized risk of overload.  

The study aimed to analyze the influence of the unit’s 

current protocol of fluid management in neonates with 

CHD on the physiological volume homeostasis 

measured with CTproAVP.  



A. Tarko et al.: COPEPTIN IN NEWBORNS WITH HEART DEFECT 

 

43 

MATERIAL AND METHODS  

The study included 10 neonates with CHD hospitalized 

in the Intensive Care and Neonatal Pathology Unit 

(neonatal intensive care unit – NICU) before cardiac 

surgery. All of them were born at term, without any 

signs or symptoms of perinatal distress and were 

suspected of heart malformation based on the prenatal 

evaluation, which was confirmed after delivery. Six 

patients were born by caesarean section and four by 

vaginal delivery. There was usually more than one 

cardiac pathology and a list of them is presented in 

Table I. The newborns were born in other perinatal 

units and transferred to our NICU by a neonatal 

emergency transport team in the first two days of life. 

According to the accepted unit protocol, the patients 

were placed under a radiant warmer and underwent 

clinical evaluation, including physical examination, 

cardiologic examination with ECHO, head and 

abdominal ultrasonography and laboratory tests. 

Biophysical monitoring of the basic parameters was 

introduced and the newborns were cared for and 

observed by NICU staff on a 24-hour basis. The clinical 

condition was estimated using the Neonatal 

Therapeutic Intervention Scoring System (NTISS) 

once a day, to objectify the assessment. Four of them 

presented symptoms of respiratory insufficiency and all 

except two received alprostadil (Prostin VR, 

prostaglandin E2). 

Table I. Cardiac defects diagnosed in study population, use of alprostadil, and cardiovascular and respiratory status in study population                              
Tabela I. Wady serca zdiagnozowane w badanej populacji, stosowanie alprostadilu oraz stan układów sercowo-naczyniowego i oddechowego  
w badanej populacji 

Case Cardiac defect 
Prostin VR 

(alprostadil) 
Cardiovascular 

status 
Respiratory status 

No 1 VSD with left to right shunt (hemodynamically 
significant), ASD II, HP 

no efficient moderate insufficiency (congenital 
pneumonia) 

respiratory support: nCPAP 

No 2 TGA, VSD, PFo, PDA yes efficient moderate insufficiency 

respiratory support: oxygen by nasal cannula 

No 3 dTGA, PFo, PDA  yes efficient insufficiency 

respiratory support: mechanical ventilation 

No 4 AS, DILV, TS, CoA yes efficient efficient  

No 5 IAA type B, hypoplastic aortic valve and 
ascending part of Ao, VSD, PDA 

yes efficient efficient  

No 6 IIA/tight CoA, AS, VSD, ASD II/PFo yes efficient efficient  

No 7 dTGA, CoA, AS VSD, ASD, PDA yes efficient efficient  

No 8 dTGA, VSD, ASD II/PFo, PDA, lower range of 
left ventricle dimensions  

yes efficient moderate insufficiency 

respiratory support: oxygen by nasal cannula 

No 9 PA+IVS HRHS, PDA, PFo/ASD II yes efficient efficient  

No 10  VSD no efficient efficient  

Ao – Aorta, AS – aortic stenosis, ASD – atrial septal defect, ASD II – atrial septal defect type II, CoA – coarctation of aorta, DILV – double inlet left ventricle, 
dTGA – dextro-transposition of the great arteries, HP – pulmonary hypertension, HRHS – hypoplastic right heart syndrome, IAA – interrupted aortic arch, 
nCPAP – nasal continuous positive airway pressure, PA+IVS – pulmonary atresia with intact ventricular septum, PDA – persistent ductus arteriosus, PFo – 
persistent foramen ovale, TS – tricuspid stenosis, VSD – ventricular septal defect 

The protocol enabled close monitoring and was a part 

of the preparation for cardiac surgery. Nevertheless, in 

the same way, the newborn was separated from its 

mother with all the consequences of this situation. Even 

though the mothers were encouraged to supply their 

children with breast milk, still, the separation was not 

a positive factor for stimulating lactation. Feeding was 

based on the provided mother’s milk or milk formula 

given by bottle or gastric tube if the newborn presented 

any symptoms of fatigue caused by suckling. An ad-

ditional amount of fluid was given with the intravenous 

infusion of alprostadil, usually at the rate of 1 ml per 

hour. During the observational period, the patients were 

monitored to evaluate their cardiorespiratory effi-

ciency, acid-base status and biochemical parameters 

(glucose, lactates, bilirubin), markers of infection, and 

a urine test. The serum samples remaining after those 

tests were used to perform copeptin evaluation, urine 

osmolality as well as to calculate the effective serum 

osmolality. The first evaluation was performed on the 

second or third day of life, and also on further days (4th–

–5th) if a blood sample was collected for clinical 

reasons.  

Two hundred term neonates hospitalized in a regular 

nursery served as the control. Blood samples in the 

healthy population were collected after 48 hours of life 

when routine screening tests were performed. 

CTproAVP evaluation was performed based on 

a separate study protocol with the aim to compare the 

CTproAVP concentration with ultrasound measure-
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ment of the diameter of the great vessels. The newborns 

in the control group were checked for brain or 

abdominal pathology by point of care ultrasonography 

visualization and enrolled only if the examination did 

not reveal any abnormality. The project was evaluated 

and accepted by the Bioethics Committee of the 

Medical University of Silesia and registered with the 

number KNW/0022/KB1/81/I/13. The newborns were 

enrolled in the study when their parents or legal 

guardians signed the formal consent. Participation in 

the observation did not influence the treatment 

protocol. 

The blood collected for copeptin evaluation (up to 

500 µL) was centrifuged, then the drawn serum was 

transferred to Eppendorf vials and stored frozen in  

-70°C up to 2 years. The CTproAVP concentrations 

were measured using the ELISA kit from USCN 

(Wuhan, China) with the intra-assay coefficient of 

variation < 10%, and the inter-assay coefficient of 

variation < 12%. Urine samples were collected when 

urinalysis was performed. Urine osmolality (UO) was 

determined by measuring the freezing point depression. 

Serum effective osmolarity was calculated using the 

formula: 2 x serum sodium concentration (mM/L) + 

serum glucose concentration (mM/L) – all the needed 

values were obtained from routine lab tests.  

Cardiology monitoring included physical examination, 

evaluation of the biophysical parameters (heart rate – 

HR, blood pressure – BP, capillary refill time – CRT, 

hemoglobin saturation with oxygen – SatO2, diuresis, 

fluid balance) and ECHO with routine measurements 

and calculations, in addition to Doppler imaging. 

Statistical analysis 

Statistical analyses were performed using the 

STATISTICA 13.0 PL for Windows software package 

(StatSoft Tulsa, OK, U.S.). The values are presented as 

means with 95% confidence intervals or medians with 

the interquartile range, as appropriate. To compare the 

groups, Pearson’s chi-squared test (qualitative 

variables) and Student’s t-test or the Mann-Whitney U 

test (quantitative variables) were used.  

In all the statistical tests, p values below 0.05 were 

considered statistically significant. 

RESULTS 

The study population did not differ statistically from 

the control group in gender distribution, mode of 

delivery or gestational age. The newborns with CHD 

presented a lower birth weight and 5-minute Apgar 

score, but still within the normal range of a good and 

stable clinical condition. The basic laboratory 

evaluation revealed the hematocrit, serum creatinine, 

glucose and sodium as normal values. The C-reactive 

protein (CRP) concentration was low, not indicating 

any significant inflammatory status.  

All except two patients were given alprostadil 

(prostaglandin E2). In four newborns there was a need 

for respiratory support. One patient presented 

symptoms of intrauterine infection and pneumonia and 

was given nCPAP (nasal continuous positive airway 

pressure) with quick improvement. Another patient 

presented symptoms of respiratory insufficiency in the 

form of frequent episodes of apnea, caused probably by 

alprostadil. The newborn was supported by intubation 

and mechanical ventilation changed very soon to 

nCPAP. The last two patients needed some oxygen 

provided by nasal cannula, and that moderate 

respiratory insufficiency was caused by an undefined 

perinatal infection. Except for one patient who needed 

respiratory support for apnea, there were no side effects 

of prostaglandin E2 observed in the study population. 

Fluid therapy 

Fluid therapy was based on enteral nutrition given by 

a bottle teat or gastric tube. Continuous venous infusion 

was given with alprostadil, and additional fluid 

according to clinical needs, based on physical 

examination (the risk of dehydration caused by 

increased water loss by the radiant warmer, 

intensification of jaundice, poor suckling). It was not 

possible to compare the amount of fluid given to the 

patients in the control group as they were healthy, 

mostly breastfed newborns. The recommended amount 

of fluid on the first day of life should not exceed 

60 ml/kg, and by a slow increase on the following days, 

is supposed to reach the volume of 150 ml/kg by the 

end of the first week of life. In the study group, the 

mean amount of fluid given on the first day of 

observation (which was usually the second day of life) 

was 91 ml/kg/day, while on the second day of 

observation (3rd to 5th day of life) it was 128 ml/kg/day. 

Serum and urine osmolality 

The effective serum osmolality and urine osmolality 

values were lower in the newborns with CHD. Those 

differences  were  significant and were also  maintained  

in the second measurement. The effective serum 

osmolarity did not exceed 290 mOsm/kg water. The 

urinary osmolarity was usually lower than the effective 

serum osmolarity and declined on the second day. The 

results of the measured parameters are presented in 

Table II. 
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Table II. Demographic factors and clinical status presented separately for study group and term healthy newborns (control); mean (95%CI) or median (1Q-3Q)M 
Tabela II. Czynniki demograficzne i kliniczne przedstawione osobno dla grupy badanej i zdrowych noworodków (kontrola); średnia (95%CI) lub mediana 
(1Q-3Q)M 

Parameters 
Congenital heart defect  

[N =10] 
Healthy neonates 

[N = 200] 
Statistical 

significance 

Gender (M/F) 6/4 100/100 ns 

Mode of delivery [CS/VD] 6/4 100/100 ns 

Gestational age (wks) 39 (38–40) 39 (39–39) ns 

Birth weight (g) 3197 (2729–3665) 3385 (3329–3442) ns 

Apgar 5’ (pts) 9 (8–10) 10 (10–10) < 0.05 

Day of life 2 (2–3) 3 ns 

NTISS 1st day (pts) 12 (8–16) – – 

NTISS 2nd day (pts) 13 (8–17) – – 

CRP 1st day (mg/dL)M 1.13 (0.4–2.5) – – 

CRP 2nd day (mg/dL)M 0.8 (0.5–1.65) – – 

Creatinine 1st day (mg/dL) 0.90 (0.73–1.07) – – 

Creatinine 2nd day (mg/dL) 0.66 (0.50–0.83) – – 

Glucose 1st day (mg/dL) 85 (71–98) 67 (65–68) < 0.001 

Glucose 2nd day (mg/dL) 83 (60–106) – – 

Sodium 1st day (mmol/L) 135 (130–140) 141 (140–141) < 0.001 

Sodium 2nd day (mmol/L) 136 (133–138) – – 

Hematocrit 1st day (%) 49.4 (44.6–54.2) 50.4 (49.6–51.2) 0.57 

Hematocrit 2nd day (%) 43.4 (39.2–47.7) – – 

Osmolality 1st day (mOsm/kg H2O) 275 (265–284) 285 (284–286) < 0.001 

Osmolality 2nd day (mOsm/kg H2O) 276 (271–282) – – 

CTproAVP 1st day (pmol/L)M 160 (117–249) 213 (114–281) 0.7 

CTproAVP 2nd day (pmol/L)M 115 (45–168) – – 

Urine osmolality 1st day (mOsm/kg H2O) 207 (133–283) 321 (303–339) < 0.01 

Urine osmolality 2nd day (mOsm/kg H2O) 156 (90–222) – – 

Fluids 1st day [ml/kg/day] 91 (73–109) – – 

Fluids 2nd day [ml/kg/day] 128 (105–150) – – 

Apgar 5’ – Agar score at the 5th minute of life, CRP – C-reactive protein, CS – caesarean section, F – female, g – grams, M – male, ns – not significant, 
NTISS – Neonatal Therapeutic Intervention Scoring System, pts – points, VD – vaginal delivery, wks – weeks 

 
Serum CTproAVP concentrations 

There were differences in the CTproAVP con-

centrations, though not statistically significant, 

between the study and control populations, with lower 

values in the CHD group. Moreover, the serum 

concentration of CTproAVP was stable during the 

second day, and only in two newborns the results of the 

CTproAVP measurements were over the reference 

values established in the controls (5th–95th percentile: 

305–1665 pg/ml).  

The cardiologic evaluation did not reveal any 

symptoms of cardiovascular distress in the 

observational period, with blood pressure within the 

normal range for age and sufficient diuresis. 

 

 

 

DISCUSSION 

The results of our observations made us realize that the 

protocol, considered restrictive, did not in fact result in 

the stimulation of CTproAVP. Unexpectedly, the 

CTproAVP concentrations, effective serum osmolality 

and urine osmolality in the study group were lower in 

comparison to routinely treated healthy newborns. The 

amount of fluid given to our patients was kept between 

the range recommended on the particular day of life 

[12]. Nonetheless, taking into consideration the 

underlying pathologies, we aimed for moderate 

hydration and not to overload the patients. Based on the 

serum  and  urine  osmolality, the results were  not par- 
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allel to our assumptions. There was no evidence for 

cardiovascular insufficiency, including pulmonary 

congestion, or fluid overload in ECHO imaging. The 

physicians who prescribed the nutrition and medication 

made some modifications in fluid intake based on 

physical examination and the current basic laboratory 

results. They did not use ECHO to evaluate the 

circulatory status, but that was done by consulting 

a  cardiologist on an everyday basis (usually once, if the 

clinical condition did not require otherwise). The 

nursing staff was allowed to give an additional small 

amount (a few milliliters) of mother’s milk or formula 

if the newborn was showing any symptoms of hunger. 

As all the study patients were born at term, they should 

be fed on demand, if they were staying with their 

mothers [12].  

In conclusion, the amount of fluid the test group of 

newborns received, which – based on the osmolality 

and CTproAVP measurements – resulted in greater 

hydration than in the healthy newborns constituting the 

control group. On the other hand, those healthy 

newborns were mostly only breastfed, with no 

additional fluids. Those controls were kept in regular 

neonatal beds with no additional heating. No 

medications were given to them, nor was any (only 

basic care) medical procedure performed. They even 

presented jaundice, which was regarded as 

a physiological symptom and effected only by more 

dedicated breastfeeding. The knowledge that our 

patients with CHD were at risk of being overloaded 

with fluids (they did not, however, show any clinical 

symptom of overload) is not reassuring for us and raises 

the important question about the ward clinical 

management.  

It also raises some questions about the possible long- 

-term effects, including the response of the body to 

surgery and stress. It is tempting to reduce the amount 

of fluid by controlling the studied parameters, but one 

may ask how sure we are that the indicated values of 

copeptin should be taken into account when making 

clinical decisions.  

There are evident lower values of sodium and 

hematocrit than in the term healthy population. That is 

why low effective serum osmolality and low urine 

osmolality seem to be natural consequences [13]. 

CTproAVP is, on the other hand, a relatively new 

marker, but being a surrogate for AVP informs about 

one of the basic and important regulatory mechanisms 

of blood volume. Worth noting are other factors 

affecting its value like stress, hypoxia, sepsis or 

circulatory insufficiency.  

CTproAVP assessed in adolescents was elevated in 

primary hypertension and correlated not only with 

higher values of systolic and diastolic pressure but also 

with markers of metabolic status such as body mass, 

body mass index or triglycerides [14]. Further research 

was done by Nickel et al. [10], who compare the 

copeptin concentration with other markers of 

cardiovascular status and renal efficiency (creatinine, 

glomerular filtration rate – GFR) in adults suffering 

from pulmonary arterial hypertension (PAH). The 

authors were able to confirm a correlation between 

CTproAVP and the parameters of disease severity, but 

not with hemodynamics. Nevertheless, the copeptin 

levels decreased when PAH treatment was initiated. 

They suggested an interesting explanation for elevated 

CTproAVP, as a result of neurohormonal stimulation, 

which also caused volume overload. In such a situation, 

copeptin would not be responsible, at least not alone or 

to a significant extent, for volume overload and 

symptoms of right heart strain. Both papers suggest the 

existence of other factors that play an important role in 

the body’s regulatory mechanisms.  

Another possible role of copeptin – as a marker of 

endogenous stress – has been analyzed mainly in 

connection with sudden cardiac episodes, like acute 

myocardial infarction (AMI). This entity is considered 

to be very painful, but the response to pain stimulus is 

individually different, and this can be evaluated by 

measuring CTproAVP – one of the main regulating 

factors of the hypothalamic-pituitary-adrenal axis 

[7,13,15]. Reichlin et al. [16] described the pattern of 

CTproAVP release in AMI patients, pointing to a very 

fast increase in marker concentration parallel to the 

occurrence of chest pain. These data were used in 

a project by Chenevier-Gobeaux et al. [17], who proved 

that CTproAVP could be an important element in 

a panel of markers used to exclude AMI. Dedic et al. 

[18] sought a correlation between copeptin concen-

tration and the clinical situation of increased risk for 

AMI: acute coronary symptoms (ACS) and coronary 

artery disease (CAD). Importantly, all the ACS patients 

(diagnosed finally with myocardial infarction or 

unstable angina pectoris) presented an elevated 

CTproAVP concentration, while patients with CAD 

had a higher copeptin level only in symptomatic cases 

(ACS). These findings also support the role of copeptin 

as a stress marker. Undoubtedly, copeptin together with 

AVP and cortisol are secreted in response to life- 

-threatening events, and AMI is one of them [18]. There 

is, however, a possibility that the basic pathologic 

mechanism of copeptin release is connected to the 

stimulation of baroreceptors in response to cardiac 

damage, and subsequent underfilling of heart ventricles 

[19]. Degenerative aortic stenosis, another damage 

condition, according to the authors correlated with 

a rise in the CTproAVP concentration [20]. It is 

difficult to compare these findings with our results as 

the diagnosed heart defects did not cause any cardiac 

damage at the time of the observation. Our patents did 

not present any heart failure nor any signs of 

cardiovascular insufficiency either, which is the other 

important clinical condition widely described in 

connection to elevated serum copeptin [19,21]. Stress 
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as a releasing factor of copeptin was also mentioned by 

Katan et al. [22], who described patients with ischemic 

shock and a higher copeptin level.  

Comparing the CTproAVP values in the above- 

-mentioned cases with the results we obtained, there 

was an evidently higher concentration in the newborns 

than in adolescents or adults. The presented reference 

range of CTproAVP (5th–95th percentile) was quite high 

indeed in comparison to the ranges observed in adult 

cohorts. Notwithstanding, other authors also reported 

values of CTproAVP in infants significantly different 

from those measured in older patients [23,24,25]. The 

pathophysiological explanation of the difference is not 

clear as not all the factors influencing the CTproAVP 

concentration have been described and not in 

a complete way. This may suggest that direct 

comparison of these two populations is not easy and not 

all experiences gained from adult studies can be 

extrapolated to newborns.  

The search for medical articles dealing with the 

cardiosurgical aspect in the pediatric population was 

not very fruitful. Perez-Navero et al. [23] analyzed 

a group of pediatric patients undergoing cardiac 

surgery and looked for biomarkers of low cardiac 

output syndrome (LCOS). Even though copeptin was 

not indicated as a key prognostic parameter, still, it was 

noticed that initially (just after the surgery) the 

newborns who did not develop an inadequate heart 

minute volume were characterized by higher 

CTproAVP values, and the CTproAVP concentrations 

decreased in subsequent evaluations. Other patients 

who presented LCOS had an increased copeptin level 

only at one point in time, two hours after surgery. It is 

not clear if the initial rise in CTproAVP in the non- 

-LCOS group was caused by stress or lower hydration 

and higher osmolality.  

A recent Polish study regarding community-acquired 

pneumonia in children showed that CTproAVP was 

significantly higher in the group of ill children in 

comparison to healthy controls [26]. A relation between 

the stage of severity and CTproAVP concentration 

could not, however, be found. Regarding respiratory 

support applied in some of our patients, we may suspect 

that the fact of respiratory distress increased the 

CTproAVP values, but still it cannot be an explanation 

when compared to the CTproAVP reference ranges in 

the healthy controls. 

When analyzing factors of the possible influence on 

CTproAVP, renal functioning and sodium concen-

tration also have to be considered. It is known that the 

CTproAVP level increases if there is a high sodium 

concentration  and  serum  osmolality, and low  volemia  

[4]. On the contrary, a low sodium concentration and at 

least a sufficient blood volume correlate with a rela- 

tively low copeptin level. These were the findings in 

our study population. It should be noted that a low level 

of stress did not cause any additional CTproAVP 

release. Nonetheless, it would be of interest to continue 

our observation and check the CTproAVP concentration 

after cardiac surgery, with the possible input of 

perioperative stress. In such a case, a nonosmotic (but 

due to pain and anxiety) cause of AVP and CTproAVP 

release could be observed [27]. Maintaining an optimal 

fluid balance would be crucial, but the administration 

of hypotonic fluids is not justified in this situation.  

In summary, back to our study population, we looked 

at the possible factors of copeptin release and could 

exclude cardiovascular insufficiency (echocardiography 

monitoring), hypoxia (saturations in normal ranges), 

pain (no symptoms) and only in three patients there 

were moderate symptoms of intrauterine infection 

(negative blood cultures). We may speculate that the 

lower copeptin concentration in comparison to the 

healthy newborns was mostly shaped by a lack of stress 

factors and sufficient hydration, on the border of 

overhydration when considering sodium serum 

concentrations.  

We recognize some indisputable limitations of our 

work, mainly the small size of the study group and the 

heterogeneity of the study population. Every case of 

complicated CHD is literally individual, therefore 

comparison between them is difficult. Additionally, 

other factors such as respiratory support or infections 

may affect volume sensing and release of the hormones. 

Due to the small size of the studied group, we cannot 

draw any strong conclusions and we consider the 

results as preliminary data. Nevertheless, there is 

a potential possibility to lower the fluid input in new-

borns with CHD under close monitoring of traditional 

and novel markers of blood volume. Longer obser-

vations and less liberal hydration in the perioperative 

period could potentially provide reliable information 

on optimal fluid management in this group of patients 

and elucidate the role of CTproAVP in blood volume 

control. 
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