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Plasma Copeptin asaPrognostic Marker in Children with Heart Failure

AlyaaAhdy Abdelaziz,! Ahmed Anwer K hattab,! M ohammed Hossam Abdelmaksoud,!
Ramy M ohamed Ghazy,2 Ahmed Noaman3

IFaculty of Medicine, Menoufia University, Menoufia, Egypt
2High Ingtitute of Public Health, Alexandria University, Alexandria, Egypt
SPediatrics Department, Pediatric Critical Care Unit, Faculty of Medicine, Mansoura University, Mansoura, Egypt

ABSTRACT

Objective: To investigate the role of plasma copeptin in predicting mortality in children with heart failure (HF) in addition to poor
outcomes, including sepsis, multiorgan dysfunction syndrome, need for mechanical ventilation, and duration of stay in the pediatric
intensivecareunit.

M ethods: Thisdiagnostic study included 76 children aged 1 month to 16 yearswho were hospitalized with congenital or acquired heart
diseasewith HF, and an age- and gender-matched control group of 65 healthy children. Plasmacopeptin level wasevaluated within 24
hours of admission. Patient with HF were classified into quartiles according to copeptin levels.

Results: The median plasma copeptin level (pmol/L) was significantly higher in children with HF compared to the healthy children
(16.8vs8.0; P=0.001). Patientswere classified into quartiles according to their plasmacopeptinlevel asfollows; Q1, plasmacopeptin
level < 7.60 pmol/L; Q2, plasma copeptin level 7.60-10.75 pmol/L; Q3, plasma copeptin level 10.76-17.70 pmol/L; Q4, plasma
copeptinlevel >17.70 pmol/L. The Pediatric Risk of Mortality 111 (PRISM 111) score and inotropic scoreswere significantly different
among the quartiles of copeptinlevelsin HF (P = 0.001 and 0.003, respectively). A higher proportion of patientswho devel oped sepsis
and MODSwereinthefourth quartile (P =0.001 and 0.022, respectively). All mechanically ventilated children werealsointhefourth
quartile. Plasmacopeptin level of 35.5 pmol/L had asensitivity of 72% and aspecificity of 92.5% to predict mortality in childrenwith
HF (AUC=0.72, P=0.046).

Conclusion: Plasmacopeptinisanovel biomarker for the early prediction of mortality and poor outcomesin children with HF.
K eywor ds: Argininevasopressin, Brain natriuretic peptide, Congenital heart disease, Mortality, PICU
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INTRODUCTION reliable biomarker in HF due to its short haf-life and
pulsatile release resulting in fluctuating plasma levels.
Additionally, morethan 99% of thecirculating AV Pbinds
to platelets and is cleared from the bloodstream. Plasma
copeptin, derived from the C-terminal portion of pro-AVP,
isreleased in equal amounts as vasopressin and therefore

may act asitssurrogate marker. It offersenhanced stability

Heart failure (HF) in children can result from various
factorssuch ascongenital heart diseases (CHDs), acquired
heart diseases such as viral myocarditis, metabolic
disorders, pulmonary diseases, anemia, collagen diseases,
and certain medications [1]. HF involves disruptions in

hemodynamics and neurohormonal regulation [2]. Few
biomarkers can aid the diagnosis of HF in children with
atypical symptoms [3]. Troponin and brain natriuretic
peptide (BNP) have been approvedto aid diagnosis of HF,
but their use in children is limited [4]. Arginine
vasopressin (AVP) is released in circulation to regulate
plasma osmolality and regulate the systemic vascular
resistance and cardiac output. However, AVP is not a
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compared to vasopressin, with serum concentrations
measurablewithin an hour of symptom onset [5].

Among the established biomarkers such as BNP and
N-terminal-pro-BNP, plasma copeptin has been widely
investigated intheadult population[6, 7], and it hasshown
superiority asadiagnostic biomarker of HF in adultsby its
utility for predicting long-term clinical outcomesand all-
cause mortality in heart failure [8, 9]. In addition, raised
plasma copeptin level is involved in the diagnosis of
pediatric conditions, including pneumonia, nocturnal
enuresis, traumatic brain injury, and CHDs accompanied
by pulmonary hypertension [10], and metabolic syndrome
[11].
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The primary objective of thisstudy wasto investigate
the role of plasma copeptin in predicting mortality in
children with HF, and its relation with poor outcomes
including sepsis, multiorgan dysfunction syndrome
(MODS), the need for mechanical ventilation (MV), and
the duration of stay in the pediatric intensive care unit
(PICU).

METHODS

This diagnostic study was conducted in the pediatric
intensive care unit (PICU) of Menoufia University
Hospital, Menoufia, Egypt, from January 1, 2020, to
February 28, 2021. The study was approved by the
Institutional Review Board.

Thestudy included children aged 1 month to 16 years
admitted in the PICU with HF due to congenital or
acquired heart diseases. Children with other comorbidities
such as malignancy, sepsis, metabolic syndrome, central
nervous system disorders (such as meningoencephalitis,
and stroke), diabetesinsi pidus, and diabetes mellitus, were
excluded. Anacther group of age and sex matched healthy
children who visited the outpatient clinics for minor
conditions was considered as the control group. Written
informed consent was obtained from the guardians of all
participants.

A comprehensive patient history was recorded, and a
thorough clinical examination was performed to determine
the underlying cause of HF. Clinical signs of HF were
evaluated, with the Pediatric Risk of Mortality I11 (PRISM
I11) score at admission to the PICU. The inotropic score,
vital signs, and anthropometric measurements were also
recorded. Thediagnosisof HF wasmadebased on clinical
criteria, like difficulty in feeding, cyanosis, and
diaphoresis in infants and young children and fatigue,
shortness of breath, and exercise intolerance in older
children. In addition, signs of HF such as tachypnea,
tachycardia, congested neck veins, tender hepatomegaly,
combined with radiological findingsof cardiomegaly and
plethoric lungs were also considered [12]. At the time of
admission and after stabilization, echocardiography was
performed by acardiologist to assessthe cardiac function
and determine the etiology of HF, using a Philips
ultrasound machine with 2-3 and 8-MHz probes. 2D, M
mode, and Doppler were used to diagnose the type of
CHD. By acquiring 2D images and using M mode, left
ventricular systolic function was assessed viathe Teichon
method, including |eft ventricular end-diastolic and end-
systolic diameters, gjection fraction (EF%), and fraction
shortening (FS%).

Venous blood samples were obtained for routine
investigationsincluding hemoglobin, renal function, liver
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enzymes, C-reactive protein, serum electrolytes, and
troponin levels. Blood samples for copeptin estimation
were collected within 24 hours of admission, sera
separated and stored at -20 to -80°C until laboratory
analysis. Plasma copeptin level was measured using a
commercialy available immunoluminometric assay
(B.RA.HM.S. LUMI test CT-proAVP, B.RA.H.M.S.
AG Hennigsdorf, Berlin, Germany). The plasmacopeptin
concentration in each sample was determined by
comparing the optical density of the sample with a
standard curve. Patients with HF were classified into
quartiles according to their plasma copeptin level. All
participants were followed up until discharge from the
PICU or death.

Using MedCalc version 14.8., the minimum required
sample size was 62 patients with HF based on the
assumptionsof 70% discrimination for long-term clinical
outcomes (composite of all-cause death and re-admission
for HF) using plasma copeptin, at 80% power and 95%
confidenceinterval [9].

Satistical analysis. Datawere analyzed using Statistical
Package for the Social Sciences (SPSS) version 26.
Normality was assessed using visual inspection of Q-Q
plot and histogram, further assessment was done using
Shapiro-Wilk test. Continuous variables were described
using mean and standard deviation or median with
interquartilerange (IQR), depending on their distribution
pattern and compared between the children with and
without HF using student’s t test or Mann-Whitney test,
respectively. Categorical variables were presented as
numbersand percentages and compared using Chi-square
test or Fisher's exact test. Kendal’s tau-b correlation
coefficient was used to assess the association between a
numerical e.g; hemoglobin and an ordina variable e.g;
plasma copeptin quartiles. To determinethe optimal cutoff
level for plasma copeptin level for predicting mortality
outcomes (death or survival), a receiver operating
characteristic (ROC) curve was plotted. The other
measures of diagnostic accuracy like sensitivity and
specificity were also calculated. P value < 0.05 was
regarded as statistically significant.

RESULTS

This study tested 152 children (76 each with and without
HF) withamedian (IQR) age of 36 (12, 60) monthsfor the
HF group and 36 (15, 60) monthsfor the control (without
HF) group. Parents of 11 participants withdrew their
children from the control group after initial consent.

The most common etiology of HF was CHD (30/76)
andtoxic (28/76). Themost frequent reason for admission
to the PICU was pneumonia(n = 35; 46.05%), congestive
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HF (n=32; 42.11%), viral myocarditis(n=5; 6.58%), and
lupus with acute kidney injury (n = 4; 5.26%); none of
them required renal dialysis. The median (IQR) ejection
fraction (%) was 35 (30, 37). The echocardiographic
findings were atrioventricular septal defect (n = 15;
19.73%), atrial and ventricular septal defect (n = 7;
9.21%), ventricular septal defect (n = 3; 3.94%),
transposition of the great arteries (n= 4; 5.26%), tetralogy
of Falot (n = 3; 3.94%), and cardiomyopathy (n = 10;
13.16%). Themedian (IQR) plasmacopeptinlevel (pmol/
L) wassignificantly higher in children with HF compared
to healthy children [16.8 (11.15, 27.93) vs 8 (7, 19); P =
0.001].

Thetwo groupsweredivided into quartiles according
totheir plasmacopeptinlevel. Among childrenwithHF, a
higher proportion of childrenwasfoundinthird and fourth
guartile. None of the children inthe control groupwerein
fourth quartile, P=0.041; Fig. 1.

Plasma copeptin level did not show a statistically
significant difference between children with different
etiologiesof HF, Tablel. Theother laboratory parameters
werecompared among children with HF as per thequartile
of plasmacopeptinlevel asshownin Tablell. Themedian
(IQR) plasma copeptin level was similar in children with
(n=35) and without pneumonia[14.7 (9.7,29.1) and 18.2
(12.4,24.6); P=0.549]. Plasmacopeptin level washigher
in eight children who succumbed than those who survived
[38.2(14.5,73.0) and 16.0 (11.2, 24.9); P =0.046].

The distribution of children with HF for different
clinical parameters as per quartiles of plasma copeptin
level isshowninTablelll. Themedianduration of stay in
the PICU was 8 days, therewas no statistically significant
difference between the quartiles (P = 0.063). Using a
plasma copeptin cutoff level of > 35.5 pmol/L, the
sensitivity was 72% and the specificity was 92.5% for
predicting mortality inchildrenwithHF (AUC=0.72,P=
0.046); Fig.2.

Plasma copeptin (pmol/L) (Quartiles)

Fig. 1 Distribution of children with heart failure and controlsas
per quartilesof plasmacopeptinlevel
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DISCUSSION

This study explored the role of plasma copeptin as a
diagnostic and prognostic biomarker in children with HF.
Studiesin adults have shown an el evated plasmacopeptin
level in patients with HF compared to healthy controls,
mirroring the findings of this study [6, 7, 13]. This study
reported significantly higher level of plasma copeptinin
childrenwith HF compared to healthy controls, regardless
of the cause, which alignswith an earlier study inchildren
[14]. In another study, the plasma copeptin level was
significantly elevated in children with cardiomyopathy-
induced HF compared to the control group [15].

Unlike somepreviousstudies, the current study did not
report higher plasma copeptin levels in pneumonia [16,
17]. Plasma copeptin level showed a significant positive
correlationwith PRISM 111 and theinotropic score, likely
duetothe activation of neurohormones, including AV R, in
response to changes in plasma osmolaity and blood
volume. Elevated plasmacopeptin levelsindicate adverse
hemodynamic conditions and an unfavorable prognosisin
patientswithHF [6], andin adultswith HF [18].

Some studies in adults have shown that plasma
copeptin and AVP are significantly increased in patients
with sepsisand septic shock [19, 20]. Rena dysfunctionis
more prevalent in patientswith HF when plasmacopeptin
level iselevated [21]. Plasmacopeptinlevel increasesasa
neurochormonal response to hypovolemia, and loss of

ROC Curve

AUC=0.72
Sensitvity=0.72

Specificity=92.5

o8

Sensitivity

00 0.2 0.4 0‘6 O-B 10
1 - Specificity

Fig 2. Receiver operating characteristic curve to determine
plasmacopeptin level to predict mortality in children with heart

failure
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Table | Plasma Copeptin Level in Children With Heart Failure dueto Varying Etiology (n = 76)

Etiology of heart failure Plasma copeptin level (pmol/L)? Quartile wise distribution, n (%)
Q1 Q2 Q3 Q4
(n=10) (n=8 (=23 (n=35)
Toxic (n=28) 15.15 (9.73, 19.05) 3 (10.7) 5 (18) 9 (32) 11(39.3)
Congenital heart diseases (n = 30) 18.30 (10.75, 33.60) 6 (20) 1(3.3) 7(3.7) 16(53.3)
Cardiomyopathy (n= 10) 14.80 (12.88, 22.03) 0 1 (10) 5 (50) 4 (40)
Myocarditis (n = 5) 25.50 (11.20, 31.50) 0 1 (20) 1 (20) 3 (60)
Hypertension (n = 3) 17.10 (6.60, 19.10) 1(33.3) 0 1(33.3) 1(33.3)

Data expressed as 2median (IQR); P value = 0.90
Plasma copeptin level (pmol/L) Q1 < 7.60, Q2 7.60 — 10.75, Q3 10.76 — 17.70, Q4 >17.70

Tablell Laboratory Findingsin Children With Heart Failure Based on Plasma Copeptin L evel

Variables Total Plasma copeptin (pmol/L) (Quartiles) CC Pvalue
(n= 76) Q1 (n= 10) Q2 (n=8) Q3(n=23) Q4(n=35)
Hemoglobin (g/L) 12(11,13) 125(11.2,133) 12(105 12.4) 12(11.513) 12(104,13) -0.7  0.440
Creatinine(mg/dL)  0.8(0.7,1) 0.8(0.7,0.8) 0.9 (0.7, 2.5) 0.9 (0.7, 1) 0.8(0.7,1) -0.1 0.868
CRP (mg/L) 12 (5, 24) 12 (9, 18) 12 (6, 21) 12 (4, 18) 18 (8, 36) 01 0084
AST (U/L) 40 (33,45)  39(35, 46) 33.5 (30, 46) 40 (33, 45) 40 (34, 50) 0.1 0.338
ALT (U/L) 30(25,37)  31(30, 38) 24.5 (21, 32) 30 (25, 36) 30 (25, 38) 0.1 0.876
K (mEg/L) 45 (4,5) 49 (4.5, 5) 44(36,56) 46(4.2,5) 42 (4,4.8) -01 0164
Ca(mg/dL) 8.6(8,9) 9 (8.4, 9.5) 8.6 (8.1, 8.9 85(8,9) 85(8,9 -0.1 0.410
Na (mEg/L) 2 139.4 (5.4)  141.4 (3.8) 138.3 (6.3) 139.3 (4.6) 139.2 (6) -01 0344
PRISM III 15(12,20) 14 (10, 17) 14 (11, 18) 12 (11,15) 20 (15, 25) 04  0.001
Inotropic score 2 6.1 (1.3) 5.6 (0.84) 5.6 (0.71) 5.4 (0.9) 6.6 (1.65) 03  0.003
Troponin (ng/mL) 45 (3, 6) 4.3(3.6,7.1) 4.4 (3.4,5.8) 3.6 (3, 4.6) 5(3,9) 0.1 0.237

Data expressed as median (IQR) or 2mean (SD)

Plasma copeptin level (pmol/L) Q1 < 7.60, Q2 7.60 — 10.75, Q3 10.76 — 17.70, Q4 >17.70

ALT Alanine aminotransferase, AST Aspartate aminotransferase, Na Sodium, Ca Calcium, CC Correlation coefficient, CRP C-reactive pro-
tein, K Potassium, PRISM Pediatric Risk of Mortality

Tablelll Plasma Copeptin Level in Children with Heart Failure Based on Outcome

Outcomes Plasma copeptin (pmol/L) P value
Total (n= 76) Ql(n=10) Q2(n=8) Q3("N=23) Q4(n=23H

Mortality 8 (10.5) 1(12.5) 1(12.5) 0 (0.0 6 (75) 0.214

MODS 17 (22.4) 1(5.9) 2 (11.8) 1(5.9) 13 (76.5) 0.022

Sepsis 23 (30.2) 1(4.3) 1(4.3) 2(8.7) 19 (82.6) 0.001

MV 10 (13.2) 0 (0.0 0(0.0) 0 (0.0 10 (100) 0.005

PICU stay (days)? 8 (7, 10) 7.5 (7, 8) 8(7.25,9) 8(7,9) 9(7,11) 0.063

Data expressed in n (%) or @ median (IQR)
Plasma copeptin level (pmol/L) Q1 < 7.60, Q2 7.60 — 10.75, Q3 10.76 — 17.70, Q4 >17.70
MODS Multiorgan dysfunction syndrome, MV Mechanical ventilation, PICU Pediatric intensive care unit.
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WHAT THIS STUDY ADDS?

* Plasma copeptin is a novel biomarker in children with heart failure that predicted poor outcomes and mortality.

vascular tone, which are the mechanisms of sepsis
development [19,22]. However, in this study, since the
samples for plasma copeptin estimation were extracted
before the development of sepsisand MODS, we did not
report any association of sepsis or MODS with higher
plasmacopeptinlevels.

We observed that plasma copeptin level was
significantly higher in children who required mechanical
ventilation (MV) thaninthosewho did not, consistent with
the results of an earlier study [9]. Elevated plasma
copeptin level after cardiac surgery was associated with a
prolonged stay intheintensive careunit, alonger duration
of MV, anincreased requirement for inotropic support, and
ahigher incidence of complications[23].

Higher plasmacopeptinlevel swere seeninthosewho
succumbed in this study, as seen earlier [24]. The
prognostic value of plasma copeptin in predicting poor
outcomes in children with CHDs and pulmonary
hypertensionisalso supported [25].

This study had some limitations including a short
duration of follow-up. Further, plasma copeptin levels
were measured only once; serial assessment of copeptin
levelsand itsassociation with other clinical and laboratory
findingswas not studied. Confounderslikevolumestatus,
fluid balance, renal function, and medications, such as
diuretics, which caninfluence plasmacopeptin levelswere
not adjusted. This study evaluated plasma copeptin to
predict mortality and poor outcome, rather than its
diagnostic ability in children with HF and did not compare
plasma copeptin with other routinely used biomarkers
such astroponin and pro-BNP.

We conclude significantly higher plasma copeptin
level in children with HF than in thosewithout HF that was
strongly associated with mortality and poor outcomes such
assepsis, MODS, and prolonged duration of MV.
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