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ABSTRACT

Background: Dilated cardiomyopathy (DCM) is considered a potential reason
for heart failure in children. Serum copeptin level is utilized as a marker in
different cardiovascular diseases, where copeptin level was observed to be
increased with increasing severity of cardiovascular diseases. This study aims
to assess the value of serum copeptin level in dilated cardiomyopathy in
pediatrics. Methods: The present study was a case-control study involved 25
cases diagnosed as dilated cardiomyopathy and 25 patients diagnosed as
control group. All children included in this study were subjected to full clinical
examination and laboratory investigations which include CBC, CRP, Renal
Function Tests and serum copeptin level by ELISA. Results: There was
statistical significance increase in CRP and copeptin among the studied groups.
Regarding heart failure, 60% had acute HF and 48% were stage 1l according to
Ross classification. Copeptin level significantly correlate with severity and
outcome of dilated cardiomyopathy, so it increased in cases with acute HF and
dead cases and decrease among cases that had Ross Il HF. The sensitivity of
copeptin at cutoff value of 11.06 in diagnosis of dilated cardiomyopathy was
100%, specificity was 100% and the accuracy was 100%. Our results show
that the sensitivity of copeptin at cut off 36.13 in prediction of death was
83.3%, specificity was 88.9% and the accuracy was 88%. Conclusion:
Copeptin marker has a clinical use in HF and elevation of their levels is
correlated with severity of heart failure.
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INTRODUCTION

Cardiomyopathy is redesigning in the

structure and function of the myocardium,
which weaken myocardial performance and it is
viewed as one of the hazardous health problems
which  causes  clinical  heart failure.
Cardiomyopathies might be clinically analyzed
in heart only or they might be identified with
other non-cardiovascular diseases, in either
cases they influence cardiovascular system and
cause cardiovascular death or progressive heart-
failure related inability [1].
Cardiomyopathy Previously was divided into
“hypertrophic,  dilated, and  restrictive

cardiomyopathies”, but recently researchers are
more interested in dividing it into anatomic
designations (hypertrophic and dilated) and
functional one (restrictive) ™.  Dilated
cardiomyopathy (DCM) is the most well-
known type in children and a potential reason
for heart failure [2].

AVP, copeptin, and other vasopressinergic
neuropeptides levels are raised in acute stress
caused Dby pathological conditions, like
cardiomyopathy which increment vascular
congestion. Clinical utilization of AVP levels
has numerous weaknesses. Copeptin can act as
a replacement because of its molecular stability,
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easier testing methods, and faster results [3].
Copeptin is a 39-amino acid glycopeptide that
includes the C-terminal part of the Arginine
Vasopressin Precursor (CT-proAVP), it has
been demonstrated to be stable, dependable and
sensitive surrogate marker for AVP release and
it is one of the most important hormones in the
human body [4]. Copeptin levels can be
effectively determined in an hour, perfect for
both HF and emergency setting.

Copeptin assessment has been demonstrated to
be of interest in a variety of clinical indications.
Copeptin level was useful in different, clinical
indications, including the diagnosis of diabetes
insipidus and the monitoring of sepsis and
cardiovascular diseases such as
cardiomyopathy, heart failure, myocardial
infarction, stroke and congenital heart disease
[5]. Serum copeptin level is recently utilized as
a marker in different cardiovascular diseases,
where copeptin level was observed to be
increased  with  increasing  severity  of
cardiovascular diseases [6].

This study aims to assess the value of serum

copeptin level in dilated cardiomyopathy in
pediatrics and to find if any relation is present
between copeptin level and severity of heart
failure in children who have dilated
cardiomyopathy.
METHODS

A prospective case-control study was carried
out at Pediatric Department and Clinical
Pathology Department, Zagazig University
Hospitals in the period from December 2017 to
September 2018. Approval for the study was
obtained from the Research Ethics Committee,
Faculty of Medicine, Zagazig University. The
work has been carried out in accordance with
The Code of Ethics of the World Medical
Association  (Declaration of Helsinki) for
studies involving humans. All subjects have
agreed to participate in the study and written
consent was taken from their parents.

Fifty infant and children patients were
incorporated into this investigation after taking
written consent. They were divided into two
ages and sex matched groups: Group I:
involved 25 infant and children patients who

act as patients with dilated cardiomyopathy.
This disease is diagnosed by its characteristic
findings on clinical examination and laboratory
tests. Group II: includes 25 infant and children
patients who serve as healthy control group.
Inclusion Criteria: Patients with Age from one
month to 18 years old and the patients with
proven DCM by echocardiography.
Exclusion Criteria: Patients who had any of
the following conditions: Below one month or
above 18 years old, have diseases with elevated
copeptin level (renal diseases, congenital heart
diseases, heart failure without cardiomyopathy,
acquired heart disease, or rheumatic heart
disease), 2ry Cardiomyopathy due to chronic
diseases (end stage renal disease, chronic
hemolytic anemia, and iron over load), other
types of cardiomyopathies (hypertrophic CM,
restrictive CM, and others), and patients who
refuse to participate in the study.

All patients incorporated into this investigation

will be exposed to the following:

Full history taking including:

Personal history: Name, Age, Sex, birth
welght and length of disease.

- Complaint: Symptoms of heart
disappointment (hack, dyspnea, repetitive
chest contamination, hemoptysis, chest
wheeze ...).

- History of present diseases: Incidence of
disease, duration of illness and anti-failure
drugs received (number, types, doses and
duration).

- Past history of disease,
operation.

- Family history.

. Full clinical examination:

General examination: Level of

consciousness, complexion, built and

decubitus with attention to dysmorphic
features, mentality, neuromuscular system,

GIT, endocrine and renal system affection to

detect any evidence of metabolic cause.

2. Vital signs: including temperature, heart
rate, respiratory rate, blood pressure, edema,
cyanosis, pallor or congested pulsating neck
veins.

medication

=0
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3. Anthropometric  measurements  (weight,

length and body surface area).
4. Assessment of heart failure severity

according to ROSS classification [7].
I11. Laboratory investigations:
Complete blood count (CBC) by Sysmex XN-
2000 (Siemens, Japan): Hemoglobin
concentration. Total leucocyticcountneutophils
lymphocytes platelets count capsular reactive
protein (CRP) by Cobas 8000 (Roche
Diagnostics, Germany), and serum copeptin
levels by enzyme-linked immunosorbent assay
(ELISA) [8].
IV. Statistical Analysis
The collected data were computerized and
statistically analyzed using SPSS program
(version 18.0.) Qualitative data were
represented as frequencies and relative
percentages. Chi square test was used to
calculate  difference  between qualitative
variables. Quantitative data were expressed as
mean * SD (Standard deviation). Independent T
test was used to calculate difference between
quantitative variables in two groups in normally
distributed data. Mann Whitney (MW) test was
used to calculate difference  between
quantitative variables in 2 groups in not
normally distributed data. Pearson correlation
coefficient used to calculate correlation
between quantitative variables.
Receiver operating characteristic (ROC) curve
analysis was used to identify optimal cut-off
values of different parameters with maximum
sensitivity and specificity for prediction of the
outcome. Accuracy is measured by the area
under the ROC curve. An area of 1 represents a
perfect test; an area of 0.5 represents a
worthless test. The significance Level for all
above mentioned statistical tests done. The
threshold of significance is fixed at 5% level
(P-value).

RESULTS

The present study was a case-control study
designed to assess the value of serum copeptin
level in children who have dilated
cardiomyopathy (DCM). We took 25 cases
diagnosed as DCM at Cardiology Unit,
Paediatrics Department, Zagazig University

Hospitals and compared them with 25 healthy
children.

Our results show that there were no statistical
significance differences between the studied
groups (cases and control) as regard to age, sex
but there was statistical significance decrease in
weight & BMI among cases group compared to
control group. Also, 32% of the studied group
(cases only) had +ve family history (Table 1).
The results exhibited that there was statistical
significance increase in temperature, heart rate
(HR), respiratory rate (RR) and systolic blood
pressure (SBP) and decrease in diastolic blood
pressure (DBP) among the studied groups
compared to control (Table 2).

Our results appeared that the most frequent
symptoms among cases were dyspnea and
cough (100% & 32%, respectively) (Table 3).
Our results recorded that the disease duration
ranged from 1 to 43 months with mean 9.08
months. Regarding heart failure, 60% had acute
HF and according to Ross classification 48%
were stage I, 28% were Ill and 24% were IV
(Table 3). Also, the data recorded in Table 3
shows that the hospital stays ranged from 1 to
15 day with mean 6.52 day. For improvement,
16 cases (64%) had rapid improvement while 6
cases (24%) were died.

Table 4 shows that there was statistical
significance increase in both Copeptin and
inflammatory marker C-reactive protein (CRP)
among cases group compared to control.

Our results show that there was statistical
significance increase in Copeptin level among
cases had acute HF and dead cases and decrease
among cases had Ross Il HF (Figure 1).

Our results show that the sensitivity of copeptin
at cut off 11.06 in diagnosis of cardiomyopathy
was 100%, specificity was 100% and the
accuracy was 100% (Table 5).

The results show that the sensitivity of copeptin
at cut off 11.06 in diagnosis of dilated
cardiomyopathy was 100%, specificity was 100
% and the accuracy was 100 % (Table 5). Our
results show that the sensitivity of Copeptin at
cut off 36.13 in prediction of death was 83.3%,
specificity was 88.9% and the accuracy was
88%.
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Table 1: Demographic data of studied groups.

Variable Cases Control MW/t p
(n=25) (n=25)
Age: (Months)
Mean + SD 11.6 +12.04 9.56 + 7.04 0.13 0.90
Median (Range) 8 (2.5-48) 7(2-24) NS
Weight: (Kg)
Mean + SD 6.03 + 3.53 8.08 + 2.62 2.33 0.02
Median (Range) 6 (3.85-16) 8(4-13) *
Height: (cm)
Mean + SD 71.52 £10.91 70.88 + 8.67 0.23 0.82
Median (Range) 68 (60 -100) 69 (58 — 86) NS
BMI: (Kg/m?)
Mean £+ SD 4.67 £1.69 559+ 1.25 2.19 0.03
Range 4.7 (3.1-8.2) 5.8 (3.5-7.6) *
Variable No % No % y P
Sex:
Female 11 44 7 28 1.39 0.24
Male 14 56 18 72 NS
Family history  +ve 8
-ve 17
SD: standard deviation  t: Independent t test ~ x*: Chi square test NS: Non significant
(P>0.05)
Table 2: Vital signs among studied groups.
Variable Cases Control t p
(n=25) (n=25)
Temperature Mean + SD 36.82 + 0.66 36.44 £ 0.54 2.23 0.03
(C% Range 36 - 38 35.3-37.1 *
HR Mean £+ SD 143.28 + 25.28 122.44 +12.22 3.71 <0.001
(beat/min) Range 120 - 190 105 - 150 *x
RR: Mean £+ SD 50.8 £10.11 38.24 £ 6.65 5.19 <0.001
(breath/min) Range 37-70 29 -51 *x
SBP Mean £+ SD 117.4 £ 8.59 89.76 + 9.84 10.58 <0.001
(mmHgQ) Range 100 - 150 70 - 101 *x
DBP Mean £+ SD 452 £9.61 59.32 +4.44 13.75  <0.001
(mmHg) Range 20 - 50 48 - 65 *x

Sd: Standard deviation t: Independent t test

(P<0.01)

*: Significant (P<0.05) **: Highly significant
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Table 3: Clinical pictures, duration and progress of heart failure among cases.

Variable Cases
(n=25)
No %
Dyspnea Yes 25 100
Cough No 17 68
Yes 8 32
Expectoration No 22 88
Yes 3 12
Disease duration: Mean = SD 9.08 +11
(months) Median (Range) 4 (1-43)
Heart failure Acute 15 60
Chronic 10 40
Ross classification ] 12 48
i 7 28
\Y, 6 24
Hospital stay: Mean = SD 6.52 + 5.36
(months) Range 7(1-15)
Ventillation No 17 68
Yes 8 32
Improvement Rapid 16 64
Delayed 9 36
Death No 19 76
Yes 6 24
Table 4: Copeptin & CRP level among studied groups.
Variable Cases Control MW p
(n=25) (n=25)
Copeptin: Mean + SD 32.26 £21.9 8.97+1.04
(pmol/L) Median 17.66 8.81 6.07 <0.001
Range 11.13-79.14 7.21-10.99 ol
CRP: Mean + SD 26.56 + 9.01 3.5+1.02
(mg/dI) Median 255 3.5 12.72 <0.001
Range 12 - 45 3-4 *x

Sd: Standard deviation MW: Mann Whitney test ~ **: Highly significant (P<0.01)
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Table 5: Validity of Copeptin in prediction of dilated cardiomyopathy and death, respectively.

Cutoff AUC Cl Sens. Spec. +PV PV Accuracy p-value
>11.06 1 1-1 100 100 100 100 100 <0.001*
Cutoff AUC Cl Sens. Spec. +PV PV Accuracy p-value
>36.13 0.83 0.64-1 83.3 88.9 714 944 88 0.02*
Figure 1: Relation between disease data, outcome and copeptin among cases.
100 Copeptin
80
260
o
Ea0
20
0
Reart Giiure QD \\‘Rosxéjassificatat,lon' Q"
Death
Table 6: Laboratory findings among studied groups.
Variable Cases Control t p
(n=25) (n=25)
Platelets: (x10°/mm®)  Mean + SD 392.56+130.29 301.08+56.79  3.22 0.002
Range 190-595 221 - 385 xx
Hb: (gm/dl) Mean + SD 10.93 £ 1.27 11.56 £ 0.84 207 0.04
Range 8.2-12.4 10-13 *
WABCs: (x10¥/mm?®) Mean + SD 10.82 + 3.60 10.32 + 1.09 065 0.52
Range 6.6 —20.8 9-125 NS
HTC: (%) Mean + SD 31.65+4.36 33.43+4.37 1.44  0.16
Range 2538 25.6 —39.3 NS
Urea (mg/dl) Mean + SD 524+1.23 532+1.16 024 081
Range 35-7 36-7.1 NS
Creatinine: (mg/dl) Mean + SD 0.45+0.16 0.43+0.17 043 0.76
Range 03-0.7 0.32-0.65 NS
K: (mmol/L) Mean + SD 412 +0.75 4.24 +0.69 059 0.56
Range 35-5.8 3.6 -5.75 NS
Na: (mmol/L) Mean + SD 140.65 + 4.13 141.02 £ 5.34 027 0.79
Range 135 — 148 138 - 146 NS
Abd EL-Latef A, etal 521|Page
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Table 7: Correlation between Copeptin and age, body measurements, disease duration, vital signs and
laboratory findings among cases.

Variable Copeptin
(n=25)
r P
Age (months) -0.35 0.09 NS
Wight (Kg) -0.34 0.10 NS
Height (cm) -0.27 0.20 NS
BMI(kg/cm,) -0.03 0.88 NS
Disease duration (months) -0.34 0.10 NS
HR: (beat/min) 0.20 0.33 NS
RR: (breath/min) 0.44 0.03 *
SBP: (mmHg) -0.06 0.79 NS
DBP: (mmHg) -0.30 0.15 NS
Temperature: (°) 0.20 035 NS
Platelets: (x10°/mm°) 0.03 0.87 NS
Hb: (gm/dl) -0.43 0.03*
WBCs: (x10°/mm?°) 0.06 0.83 NS
HTC: (%) -0.02 0.94 NS
Urea (mg/dl) 0.35 0.09 NS
Creatinine (mg/dl) 0.28 0.19 NS
K (mmol/L) 0.03 0.97 NS
Na (mmol/L) 0.13 0.54 NS
CRP (mg/dl) 0.03 0.91 NS

Table 8: Relation between disease data, outcome and copeptin among cases.

Variable No Copeptin MW P
Mean Sd

Heart failure Acute 15 39.40 24.6 2.14 0.04

Chronic 10 21.57 11.22 *

Ross classification ] 12 22.38 13.35

11 7 48.89 23.34 3.24 0.04

\Y 6 32.65 25.21 *
Improvement Rapid 16 31.84 24.22 0.45 0.65
Delayed 9 33.02 18.39 NS
Death No 19 25.71 15.98 2.42 0.02

Yes 6 53.01 26.54 *
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Figure 2: Roc curve for validity of Copeptin in prediction of cardiomyopathy.
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Figure 3: Roc curve for validity of Copeptin in prediction of death.

DISCUSSION
Our results recorded that there were 11 female
patients (44%) and 14 male patients (56%).
There were no statistical significance
differences between the studied groups as
regard to age and sex. Also, 32% of the studied

group (cases only) had +ve family history.
Harmon et al [9] agreed with us where they
reported that 51% males and 49% females
were among their study. However, this ratio
was not statistically significant (P>0.05). Cox et
al [10], Towbin et al [11], Hershberger and
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Siegfried [12] also agree with our study who
explained that boys have higher DCM
incidence than girls,related to x-linked genetic
causes.

Lipshultz et al [13] agreed with us and explaned
that the differences in incidence between boys
and girls among children who received a
diagnosis after infancy, and the significant
interaction between age and sex, were
consistent with the male predominance and age-
related expression of X-linked
cardiomyopathies related to neuromuscular
diseases. However, Diegoli et al [14] disagreed
with our study as they concluded that the
incidence of cardiomyopathy was similar in the
two sexes.

Our study reported that there were stastical
diffrence between studied groups as regard
weight and body mass index which were lower
among cases,weight ranged from 4 to 13 with
mean of 8.08 £ 2.62, body mass index ranged
from 3.5 to 7.6 with mean of 5.59 + 1.25. Xu et
al [15] disagreed with our study as they
reported that two studied groups have no
significant diffrence as regard weight and BMI.
Our study showed that two studied groups has
significant difference as regard temperature,
HR, RR and SBP which are higher in cases as
follow temperature ranged from 36 to 38 with
mean of 36.82 + 0.66, HR ranged from 120 to
190 with mean of 143.28 + 25.28, RR ranged
from 37 to 70 with mean of 50.8 + 10.11, SBP
ranged from 100 to 150 with mean of 117.4 £
8.59. Also, Shin et al [16] agreed with us as
they found higher mean temperatures were
recorded in patients with HF and infection
(38.8°C £ 0.8 vs. 37.8°C £ 0.9, P < 0.001).
Both heart failure and infection increase
metabolic  activity leading to increase
temperature and heart rate.

Our study showed that the most frequent
symptoms among cases were dyspnea and
cough (100% and 32%, respectively). Also,
Davis et al [17] agreed with our study as they
stated that children in congestive heart failure
will typically have a significant faster
respiratory rate (RR) than their unaffected peers
as heart failure patients often show a restrictive

respiratory  pattern secondary to heart
enlargement, increase lung fluids & impairment
of alveolar capillary gas diffusion. This lead to
increase respiratory rate. Gebremariam and
Moges [18] agreed with our study as they are
reported that children with acute heart failure
have increased work of breathing and increased
cardiac activity to compensate for the low
cardiac function and increase metabolic
demands despite inadequate intake due to
anorexia lead to weight loss.

In our study, the hospital stays ranged from 0 to
15 days with mean 6.52 days. Regarding
improvement, 16 cases (64 %) had rapid
improvement. Finally, 6 cases (24 %) were
died.

Sahin et al [6] agreed with our study and found
that during a follow-up period of 24 months, 16
(27%) patients had an episode of acute HF, 9
(15%) patients had ICD implantation, 19 (32%)
patients were hospitalized due to cardiac
diseases, and 7 (11.6%) patients died. The
composite endpoint of hospitalization, 1CD
implantation, and death occurred in 20 HCM
patients (33%).

Our study showed that copeptin level among
cases is higher than control that is ranged from
(11.13-79.14) with mean (32.26 £ 21.9). Sahin
et al [6] agreed with our study and found that
copeptin was significantly higher in the HCM
group compared with the controls. Also,
Morgenthaler et al [19] and Stoiser et al [20]
agreed with us and found that
the concentration of copeptin in the blood
circulation ranges from 1 to 12 pmol/L in
healthy individuals. Moreover, the data have
shown that copeptin is a stronger predictor and
the mean value was on average 19-7+19-1
pmol/L (8.8 ng/ml).

As regard platelets and inflammatory marker C-
reactive protein (CRP), our study demonstrated
that they are higher in cases as follow platelets
range (190-595) with mean (392.56+130.29),
CRP range from 12-45 with mean of
(26.56+9.01). Huang et al [21] agreed with us
and suggested that the levels of CRP are related
to clinical outcomes and that measurement of
CRP has the potential to play an important role
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as an adjunct for risk assessment in patients
with chronic CHF.

Regarding heart failure, our study showed that
copeptin level correlate with degree of heart
failure as 60% of cases had AHF and higher
copeptin level with mean of (39.40 £24.6), but
40% of cases had CHF and lower copeptin level
with mean of (21.57+11.22). Yan et al [22] and
Bolignano et al [23] agreed with us and they
demonstrated that the plasma copeptin levels in
AHF group, pneumonia complicating AHF
group and CHD complicating AHF group were
significantly higher than those in the
pneumonia control group and the healthy
control group.They concluded that copeptin had
important significance for the early diagnosis,
condition evaluation, treatment guidance and
prognosis in child AHF. Moreover, Bolignano
et al [23] agreed with us and considered the
observed plasma copeptin levels in patients
with HF (21-32 pmol/l) were much higher than
4.2 pmol/l.

Also, Maisel et al [24] agreed with our study
and found that in AHF with no knowledge of
whether left ventricular function is depressed or
not, copeptin has been shown to be prognostic
predictor of HF hospitalization and mortality.
Some studies also demonstrated significant
positive correlation between elevated plasma
copeptin level and incidence of HF that are
agreed with us [25] [26] [27]. However, Mason
et al [28] did not agree with our resultes and
they were stated that in two diagnostic studies
based on older residents, although plasma
copeptin levels were elevated in patients with
acute HF, using copeptin did not significantly
improve the diagnosis of HF. At the same
orintation, Bahrmann et al [29] also did not
agree with our results and they are considered
that HF is a dynamic syndrome characterized
by dramatically increased neurohormonal
activation and it should be better to use the
combination of copeptin with other biomarkers
to improve the predictive effect of adverse
outcome in patients with HF.

According to Ross classification, copeptin level
did not correlate with the ascending degree of
classification where the highest degree was

observed in class Il with mean of
(48.89+23.34) in 7 cases. For grading severity
of CHF in infants, the Ross and modified Ross
classifications incorporate feeding difficulties,
growth problems and symptoms of exercise
intolerance into a numeric score [30].
Kristyagita and Siswanto [3] strongly agreed
with our results and he was demonstrated that
HF still causes high rates of cardiovascular
morbidity and mortality. Clinical symptoms
alone could not accurately predict negative
outcomes in HF patients, especially among
those with elevated NT-proBNP. In unstable
HF patients, copeptin can also accurately
predict mortality, therefore copeptin is
considered as a significant and independent
predictor for mortality or negative outcome.

As regard relation of copeptin level to outcome
of disease, our study revealed that copeptin
level was higher in difficult 6 cases that are
died with mean of (53.01+26.54). Bolignano et
al [23] agreed with our study and they were
found that increased copeptin levels have been
described in several studies as a strong
predictor of mortality in patients with chronic
or acute HF.

Jink [31] also agreed with our study and he was
investigated the relationship between serum
copeptin level and the severity of dilated
cardiomyopathy (DCM) with heart failure (HF).
He concluded that the level of copeptin can be
used as a parameter for the clinical diagnosis
and patient's condition assessment in DCM
patients with HF.

Our study showed that the sensitivity of
copeptin at cut off value of 11.06 in diagnosis
of dilated cardiomyopathy was 100 %,
specificity was 100 % and the accuracy was
100 %. Also, we can use copeptin level in
children who have been diagnosed as dilated
cardiomyopathy patients to follow up and
predict outcome of their cases as regard degree
of heart failure, ross stage, hospital stay and
other complication that may occur like chest
infection. Our study found that the sensitivity
of copeptin at cutoff value of 36.13 in
prediction of death was 83.3%, specificity was
88.9% and the accuracy was 88%. Sahin et al
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[6] agreed with us and they were found that
copeptin levels >10.1 pmol/L (sensitivity 80%,
specificity 94.4%, AUC: 0.895, P = 0.01)
predicted HCM in the study population. When
AUCs were compared, the discriminative
properties of copeptin measurements were not
statistically different.

CONCLUSION

This  study  highlights  that  dilated
cardiomyopathy is a relatively common cause
of acquired heart disease related to heart failure
(HF), so the treatment of dilated
cardiomyopathy means treatment of heart
failure. Copeptin is a novel biochemical marker
that has clinical use in HF. Our findings
indicate that copeptin levels are elevated in
children with dilated cardiomyopathy more
than control group and patients with higher
copeptin levels may have a higher risk for poor
outcome and complications. Copeptin elevated
levels correlate with severity of heart failure.
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