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Abstract

Introduction—In children, elevated amino terminal pro B-type naturetic peptide (NT-proBNP)
levels are associated with impaired heart function. The predictive value of serial monitoring of
NT-proBNP levels in acute decompensated heart failure (ADHF) is unclear.

Methods—This prospective observational study enrolled patients < 21 years with primary
myocardial dysfunction and ADHF. NT-proBNP levels were obtained on enroliment (DO0), day 2
(D2) and day 7 (D7). Clinical, laboratory and imaging data were collected on enroliment. CV
outcome was defined as Heart Transplant (HTx), Ventricular Assist Device (VAD) placement,
Extracorporeal Membrane Oxygenation or death at 1 year after admission. NT-proBNP levels and
the percent change from DO to D2 and DO to D7 were calculated and compared between those
with and without adverse cardiovascular (ACV) outcome.

Results—Sixteen consecutive patients were enrolled. ACV outcome occurred in 6 (37.5%, 4
HTx and 2 VAD). In patients with an ACV outcome, median NT-ProBNP levels at D7 were
significantly higher (7,365 Vs. 1,196 pg/ml; p=0.02) and the percent decline in NT-proBNP was
significantly smaller (28% vs. 73%, p=0.02) compared to those without an ACV outcome. ROC
curve analysis revealed that a less than 55% decline in NT-proBNP levels at D7 had a sensitivity
and specificity of 83% and 90% respectively in predicting an ACV [AUC 0.86, CI (0.68,1.0),
p=0.02].

Conclusions—In conclusion, children with primary myocardial dysfunction and ADHF, a
persistently elevated NT-proBNP and/or a lesser degree of decline in NT-proBNP during the first
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week of presentation were strongly associated with ACV outcome. Serial NT-proBNP monitoring
may allow the early identification of children at risk for worse outcome.

Keywords

acute decompensated heart failure; NT-proBNP; pediatric heart failure; cardiomyopathy; heart
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INTRODUCTION

Heart failure in children less than 16 years of age is a rare but important medical problem
with an annual incidence of about 0.87 per 100,000 population.! The natriuretic peptides
include B-type natriuretic peptide (BNP), prohormone BNP (pro-BNP) and amino-terminal
pro-BNP (NT-proBNP). ProBNP (108 amino acids) has been shown to be released from
ventricular myocardium in heart failure.? It is cleaved by a circulating endoprotease, termed
corin, into two polypeptides: the inactive NT-pro-BNP (76 amino acids), and a bioactive
BNP (32 amino acids). NT-proBNP is more stable and has a longer half-life of about 2 hours
as compared BNP, which has half-life of about 20 minutes. Elevations in plasma BNP have
been described in children and young adults with ventricular dysfunction and
cardiomyopathy or congenital heart.3 In adults with heart failure, BNP and NT-proBNP
levels have been used as a predictor of adverse cardiovascular outcomes and hospital
readmission.>=9 In some adult heart failure studies, serial monitoring of natriuretic peptides
has been used to direct medical management and predict prognosis.1%11 Small studies in
children with primary and acquired myocardial dysfunction have found serial monitoring
useful in predicting the need for mechanical circulatory support? or predicting outcome in
patients with dilated cardiomyopathy.13 This study evaluates the ability of serial NT-
proBNP monitoring in children with primary myocardial dysfunction and acute
decompensated heart failure (ADHF) to identify high-risk patients and predict outcomes.

METHODS

This prospective observational study was conducted at the Children’s Hospital at
Montefiore, Bronx, New York. All children younger than 21 years of age with primary
myocardial dysfunction who were admitted with ADHF to the pediatric intensive care unit
were enrolled within 24 hours of admission between June, 2011 and June, 2012. ADHF was
defined as new onset decompensated heart failure or decompensation of chronic, established
heart failure with symptoms sufficient to warrant hospitalization.4 Children with ADHF
associated with congenital heart disease, arrhythmia, previous history of heart transplant,
sepsis, endocrine abnormalities and ischemia were excluded from the study. Each patient’s
clinical course in the hospital including need for inotropic support, diuretics and vasoactive
medications was recorded and vasoactive inotrope calculated as described by Gaies et all®.
Heart failure was classified according to the modified Ross Heart Failure or NYHA
classification depending on the age of the patient.16 Basic demographic and laboratory data
including electrolytes, blood urea nitrogen, serum creatinine and echocardiogram were
obtained on hospital day 0 and 7. NT-proBNP levels were obtained within 24 hours of
enrollment (DO), 48 hours later (D2) and at 7 days after admission (D7). Samples were
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immediately sent to and analyzed by our clinical laboratory. Assays were performed on an
Elecsys electro chemiluminescent immunoassay system using Elecsys 1010/2010
immunoassay analyzers (Roche Diagnostics). Death, the need for heart transplantation,
extracorporeal membrane oxygenator (ECMO) support or ventricular assist device within
the first year after enroliment were recorded. The echocardiogram at last follow-up was also
reviewed. A composite endpoint of adverse cardiovascular (ACV) outcome was defined as
the need for ECMO, heart transplantation, VAD or death. Demographic and laboratory
values and ejection fraction at enrollment were compared between those with and without an
ACYV outcome at the end of 1 year.

In this prospective observational study, the clinicians were aware of the NT-proBNP levels
and management of the patients was directed by the attending intensivist and cardiologist.
Prior to and during the study, there were no clinical management protocols or pathways
based on NT-proBNP levels. This study was approved by the Institutional Review Board of
Montefiore Medical Center and the Albert Einstein College of Medicine.

STATISTICAL ANALYSIS

RESULTS

Continuous variables were not normally distributed so data from these are expressed as
median [interquartile range (IQR)]. NT-proBNP values were assessed in pg/ml units and
also log transformed. Percent change in NT-proBNP at D2 and D7 was calculated by using
the following formula:

%change NT-proBNP = [(NT-proBNP Day 0- NT-proBNP Day 2 or NT-proBNP Day
7) / NT-proBNP Day 0]*100.

Demographic and laboratory variables including the NT-proBNP levels were compared
between DO and D7. The NT-proBNP levels at DO, D2 and D7 were compared between
patients with and without an ACV outcome as were the percent change in NT-proBNP
levels. The predictive value of a rise in NT proBNP level was determined by comparing
patients who had an increase in the NT-proBNP level at from DO to D2, D2 to D7 or DO to
D7 to those who did not.

Tests of bivariate associations were performed with Mann-Whitney U tests, Wilcoxon rank-
sum tests, Fisher's exact tests and Spearman rho as appropriate. A two-tailed alpha of .05
was used to denote statistical significance. A multivariate analysis for factors associated
with ACV outcome was not performed due to the small number of patients in the study. All
statistical analyses were performed with SPSS software (Version 19).

Patient Demographics

Sixteen consecutive patients who met study inclusion criteria were enrolled in the study. All
patients were enrolled within 24 hours of admission to the intensive care unit. Ten patients
were receiving inotropic support at the time of enroliment. No patients who met study
criteria during the study time period were excluded. Median (IQR) age was 16 (5, 18) years
and 50% were male (Table 2). The most common underlying diagnosis associated with
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ADHF was dilated cardiomyopathy (10/16, 62%). More than half of the patients (9/16, 56%)
had NYHA/Modified Ross heart failure class = 3. NT-proBNP levels were obtained at the
prespecified time points for all patients.

For the entire cohort, there was no significant difference in ejection fraction, serum sodium,
BUN or creatinine from DO to D7 (Table 2). NT-proBNP levels at D7 were significantly
lower compared to DO (p=0.006). NT-proBNP levels correlated significantly with ejection
fraction on DO and D7 (rho =-0.06, p=0.01 and —0.75, rho=0.003 respectively).

ACV Outcome and laboratory measures

Six patients (37.5%) reached an ACV outcome at a median of 1 month (range 1 —7 months)
following enrollment. Four patients underwent heart transplant and two patients received
VAD and underwent subsequent transplantation (Figure 1). None of the patients died. Ten
patients did not reach an ACV outcome, 8 of whom had normalization of their ejection
fraction. One out 6 patient in the ACV outcome group had EF>30% and 2 out of 10 patients
in the No ACV group had EF<30%. Patients with ACV outcomes had significantly worse
Ross/INYHA HF class at enrollment, lower ejection fraction on DO and D7 and longer PICU
and hospital length of stay (Table 1). ACV outcome showed modestly stronger statistically
significant correlation to DO-D7 percent change in NT-proBNP compared to change in DO-
D7 EF (rh0=0.616, p=0.01 and rho=-0.423, p=0.15 respectively). Renal function and serum
sodium levels were not significantly different between the groups. Table 3 depicts the trends
in NT-proBNP levels at DO, D2 and D7 in the whole cohort and in patients with and without
ACV outcome. NT-proBNP levels on D7 were significantly higher in patients with an ACV
outcome.

NT pro-BNP levels significantly decreased from DO to D7 in the patients without an ACV
outcome (p=0.005). NT-proBNP levels did not significantly change from DO to D7 in the
patients with an ACV outcome. NT-proBNP levels were significantly higher at D7 in
patients who had an ACV outcome compared to patients without an ACV outcome. The
percent decline in the NT-proBNP levels was significantly smaller in patients with CV
outcome (Figure 1). Receiver operating curve analysis (ROC) to study the association
between percent change in NT-proBNP levels and ACV outcome revealed significant
association between percent change in NT-proBNP D0-D7 and D2-D7(AUC 0.87, 95% CI
(0.68,1.0), p=0.02 and AUC 0.86, 95% CI (0.67,1.0), p=0.02 respectively, Table 4). A
decline of < 55% in the DO-D7 NT-proBNP level had a sensitivity of 83% and specificity of
90% for predicting ACV outcome and a decline of < 35% in the D2-D7 NT-proBNP level
had a sensitivity of 100% and specificity of 70% for predicting CV outcome (Table 4).

DISCUSSION

In this prospective study of children with primary myocardial dysfunction and ADHF, the
serial change in NT-proBNP levels during the first week after presentation was strongly
associated with outcome at one year. Baseline NT-proBNP levels were markedly elevated
with a median of 5,578pg/ml. A greater degree of elevation in NT-proBNP in pediatric heart
failure as compared to adults is not uncommon and has been reported in other pediatric
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studies.12 17 A higher NT-proBNP levels correlated with lower ejection fraction and worse
heart failure class.

Diagnostic tests (Echo or laboratory values) add an element of objectivity to the clinician’s
assessment. While it is expected that patients with lower EF would have worse outcomes, in
our study, 1 out 6 patient in the Adverse cardiovascular (ACV) outcome group had EF>30%
and 2 out of 10 patients in the No ACV group had EF<30%. On analysis using spearman’s
correlation coefficient, we found that change in NT-proBNP level had a modestly stronger
and statistically significant rho value in predicting adverse cardiovascular outcome
compared to change in EF (rho= 0.616, p=0.01 vs rho= —0.42, p=0.15 respectively) and
getting repeated values from a simple blood draw may be easier in many clinical settings
than getting frequent repeated EF values. Hence we believe serial testing of NT-proBNP
would be useful in addition to clinical and echocardiographic assessment of children with
ADHF.

The serial change in NT-proBNP levels during the first week after presentation was strongly
associated with outcome at one year. Those in whom the NT-proBNP remained high or
escalated during the first week were more likely to have an ACV outcome. The converse
was also demonstrated, a greater decline in NT-proBNP levels at D7 was associated with a
better cardiovascular outcome. Higher NT-proBNP levels have been found to predict
adverse cardiovascular events in children with chronic heart failure.8 Price et al studied BNP
levels in children with chronic left ventricular dysfunction associated with primary and
secondary myocardial diseases and reported that BNP level were higher in patients with
adverse cardiovascular outcome and a BNP cutoff level >300 pg/ml had a sensitivity and
specificity of 93% and 95% respectively. Although, we did not check for an absolute value,
but we found a similar sensitivity and specificity of 83% and 90% respectively with a less
than 55% decline in NT-proBNP levels at D7.

In a study of children with ventricular dysfunction and ADHF of heterogeneous etiology
including cardiomyopathy, arrhythmia, ischemia, congenital heart disease and post-
transplant rejection, Wong et all2 reported that patients who required escalation of therapy
to mechanical circulatory support (MCS) had higher median NT-proBNP levels at all-time
points but did not report the magnitude of the change from baseline. While we found percent
change in the NT-proBNP to be significantly different in patients with and without ACV,
they reported significant difference in the rate of change of NT-proBNP levels between
patients with and without need for MCS, and that absolute levels were not predictive of need
for MCS support. This is similar to our findings that the trend rather than the absolute value
of NT-proBNP matters most in predicting the adverse cardiovascular outcome.

The current study demonstrates that a < 55% decline in NT-proBNP at D7 had a specificity
of 90% for ACV outcome. Di Somma et al'8 studied adults with ADHF and found that a
decline in the BNP level > 46% at discharge and an absolute value of < 300 pg/ml had a
strong negative predictive value for future adverse cardiovascular events in ADHF. Bayes-
Genis et al? reported that in adults with heart failure, a decline in NT-proBNP level < 30%
identified a subgroup of high risk patients and was also the best predictor of cardiovascular
death.
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In children, Kim et all3 retrospectively evaluated the utility of serial NT-proBNP levels
drawn at presentation and 3 and 6 months after diagnosis in children with primary and
acquired dilated cardiomyopathy. They found that the NT-proBNP levels 3 months after
diagnosis and not the change in NT-proBNP level (percent or absolute) were predictive of
adverse outcome. In contrast to our study, serial levels within the first week of presentation
were not measured and patients were included for study only if they had levels available at 3
months after presentation. In our study, 5/6 patients had reached the CV endpoint within one
month of presentation. Also, it is not clear how many of their patients were inpatients since
all of our patients were inpatients in the pediatric critical care unit. Further, Metra et al?® and
Michtalik et al?! reported percent change in NT-proBNP levels by 48 hours and 15t month to
be predictive of adverse cardiovascular outcome in patients with acute heart failure.

Tan et al?2 reported an association between final, rather than admission, BNP levels and
adverse outcomes (hospital readmission and death) in children, but did not comment upon
the importance of a change in levels over time. The number of blood samples/BNP
measurements and the interval between initial and final measurement was variable among
patients. Also, in contrast to our study, they did not consider need for surgery/transplant and
MCS as an adverse outcome, as a result 29/34 (85%) of the children who needed
surgery/MCS were in “low risk / readmission and death free” group. In our study we found
an association between percent changes in the NT-proBNP levels and ACV. It seems from
our results and the results of other studies!® 20 that adverse cardiovascular outcomes are
related to BNP/NT-proBNP levels at some time point later than the admission/initial levels.
The NT-proBNP levels after admission in some way indicates the adequacy or inadequacy
of the medical therapy, thereby differentiating the high-risk patients likely to have adverse
cardiovascular events.

The limitations of our study include the small sample size which precluded multivariable
analysis for other factors that would influence CV outcome. Our institution is a referral
center for advanced therapy for HF; thus the patient population may be selective for more
seriously ill children with HF and may not represent the entire spectrum of ADHF in
children. The treating clinicians were not blinded to the NT-proBNP levels. This probably
would have caused minimal bias if at all since no clinical management protocols or
pathways based on NT-proBNP levels were present prior to/or during the study.

This prospective, observational hypothesis-driven study provides evidence that a persistently
elevated NT-proBNP level or a decline of < 50% in NT-proBNP levels shortly after
presentation is prognostic for adverse cardiovascular outcomes in pediatric patients with
primary myocardial dysfunction and ADHF. Further larger studies will be needed to
establish the value of serial monitoring of NT-proBNP levels in the management of pediatric
ADHF patients.
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* p=0.02

No ACV Outcome ACV Outcome
(n=10) (n=6)

Figure 1.
Percent decline in NT Pro-BNP from Day 0 to Day 7 in patients with and without ACV

outcome
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Patient characteristics: No adverse cardiovascular outcome (ACV) versus ACV group

Table 1

No ACV (n=10) ACV (n=6) *p-value
Age (years) 16.4 (10.4,18.7) | 11.0(4.1,18.2) 0.49
Etiology of HF 4 6
DCM 5 0
Myocarditis 1 0
RCM
Acute HF 8 2
Acute on chronic HF 2 4
NYHA/Ross HF class 2(2,3) 4 (3-4) 0.04
Vasopressor score 1.5 (0.0, 5.0) 5 (4, 6) 0.12
Blood Urea Nitrogen (BUN) 13 (11, 16) 17.5 (11.5-20.5) 0.12
Creatinine (mg/dl) 0.7 (0.30,0.85) | 0.65 (0.35-1.05) 0.88
Sodium (mEg/L) 138 (136, 140) | 136 (128, 140) 0.31
Ejection Fraction (EF) DO (%) 44 (29, 50) 21 (17, 27) 0.02
EF D7 (%) 42 (29, 57) 20 (11, 23) 0.002
PICU length of stay (days) 7 (4-10) 24 (21-40) 0.004
Hospital length of stay (days) 9 (8-11) 30 (25-47) 0.02
Outcomes F abnomal =2 | VAD=2

“Values expressed as median (25 and 75th percentiles). Comparisons by Mann-Whitney U test

.EF= Ejection fraction, Htx=Heart transplant, VAD ventricular assist device
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Patient demographics, clinical and laboratory profile on admission and day 7 of pediatric critical care unit
stay. Data expressed as median with interquartile ranges. NYHA=New York Heart Association, HF=heart

failure.
Day 0 Day 7 p—value*
Total patients 16

Age (yrs) 16 (5, 18)

Males (%) 8 (50%)
Ross/NYHA HF class 3(2-4) 3(1-4) 0.52
Vasopressor Score 5(0-5) 5(0-5) 0.62
Ejection fraction (%) 33 (19-46) 29 (21-53) 0.31
Sodium (mEg/L) 136 (135-140) 137 (136-141) 0.69
Blood Urea Nitrogen (mg/dL) 14 (11-17) 16 (12-24) 0.07
Serum Creatinine (mg/dL) 0.7 (0.3-1.0) 0.7 (0.4-0.8) 0.61
NT-pro BNP (pg/ml) 5,578 (2,952-14,591) | 3,226 (642-7,610) | 0.006

*
Values expressed as median (25 and 75th percentiles). Comparisons by Wilcoxon signed-rank test.
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Table 3
NT-proBNP levels (pg/ml)” at DO, D2 and D7
All patients CV outcome No CV outcome p value
(n=16) (n=6) (n=10)
NT-proBNP Day 0 5,578 (2,952-14,591) | 13,150 (7,865-15,274) | 4,425 (1,637-6,392) 0.10
NT-pro BNP Day 2 3,581 (1,707-6,205) 5,329 (4,382-13,981) 2,147 (866-3,574) 0.07
NT-pro BNP Day 7 3,226 (642-7,610) 7,365 (4613-14,333) 1,196 (313-3,084) 0.02
NT-pro BNP percent decline Day 2 48 (36-57) 34 (33-60) 49 (40-56) 0.45
NT-pro BNP percent decline Day 7 62 (35-75) 28.5 (-7-51) 73 (61-79) 0.02

*

Values expressed as median (25 and 75th percentiles). Comparisons by Mann-Whitney U test
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Receiver operating curve (ROC) analysis for percent change in NT-proBNP levels and ACV outcome.

Table 4

% change in NT-proBNP D0-D7 Percent
AUC 0.87, 95% CI (0.68,1.0) Decline in NT- | Sensitivity | Specificity
p=0.02 proBNP DO-D7
<72% 100% 50%
<0% 33% 100%
Inflection point <55% 83% 90%
% change in NT-proBNP D0-D2 Percent
AUC 0.62, 95% CI (0.25,0.98) Decline in NT- | Sensitivity | Specificity
p=0.45 proBNP D0-D2
<5% 100% 50%
<0% 33% 100%
Inflection point <65% 83% 90%
% change in NT-proBNP D2-D7 Percent
AUC 0.86, 95% CI (0.67,1.0) Decline in NT- | Sensitivity | Specificity
p=0.02 proBNP D2-D7
< 35% 100% 70%
<0% 33% 100%
Inflection point <35% 100% 70%
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