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Abstract

Background—Increasing serum levels of N-terminal pro-hormone brain natriuretic peptide (NT-
proBNP) are associated with worsening heart failure (HF) in adults. We determined whether changes
in NT-proBNP level are associated with changes in symptoms and left ventricular (LV) systolic
function and remodeling in children with HF secondary to dilated cardiomyopathy.

Methods—We retrospectively examined associations between serum NT-proBNP levels and
NYHA/Ross functional class, LV systolic and diastolic diameter (LVSD-z and LVDD-z), LV
ejection fraction (LVEF), and LV shortening fraction (LVSF-z) using generalized linear mixed
models. Fluctuation in functional class of subjects was also modeled using logistic regression and
receiver operating characteristic (ROC) curves.

Results—In 36 children (14 males), a 10-fold increase in NT-proBNP serum levels was associated
(P<0.001) with a 9.8% decrease in LVEF, a 3.25-unitdrop in LVSF-z, a 1.53-unit increase in LVDD-
Z,a2.64-unit increase in LVSD-z, and an increased odds of being in functional class I11/1V (OR 85.5;
95% Cl, 10.9to 671.0). An NT-proBNP level greater than 1000 pg/mL identified children constantly
or intermittently in functional class I11-1V with 95% sensitivity and 80% specificity. The reliability
of a single NT-proBNP value was 0.61, but the means for two and three NT-proBNP values were
0.76 and 0.82, respectively.

Conclusions—In children with HF, NT-proBNP is associated with cardiac symptoms and indices
of LV systolic dysfunction and remodeling. NT-proBNP >1000 pg/mL identifies highly symptomatic
children. Within subject serial measurements of NT-proBNP are needed for a reliable and accurate
determination of disease status and/or course.
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INTRODUCTION

METHODS

Patients

Brain-natriuretic peptide (BNP) is an excellent marker of heart failure (HF) in adults (1-4).
Serum levels can help differentiate dyspnea caused by respiratory problems from HF (1),
correlate with the severity of left ventricular (LV) dysfunction (1,2) and functional status (1),
predict morbidity and mortality (3), and can guide medical treatment (4). However, the value
of measuring serum levels of brain-natriuretic peptide in children with HF still needs further
study before it can be recommended for clinical use. In children and adolescents, BNP level
predicts outcome in those admitted to cardiac intensive care units (5), is a marker for rejection
in cardiac transplant patients (6), correlates with the symptoms of HF (7), may indicate the
presence of LV volume and pressure overload in the presence of a shunt (8), and may identify
marked cardiac disease in acute care settings (9,10). In spite of the evidence of its diverse use,
natriuretic peptide measurements are not commonly part of the routine testing performed in
children with cardiac disease because relatively little is known about their function, accuracy
and validity as a diagnostic test in children (10,11).

We have studied cardiac biomarkers for several years (7,12-15). In a cross-sectional study, a
single NT-proBNP level was associated with clinical severity, LV systolic dysfunction, and
LV dilation in children with HF (7). We now hypothesize that changes in NT-proBNP serum
levels are associated with changes in echocardiographic indices of LV systolic function and
LV remodeling, as well as with symptoms in children or young adults with HF related to dilated
cardiomyopathy.

We retrospectively reviewed all the NT-proBNP levels measured in our children with HF
secondary to dilated cardiomyopathy between October 2003, when we began monitoring this
biomarker in HF patients, and July 2008. All children were followed in the pediatric HF
program at the Holtz Children’s Hospital and University of Miami’s Children’s Heart Center.
Our institution is a regional referral center and is the only pediatric HF-transplant program in
South Florida. The patients in this study are representative of the pediatric HF population. The
study was approved by the University of Miami Institutional Review Board.

All children were followed by a single cardiologist and received the University of Miami
standard of care for children with HF, which consists of angiotensin-converting enzyme
inhibitors, beta-blockers, diuretics, and digoxin.

Data Collection

Patient charts were reviewed for information on age, sex, weight, cause of HF, medications,
functional class, echocardiographic data, and serum NT-proBNP measurements taken during
regular clinic visits. The number of NT-proBNP measurements per person varied, and was
primarily a function of clinical status. NT-proBNP was measured at each clinic visit or, if the
patient was hospitalized, at the time of admission and throughout the hospital stay as needed.
At the time of the NT-proBNP measurements patients were at different stages of HF, including
patients with acute, chronic or resolving HF. Patients may have been hospitalized or seen in
the HF clinic. Functional status was indicated by the New York Heart Association (NYHA)
classification for children older than 5 years and by the Ross classification (16) for younger
children.

Echocardiographic data were abstracted from the echocardiogram report prepared by a
cardiologist who was unaware of the serum test results. All echocardiograms were performed
following standard institutional protocols. An M-mode tracing was obtained in the parasternal
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short-axis view at the level of the papillary muscles of the LV, and LV end-systolic and end-
diastolic diameters were measured.

Regression equations relating LVSD and LVDD to body surface area and LVSF to age were
derived from M-mode echocardiographic data in 580 healthy patients aged 0 to 40 years using
methods described elsewhere (17,18). Using the Boyd weight-based formula for body surface
area (18) or age, the estimated means and standard deviations from these regression equations
were used to calculate z-scores for LVSD (LVSD-z) and LVDD (LVDD-z) relative to body
surface area and z-scores for LVSF (LVSF-z) relative to age in our sample. Left ventricular
ejection fraction (LVEF) was calculated using Simpson’s apical biplane method, as
recommended by the American Society of Echocardiography (19).

Serum NT-proBNP was measured using the Elecsys 2010 System (Roche Diagnostics,
Indianapolis, IN). Echocardiographic measurements and functional classification were
obtained within 7 days of an NT-proBNP measurement.

Statistical Methods

Within-patient linear associations between log-transformed (base 10) NT-proBNP and the log
odds of being in NYHA/Ross classes 11 or IV or echocardiographic values were estimated
using generalized linear mixed models (SAS PROC MIXED/NLMIXED, Cary, NC). Random
intercepts were used to account for heterogeneity between individuals and within individual
correlations. This approach also accounted for unequal numbers of NT-proBNP values per
patient. Predicted outcomes for a hypothetical average patient were estimated using a random
intercept of zero. This mixed-model, random-intercept model primarily tests the within-patient
relationship (i.e., association) between NT-proBNP and echocardiographic measures, as well
as NYHA/Ross classes I11 or 1V (versus | or 11).

A between-patient analysis was also conducted to examine the more general question of the
absolute measurement of NT-proBNP as a predictor of functional class. This relationship was
examined by classifying patients as “in-control” (those consistently in NYHA/Ross classes |
or I1), “fluctuating control” (those moving back and forth between classes | or Il and classes
I11 or 1V), or “poor control” (those consistently in classes Il or 1) and then examining the
means and distribution of the log NT-proBNP (base 10) by control status. Logistic regression
was used to further quantify differences in control status. The ROC curve resulting from the
logistic regression was used to estimate the sensitivity and specificity for predicting functional
status and the NT-proBNP value that optimized both sensitivity and specificity.

The reliability of a single NT-proBNP measurement was estimated from children who were
deemed to be “in-control”. Reliability was estimated by restricted maximum likelihood using
a simple variance component model (i.e., intraclass correlation). Only patients who had a
minimum of three NT-proBNP measurements were used in the between-patients reliability
analysis.

The study was supported in part by grants from the National Institutes of Health (HL072705,
HL078522, HL053392, CA127642, CA068484, HD052104, Al50274, CA068484,
HD052102, HL087708, HL079233, HL004537, HL087000, HL007188, HL094100,
HL095127, HD80002).
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RESULTS

Within—Patient Analysis

We analyzed data from 36 children (Table I). The number of children varied between analyses,
primarily as a result of missing values; the sample size for each analysis is given in the table
titles and figure legends.

All four echocardiographic measures were associated with a corresponding within-patient
change in NT-proBNP levels (Table 11). The results indicate that LVEF and LVSF-z decrease
and LVDD-z and LVSD-z increase with increasing NT-proBNP levels (P<0.001).

Levels of NT-proBNP and the echocardiographic measures also predicted functional status
(Table I11). A 10-fold increase in NT-proBNP had an odds ratio of 85.48 (P<0.001), indicating
a strong within-patient relationship with NYHA or Ross classification. The echocardiographic
measures also predicted NYHA/Ross class—P values were all <0.001—but they did not
uniformly reach the performance of NT-proBNP. The bivariate plots of the relationship
between the echocardiographic data and NT-proBNP are given in Figure 1. Points are grouped
by individual patients (i.e., connecting lines). The bivariate relationships between the
probability of being in NYHA/Ross class 111/IV versus I/11 and NT-proBNP and
echocardiographic measures are given in Figure 2.

Between—Patient Analysis

On the distributions of mean NT-proBNP levels by control status (Figure 3), the reference line
at 125 pg/mL is the upper limit of normal for adults and that at 450 pg/mL is a commonly used
threshold that defines HF (20). All observation in the “fluctuating” and “poor control” groups
fell above both of these thresholds. However, patients in the “in-control” group tended to
straddle the thresholds. These data suggest a high negative predictive value for NT-proBNP
levels, with a larger false positive rate because patients may have high NT-proBNP levels but
a consistent NYHA/Ross | or I classification over time.

The log NT-proBNP value was used to predict group membership (logistic regression) between
the “in-control” group and the combined “poor control/fluctuating” group. Figure 4 presents

the logistic probability function along with the resulting three-dimensional ROC curve (Figure
5): True positive rate was maximized (0.95) and false positive rate minimized (0.20) when the
log of NT-proBNP was approximately 3.0. This value equates to a raw NT-proBNP of 1000

pg/mL.

The crossover point obtained from the within-patient analysis (Figure 2, Panel A) is somewhat
higher (i.e., 3000 pg/mL) than that obtained as the optimized cut-point from the between-patient
analysis (i.e., 1000 pg/mL). This result is explained primarily by the fact that the between-

patient analysis is marginal, whereas the within-patient analysis is conditional on a random

intercept of zero. Also, the two analyses place subjects into functional status groups in a slightly
different manner. Thus, the two crossover points are not strictly comparable. However, when
averaged over the random effects, the two crossover points agree closely in order of magnitude.

The Reliability of NT-proBNP Measurements

The reliability of a single NT-proBNP measure was estimated to be 0.61. Thus, only 61% of
the observed variation in a single NT-proBNP measure is attributable to a patient’s true score
(i.e., the theoretical true value of a patient’s NT-proBNP). The reliabilities of the mean for two
and three NT-proBNP measures were 0.76 and 0.82, respectively. These values suggest that
for the type of patients in this study, multiple measurements (i.e., a minimum of 3) of NT-
proBNP are required before a reliable patient value is obtained.

Am Heart J. Author manuscript; available in PMC 2011 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 5

DISCUSSION

We evaluated the ability of serial measurements of NT-proBNP to objectively assess changes
in the severity of HF in children with dilated cardiomyopathy. The results indicated that
increases in NT-proBNP serum levels are associated with lower LVEF, lower LVSF-z, higher
LVDD-z, higher LVSD-z, and increased odds of being in NYHA/Ross classes Il or IV. We
determined that an NT-proBNP value above 1,000 pg/mL identifies more symptomatic
patients. In children with NT-proBNP levels between 450 and 1,000 pg/mL, serial
measurements (3 at least) are required to reliably indicate functional status.

The moderate-to-strong relationship of NT-proBNP levels with several echocardiographic
variables and functional status potentially makes possible a test that quickly and objectively
indicates the patient’s clinical condition and corroborates the clinical assessment of functional
status and echocardiographic indices of ventricular size and function. The potential clinical
applications of this biomarker include tracking the progression of the disease and assessing the
response to therapy. We can speculate that a patient with progressive increases in NT-proBNP
may need more aggressive treatment or that one with decreasing NT-proBNP levels after an
increase in medication indicates improvement in HF.

Grading the severity of HF has always been problematic in infants and children because of the
difficulty in objectively assessing the degree of dyspnea, palpitation, fatigue, and chest pain,
factors that are the basis of the NYHA and Ross classifications (16), in a patient going through
a variety of developmental changes over relatively few years. NT-proBNP appears to be an
accurate and objective measure for assessing the progression of HF without the complications
associated with self-reported measures of function given by children. This marker is appealing
because within the same patient, NT-proBNP has a moderate-to-strong relationship to NYHA/
Ross class and echocardiographic measurements, and it appears to be superior to
echocardiography alone in tracking the patient’s functional class. The test is easy to do and
can be done in most clinical chemistry laboratories, allowing for frequent assessments. In
addition, pediatric echocardiography is more expensive, may require sedation, and the
interpretation is more subjective than a routine serum NT-proBNP (21).

Our data on the variability of NT-proBNP levels between patients also shows the importance
of serial measurements of NT-proBNP, particularly in patients in NYHA/Ross classes I/1l.
Patients in these classes may have abnormal LV size and function, but may still be
asymptomatic or with minimal symptoms. A single measurement of NT-proBNP may not be
sufficient to categorize the patient as “at risk” if it is below 1000 pg/mL. As we found, NT-
proBNP levels between 450 and 1000 pg/mL may not distinguish between symptomatic and
asymptomatic patients (Figure 3); patients with values in this range can fluctuate between the
“in-control” and the “poor control” groups. It becomes useful at this point to follow serial
measurements of NT-proBNP.

The data from the current investigation do not permit a reliable analysis of how frequently NT-
proBNP should be measured. The approach that we propose and have used for monitoring NT-
proBNP is given in Table IV. This approach should be seen only as a suggestion for how NT-
proBNP levels can be used as an adjunct tool in managing children with HF. Studies designed
with fixed intervals for measuring NT-proBNP are needed to determine the optimum interval
between NT-proBNP measurements.

Most of the published papers on the importance of brain natriuretic peptide in children focus
on its utility in identifying the presence of cardiac disease (9,10), but few have addressed its
prognostic implications in pediatric HF. In 53 consecutive children with chronic HF, Price et
al. found that a BNP level greater than 300 pg/mL was a strong indicator of mortality and
morbidity, with a sensitivity of 93% and a specificity of 95% (22). In another study, Mangat
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et al. reviewed 98 BNP levels in 48 children with pure LV dysfunction and found that a BNP
level greater than 290 pg/mL predicted poor outcome with a sensitivity of 80% and a specificity
of 87% (11). Although BNP and NT-proBNP values were not comparable, the authors showed
that logBNP correlates with NYHA/Ross classification (r=0.82, P<0.001), LVEDD-z (r=0.34,
P<0.001) and LVSF (r=—0.66, P<0.001) (11). In our study, we confirmed that NT-proBNP,
like BNP, is related to LV function and is an index of LV remodeling.

Limitations of the Study

Conclusions

Our study is retrospective. Blood collection for NT-proBNP measurements occurred when
blood testing was required as part of standard clinical management and did not follow a
predetermined time interval or sequence. Samples were measured in the hospital laboratory
and constituted single samples for any particular time period. Echocardiographic data were
abstracted from the echocardiographic report. Although the data were not collected with the
rigor of a prospective study, the echocardiograms were performed by experienced and skilled
technicians and reported by a cardiologist with expertise in echocardiography. The limited
number of deaths and transplants did not allow us to determine whether NT-proBNP levels
could predict mortality.

The estimates of thresholds and the subsequent suggested decision rules for NT-proBNP values
as they apply to children with HF need to be validated before they are applied in clinical
practice. It may not be prudent to use NT-proBNP as a stand-alone measure of functional status
or as a sole indicator of disease progression. Until the predictive power of NT-proBNP is
validated, values obtained in children with HF should be evaluated in light of all other measures
of functional status, as well as the specific clinical history of the individual patient.

Levels of NT-proBNP are a good indicator of HF and LV dysfunction in children with HF
secondary to dilated cardiomyopathy, and they are at least as good as echocardiography in
stratifying the severity of this disease. This association is consistent across several
measurements of LV systolic function and LV remodeling, as well as across functional status
over a long period in the same individual, and is thus extremely important for the information
it can provide in diagnosing and managing HF in children. NT-proBNP could eventually be
used as relatively inexpensive tests to monitor the progression of pediatric heart failure and
objectively assess the effects of treatments. NT-proBNP level above 1,000 pg/ml clearly
identifies the sickest patients. NT-proBNP < 450 identifies asymptomatic patients. In patients
with NT-proBNP between 450 and 1,000 serial measurement are needed to understand the
direction of HF evolution.

ABBREVIATIONS AND ACRONYMS

NT-proBNP N-terminal pro-hormone brain natriuretic peptide

HF heart failure

NYHA New York Heart Association

LV left ventricular

LVSD-z left ventricular systolic diameter relative to body surface area z-score
LVDD-z left ventricular diastolic diameter relative to body surface area z-score
LVSF-z left ventricular shortening fraction relative to age z-score

LVEF left ventricular ejection fraction
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ROC receiver operating characteristics
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Figure 1.

(Panels A-D). Bivariate relationships between echocardiographic measurements and serum
NT-proBNP measurements on a logs g scale. Black lines show the within-subject relationships
in a hypothetical average subject (i.e., a subject having a random intercept of zero) estimated
from these data using linear mixed models. Gray lines differentiate individuals by connecting
the repeated measurements for each subject.
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(Panels A-E). Bivariate relationships between the probabilities of being in NYHA/Ross class
I/11 versus H11/1V by NT-proBNP on a logy scale and echocardiographic measurements. Solid
(Probability of being in NYHA/Ross class I/11) and dashed (Probability of being in NYHA/
Ross class 111/1V) logistic curves show the within-subject relationships in a hypothetical
average subject (i.e., a subject having a random intercept of zero) estimated from these data
using logistic-normal, generalized linear mixed models. The black dots are the probability of
being in NYHA/Ross class II/1V for an individual subject, which was 1 if the subject was in
NYHA/Ross class I11/1V at a particular observation and 0 otherwise, plotted against actual

measurements of the predictor. Repetitive measurements within individual subjects are

connected by gray lines. The solid and dashed logistic curves cross at the value of the predictor
for which the hypothetical average subject has a 50% chance of being in NYHA/Ross class

Hi/1v.
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Figure 3.

Side-by-side box plots of the average logyg of NT-proBNP by control status group (“In
Control”, n = 20; “Fluctating”, n = 4; “Poor Control”, n = 6). Vertical lines indicate the range;
the boxes, the 25! to the 75t percentiles; and the lines in the box, the medians. The reference
lines at 125 and 450 pg/ml indicate the upper limit of normal and the diagnostic value for HF,
respectively.
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Figure 4.

The logistic probability function (C = “In Control” subjects (n = 20), O = combined “Poor
Control” and “Fluctuating” subjects (n=10)) for the probability of being “In Control” based on
an averaged logig of NT-proBNP. Plotted values are probabilities and corresponding logyg
NT-proBNP for individual subjects after averaging over the repeated measurements. Log10
NT-proBNP equals 3.0 when the odds of being in or out of control are equal.
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Table |

Demographic and Clinical Characteristics of 36 Children with Heart Failure Secondary to Dilated
Cardiomyopathy Providing Serial Measurements of NT-proBNP

Characteristic

Value

Cause of dilated cardiomyopathy, n (%)
Idiopathic
Anthracycline-related
Uremic
Muscular dystrophy
Age at diagnosis, median (min, max), years
Age at first NT-proBNP measurement, median (min, max), years
Male, n (%)
Race, n (%)
White
Black
Other
Ethnicity
Hispanic
Outcomes, n (%)
Death
Transplant
Length of follow-up, median (min, max), y
Number of NT-proBNP measurements per child, median (min, max), n

Time between serial NT-proBNP measurements, median (min, max), days

31 (86)
3(8)
1(2.5)
1(2.5)

2.2 (0.08, 16)
11.65 (2.0, 24.8)
14 (39)

20 (55)
15 (42)
1(3)

15 (42)

1(3)
7 (19)
1.0 (0.08, 4.1)
4(1,33)
64 (1, 763)

NT-proBNP, N-terminal pro-hormone brain natriuretic peptide
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Linear Mixed-Model Estimates of Mean Echocardiographic Measurements by Serum NT-proBNP Level in a

Hypothetical Average Child with Dilated Cardiomyopathy

Outcome  Children, n Observations, n ~ Estimated Outcome (95% CI)™ A Outcome/A log;o (NT- proBNP) (95% cpt pt

LVEF (%) 34 (121) 42.5 (38.9, 46.0) -9.8 (~12.5,-7.1) <0.001
LVSF-z 36 (128) ~6.04 (~7.15, —4.92) —3.25 (~4.16, —2.34) <0.001
LVDD-z 36 (131) 3.07 (2.37,3.77) 1.53 (1.06, 2.00) <0.001
LVSD-z 36 (128) 4.85 (4.01,5.71) 2.64 (2.40, 3.25) <0.001

*
The bivariate association between each outcome and NT-proBNP was examined using a linear mixed model with a random intercept and log10 (NT-
proBNP) as a single covariate. The estimated mean outcome and its 95% CI for a hypothetical average child was estimated at a NT-proBNP value

equal to the geometric mean of 660 pg/mL in the sample of 198 available measurements and at a random intercept of zero.

TThe within-patient change in outcome per 1-unit change in log10 (NT-proBNP) and its 95% CI were estimated using the same linear mixed model.
A 1-unit change in log10 (NT-proBNP) corresponds to a 10-fold increase in NT-proBNP measured in pg/mL (e.g., from 104 pg/mL to 1040 pg/mL).

The P value is for the test of the null hypothesis that the change in outcome is zero.

LVEF, left ventricular ejection fraction; LVSF-z, left ventricular shortening fraction relative to age z-score; LVDD-z, left ventricular diastolic diameter
relative to body surface area z-score; LVSD-z, left ventricular systolic diameter relative to body surface area z-score; NT-proBNP, N-terminal pro-

hormone brain natriuretic peptide.
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Table IV
Proposed Frequency of Monitoring NT-proBNP in Children with Heart Failure

1 Children with newly diagnosed HF who are stable in class I or 11 and who do not require hospitalization are tested monthly initially,
and the interval is gradually increased to 3 to 6 months.

2 Children with chronic HF who remain clinically stable after maximization of medications are seen and tested every 3 to 6 months.

3 Children with newly diagnosed HF requiring hospitalization (class 111 or IVV) should be tested every 1 to 7 days. After discharge, follow
up and testing should be every 1 to 4 weeks initially and then gradually extended according to functional class.

4 Children > 5 years of age with chronic HF class 111 or IV if stable enough to be discharged from the hospital are seen and tested every
2 to 8 weeks.

HF, heart failure.
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