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Abstract

Objective—To determine whether or not the N-terminal fragment of B-type natriuretic peptide
(NTproBNP) was a biomarker of clinical, laboratory, and echocardiographic abnormalities in
children with homozygous sickle cell disease (SCD).

Study design—A single-center retrospective study consisted of analysis of data from
November, 2007 to December, 2010. We correlated serum NTproBNP with clinical and laboratory
findings, echocardiographic data, and New York Heart Association (NYHA) functional class.

Results—NTproBNP levels from 42 children (median age 9 years, 52% female) had significant
correlations with hemoglobin (r= —0.63, p<0.05), and echocardiographic measurements including
tricuspid regurgitant velocity (r=0.46, p<0.05), lateral E’ (r=-0.52, p<0.05) and lateral E/E’ ratio
(r=0.60, p<0.05) suggesting diastolic dysfunction. In addition, NTproBNP levels increased from
NYHA functional class I to class 11l and had a significant linear correlation with the NYHA
functional class (r=0.69, p <0.05).

Conclusions—NTproBNP correlated with low hemoglobin and tissue Doppler data as
indicators of diastolic dysfunction. Elevated NTproBNP may be a prognostic biomarker for the
presence of diastolic dysfunction related to anemia in children with SCD.

The N-terminal fragment of B-type natriuretic peptide (NTproBNP) is the inactive
byproduct of the cleavage of pro-BNP, which was first identified in brain tissue. B-type
natriuretic peptide is also produced in the atrium and right ventricle but is predominantly
synthesized in the left ventricular (LV) myocardium. In a recent study of adults with sickle
cell disease (SCD), elevated NTproBNP levels positively predicted the diagnosis of
pulmonary hypertension and were independently associated with increased mortality.1-8
Previous reports indicated NTproBNP levels correlated with measures of LV diastolic
function such as E/A ratio rather than systolic dysfunction in adult patients with SCD.4 LV
diastolic dysfunction is common in the SCD population and diastolic LV filling

© 2011 Mosby, Inc. All rights reserved.

Corresponding Author; SHINICHI TAKATSUKI, Address 13123 East 16t Avenue, B100, Pediatric Cardiology, Children’s Hospital
of Colorado and University of Colorado Denver School of Medicine, Aurora, CO 80045, Phone 720-777-4522, FAX 720-777-7290,
tekeshin0621@msn.com.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

The authors declare no conflicts of interest.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Takatsuki et al.

Methods

Page 2

abnormalities are also predictive of high rates of mortality in affected adults.” LV diastolic
dysfunction and pulmonary hypertension may develop independently in SCD patients and
contribute to the disease-associated early mortality.” The aim of our study was to determine
whether or not NTproBNP levels could serve as a biomarker of clinical, laboratory, and
echocardiographic abnormalities in children with SCD.

This single-center retrospective study consisted of data from November, 2007 to December,
2010. Data were analyzed from the medical records of children attending the
Comprehensive Pediatric Sickle Cell Clinic at Colorado Children’s Hospital, Aurora,
Colorado with the approval of the Colorado Multi-Institutional Review Board. NTproBNP
levels were measured on an electrochemiluminescence immunoassay (Mayo medical
laboratories; ProBNP 11, Roche Diagnostics, Indianapolis, IN, USA). Children were
routinely evaluated for the presence of pulmonary hypertension by two-dimensional Doppler
echocardiography using the modified Bernoulli equation. As established by recent studies,
an elevated tricuspid regurgitant (TR) jet velocity was defined as greater than 2.5 m/second
in this population.8-10 The echocardiographic data included TR velocities, left and right
ventricular diastolic dimension, mitral inflow E velocity, and LV fractional shortening by
the modified Simpson’s method. Imaging of tissue Doppler was performed using spectral
pulsed Doppler. In the apical 4-chamber view, pulsed Doppler sample volume was placed at
the lateral mitral annulus. As previously reported, E’ (early diastolic myocardial relaxation)
velocity and E/E’ ratio have been shown to be excellent echocardiographic predictors of
diastolic dysfunction.1! We measured lateral E” velocity and calculated lateral E/E’ ratio for
evaluating LV diastolic dysfunction. For data analysis we included only echocardiographic
data obtained within 30 days of the NTproBNP blood draw.

Statistical Analyses

Results

All results are expressed as median and range or mean and standard deviation as specified.
Spearman'’s non-parametric correlation test was used to determine possible correlations
between NTproBNP level and clinical events, laboratory results, echocardiographic
findings, and New York Heart Association (NYHA) functional class. NYHA functional
class was evaluated in patients who were over 6 years-old. In addition, SCD patients were
categorized into two groups by elevated (greater than or equal to 2.5 m/second) and normal
TR velocity (less than 2.5 m/second). The Mann-Whitney U test, Student t-test, and Chi-
square test were used to evaluate differences between the 2 groups defined by elevated and
normal TR velocity. To compare mean values among the NYHA functional class I, class Il,
and class 111, the differences were assessed by analysis of variance, with Bonferroni’s
correction for multiple comparisons. The level of statistical significance was defined by a p
value < 0.05. Analyses were conducted using Statmate 111 for Windows (Atoms Co., Tokyo,
Japan).

Forty two children with homozygous SCD (median age 9 years, 52% female) had
NTproBNP measurements. Twenty nine children were born in Denver, thus the median time
to live at moderate altitude was 8 years (2—19 years). Seventeen (40%) children were
receiving hydroxyurea therapy and 6 (14%) patients were receiving chronic transfusions. No
patients received bone marrow transplantation. Of 42 children, 27 (64%) had acute chest
syndrome episodes and 33 children (79%) were hospitalized due to pain crisis or acute chest
syndrome. Four (9%) children had previous ischemic stroke. Twenty four (57%) children
had 39 echocardiogram examinations within 30 days of the NTproBNP evaluation. Because
TR velocity could not be measured in 13 children (31%), we evaluated the correlation
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between NTproBNP and TR velocity in 20 samples. The median and range NTproBNP,
hemoglobin, reticulocyte, lactate dehydrogenase, feriritin, and iron levels in all children
were 92.9 pg/ml (8.5-839.7 pg/ml), 8.5 g/dl (4.8-12.7 g/dl), 13 % (1.2-33%), 558 U/l (230-
1998 U/I), 240 ng/ml (27.1-6654 ng/ml), 89 pg/dl (26-236 pg/dl), respectively.
Echocardiographic data included the median and range TR velocity (2.4 m/s, 1.6-3.3 m/s),
right ventricular diastolic dimension (16.6 mm, 7.8-28.7 mm), LV diastolic dimension (44.1
mm, 29.4-59.6 mm), LV functional shortening (37%, 26-52%), LV inflow E velocity (1.1
m/s, 0.8-1.6 m/s), lateral E’ velocity (18 cm/s, 11-25 cm/s), and lateral E/E’ ratio 6.3 (3.6—
13.5).

Correlation between laboratory, echocardiographic data and NTproBNP level

By Spearman rank correlation coefficients, the NTproBNP level had a significant negative
correlation with lower hemoglobin (r=-0.63, p<0.05) (Figure 1). Even when excluding 6
patients who underwent chronic transfusion, we found a significant correlation between
NTproBNP and hemoglobin (r=-0.60, p<0.05). There were no correlations between
NTproBNP level and any other laboratory data including white blood cell, platelet,
reticulocyte, lactate dehydrogenase, total bilirubin, direct bilirubin, ferritin, iron,
aminotransferase, blood urea nitrogen, and creatinine. In addition, NTproBNP had no
correlations with time to live at altitude, episodes of acute chest syndrome, and number of
episodes of hospitalization due to pain crisis or acute chest syndrome. There were moderate,
but significant correlations between NTproBNP level and LV inflow E velocity, lateral E’
velocity, and E/E’ ratio (r=0.49, p<0.05, r=-0.52, p<0.05, r=0.60, p<0.05, n=32,
respectively) (Figure 2). Other echocardiographic variables (right ventricular diastolic
dimension; r=0.12 p=0.45, LV diastolic dimension; r=-0.08, p=0.58, LV fractional
shortening; r=0.02, p=0.92) did not correlate with NTproBNP. In addition, LV diastolic
dimension did not correlate with hemoglobin (r=-0.03, p=0.84). Hemoglobin increased
after hydroxyurea therapy in 17 children (mean +/— standard deviation; 8.0 +/— 0.8 versus
8.9 +/— 1.2 g/dl, p=0.02). Although 13 of 17 patients had acute chest syndrome before
hydroxyurea treatment, only 1 patient had acute chest syndrome during follow-up (36+/—22
months).

TR velocity and NTproBNP level

Ten children had elevated pulmonary artery systolic pressures as evidenced by a TR velocity
of greater than or equal to 2.5 m/second. One-third of these children (3) had TR velocity >
3.0 m/second. The Table shows the clinical variables in children with and without elevation
of TR velocity. In the elevated TR velocity group, right ventricular diastolic dimension, the
number of hospitalizations due to crisis, and time at altitude were significantly higher than
those in < 2.5 m/second TR group (p<0.05). In contrast, 2 children who had stroke episodes
were in the < 2.5 m/second TR group. NTproBNP level had a significant correlation with
TR velocity (r=0.46, p<0.05, n=20) when evaluated as a continuous variable. However, in
children with elevation of TR velocity > 2.5 m/second, the NTproBNP levels tended to be
higher than those without elevation of TR velocity, but this was not statistically significant
(median and range; 105.5 (28-839.7) pg/ml versus 81.9 (18.1-373.7) pg/ml, p=0.44).
NTproBNP was positively associated with having a TR velocity > 2.5 m/second with an
area under the Receiver Operating Characteristic curve = 0.67 (Figure 3; available at
www.jpeds.com). NTproBNP had a higher predictive ability compared with hemoglobin,
which was negatively associated with having a TR velocity > 2.5 m/second, Receiver
Operating Characteristic curve = 0.56.

NYHA functional class and NTproBNP level

As shown in Figure 4, serum NTproBNP levels increased from NYHA functional class |
(mean +/— standard deviation; 67.7+/—33.0 pg/ml, n=28), class Il (249.6+/—112.5 pg/ml,
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n=9), to class 111 (410.9+/—299.8 pg/ml n=5). NTproBNP in NYHA class Il and 11l were
significantly higher than in class I (p <0.05), but not each other. Moreover, NTproBNP had
a significantly positive correlation with NYHA functional class (r=0.69, p <0.05). In
contrast, there was no significant correlation between TR velocity and functional class
(r=0.36, p =0.15)

Discussion

We found that NTproBNP levels had a significant inverse correlation with hemoglobin
levels in children with SCD. This has been reported in adults with SCD.# The inverse
relationship is not well understood, although it is known that chronic anemia leads to
activation of the renin—angiotensin—-aldosterone system and hyperactivity of the sympathetic
nervous system. In response, cardiac output, LV filling pressure, and LV end diastolic
volume may be increased.12:13 |n addition, myocardial ischemia associated with tissue
hypoxia due to anemia may cause vasodilation and low systemic vascular resistance
mediated by endothelium derived nitric oxide.14-17 Importantly, we also found that
NTproBNP levels correlated with TR velocity, left ventricular inflow E velocity, mitral
annulus E” velocity, and E/E’ ratio suggesting LV diastolic dysfunction. Danzmann et al
reported that left ventricular inflow E velocity is highly sensitive to preload and left atrial
pressure can change dramatically as diastolic dysfunction progresses.18 In addition, E’
velocity reflects the velocity of early myocardial relaxation during early rapid LV filling.
Decreased E’ velocity is an early marker for detecting diastolic dysfunction.11.19.20 | v/
filling pressures are correlated with the ratio of the LV inflow E wave to lateral E’ wave (E/
E’). Elevation of the ratio due to reduced E’ and increased mitral E suggests LV diastolic
dysfunction. Therefore, E’ velocity and E/E’ ratio have been shown to be excellent
echocardiographic predictors of diastolic dysfunction.11:19-22 |n adult patients with chronic
anemia secondary to beta thalassemia major, elevated E/E’ ratios significantly correlated
with elevated NTproBNP levels and diastolic dysfunction.23:24 Qur study extends these
findings to pediatric patients with SCD and suggests that elevated NTproBNP levels are a
biomarker for LV diastolic dysfunction. The findings suggest the elevation of NTproBNP
may be in response to LV overload and diastolic dysfunction due to chronic anemia.
Although B-type natriuretic peptide has also been investigated, NTproBNP rather than B-
type natriuretic peptide may be a more accurate biomarker because of its stability and longer
half-life.25:26

Several SCD studies have suggested that NTproBNP levels predict the development of
elevated TR velocity and perhaps pulmonary hypertension in adult patients with SCD.1:34
Elevated NTproBNP levels are associated with exercise intolerance (defined by the 6 minute
walk test) as well as an independent risk factor for early mortality in adults with SCD.#427:28
Similarly, we found that high NTproBNP levels significantly correlated with TR velocity in
children with SCD. Previous reports suggested elevated NTproBNP levels may be
secondary to hemolysis-related secondary pulmonary hypertension, but we did not find a
significant difference in NTproBNP level between with and without elevation of TR
velocity groups. Our results suggest the elevated NTproBNP is mainly due to LV diastolic
dysfunction with chronic anemia as the NTproBNP level was not different between patients
with or without an elevated TR velocity.

Previous studies have reported that serum NTproBNP concentration was increased in
patients with advanced heart failure and was closely related to disease progression,29:30
Similarly, we found that NTproBNP may provide prognostic information for functional
deterioration with LV diastolic dysfunction. In contrast, the TR velocity was not associated
with functional class. Our findings suggest that screening for cardiac dysfunction with
NTproBNP may be useful to identify children who should have a cardiac evaluation, thereby
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potentially improving the management of children with SCD by preventing functional status
deterioration. Although cardiac management should not be based solely on the basis of
NTproBNP levels, future research might find that NTproBNP can help guide evaluation for
cardiac dysfunction in children with SCD.

Our study was limited by small numbers and was an observational cohort study from a
single center. Therefore, a larger study involving pediatric patients with SCD is needed to
determine whether the results we observed can be generalized to the larger pediatric sickle
cell population. Due to the limited number of patients with available information on TR
velocity in our study, further study should be performed to clarify whether NTproBNP level
can predict TR velocity. In addition, hydoxyurea and transfusions therapies might
potentially influence the natural history. However, despite these limitations, we suggest that
NTproBNP measurements are easily obtained and may serve as a useful prognostic marker
for the presence of diastolic dysfunction related chronic anemia in children with SCD.
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Figure 1.
Negative correlation between NTproBNP and hemoglobin was observed in 42 samples by

Spearman rank correlation.
NTproBNP; N-terminal fragment of B-type natriuretic peptide
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Figure 2.

Significant correlations between NTproBNP level and echocardiographic measurements of
LV diastolic dysfunction including LV inflow E velocity, lateral E” velocity, and lateral E/E’
ratio were observed in 32 samples by Spearman rank correlation.

LV; left ventricular, E’; early diastolic myocardial relaxation velocity
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The most recent set of matched NTproBNP and TR velocities (n=14) were used to generate
the Receiver Operating Characteristic curve analysis. A logistic regression was used to test
the association between TR velocity > or < 2.5 m/second with NTproBNP and hemoglobin.
TR; tricuspid regurgitant
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Figure 4.

NTproBNP had a significant correlation with NYHA functional class in children who are
greater than 6 years-old. NTproBNP in NYHA class Il (n=9) and Il (n=5) were significantly
higher compared with in class | (n=28) by Student t-test.

NYHA,; New York Heart Association
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Table 1

Characteristics of children with and without elevated TR velocity

TR velocity TR velocity
>2.5 m/s (N=10) <2.5 m/s (N=19) P value
NTproBNP (pg/ml); median (range)  105.5 (28-839.7) 81.9 (18.1-373.7) 0.448
Age (years); median (range) 12 (4-19) 8 (3-19) 0.20*
Sex (male : female) 4:6 8:11 0587
Time to live at altitude; median (range) 11 (2-19) 7.5 (3-19) <0.058
Acute chest syndrome; case (%) 7 (70) 14(73)
(median times of episode) 1(0-3) 1(0-5) 0.858
Admission for crisis; case (%) 9 (90) 17 (89)
(median times of hospitalization for crisis) 7 (0-30) 3(0-10) <0.05 8
Stroke; case (%) 0(0) 2(11) 0.381
Hydroxyurea; case (%) 5 (50) 7(37) 0.427
Chronic blood transfusion; case (%) 2 (20) 3(16) 0.791
Laboratory data Median (range)
Hemoglobin (g/dl) 8.9 (4.8-13.1) 8.5 (7.4-11.6) 0.96"
White blood cell (x10%pl) ~ 12.4 (5.4-351) 126(43-189) (48
Platelet (x10%/ul) ~ 369.5 (194-559) 393 (303-522) 093*
Reticulocyte (%) 11.8 (1.2-20.3) 12.5 (4.6-20.1) 0.59"
Lactate dehydrogenase (U/l) 532 (267-1406) 500 (351-1998) 0.82*
Total bilirubin (mg/dl) 22(0.7-3.2) 3.9(1.1-7) 0.08"
Direct bilirubin (mg/dl) 0.2 (0-0.4) 0.3 (0-0.6) 0.22*
Ferritin (ng/ml) ~ 204.7 (40.2-1477)  264.4 (27.1-797.4) (938
Iron (ug/dl)  86.5 (77-132) 95.5 (49-123) 0.468
Alanine aminotransferase (U/I) 57.5 (21-108) 44.5 (28-77) 033"
Aspartate aminotransferase (U/I) 27 (12-52) 22 (9-39) 0.46"
Blood urea nitrogen (mg/dl) 8.2 (5-9.9) 7.5 (4.3-11) 0.73"
Creatinine (mg/dl) 0.4 (0.2-0.5) 0.3 (0.2-0.6) 0.738
Echocardiographic data Median (range)

Right ventricular diastolic dimension (mm) 18.3 (9.8-24.9) 13.4 (7.8-23.5) <0.05°
Left ventricular diastolic dimension (mm)  43.7 (32.7-54.7) 41.7 (30.8-49.8) 0.52*
Left ventricular fractional shortening (%) 42 (33-49) 38 (26-45) 0.10*

Left ventricular inflow E velocity (m/s) 1.3(0.8-1.6) 1.0 (0.7-1.5) 0.098
Lateral E” velocity (cm/s) 19 (12-22) 20 (11-25) 055*
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TR velocity TR velocity
>2.5 m/s (N=10) <2.5 m/s (N=19) P value

Lateral E/E’ ratio 6.7 (4.3-12.9) 5.9 (3.6-13.5) 0.348

NTproBNP; N-terminal fragment brain natriuretic peptide, TR; Tricuspid regurgitation velocity
*

Two-sample t-test for normal distribution data for normally distributed data
§Mann—Whitney U test for non-normally distributed data

ﬂChi-square test
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