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Objective: Noninvasive methods for follow-up of pulmonary hypertensive children are limited. The main aim of this study
was to determine the cutoff levels for uric acid and N-terminal pro-brain natriuretic peptide (NT-proBNP) for follow-up of
Eisenmenger patients and their relationships with classical methods. To our best knowledge, this is the first study to investi-
gate the levels of NT-proBNP and uric acid in pediatric Eisenmenger patients.

Materials and Methods: Sixteen patients with Eisenmenger syndrome and 37 healthy children as controls were included in
the study. The serum NT-proBNP and uric acid levels of the participants were measured. The echocardiography, six-minute
walk test, and right cardiac catheterization data of the two groups were compared.

Results: NT-proBNP>81.4 pg/mL and uric acid >3.5 mg/dL were found to be the most specific and sensitive points for
predicting the severity of pulmonary hypertension in Eisenmenger syndrome. There was no significant difference between
mean pulmonary arterial pressure and serum NT-proBNP level; however, the differences between pulmonary vascular resis-
tance and serum NT-proBNP level and between mean pulmonary arterial pressure and serum NT-proBNP level were signifi-
cant. There was no significant difference between NT-proBNP level and New York Heart Association functional classification
or six-minute walk test distance. There was no significant difference between serum uric acid level and pulmonary vascular
resistance, right atrial pressure, or mean pulmonary arterial pressure.

Conclusion: It is too early to determine if serum biomarkers can replace classical diagnostic methods in Eisenmenger syn-
drome; further studies are required.

Keywords: Pulmonary hypertension, children, markers, follow-up

Pulmonary hypertension (PHT) is a severe, progressive disease which can rapidly deteriorate if left untreated (1).
The classical diagnostic and follow-up methods, such as echocardiography, catheterization, and the six-minute
walk test, have some restrictions. In recent years, biomarkers are being used more commonly in the diagnosis
and follow-up of PHT patients (2, 3). These are markers of heart failure, endothelial and/or platelet dysfunction,
cardiac myocyte damage, and oxidative stress (2-6).

In this study, we aimed to investigate the importance of certain biomarkers in Eisenmenger patients and the rela-
tionship of these biomarkers with classical methods. To our best knowledge, this is the first study to investigate the
roles of brain natriuretic peptide (BNP) and uric acid in pediatric Eisenmenger patients.

This study was performed between May 2010 and January 2011 in the Pediatric Cardiology Clinic of Erciyes
University Children’s Hospital. The parents of each participant were informed about the study, and written consent
was obtained. The local institutional ethics committee approved the study protocol.

Sixteen Eisenmenger patients aged 9.2+4.8 years (3 to 18 years) were included in this study. Ten of the patients
were male, and six were female. The control group included patients who were admitted to the pediatric cardiology
clinic for any reason and whose physical examination, electrocardiography, telecardiography, echocardiography,
and laboratory investigations (complete blood count, blood glucose, serum lipids, and renal and liver function tests)
were completely normal. Thirty-seven patients (17 female, 20 male) were included in the control group. The epi-
demiologic features of the patients are shown in Table 1.
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Blood pressure was calculated after a 15-minute resting period
using an appropriately sized sphygmomanometer. Mean blood
pressure (MBP) was calculated according to the following formula:
MBP=DBP+(SBP-DBP)/3. Body mass index (BMI) was calculated
according to the following formula: BMI=weight (kg)/height (m?).

Blood was drawn from each case. Hemoglobin, blood urea nitro-
gen, uric acid, creatinine, and N-terminal pro-BNP (NT-proBNP)
levels were studied. These studies were performed in the central
laboratory of our university hospital using Abbot Aeroset C16000
Chemical Commercial kits. Hemoglobin was studied in the hema-
tology laboratory using a Beckman Coulter Gen-S System 2 and is
expressed as g/dL.

Five mL blood samples were drawn from both patients and con-
trols to determine NT-proBNP levels. Blood samples were centri-
fuged at 4°C and 1500 rpm for 5 minutes. The plasma portion of
the upper phase was transferred to another tube for NT-proBNP
calculation. Samples were preserved at —80°C until the study date.
Later, they were studied by the ELISA method using Biomedica
NT-proBNP commercial kits (NT-proBNP enzyme immunoassay
kit, Biomedica, Bratislava, Slovakia) and an Elecsys® 1010 auto-
analyzer (Roche Diagnostics, Basel, Switzerland). Results were ex-
pressed as fmol/ml (1 fmol/mL=16.1 pg/mL).

Echocardiographic examination was performed for all children in
the control and Eisenmenger groups using a Vivid 7 ultrasound
(GE, Horten, Norway) with a 3 MHz transducer. Investigations
were performed in parasternal long, short axis, four chamber,
and five chamber views using M-mode and Doppler waves. 2D
measurements were performed according to the guidelines of the
American Society of Echocardiography. M-mode views were ob-
tained in the parasternal long axis by placing the cursor between
the mitral valves and apical to the tips of the mitral valve leaflets.
Ejection fractions and end-diastolic or end-systolic volumes were
calculated using the Teicholtz (Teich) method (7).

Cardiac catheterization data was obtained from the previous re-
cords of patients with Eisenmenger syndrome. Catheterization was
not performed on the patients in the control group.

The pulmonary arterial mean pressure (mmHg), aortic mean pres-
sure (mmHag), left ventricular end diastolic pressure, and the oxygen
saturation of the superior vena cava (%), main pulmonary artery,
and aorta were measured. Pulmonary vascular resistance (Wood
units) was calculated using the equation 80x(mean pulmonary ar-
terial pressure—pulmonary capillary pressure)/cardiac output (8).

All tests were performed using Statistical Package for Social Sci-
ences for Windows 16.0 (SPSS Inc.; Chicago, IL, USA) and Sigma
Stat 3.1. First, the distributions of all parameters were determined
using the Shapiro-Wilk test. The parameters with normal distribu-
tion were expressed as mean+SD, and the parameters with abnor-
mal distribution were expressed as median (minimum—-maximum).
Comparisons of means were performed by Student’s t-test. Com-
parisons of medians were performed with the Mann-Whitney U
test. Correlations were calculated with the Pearson product mo-
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General features of the patient and control groups
and angiographic features of the patient group

Patient Control

Variable (n=16) (n=37) P
Age, years 9.2+4.8 9.1+3.1 0.876
Sex, M/F 6/10 20/17 0.268
Weight, kg 24.0«11.5 30.5£10.8 0.066
Body surface area, m? 0.9+0.3 1.04+0.25 0.038
Height, cm 121.5£26.6 131.2+x185 0.3
Pulse, beats/min 94.5+16.8 85.6+14.5 0.063

Systolic blood
pressure, mmHg

Diastolic blood

100 (80-120) 105 (90-120) 0.002

pressure, mmHg 62.5 (50-75) 60 (50-80) 0.272
Mean blood

pressure, mmHg 73.4+8.3 79.2+7.8 0.018
Body mass index, kg/m? 15+2.1 17+£2.0 0.003
Pulmonary vascular

resistance, U/m? 13.4+4.4

Pulmonary arterial mean

pressure, mmHg 77.1£11.1

Main pulmonary arterial

O, saturation, % 78+8.8

Right atrium

pressure, mmHg 7.2 (3.5)

F: female; M: male; SD: standard deviation

The parameters with normal distribution were expressed as mean+SD,
and the parameters with abnormal distribution were expressed as
median (minimum-maximum).

ment or Spearman rank order, as determined by the normalcy
of data distribution. Receiver operator characteristic curve (ROC)
analysis using Metlab software (version 12.5.0, Ostend, Belgium),
was used to select the threshold values of NT-proBNP and uric acid
values to predict PHT. The area under the ROC curve (AUC) and
its standard error were calculated. Odds ratios (OR) were calcu-
lated, and the results are presented as ORs with a 95% confidence
interval (CI). P-value<0.05 was accepted as statistically significant.

The epidemiologic features of the patients are summarized in Table 1.
There were no significant differences in terms of age, sex, weight,
or height of the children in the two groups. However, the body
surface areas and body mass indexes were significantly lower in
the Eisenmenger group. Systolic blood pressure and mean blood
pressure were lower in the Eisenmenger group.

NT-proBNP and uric acid levels were significantly high in the patient
group (p<0.05; Table 2). In contrast, there was no significant differ-
ence between blood urea nitrogen and creatinine level. These were
in the normal range (Table 2). NT-proBNP was not correlated with
pulmonary arterial pressure or right atrial pressure. A significant re-
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Biochemical features of the patient and control

groups
Group

Patient Control
Variable (n=16) (n=37) P
Blood urea 12 11
nitrogen, mg/dL (9-15) (7-20) 0.0.177
Creatinine, 0.6 0.6
mg/dL (0.4-0.8) (0.5-0.86) 0.106
Uric acid, mg/dL 4.9+1.7 3.5+0.8 0.006
NT-proBNP 237.9 18.8
level, fmol/mL (11.42-1171.6) (7.73-81.4) 0.001

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

Correlations between N-proBNP level, serum uric
acid level, and other variables

N-proBNP Serum uric
level, acid level,
fmol/mL mg/dL

Variable R P R P
Mean pulmonary
arterial pressure,
mmHg 0.26 0.36 -0.04 0.87
Right atrial pressure,
mmHg 0.12 0.64 -0.35 0.20
Pulmonary vascular
resistance, U/m? 0.69 0.006 0.22 042
NYHA functional class 0.03 090 0.26 0.33
6 minute walking distance, m  0.29 0.38 0.01 0.97

NT-proBNP: N-terminal pro-brain natriuretic peptide; NHYA: New
York Heart Association

lationship was present between pulmonary vascular resistance and
NT-proBNP (r: 0.69, P: 0.006; Table 3). A significant negative cor-
relation was found between cardiac output and NT-proBNP (r: 0.66,
p: 0.02; Table 3). A positive significant relationship was present be-
tween serum uric acid and age in the patient group (r: 0.58, P: 0.02;
Table 3). The relationship between serum uric acid, NYHA functional
class, and six-minute walk test distance is shown in Table 3.

NT-proBNP>81.4 pg/mL was found to be the best specificity and
sensitivity point for predicting the severity of PHT in Eisenmenger
syndrome. The diagnostic sensitivity, specificity, and positive predic-
tive and negative predictive values of NT-proBNP with regard to the
prediction of PHT were 80%, 100%, 100%, and 92.5%, respec-
tively. AUC=0.897; 95% CI: 0.781-0.964; P: 0.0001 (Figure 1).

Uric acid >3.5 was found to be the best specificity and sensitivity
point for predicting the severity of PHT in Eisenmenger syndrome.
The diagnostic sensitivity, specificity, and positive predictive and
negative predictive values of uric acid with regard to the prediction
of PHT were 93.75%, 51.35%, 45.5%, and 95%, respectively.
AUC=0.780, 95% CI: 0.644-0.882; P=0.0002 (Figure 2).
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ROC of NT-proBNP for prediction of the severity
of PHT in Eisenmenger syndrome. The plot was constructed
by computing the sensitivity vs. 100-specificity for the
different possible cutoff points of the serum NT-proBNP
levels. AUC=0.897, 95% CI: 0.781-0.964; p=0.0001. The
diagnostic sensitivity, specificity, and positive predictive and
negative predictive values of NT-proBNP with regard to the
prediction of PHT were 80%, 100%, 100%, and 92.5%,
respectively
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ROC of uric acid for prediction of the severity of
PHT in Eisenmenger syndrome. The plot was constructed by
computing the sensitivity vs. (100-specificity) for the different
possible cutoff points of the serum uric acid levels. AUC=0.780,
95% CI: 0.644-0.882; p=0.0002. The diagnostic sensitivity,
specificity, and positive predictive and negative predictive
values of uric acid with regard to the prediction of PHT were

93.75%, 51.35%, 45.5%, and 95%, respectively

A pairwise comparison of the ROC curves of NT-proBNP and uric
acid for the prediction of the severity of PHT in Eisenmenger syn-
drome was performed. The AUC for NT-proBNP was 0.897; for
uric acid, it was 0.788. The standard error for NT-proBNP was
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Pairwise comparison of ROC curves of NT-
proBNP and uric acid for prediction of the severity of PHT in
Eisenmenger syndrome. AUC for PBNP=0.897 and for uric
acid=0.788. Standard error for PBNP=0.057 and for uric
acid=0.076. 95% CI for PBNP=0.781-0.964 and for uric
acid=0.653-0.889. Significance level, p=0.227

0.057; for uric acid, it was 0.076. The 95% CI for NT-proBNP
was 0.781-0.964; for uric acid, it was 0.653-0.889. The signifi-
cance level was found to be p: 0.227 (Figure 3). Therefore, there
was no significant difference between NT-proBNP and uric acid for
prediction of the severity of PHT in Eisenmenger syndrome.

Each classical test used for the follow-up of pulmonary hyperten-
sive patients has specific limitations. Echocardiography only es-
timates pulmonary arterial pressure and cannot be performed in
cases where tricuspid regurgitation is undetectable. Cardiac cath-
eterization is difficult to perform, especially repetitively. The six-
minute walk test is easy to perform; however, it cannot reflect the
whole status of the patient and does not provide sufficient data.
Also, it is not feasible and is less validated in young children (9, 10).
Certain biomarkers, such as BNP, serum creatinine, and uric acid,
have been used in PHT (11, 12). The most important feature of
this study and its main difference from other studies is that it uses
the largest Eisenmenger pediatric population to date to investigate
the roles of NT-proBNP and uric acid in comparison with hemody-
namic data (noninvasive and invasive) in children.

Serum creatinine level is a predictor of outcome in PHT. An increase
in serum creatinine level often reflects impaired renal perfusion (13,
14). In our study, there was no relationship between creatinine level
and right atrial pressure. Also, creatinine levels were low in our pa-
tients and did not increase as has been described in the literature
(Table 2). The discrepancy of our study compared to the literature
may be due to the poor nutritional status of our patient group.

A BNP level higher than 130 pg/mL has been found to increase
heart transplantation requirement and mortality risk in pulmonary
hypertensive patients (15, 16). In our study, NT-proBNP >81.4
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was found to be the most specific and sensitive point for predicting
the severity of PHT in Eisenmenger syndrome.

NT-proBNP concentration can be used as an alternative to the six-
minute walk test to assess the severity of heart failure, especially in
children who are less than six years old or who are uncooperative.
Some studies show good correlations between the six-minute walk
test and BNP level (17). However, we did not obtain the same corre-
lation in our study. This may be due to the limited number of subjects;
four of our subjects had Down syndrome, and three patients were
less than six years of age and were uncooperative during the test.

The role of NT-proBNP in Eisenmenger patients has previously
been studied in adults. However, no studies have been performed
in children. To the best of our knowledge, our study is the first to in-
vestigate the role of NT-proBNP in pediatric Eisenmenger patients.

Reardon et al. (18) studied the usefulness of serum brain natri-
uretic peptide to predict adverse events in adult patients with
Eisenmenger syndrome. Elevated serum NT-proBNP levels were
predictive of adverse clinical events. Also, it was found that serum
NT-proBNP was much more reliable than assessment of the right
ventricular ejection fraction by echocardiography in prognosis de-
termination. However, the relationship between NT-proBNP and
catheterization findings was not studied. The only study in children
was performed by Toyono et al. (19); they investigated the role of
NT-proBNP in 29 patients with VSD and severe PHT. Only four
patients showed apparent Eisenmenger physiology. There was a
significant positive correlation between Qp/Qs and NT-proBNP.
In contrast, there were significant negative correlations between
BNP and PVR.

Pulmonary Hypertension severity correlates inversely with cardiac
output and directly with pulmonary vascular resistance and right
atrial pressure, illustrating the importance of accurate measure-
ment of hemodynamic status to define the clinical profiles of pa-
tients (10). In our study, a positive correlation was found between
PVR and NT-proBNP; however, no significant relationship was
found between pulmonary artery pressure and NT-proBNP or be-
tween right atrial pressure and NT-proBNP (Table 3).

In previous studies, uric acid was found to have a positive predic-
tive value in mortality determination of patients with chronic heart
failure (20-22). The uric acid level of our patient group was found
to be statistically significant.

The mortality risks of people with high serum uric acid levels (male
8.9 mg/dL and female 6.4 mg/dL) are greater than those of peo-
ple with low uric acid levels (22, 23). In our study, uric acid >3.5
was found to be the most specific and sensitive point for predicting
severity of PHT in Eisenmenger syndrome (Figure 2). Serum uric
acid levels were also correlated with right atrial pressure, NYHA
functional class, six-minute walk test, cardiac index, cardiac output,
and survival (24, 25). Van Albada et al. (11) found the strongest
correlations between serum uric acid and mean pulmonary arterial
pressure, pulmonary vascular resistance, and cardiac index. In our
study, no correlation was shown between uric acid level and NYHA
functional class or six-minute walk test (Table 3). This is believed
to be due to the heterogeneous distribution of underlying heart
diseases of the patients and to their age distribution.
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A pairwise comparison of the ROC curves of NT-proBNP and uric
acid for the diagnosis of PHT was performed in our study. NT-
proBNP was found to be more specific than uric acid; however, the
significance level was p=0.227. Therefore, there was no signifi-
cant difference between NT-proBNP and uric acid for the predic-
tion of PHT (Figure 3).

The main limitation of our study is that NT-proBNP and uric acid
levels can be affected by many other factors, including left and right
heart dimensions and stroke volume. Therefore, it is very difficult
to make correlations with pulmonary arterial hypertension only.

The second limitation is that the underlying congenital heart de-
fects in Eisenmenger syndrome were not the same in each case.
Each patient had a different natural history and hemodynamic sta-
tus.

The third limitation is that the number of patients in the Eisen-
menger group was limited. Another limitation of our study is that
catheterization could not be performed for the control group. We
were unable to compare the invasive pulmonary artery, right atrial
pressure, pulmonary arterial saturation, and pulmonary vascular
resistance data of Eisenmenger patients with the control group.

In addition, these values may change with time; therefore, if follow-
up could be performed, the results would be more valuable.

Our study showed that as in adults, NT-proBNP and uric acid can
be used as biomarkers for follow-up of children with Eisenmenger
syndrome. However, it is too early to determine if serum biomark-
ers can replace classical diagnostic and follow-up methods (echo-
cardiography, angiography, six-minute walk test) in pulmonary hy-
pertension. Some of the results of our study are not consistent with
the literature, which shows that the study of biomarkers requires
more time and effort. More studies with broad participation and
long-term follow up should be performed.

Ethics committee approval was received for
this study from local ethics committee.

Informed consent was obtained from patients who
participated in this study.
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