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ABSTRACT

Natriuretic atrial peptides are secreted by the heart in response to the distension of the cardiac
chambers, and the N-terminal-probrain natriuretic peptide (NT-proBNP) is used frequently by clinician
as an indirect measure of cardiac distension. The direct way of getting the same information is
echocardiogram which provides a structural and functional assessment of the heart in real time.
This paper discusses the value of obtaining both investigations simultaneously. We examined four
cases in which the data on simultaneously done NT-proBNP and echocardiogram was available.
We concluded that although NT-proBNP used in conjunction with echocardiogram and clinical
evaluation can be effective in monitoring neonatal cardiac hemodynamic status, but using NT-
proBNP and echocardiogram at the same time is not necessary. Following clinical suspicion and
initial echocardiogram, NT-proBNP can be used to trend the infant's status and guide treatment. As
our sample size was small, further research using a multicenter trial would be needed to confirm our
conclusions, and that could lead to the development of institutional guidelines benefiting both the
hospital and patient alike.

ABBREVIATIONS

ASD/PFO: Atrial Septal Defect/Patent Foramen Ovale; PDA: Patent Ductus
Arteriosus; AV Canal; Atrioventricular Canal; VSD: Ventricular Septal Defect; LV/RV:
Left Ventricle/Right Ventricle

INTRODUCTION

Natriuretic atrial peptides are secreted by the heart in response to the distension
of the cardiac chambers [1,2]. In neonates, N-Terminal-proBrain Natriuretic
Peptide (NT-proBNP) measurement is used as a marker and treatment response
indicator for hemodynamically significant Patent Ductus Arteriosus (HsPDA) [3-
6]. NT-proBNP has also been used as prediction of BronchoPulmonary Dysplasia
(BPD) [7]. However, it is unclear if obtaining NT-proBNP and echocardiogram
simultaneously is a high-value care practice. Echocardiogram provides structural
and functional assessment of the heart in real time, while NT-proBNP is an indirect
measure of cardiac distension. In the era of handheld ultrasound technology, do we
have to rely on NT-proBNP for cardiac assessment?

For this article, we examined four cases in which the data on simultaneously
done NT-proBNP and echocardiogram was available (Figures 1-4). These cases will
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aid in highlighting the cost-benefit ratio of simultaneously
obtaining the cardiac studies and examine the necessity of
this practice.

CASES

In case 1, the NT-proBNP trended up from 4,600 to 8,100
pg/mL while echocardiogram showed improvement in PDA.
In brief, the patient was a preterm infant born at 25 57 weeks
admitted for extreme prematurity. The first echocardiogram
(echo) obtained on day 5 of life demonstrated moderate PDA
with the left to right shunting and PFO with the left to right
shunt. Repeat echo on day 21 of life demonstrated persistent
PDA with large left to right shunt and small left to right atrial
shunt. On days 46, 59, and 66 of life, repeat echo showed
a moderate sized PDA with low velocity left to right shunt
suggesting increased pulmonary artery pressures. On day 72
and 79 of life, PDA and PFO were observed, as was elevated
RV systolic pressures based off bidirectional PDA and septal

Figure 1 (Case 1)
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flattening on echo. BNP values on days 66, 72, and 79, were
4,700, 8,120, and 6,277 (Figure 1). In this case, Sildenafil
was started on day 79 of life for pulmonary hypertension;
BNP and echo portrayed identical information of persistent
cardiac abnormality. As noted in (Figure 1) that a rise in NT-
proBNP level was not consistent with the echocardiogram.
PDA was smaller in the later echocardiogram despite
doubling of the NT-proBNP.

In case 2, the NT-proBNP trended up from 4200 to 6300
with no major changes in the cardiac functions (Figure 2).
In summary, the patient was a preterm infant born at 23 ¥7
weeks admitted for extreme prematurity. First echo on day 2
of life demonstrated large PDA with bidirectional shunting,
increased RV systolic pressure, and moderate Secundum
ASD. Repeat echo on day 11 of life demonstrated persistent
PDA. Following this report, the patient was initiated on
acetaminophen for 6 days for PDA closure. In this case,
the echo was used as a supplemental guide for aggressive

CARDIAC PROFILE

NT-proBNP
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- Small patent ductus arteriosus with bidirectional shunt — £.300
b = Patent foramen ovale with left to right shunt
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Figure 1 Case 1.
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treatment of PDA. In addition, biweekly echos were
conducted, and it was concluded that the baby would require
surgical intervention. Patient’s BNP, first measured on day
64 of life, was used for the evaluation of continued LV + LA
dilation and volume status. An echo was also ordered for day
64 which showed dilated LA + LV and large PDA with shunt.
BNP continued to trend up with no change in intervention.
The final echo, following closure of PDA, demonstrated PDA
device in good position with minimal residual shunting and
mildly dilated LV. As noted in (Figure 2), there was a rise
in NT-proBNP level; however, the echo findings remained
unchanged.

In case 3, the NT-proBNP trended down from 4500 to
2400 with no significant change in the cardiac functions
(Figure 3). In brief, the patient was a term infant born at 37
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¢/7 weeks with prenatal ultrasound suggesting a dilated RV
and VSD admitted for respiratory distress. First echo, on
day 1 of life, demonstrated a small fenestrated secundum
ASD with bidirectional shunt, a small apical muscular VSD
with low velocity right to left shunt, a large PDA with mostly
left to right shunt, and a significantly dilated right ventricle
which was concerning for peripheral/cerebral arterio-
venous malformation. Follow-up liver and head ultrasounds
were normal. Echo on day 4 of life showed stable ASD, a
trivial PDA with left to right shunt but some right to left at
peak systole, and a mildly hypertrophied right ventricle.
Repeat echo on day 11 showed no significant changes. BNP
corresponded with improving echo results, with 4493, 2538,
and 1758 on days 3, 7 and 11 of life, respectively. As note in
(Figure 3), even with the drop in NT-proBNP levels, the
echocardiogram findings remained unchanged.

Figure 2 (Case 2)
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Figure 2 Case 2.
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Figure 3 (Case 3)
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Figure 3 Case 3.

In Case 4, a term neonate with Trisomy 21, the NT-
proBNP on day 15 of life was noted to be 15523 with the
echocardiogram showing complete AV canal, moderate AV
valve regurgitation reflecting RV/PA systolic pressures of at
least 62 mm Hg, large inlet VSD with predominantly left to
right shunting and septal flattening consistent with pressure
equalization and no PDA with small PFO vs. ASD. A follow
up NT-proBNP on day 18 of life was noted to be 16460 with
similar echocardiogram findings (Figure 4). NT-proBNP on
day 22 trended up by 50% with no change in echocardiogram
findings. As noted in (Figure 4) NT-proBNP levels had a rise
and fall without congruent changes in echo findings.

DISCUSSION

These cases provided some evidence that NT-proBNP
did not provide any additional valuable information on the
cardiac status of the infant when simultaneously obtained
with echocardiogram. To further explore the relationship

between NT-proBNP in conjunction with echocardiography,
we will discuss the utility and limitations of both NT-proBNP
and echo as well as the cost benefit analysis.

THE UTILITY AND LIMITATION OF NT-
PROBNP

NT-proBNP measurements have been used widely for
the evaluation of cardiac stress due to multiple conditions
[8]. These measurements are considered strong predictors
of adverse cardiac events. Recent research has shown that
NT-proBNP can be used to guide management of cardiac
patients and determine the effectiveness of the interventions
to ultimately improve patient outcomes. For example, some
institutions use BNP levels as a guide on how aggressively to
treat heart failure in adults; i.e. higher BNP levels correspond
with more aggressive treatment while down trending results
predict clinical improvement. Therefore, BNP levels may be
used as a prognostic value [8]. In neonates, BNP/NT-proBNP

Turnbough L, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1458
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Figure 4 (Case 4)
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Figure 4 Case 4.

values are used to diagnose shunts and determine need for
intervention in cases of Patent Ductus Arteriosus (PDA) [9].
Furthermore, in select children, NT-proBNP values predict
disease severity and are positively correlated with echo
evaluations of severity [9].

Even though NT-proBNP values have wide ranged
merits, there are limitations to such measurements. BNP
concentrations cannot be seen as a measure of cardiac
function only. Multiple other disease processes such as
liver cirrhosis, pulmonary disorders, endocrine disorders,
obesity, anemia, etc. can cause elevations in NT-proBNP [9].
In a recent study in adults, NT-proBNP levels were shown
to have a wide range depending on pathophysiology and
hemodynamics in both healthy and cardiac patients [8].
Thus, higher values could be seen in healthy patients and
lower values in sick patients. When evaluating hemodynamic
instability, research suggests that a single NT-proBNP
was not sufficient to predict need for mechanical support
[9]. While the trends are reported, the field is still lacking
solid data to support these theories regarding the utility of
obtaining BNP in addition to conventional measures. Due to
the sparsity of pediatric research on the topic, it is suggested
that the utility BNP/NT-proBNP be limited to the evaluation
and monitoring of children with previously diagnosed heart
disease [9].

Moreover, NT-proBNP values depend on age. In
neonates, the plasma NT-proBNP levels will be considerably
high during the first 96 hours and then rapidly decline
over the first week. This reduction is typically slowly down
trending throughout the first month of life [9]. NT-proBNP
concentrations can be affected by multiple gestations (i.e.
twins), maternal type 1 diabetes, prematurity, intrauterine
growth restrictions, c section following the onset of natural
labor, and stress in the antenatal period [9].

THE UTILITY AND LIMITATIONS OF
ECHOCARDIOGRAPHY

Echocardiography can be wused to monitor the
hemodynamic status of an infant and the aid in the
management of a PDA [10]. Data from the echo such as
volume status and cardiac ejection fraction can aid in the
treatment of hemodynamic instability and shockin neonates.
In a recent study examining the utility of neonatal echo,
approx. 41.5% of echocardiograms performed in the NICU
resulted in direct changes in management [10]. However,
this contribution was dependent on the timing of the echo.
The most management changes guided by echo results were
made in the first 7 days of life. Following the first week, the
echo results led to less management changes [10]. Echo

Turnbough L, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1458 417
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results can be used as a guide for initiating, repeating, and
discontinuing drug administration for PDA treatment.

However, echocardiography has limitations as well.
Timing for echo is critical. After day 7 of life, most echos
did not result in a change to therapeutic management. For
cardiac output measurements, it is usually assumed that left
ventricular output is a reliable surrogate for cardiac output.
However, in neonates with a PDA, LV output cannot be used
as a surrogate. When evaluating hemodynamic instability
in the NICU, it is imperative that congenital heart disease
is ruled out; however, this is no easy feat. Echo requires
technologists who are specifically trained and closely
collaborate with cardiology. Due to the need for specially
trained techs, interobserver variability is another hurdle in
evaluation echos [11].

COST-BENEFIT ANALYSIS

In many institutions, it has become cultural and even
advised practice to trend BNP/NT-proBNP measurements
and echocardiograms. In the days of handheld ultrasound
devices and need for judicious use of otherwise costly
resources, the simultaneous collection of NT-proBNP
levels and echocardiography should be questioned.
Echocardiography costs substantially more than BNP levels.
For example, in the US, an echo may cost $1,000-$3,000
while a NT-proBNP measurement costs approximately
$115. NT-proBNP measurements could significantly reduce
the number of echocardiograms and reduce the work up
of patients (adult and pediatric) with suspected cardiac
anomalies/failure. In doing so, this would also substantially
decrease the cost of the patient’s diagnostic work up and
care [12]. Other studies have demonstrated that the use
of NT-proBNP as a guide for treatment has reduced the
time spent inpatient, amount of patients admitted, and
the total medical costs [13]. Furthermore, it is suggested in
recent research that obtaining NT-proBNP could negate
the need for an echo because pathologic findings would be
rare in those with normal NT-proBNP levels. Therefore,
by implementing a strict NT-proBNP strategy, healthcare
institutions could minimize the need for echocardiograms
and extensive diagnostic work up which would not only
reduce costs but also improve clinical outcomes for patients
[12,13].

CONCLUSION

In conclusion, although NT-proBNP used in conjunction
with echocardiogram and clinical evaluation can be an
effective in monitoring neonatal cardiac hemodynamic
status, using NT-proBNP and echocardiogram at the same
time is not necessary. Following clinical suspicion and
initial echocardiogram, NT-proBNP can be used to trend
the infant's status and guide treatment. As our sample size
was small, further research using a multicenter trial would
be needed to confirm our conclusion. A study such as that
could lead to the development of institutional guidelines
benefiting both the hospital and patient alike.
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