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ABSTRACT

Background: Patent ductus arteriosus (PDA) is frequent in nemnawith a
gestational age of less than 28 weeks. While @inamd echocardiographic signs
determine the hemodynamic significant PDA. N-terthipeptide of Brain natriuretic
peptide (NT- Pro BNP) has been suggested as ansegetool for PDA in preterm

infants.

Objectives: This study aims to estimate serum NT-proBNP levelspreterm
newborns with PDA and assess its relationship wimodynamically significant

PDA (Hs-PDA).

Methodology: A hospital based observational study was conduoted9 preterm
infants (<37 weeks gestation) admitted to the NI&UKLEH Dr. Prabhakar Kore
Hospital, Belgaum, from December 2023 to DecemBd2 Clinical parameters, 2D
echocardiography, and serum NT-proBNP levels weoended. NT-proBNP levels
were measured using chemiluminescence on 2ml bdamaples collected in plain
vacutainers after obtaining consent from parentse Tamples are processed in
biochemistry lab. Data were entered into Excelstatistical analysis using R version

4.2.3, with p < 0.05 considered significant.

Result: Among the participants, 25 (51%) were male and4®44) were female. The
mean age of the infants was 8.49 = 6.01 days. Téenngestational age was 32.52 +
3.08 weeks. The infants were categorized as 4 8. Bxtreme preterm, 10 (20.41%)
very preterm, 19 (38.78%) late preterm, and 166&%) early preterm. The mean
birth weight of the neonates was 1368 + 545 g. dstribution of birth weight
categories included 18 (36.73%) very low birth wjdl7 (34.69%) extremely low

birth weight, and 14 (32.65%) low birth weight. i@tial characteristics showed that
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24 (48.98%) infants had a murmur, and 23 (46.9486uired oxygen. Apnea and
birth asphyxia were less common, affecting 2 (4.p8d 3 (6.12%) infants,
respectively. The mean PDA size was 2.69 mm, witarge from 0.70 mm to 6.50
mm. PDA sizes were classified into small, moderate] large categories, with 12
(24.49%) small, 12 (24.49%) moderate, and 25 (35)02arge PDAs. Closure
interventions were noted, with 21 (42.86%) underggiharmacological closure and
5 (10.20%) requiring surgical closure. Survivaleratas high, with 42 (85.71%)
infants surviving. Non-survivors (14.29%) presentedmplications like sepsis,
persistent pulmonary hypertension of the newbofPHIR), respiratory distress, and
pulmonary hemorrhage. ANOVA revealed a significdifterence in gestational age
among PDA size groups (p=0.013), with larger PD2esiassociated with smaller
gestational ages. Pearson correlation showed a wegltive association between
PDA size and gestational age (r=-0.15, p=0.311)A B2e by birth weight categories
indicated significant differences (p=0.025), witwker mean PDA sizes in the low
birth weight group. No significant differences wesbserved in mean PDA size
between extremely low and very low birth weight igve. The mean NT-proBNP
level was 17398 + 16966pg/mL, with values rangingmf 853 pg/mL to 70000
pg/mL. A significant correlation (r=0.52, p=0.000&as found between PDA size and
NT-proBNP levels, suggesting that larger PDA siaes associated with higher NT-
proBNP levels. Patients with hsPDA had significaddlrger PDA sizes (p=0.0001)
and higher NT-proBNP levels (median 26605 pg/mLinpared to those without
hsPDA (median 5976 pg/mL, p=0.036). Surviving ingainad significantly lower NT-
proBNP levels (median 10281 pg/mL) than non-sumgv@median 34593 pg/mL,

p=0.034).



Conclusion: The study indicates a significant association betweDA size and NT-
proBNP levels in preterm infants, with larger PDésrrelating with higher NT-
proBNP levels. NT-proBNP can be a useful markerd@mgnosing and managing
PDA in preterm newborns. Further research is ne¢de@lidate these findings and

refine the clinical utility of NT-proBNP in this #&ng.
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I ntroduction

1. INTRODUCTION

Patent Ductus Arteriosus (PDA) is a heart defeat tan occur in newborns
shortly after birth. The ductus arteriosus, is talferasculature that connects the
pulmonary artery and the aorta, allows blood todsgpthe lungs before birth. In most
cases, the PDA closes on its own shortly aftethbis the baby starts breathing
independent; However, if the PDA remains open (patent), it tead to excessive
blood flow to the lungs, causing strain on the haad potential complications like
fluid build up in the lungs PDA is more common in premature infants and can b

associated with other heart defécts

The incidence of PDA in premature neonates vayaesed on gestational age
and respiratory status, with failure of PDA clospaentially resulting in a left-to-
right shunt across the décwhile indomethacin and ibuprofen are common nadic
treatments for PDA, a conservative approach inmgiviestricted fluid intake and
continuous positive airway pressure (CPAP) can his@ffectivé. The three main
treatment options for PDA are medication, cathbased procedures, and surdery
Treatment is necessary if the PDA is large enoogtatise lung overload or increase
the risk of heart infections like endocarditi§reatment decisions depend on whether
the PDA is clinically significant, with options rgimg from conservative management
to medication or surgical ligation, especially imses where the PDA causes
respiratory deterioration or other complicatibhsClosing the PDA can prevent

complications and promote better heart fun&ion

Symptoms of PDA can include cyanosis (skin turnbige), fast or hard
breathing, trouble feeding, infections, poor weigjatin, and fatigue. Diagnosis of

PDA in preterm neonates often requires Doppler femhocardiography to confirm
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I ntroduction

the presence and significance of the conditionlyEdetection, accurate diagnosis,
and appropriate management of PDA in newbornsjcpéatly preterm infants, are

crucial to prevent potential long-term health issassociated with this heart defect

Several biomarkers have been identified as pofemtihicators for PDA in
infants, particularly preterm newborns. Inflammatiplays a significant role in the
pathogenesis of PDA in preterm infants. Biomarkassociated with the perinatal
inflammatory process, such as growth differentmatiactor 15 (GDF-15), monocyte
chemotactic protein 1 (MCP-1), platelet aggregateamd prostaglandin Dsynthase
(PGDH), have been linked to persistent PDA. Thaeearkers are related to tissue
hypoxia, inflammation, acute injury, oxidative stse and thrombus formation,

highlighting their potential as diagnostic tools RDA in premature infants

Isoprostanes (ulPs) have emerged as reliable bi@rsafor predicting the
development of hemodynamically significant PDA (B$8 in preterm infants. Early
measurement of ulPs, either alone or in combinatdh other markers, has shown
promise in identifying infants at risk of develogihsPDA. These biomarkers offer a
non-invasive and painless method for assessing RI#gression and guiding

management decisions in clinical practfce

Biochemical markers associated with the persistefcBDA in extremely
preterm infants include growth differentiation factl5, monocyte chemotactic
protein 1, platelet-derived growth factor, and lrgpoietin. High levels of
inflammatory markers and erythropoietin have baakeld to persistent PDA and
failure to respond to pharmacological treatmenteseh markers provide valuable

insights into the risk factors and outcomes assediwith PDA in preterm infants
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Biomarkers related to cardiac function, such asnbge natriuretic peptide
(BNP) and N-terminal pro-BNP (NT-proBNP), have besplored for their potential
in diagnosing and monitoring PDA in preterm infanig¢hile these biomarkers show
overlap in concentrations across different PDA gées, they remain valuable tools
for assessing cardiac status and guiding treatahecisions in infants with PDA*®
The serum NT-proBNP levels in preterm newborns WA have been extensively
studied. Research indicates that the expressiaislef NT-proBNP are higher in
PDA patients compared to non-PDA patients. Spexificin the PDA group, NT-
proBNP levels are higher in symptomatic PDA (sPPA)ients than in asymptomatic
PDA (asPDA) patients. The level of serum NT-proBdiPthe 3rd day after birth is
positively correlated with the diameter of the discarteriosus, showing clinical value
for early diagnosis of PDA™ Additionally, studies have shown that NT-proBNP
concentrations can be predictive of PDA persistebeyond 10 days despite
pharmacological treatment, with concentrations abav certain threshold being
significant predictorS. Furthermore, B-type natriuretic peptide (BNP) aNd-
proBNP have been used as screening tools for POgeterm infants, with elevated
plasma BNP levels associated with the presenceDéf'® These findings highlight
the importance of serum NT-proBNP levels as a \@&aarker for diagnosing and
predicting outcomes related to PDA in preterm nawboNT-proBNP is a biomarker
produced primarily by the ventricular myocardiunr@sponse to increased wall stress
and volume overlodd In the context of cardiac health, elevated NTBNE levels
in newborns may indicate cardiac stress, ventnicdisfunction, or structural heart

abnormalitie®’.

Some studies suggest that serum NT-proBNP levelg b® useful in

assessing the need for pharmacological or surgitafvention in preterm infants
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with PDA, particularly when combined with otherratial and echocardiographic
parameterS. Elevated NT-proBNP levels in the context of a beymamically

significant PDA may prompt clinicians to consideedital or surgical closure to
prevent complications such as pulmonary hypertensiecrotizing enterocolitis, or
bronchopulmonary dyspladfaFurther research is needed to elucidate theseeole

of NT-proBNP in the diagnosis, management, and mwetication of PDA in

newborn babies, with the ultimate goal of optimigimutcomes and reducing
morbidity associated with this common congenitaarhalefect. Therefore current
study titled “Estimation of serum N-terminal pegtidf Brain natriuretic peptide
levels in preterm newborn with Patent Ductus Adsus (PDA)- a one year
prospective observational study” was carried ouinirKLE's Dr Prabhakar Kore
Hospital, Belgaum to estimate the NT-proBNP in @mnet babies with PDA and to

correlate it with the size of the PDA.
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Aim & Objectives

1. AIMS AND OBJECTIVES

Primary objective:

To estimate the serum NT-proBNP in preterm newbuwiitis PDA

Secondary objective:

To correlate the level of serum NT-proBNP with saePDA (hs-PDA) in

preterm newborns
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2. REVIEW OF LITERATURE

2.1.Patent ductus arteriosus

Preterm infants with respiratory distress syndrqRBS) frequently develop
patent ductus arteriosus (PDA), and 60-70% of thefats undergo medication
and/or surgical treatment for PDA. The ductus aseis (DA), is a hole in a
developing baby's circulatory system, often clasesn after delivery Throughout
intra-womb life, the DA is a physiological struatuthat allows blood to detour the
lungs by flowing from the pulmonary artery to thesdending aorta. PDA occurs
when this vessel fails to close as it normally s$ti@dter birth. PDA is one of the most
common heart conditions in preterm newborns. ¢haracterized by the failure of the
DA to close within the first 72 hours of life. Thondition permits oxygen-poor
blood from the pulmonary artery to mix with oxygeoh blood from the aorta,
resulting in excessive blood flow to the lungs, ethitrains the heart and increases

blood pressure in the pulmonary artefies.

The DA, which joins the pulmonary artery to thetapdevelops throughout
the embryonic stage of life. Babies do not needsuto provide oxygen when they
are in the womb because they are getting it froatguta while they are still in the
womb?, It is not essential for the heart to pump bloodhe lungs in order for a baby
to breathe because the baby's lungs cannot creggerm All babies have the DA, a
blood vessel, while they are still developing inbeyonic stage. The newborn's lungs
must start supplying the rest of the body with axy@fter the umbilical cord is cut
and the baby is deliverédThe DA generally closes, the lungs expand, andlbed
vessels vasodilate within the first few hours afeavborn's life to allow for a higher

flow of blood through thefi. After a particular amount of time, the DA may
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occasionally fail to seal by itself. A PDA — sommés spelled "open"—describes
this situation. Full-term newborns are not exenmnptrf the danger of contracting this

sickness, despite the fact that preterm childremaore likely to suffer fromaf.

Patent Ductus Arteriosus (PDA)

LV: Left ventricle ® Oxygen-rich blood
RV: Right ventricle @® Oxygen-poor blood
LA: Left atrium ® Mixed blood

RA: Right atrium

AQ: Aorta

PA: Pulmonary artery

Figure 1: Diagram of a cross-section through a heawith PDA®

Ibuprofen and indomethacin are the two drugs thattypically prescribed to
patients in the beginning stages of treatment f@A Rvhich are effective in closing
the ductus with 70-80% closure rate. Studies hasdathat Ibuprofen has better
safety profile when compared to indomethacin ang e preferred over latér
Loading dosage for Ibuprofen is 10mg/kg/dose arissguent dose of 5mg/kg/dose
24 hourly X 2 doses is recommended. Due to safetycerns about NSAIDs in
neonates, paracetamol has lately been utilize@t¢oedse prostaglandin synthesis via
peroxidase. A meta-analysis study found that psaacel could cause an early PDA
closure with no obvious negative efféétsDosage of 15mg/kg every 6 hours for 3
day was recommended for paracetamol. Paracetaraghilable as both an injectable

and an oral formulation.
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The clinical, radiological, and echocardiographtamination that is currently
utilized to identify a PDA that is substantial froanhemodynamic standpoint has
considerable limitations. Echocardiography has géA@een seen as the gold standard
that most reliably produces accurate results. Baedloe size does not correspond to
the extent of shunting, there is no general agreen@n how to define
hemodynamically significant PDA using echocardigdyia criterig®. This is one of
the reasons why there is no agreement.There aredhdigns of left ventricular
volume overload and pulmonary blood flow that canftlund in biomarkers such as
NT-proBNP. In response to an increase in the sppEs=d on the ventricles, cardiac
myocytes produce NT-proBNP, which is a biomarkat tan be easily measufédt
is easy to identify, and the chemi-luminescent imoassay system in the
biochemistry lab at the KLE hospital is used tced®iine its concentration (Figure 2).
The degree of mechanical strain and volume stbedh, of which affect the prognosis
of the disease, is connected with their concepimatiln addition, it has been revealed
that their concentrations are significantly higherconditions such as congenital
anomalies, syndromic syndromes, renal failure, aadnatal sepsis. Hence, NT-
proBNP can be utilized as a diagnostic tool foraaiety of diseases and conditions.
Monitoring the levels of NT-proBNP in preterm newbaliagnosed with PDA would
make earlier intervention possible and provideghsiinto the progression of the

condition after medication has been administ&red
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IChemiluminescent

I

nllgen

Light

IPlate

Figure 2: Chemiluminescent immunoassay systeth

The presence of a PDA in this population of infah&és been linked in a
number of studies to an increased risk of mortadisy well as severe neonatal
morbidity, such as congestive cardiac failure,antentricular haemorrhage (IVH),
pulmonary bleed, bronchopulmonary dysplasia (BPB&crotizing enterocolitis
(NEC)®. On the other hand, the prevalence of these dissiig not affected by the
therapeutic methods currently in use for PBATherefore, there are still many
contentious and unresolved issues regarding the foedreatment and management
strategies for hemodynamically significant patemttds arteriosus (hsPDﬁ) These
issues can be broken down into two categories: genant strategies and treatment
strategies. Even though echocardiography is cuyrennsidered as definitve for the
diagnosis and evaluation of hsPDA, the data obthinem echocardiogram have
insufficient predictive value for the closure of D@ its owr’. Hence, there is a
growing interest in identifying biochemical markefsat are linked with PDA and
diseases that are associated with PDA and that maysed to not only confirm
hsPDA but also prove that treatment is benefitial B-type natriuretic peptide, also

known as BNP, is a hormone that is secreted byadhgiomyocytes of the ventricles
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of the heart in response to the volume expansi@hpmassure overload. Inside the
cardiomyocytes, the pro-BNP is cleaved to produwe hiologically active form
known as BNP as well as the inert N-terminal prakbmatriuretic peptide fragment

known as NT-proBNP’.

Plasma NT-proBNP has the physiological effects afresis, natriuretic
excretion, vasodilation, and decreased periph@sdwar resistance. It can reflect left
ventricular burden and pulmonary blood volume slparticularly significant in the
prediction of hs-PDA and can effectively controkthell alterations in peripheral
blood. Many researchers have found varied resutismmcomparing PDA with NT-
proBNP, and these disparities can be attributedifierent detection techniques and

observational populatioffs
2.2. History

PDA is a common condition in newborns with a gésteatl age under 28
weeks. Its hemodynamic significance is determingdlimical and echocardiographic
criteria, though these do not necessarily indidage need for intervention in the
newborn period. BNP has been suggested as a swgetmul for PDA in preterm
infants. In a prospective blinded study, plasma BMRs measured by
chemiluminescence immunoassay in 67 preterm infémedian gestational age 26
weeks) on the second day of life to determine ifFBidvels could indicate the need

for PDA intervention based on specific clinical @ehocardiographic findinds

Despite numerous randomized clinical trials over plast three decades, there
iS no consensus on the best therapeutic strategyldotal closure in premature
newborns. Studies indicate that surgical ligati@an de as effective as medical

treatment with cyclooxygenase (COX) inhibitors likelomethacin and ibuproféh
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PDA was the first congenital heart defect succdlgsfapaired surgically. In 1938,
Dr. Robert E. Gross performed the landmark surgaoneering the surgical repair of
several previously untreatable lesions. This histachievement was preceded by
centuries of work from various surgeons, physiciamsl anatomists, including Galen
of Pergamon in 129 AD, who first described aspetfetal circulation, including the
PDA and foramen ovale, although he did not undedstaeir significanc&. In the
early 20th century, John Cummings Munro suggestegical closure of the ductus
based on postmortem findings, presenting his method907. Evarts Ambrose
Graham also considered surgical treatment for PDgeé 1920s, believing it to be
both desirable and feasifieln the 1970s, Michael A. Heymann and colleagusssiu
non-steroidal anti-inflammatory drugs (NSAIDs) likespirin and indomethacin to
close PDA in premature infants, demonstrating thedficacy. In 1991, Francois
Laborde performed the first PDA closure using vidssisted thoracoscopic surgery
(VATS), a highly favored method among low-birth-gjei infants due to its minimal
morbidity and zero mortality in a series of 332 igais'®. The first successful
transcatheter PDA coil embolization was performed 10992 by Cambier and
associates, adapting a technique used for embghzecular anomalies. This method
became popular for its safety, efficacy, and apility across all age groufls
Current therapeutic options for PDA include pharategic closure, percutaneous
closure in the catheterization lab, VATS hemoclipclasion, and conventional
thoracotomy with ligation. Pharmacologic closurenagns the initial therapeutic
approach in most clinics, but percutaneous closusdso effective for both children

and adults®*
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2.3. Patent ductus arteriosus condition and mechanism

The DA connects the aorta and the pulmonary artergich are two
significant arteries that transport blood out frime heart. Blood is transported from
the heart by the aorta and the pulmonary arteryeta life oxygenation is done by
the placenta. The DA carries oxygenated blood ftbe lungs and delivers it for
systemic circulation. Once a newborn starts bregtland using their lungs, the

ductus normally closes on its offn

In patent ductus arteriosus, oxygenated and deoaggd blood mix together.
Because of this, an abnormally large volume of @lflows into the lungs, which
exerts strain on the heart and causes pulmonamrtgysion. In extremely premature
newborns, PDA is one of the major contributors torlidity. Since elevated plasma
level of BNP is a characteristic that frequentlycurs in adult patients with heart

illness.

Superior e Patent ductus arteriosus
venac 'l'l.i\
Pulmonary artery
/-v--»v..'.-nr- od flow to lungs
/' _=Pulmonary
3 / ’
‘ \ \ ! / vein
& 0
a /"‘7 .\,:‘lf atnum
Right Y J
atriun ' \ /
i/ .V‘A.J \
Right Enlarged Oxygen-poor blocd
ventricle left ventricle Oxygen-rich blood
Infetior ——"1 Mixed bloog

Figure 3: lllustration of PDA *?

DA develops from the sixth embryonic arch alongwather large vessels but
the anatomical structure of the ductus is quitéedeht from the aorta or pulmonary
arterie§® (Figure 3). An internal lamina can be found witlinmuscle layer that

surrounds it. This muscular layer is supplied bgavaasorum and smooth muscle
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cells (SMC) absorb oxygen through diffusion frore thmen. Both of these processes
take place inside the lumen. Low oxygen tensiogh lévels of prostaglandins, nitric
oxide, and carbon monoxide, as well as high legéladenosine, intracellular cyclic
adenosine monophosphate and cyclic guanosine mosppate, and an atrial
natriuretic peptide, all of which exert their effedhrough activation of potassium
channels on the SMC membrane, all contribute to dbetus remaining open

throughout the fetal lifé.

The literature defines PDA in neonates based osidts which is categorized
into small, moderate, and large. The exact dimessissed to classify PDAs vary

slightly across studies, but generally, they afindd as follows:
i. Small PDA - Typically considered to be less tla mm in diametéf*®
ii. Moderate PDA - Ranges between 1.5 mm and 3 mdidmetetr*®
iii. Large PDA- Exceeds 3 mm in diametét

These categories are used to assess the hemodysigmiiance of the PDA

and guide treatment decisions.

PDA may cause the right ventricle (RV) to functidifferently and become
hyperdynamic, with the latter affecting a prematuméant's long-term prognosis.
Once tachycardia, a cardiac murmur, and a highepplessure raise the clinical
suspicion of hsPDA. Echocardiography assists etalbaart anatomy, ventricular
function, the ratio of estimated pulmonary to systeblood flow, and pulmonary
artery pressures (PAP) in addition to confirmingtdlipatencif. However, due to
the complicated anatomy of the RV and the physiokidiemodynamic changes that

occur during the first week of life, conventionathecardiography has limits. In
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reaction to cardiac failure, the heart, brain, atiter organs produce hormones called

brain natriuretic peptides. BNP lowers systemiccuts resistance and arterial

pressure by causing vasodilatation and diufediT-proBNP has been reported to be

a helpful biomarker for the severity of hsPDA imtgrm newborr{é*2

B-type natriuretic peptide, also known as BNP dype natriuretic peptide, is

another form of natriuretic peptide that belongsthe same family as cardiac

natriuretic peptide (ANP). The majority of BNP mlgased by ventricular myocytes,

which are activated in response to the ventricidad. BNP is broadly dispersed

throughout the body, including the brain, spinaidgdeart, and lungs, with the heart

having the highest BNP leVél

Hs-PDA is associated with considerable mortalitd amorbidity '3 Left-to-

right shunting across the patent ductus arteriossults in pulmonary over

circulation, which leads to respiratory decompensatwhich in turn increases the

risk of BPDP, IVH®, NEC, and deaffl Nonetheless, the majority of research uses a

mix of clinical symptoms and echocardiographicesii to describe this illneds

Table 1: Clinical and echocardiographic criteria fa hsPDA diagnosis

ECHOCARDIOGRAPHIC CRITERIA

CLINICAL CRITERIA

LA/Ao ratio >1.4
PDA diameter >50 % wider than PA
Large volume Lt to Rt shunt

Inc respiratory effort,Fio2 >30 %
Dec systolic or MBPInc Pulse presure

Pulm.congestion,cardiomegaly,hepatomegaly,
hyperdymaic precordium,bounding pulses.

Although there has not been an international coswerachieved on the

classification of hsPDA, it is important to notethit has been demonstrated that the

sensitivity of a variety of clinical symptoms isatt’. Clinical symptoms are the best

way to determine whether or not a patient has hsRitAough echocardiography is

still the gold standard.
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It is common for premature infants to have a PDAd dhe likelihood of
having one is inversely related to the amount ofetispent in gestation. Aorto-
pulmonary shunting caused by the patent ductusi@stes results in an excessive
amount of blood overflowing into the pulmonary gyat which prolongs the patient's
dependence on a ventilator. This also contribube®ronchopulmonary dysplasia,
difficulty feeding, necrotizing enterocolitis, iatrranial hemorrhage, and deAtf:
When determining whether a preterm newborn needicmal treatment or surgical
ligation during the first few days of life, echodargraphy and physical examination
are insufficient for determining whether the patibas hsPDA. Randomized clinical
trials have shown that the value of prophylactteiwention (within the first 24 hours
after birth) is debatable; nonetheless, early heraith indomethacin is thought to
minimize the risk of morbidity. BNP is produced &grdiac myocytes as a 108-amino
acid prohormone (proBNP). This 108-amino acid proieme is then cleaved to
produce the 32-residue BNP and the 76-residue mhbet fragment of proBNP (NT-
proBNP). Natriuresis, diuresis, vasodilatation, aadtagonism of the renin—
angiotensin—aldosterone system are the mechaniBatsBINP uses to modulate
extracellular fluid volume as well as blood pressiBoth BNP and NT-proBNP have
been applied to the problem of determining whethhemot humans have cardiac

dysfunctiort®®

B-type natriuretic peptide, also known as BNP, isoamone that is secreted
by the cardiomyocytes of the ventricles of the hearresponse to the volume
expansion and pressure overload. Inside the caydioytes, the pro-BNP is broken
into the biologically active form known as BNP atige inactive NT-proBNP
fragment. Both of these forms are then releasexltim bloodstream. Holmstroet

al., (20075 conducted research that demonstrated a stronglation between the
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levels of plasma BNP and NT-proBNP and echocardjalgjc indicators of hsPDA.
As a result, a number of studies have been caotkdo examine the utility of these
markers in diagnosing PDA that needs treatmentnamwitoring the efficiency of the
treatment. Bagnolet af’., in 2010 found that the sensitivity of the corrasgiog
values ranged anywhere from 65% to 90%, while thecificity revealed values
anywhere from 55% to 85%. According to the findinglsa number of studies,
particular levels of BNP measured in the first féays after delivery can accurately
predict whether or not the patent ductus arteriosils close. Nevertheless, the
statistics that are accessible are scant and irstens with one anoth&t Figure 5

depicts the synthesis of and release of BNP

1 PKC
-
1 MAPK 1

e 4_‘_ P
NPPB expression &\ ~
l D
. Signal peptidase
U 4T 4

BNP mRNA e
",'v""'pm'f‘;N‘,"' ; Corin/furin®

e 2 ! / Ny
peptide SN . N - N .Y

O-glycosylated
| v ProBNP
ES S NT-proBNP ¢
BNP .
’," Receptor O-glycosylated
/]  mec fiated \ NT-proBNP
Cardiomyocyte [ ] degradation

' /

l /

- y .

jiot Il Endothelin ( NPR-C Nepril

Target tissue @

Kidney

Adrenal l Vasodilation
Lung Diuresis
Terminal ileum ‘. cGMP + Natriuresis
Aorta Aldosterone inhibition
Adipose

Lipolysis

Figure 4: Synthesis and release of BNP and NT-proBR?®
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The amount of BNP in the plasma of healthy pre-taawborns begins to rise
almost as soon as they are born. The concentrigtiaha pretty high level during the
first week, but it subsequently begins to dramdlticdecline. After then, the level of
BNP steadily goes down even further and eventualfches a level that is stable 1
month after the baby is born. This causes an iser@athe volume and pressure load
of the ventricle, which in turn stimulates the $yadis of BNP in the left and right
atrium and ventricle, which then secretes it it ¢irculation after birth. The change
in perinatal circulation is also caused by the seitiution of blood from the placenta
to the lungs. Yet, the amount of BNP in fetal plasm higher than that of the
placenta, which indicates that the placenta hamffuence on BNP clearance. This
may also explain why there is an increase in tiel lef BNP in newborn plasma. The
reduction in plasma BNP can be accounted for by f#et that the pulmonary
circulation pressure steadily rose with age andthwy fact that diuresis occurs

concurrently with the maturity of the kidnéys

Many different groups have, up until this pointpbfished the reference range
of plasma BNP at various stages after birth. Nesesif’, in 2016 provided a
summary of the pertinent data; nonetheless, there@ne discrepancies to be found
as a result of differences in gestational age. Ating to Cantinottet af’., the levels
of plasma BNP were at their maximum in the firsotdays after birth and then
gradually fell in the days and weeks that followdd. addition, there was no
correlation found between the sex of the mother tamdmethod of delivery and the

BNP levels.
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2.4. Prevalence

PDA, is a common problem that affects preterm ntmmdt affects roughly
33% of very preterm infants and 65% of extremebte@m infant®. According to the
findings of a number of studies, the presence ofA BRDthis population of infants is
linked to an increased risk of mortality as wellsevere neonatal morbidity, which
can include renal failure, IVH, pulmonary hemogba BPD, NEC, and heart

failure®>®*

Nevertheless, the currently available treatmefus patent ductus
arteriosus do not significantly lower the incideméethese disorde?s Regarding the
necessity of therapy and management techniqueshB8®DA, there are thus still a
great deal of contentious debates and questiorishédnge not been satisfactorily
answereff. Although echocardiography is now considered tblel gtandard for the
diagnosis and assessment of hsPDA, research ssighastthe data obtained from
echocardiography have insufficient predictive vafae spontaneous DA clostife
Hence, there is a growing interest in identifyirigdmemical markers that are linked

with PDA and diseases that are associated with BitAthat may be used to not only

confirm hsPDA but also prove that treatment is Fierz>**>

In term neonates, the documented incidence of PDénly one in every two
thousand births; it is responsible for 5-10% of alhgenital cardiac dised$eThe
prevalence of PDA is significantly higher in preteneonates, with figures ranging
from 20% to 60% (depending on the demographic aagnastic criteria) of affected
babies. This is due to the fact that the prevalafcBDA is significantly higher in
preterm neonatésThe higher incidence of PDA found in prematurkimts can be
attributed to their immaturity, which prevents thémm developing the typical
closure mechanisms. It has been discovered thddA iR preterm neonates has a

high link with both the gestational age and theghtiof the infant. To be more
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specific, a PDA is present in 80% of neonateswmsagh less than 1,200 g at birth, but
it is present in just 40% of children that weiglsdethan 2,000 g at biffh®® In
addition to this, symptomatic PDA can be detected8 percent of newborns who
were born weighing less than one kilogram. Thiansabnormality that occurs when
the DA does not close properly after it is forrffedd description of this negative
association between birth weight and the occurr@ideDA is provided in findings
from the Newborn Research Network of the Natiomaititute of Child Health and

Human Development (NICHD) "2

Researchers are trying to determine the factors dffact whether the DA
remains open after the first 24 to 48 hours of whwen's life. It is undeniable that
premature delivery increases the incidence of dattasia, however this is due to
physiological factors associated with it rathemtla@m abnormality that is innate to the
ductus itself’. The majority of occurrences in term infants sembe sporadic,
although there is mounting evidence that inherifedtors contribute to the
development of patent ductus in some patients. miaprity of patent ductus cases
affect premature babies. However, it appears tharovariables, such as prenatal

infection, contribute to some cases of the illness.

A study by Potsiurko found that DA closure occurwethin the first 10 days
of birth in 70% of treated children and 44% of extp@tly managed newborns (p >
0.05). Newborns with PDA at 10 days had signiftbahigher early concentrations
of NT-proBNP. By the eighth day, NT-proBNP levelsdndecreased in both groups
but remained higher in those with PDA. On the sdodaly of life, NT-proBNP levels
could predict DA closure within 10 days in treatethnts (AUC 0.81, p < 0.05), but

not in expectantly managed infafits
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A study in Belgium, published in the Journal of R#ut Cardiology,
examined the potential of NT-proBNP to predict gpoeous closure of PDA in
preterm neonates born before 32 weeks or weighess Ithan 1500 g. This
prospective, blinded study compared NT-proBNP Ilevelith simultaneous
echocardiography to validate the biomarker's ralega The predictive potential of
NT-proBNP for identifying PDA requiring treatmentaw also assessed using a

protocol based on clinical signs and echocardidytagssessmefit

In Kolkata, India, a study published in the Intd¢imaal Journal of Research
and Review investigated the use of serum NT-proBNEIs as a diagnostic tool for
high-risk PDA (hs-PDA). The study included 40 PDAtipnts, 24 of whom met
echocardiographic criteria for hs-PDA, while theneening 16 had negligible PDA.
The study found that infants with hs-PDA had siigiaifitly higher NT-proBNP levels,
exceeding the 95th percentile. Therefore, NT-proBiN€asurement, combined with

clinical suspicion, can supplement echocardiographjiagnosing hs-PDA
2.5. Diagnosis

The fetal circulation is not complete without thegence of the DA, which is
the connection between the pulmonary artery ancdnza. The DA may close on its
own depending on the gestational age and the batdl weight of the baby. Forty
percent of newborns with birth weights of less tf20900 grams were reported as
failing to closé. In infants, particularly those born prematurgdgrsistent DA is one
of the most common forms of congenital cardiacabsethat can be found. In preterm
infants, echocardiography is the diagnostic testhafice for determining whether or
not the patient has a hs-PDA. There have been atigses that have shown that the

utilization of a straightforward blood test to idién NT-proBNP may be helpful in
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determining the diagnosis of hs-PDA as well as dperopriate treatment for the

condition.

It is common for newborns with a gestational agéewfer than 28 weeks to be
born with a PDA. The clinical and echocardiograptsignals describe the
hemodynamic significance of PDA, but they do not tehether or not PDA
intervention is necessary in the first few daysaofewborn's life. It has been
suggested that BNP, could be used as a screemhdotopreterm newborns with
patent ductus arteriosus. Plasma BNP was assesgedhémiluminescence
immunoassay in 67 preterm infants 28 weeks (me2@ron their second day of life
as part of a prospective blinded trial. The purpo§ehis study was to evaluate
whether or not BNP can accurately predict the fee®DA intervention. The patent
ductus arteriosus intervention was carried out dre tbasis of certain
echocardiographic and clinical results. Twenty-fpatients in the PDA intervention
group were given treatment, while 43 individualstile PDA control group did not
get any treatment for their condition. The BNP @nications in the intervention
group were significantly higher (median 1069 pg/weltsus 247 pg/mL, p 0.001) than
those in the control group. BNP had a positive elation with both the size of the
ductal openings (R = 0.46, p 0.001) and the ahaadic root ratio (R = 0.54, p 0.001).
In conclusion, plasma BNP was shown to be a goedigtor for ductus intervention
(area under the curve: 0.86), with the best cuab$50 pg/mL on the second day of
life in ventilated infants less than 28 weeks gaémta(sensitivity: 83%; specificity:
86%). This was found to be the case after the resees found that the plasma BNP

had an area under the curve of ¢°86

The heart is the source of a chemical known agraurgtic peptide. The brain

natriuretic peptide, also known as BNP, and the gkiBNP are the two primary
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varieties of these molecules. In a healthy pers@te amounts of BNP and NT-
proBNP can be seen floating around in the bloodsirelf the levels are high, it's
possible that heart isn't pumping enough blood &etnthe demands of the body.
Heart failure, also referred to as congestive higdlrire, is the medical term used to
describe a situation in which this occurs. The am®of BNP or NT-proBNP that are
found in your blood are what are measured by nattitipeptide assays. NT-proBNP
test or a brain natriuretic peptide are helpfuhiaking a diagnosis of heart failure;
however, they use very distinct sorts of measuresnédther names for this peptide
include NT-proB-type natriuretic peptide test, Bdynatriuretic peptide, and brain
natriuretic peptide. For the diagnosis of hsPDApieterm newborns, the reference
standard is echocardiography. In the diagnosis arghagement of hsPDA, a
straightforward blood assay for brain natriuretepiide (BNP) or amino-terminal
pro-B-type natriuretic peptide (NT-proBNP) may b&giul; however, a summary of

the diagnostic accuracy has not been revieweccinteyears.

In reaction to a volume overload, cardiac myocytdsrelease NT-proBNP
into the bloodstream. The brain natriuretic peptalso known as BNP, is produced
from the 134-amino-acid precursor known as pre-pleB This precursor is then
cleaved into the 108-amino-acid prohormone knowmpraBNP and the 26-amino-
acid signal peptid&’”. Following this, proBNP is discharged into thecaiation,
where it is subsequently cleaved by the proteases fand corin into the
physiologically active hormone BNP (77— 108 amiwnag) and the inert metabolite
NT-proBNP (1- 76 amino acidé) It is a low molecular weight peptide (8.5 kDajlan
is eliminated from plasma via passive excretionobyans with a high blood flow,
such as the liver and kidneys. Because NT-proBN#bishiologically active, it does

not have any active clearance mechanfénis a ratio of 1:1, BNP and NT-proBNP
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are the proteins that are sent into the circulafiom the cardiac ventricle. Because
BNP is processed in the systemic circulation vidrimaetic peptide receptor-C,
plasma concentrations of proBNP are significantghbr than those of BNP. This is
due to the fact that proBNP is filtered by the lags, whereas BNP is not. Under
conditions of normal glomerular filtration rate,ethhalf-life of pro-BNP is 120
minutes, whereas the half-life of BNP is only 22note8®®% In addition, the

chemical structure of pro-BNP is more stable inovthan that of BNP.

Several studies have explored the potential of WBpIP as a marker for
high-risk preterm birth in infants. And found tHeT-proBNP levels declined in the
first week of life, except in premature newbornshwPDA. They concluded that NT-
proBNP levels on the third day could indicate tleecdfor treatment in these infants.
Nuntnarumitet al. also identified NT-proBNP on the second day asresisive marker
for predicting hs-PDA. These studies suggest thatrehsing NT-proBNP levels

indicate ductal closuf&®®

Kulkarni's systematic review found that the diadimosaccuracy of NT-
proBNP for predicting hs-PDA varied with assay eu&eristics, threshold levels, and
patient characteristics such as gestational anonological age. He concluded that
NT-proBNP validation is necessary before usingigtide treatment decisions for
hs-PDA*“. This study aimed to evaluate the correlation ketwNT-proBNP levels
and hs-PDA prevalence in an Indonesian patient lptipn, potentially highlighting

NT-proBNP's value as a diagnostic marker.

Early detection and treatment of hypersplenic pulamp hypertension in
preterm newborns can improve outcomes, such agiregin-hospital mortality and
pulmonary bleeding ridR® However, the benefit of treating hs-PDA remains

uncertain, leading to varied practices among nedogists®. The use of medical and
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surgical treatments for hs-PDA has decreased dwepast decadé? supported by
research showing a high rate of spontaneous PDgurdoin very low birth weight

(VLBW) infants®’.

Echocardiography, despite its high cost and resoueguirements, is the
standard for been used for early hs-PDA detectiorprieterm infants. Clinical
symptoms and physical examination results, tragdiy used to assess PDA, are
unreliable, necessitating echocardiography for dwmtatiofi>. Hemodynamic
significance of PDA in preterm neonates is defibgctlinical signs, cardiac physical
signs, or echocardiographic parameters such as & A#fio >1.5 and ductal diameter

>1.5 mm.

In a prospective blinded study, plasma BNP was oredsin 67 preterm
infants (<28 weeks) on the second day of life. BMRels were higher in the
intervention group (median 1069 pg/mL) compareddotrols (median 247 pg/mL).
BNP levels decreased following pharmacological tinesat or surgical ligation,
indicating cardiac recompensation. Preterm infar#sding ductus intervention had
significantly larger ductal diameters and higher/A@é ratios than controls. BNP
levels correlated with LA/Ao ratios and ductal deters, suggesting BNP's potential

for predicting PDA intervention neelds

An observational study reported serial NT-proBNPvels and
echocardiographic parameters at 28, 32, and 36 svgektational age, correlating
NT-proBNP cut-off levels with bronchopulmonary diasgia developmefit Another
study aimed to determine if NT-proBNP could idgntifsPDA and its correlation
with echocardiographic assessment. In this stulypraterm children were evaluated
on days 2, 4, and 7 of life, with NT-proBNP levslgnificantly higher in the hsPDA

group on day 2. NT-proBNP levels decreased follgwtreatment in responsive
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infants. The NT-proBNP cut-off level of 10,180 pd/mon day 2 had 100% sensitivity
and 91% specificity for predicting hsPDA, indicatitNT-proBNP's potential as a

sensitive diagnostic tool for hsPDA in premature/berng®,
2.6. Treatment

The incidence of high-risk preterm delivery at terglies on the features of
the study population and is inversely proportiotwlpostmenstrual age as well as
birth weight. The chronological age at the time dfagnosis and the
echocardiographic diagnostic criteria that are iedpare two additional factors that
may have an impact on the prevalence of hsPDA. wicg to the findings of the
Neonatal Research Network of the NICHD, PDA is diaged in 46% of very low
birth weight babies and preterm infants born as kbsin 28 weeks of gestatinin
very low birth weight infants who were diagnosedhw?DA, 71% were treated with
indomethacin, 13% were treated with ibuprofen, anélo were treated with surgical
closure. PDA was seen in roughly 33% of VLBW newlsoin the Vermont Oxford
Network’?, and approximately 55% of extremely low birth weidELBW) infants
(birth weight 1000 grams) in other cohdftdn a national cohort of preterm infants
born in France between 24 and 28 weeks of gesté8A% required treatment with
lbuprofen or surgery for PDAR According to several recent research, the

spontaneous closure of PDA occurs in the VLBW patoih on a very regular baSis

Neonatal death can be caused by a wide varietprditons, some of which
are present at birth while others develop latéifén These conditions include heart
disease, lung disease, sepsis, and many otheypeRaatriuretic peptide, also known
as BNP, is a peptide hormone that is releaseddygdhs of the ventricle in response
to an increase in the wall tension of the ventridlbe actions of brain natriuretic

peptide that help regulate blood pressure includdilation , diuresis , and sodium
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release. BNP is a sensitive measure that refleetdgrigular function and has the
potential to assist in the diagnosis and monitodhg variety of conditions that affect
neonates. Since the plasma Brain natriuretic peptidncentration of healthy
newborns varies with age, reaches a peak in tis¢ fieek after birth, and then
gradually decreases to a stable level, there ity no consensus on a reference
Brain natriuretic peptide level for neonates. Tlgs due to the fact that the
concentration of Brain natriuretic peptide in tHagma of healthy newborns varies
with age. In disease states, the correlation betwlee plasma concentration of brain
natriuretic peptide and the results of echocardiply is good. This is of great
significance in the screening, monitoring, and paxjs evaluation of neonatal
cardiovascular diseases, which include congenitrth disease, patent ductus
arteriosus, and a variety of other conditions. ddigon to this, it makes it easier to
evaluate how effective treatment and perioperatiwenagement have been. In
addition, the monitoring of plasma BNP concentratioffers direction for the
diagnosis, evaluation, and treatment selectioradiqular infant respiratory disorders

as well as neonatal sepSis

Both the brain natriuretic peptide and the NT-préBNardiac biomarker
assays are examples of various indicator testxHrabe utilized in preterm infants to
identify hsPDA. Brain natriuretic peptide is proédcin the body as a prohormone
called proBNP. This prohormone is then cleaved iwio fragments: the active
fragment BNP (a fragment consisting of 32 aminasct the C-terminus) and the
inactive fragment NT-proBNP (a fragment consistwfg72 amino acids at the N-
terminus). Both of these fragments can be measureéde plasma of the body. In
reaction to pressure overload, volume expansion, ianreased myocardial wall

stress, brain natriuretic peptide and NT-proBNP geeerated by cardiac ventricular
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myocytes and then released into the circulations irocess takes place within
minutes. The kidneys are responsible for cleariogh bplasma Brain natriuretic
peptide and NT-proBNP, the latter has a longer-lifalflmean 120 minutes vs mean
20 minutesP®* and it is more stable than BNP in vitro. BNP lisneated by the
kidneys. There is a wide range of variation in setavels depending on factors such
as chronological age, gestational age, test kitAPBnd renal function. Brain
natriuretic peptide and N-terminal pro-brain nagtic peptide are both well-

established indicators of heart failure in bothlesdand childrefP®®

BNP and NT-proBNP normative values in neonates Haeen reported by
numerous researéh BNP and NT-proBNP readings reach their peak guifie first
three days of life and then gradually fall afteattrfPreterm newborns have levels that
are higher than full-term neonates by the first thaof life. With postmenstrual age,
the presence or absence of PDA, and renal fungliasma levels of Brain natriuretic

peptide and NT-proBNP change.

The echocardiographic criteria for hsPDA or a comabon of these criteria
plus clinical indicators of hsPDA serve as the nefiee standard for the diagnosis of
hsPDA. Before beginning PDA closure therapy, anoealdiogram is necessary to
rule out any further cardiac lesions, especiallgtdidependent lesions (such as
severe coarctation, pulmonary atresia). For cateaspected hsPDA, BNP and NT-
proBNP tests may be helpful in order to reduce rtleed for echocardiograms,
particularly in settings with limited resources. i§hsituation calls for an
echocardiography to be performed if the Brain Nagic Peptide or NT-proBNP
Assay surpasses threshold cutoffs, therefore divella high sensitivity would be
preferred. Repeated measurements of NT-proBNP,ran atriuretic peptide, as

directed by the clinical situation may also aidhe identification and monitoring of
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hsPDA. BNP has the advantage of serial testingréords before or after the start of
medical therapy, which can be used to guide catbhowi the necessity for serial
echocardiograms. It can be used as an add-orotest ¢chocardiogram. This review
will concentrate on using the index test as a itngdool to help determine whether

getting a second echocardiography as part of adaitiexamination is necess&ty

The echocardiographic criteria for hsPDA servehasreference standard for
the diagnosis of hsPDA. However, a combination luése criteria and clinical
indicators of hsPDA can also be used to diagno$@As The clinical signs of
hsPDA can also be used independently as a diagriosili It is essential to undergo
an echocardiogram before to beginning PDA closleeatpy in order to eliminate the
likelihood of any future cardiac lesions, particlyaductal-dependent lesiofis This
will allow the patient to move through with the PDxosure therapy with peace of
mind (such as severe coarctation, pulmonary ajreSiesting for BNP and NT-
proBNP may be helpful in minimizing the need fohecardiograms in circumstances
in which hsPDA is suspected. This is especiallyahle in circumstances in which
there are little accessible resources. It is recemdrad to have a relatively high
degree of sensitivity since in this scenario itlwke necessary to perform an
echocardiography in the event that the Brain Nedtia Peptide or NT-proBNP Test
surpasses the threshold cutbts, BNP also has the ability to test for trends befor
after the beginning of medical therapy. In the eghf a diagnostic procedure, it is
feasible to carry it out in addition to an echo@agdam. This talk will emphasis on
using the index test as a form of triage to assisietermining whether or not having
a second echocardiography as part of additionalimpgs required. This will be

accomplished by referring to the results of thesintest’.
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Echocardiogram is the reference standard for tlgndisis of hsPDA, but it is
expensive, requires interpretation by a cardiotpgidd may not be available in
resourceimited settings. A simple blood assay of BNP or-pfbBNP that can
diagnose hsPDA reliably may be useful to clinicjaaspecially in lowresource
settings. A decrease in the need for echocardicgrauii decrease utilization of
resources including personnel and equipment. Taishave a significant impact on
healthcare costs in that the cost of an echocaatiogs more than Lfbld greater
than the cost of Brain natriuretic peptide or-pNDBNP assays. Brain natriuretic
peptide and NIproBNP assays have been used in preterm neondtefobdiagnosis
and for initiation of medical or surgical treatmdat hsPDA. A prior assessment of
the diagnostic accuracy of BNP and NT-proBNP foPDA indicated significant
variations in diagnostic accuracy based on testakitl patient characteristiés
N-terminal preB-type natriuretic peptide had higher sensitivity BIMP had higher
specificity in the diagnosis of a hemodynamicalfyngicant patent ductus arteriosus.
Advances in assay technology may introduce newetimap methods for
measurement of BNP and N5FoBNP that may change the diagnostic accuracy of

these testé.

The serum NT-proBNP concentration could reliablgdict the development
of bronchopulmonary dysplasia or death in verygmatinfants with PDA > 1.5 mm
at the age of 24-48 h, regardless of the persistaicPDA, with the highest
diagnostic value occurring at 8-9 days. This was tegardless of how long the PDA
remained. The measurements 17,745 pg/ml taken betthe ages of 24 and 48 hours
showed a sensitivity of 55% and a specificity of ¥81for predicting
bronchopulmonary dysplasia or death. The conceons83537 pg/ml taken between

the ages of 8 and 9 days of life had a sensitnit§0% and a specificity of 89%. At

Page 29



Review of literature

2-3 days of life, the serum NT-proBNP values weighér in extremely preterm
newborns with hsPDA, and at 8-9 days of life, thvegre higher in babies with
persistent PDA. This was the case regardless othe@her not the infants died later or
had bronchopulmonary dysplasia. hsPDA was much rnoremonly identified in
infants who subsequently developed bronchopulmodgsplasia or died; however,
pharmacological therapy of hsPDA did not reliablgwér the incidence of
bronchopulmonary dysplasia or mortality. hsPDA wagificantly more commonly

diagnosed in newborns who later developed brondhugnary dysplasia or diéd

In numerous research, including those conducte€iyi et af®., Sanjeeet
al'®, and Czernilet af’®, it was demonstrated that premature newborns h&EBDA
have a higher level of serum BNP. In the more recesearch, the optimal cutoff
value was determined to be 550pg/mL, which had rsigety of 83% and a
specificity of 86%, respectively. The findings ddrfeevet af®. and Bagnoliet aP’
are consistent with the observation that the seBM#P level dropped when the
hsPDA was shut down. It has been demonstratedthbalevel of plsma BNP is an
accurate predictor for ductal intervention. Interven is necessary for newborns who
have been diagnosed with PDA by echocardiograplayvamse serum BNP levels
are < 450 pg/mL. A successful treatment is inddatben the patient's serum level of

BNP returns to normal after having been elevated
2.7 Prevention

One of the most hotly debated issues in the fiéldemnatal intensive care is
how preterm newborns should have their PDA managbés have been linked, but
there is no evidence to suggest that they areiteetccause of a number of adverse
outcomes, such as a lengthening of the time tpatiant requires assisted ventilation,

pulmonary haemorrhage, CLD, NEC, IVH, and d¥4t{®
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The therapeutic choice to administer preventive Piéatment utilizing
cyclooxygenase-inhibitor (COX-I) medicines has beeedominantly motivated by
the perceived benefits vs the potential hazardsvakiated by the treating physician.
These benefits and risks have been weighed agaimst another. Randomized
controlled trials, also known as RCTs, have not alestrated a clear benefit of
symptomatic patent ductus arteriosus treatments Tifi in part due to major
methodological challenges, such as high rates ehdgbel backup treatment in both
the experimental and control arms, as well as la ¢ddigh quality data on clinically
important outcomes such as NEC, CLD, IVH, and nlitytalhe question of whether
or not a patent ductus arteriosus should be treatetlif so, in whom, when, and with
what pharmacotherapeutic agent, as well as thetignesf when to contemplate the

procedural closure of a PDA, continue to be comesttopics of debat&®

At least eighty randomized controlled trials (RCThgve been carried out to
compare various COX-lI medicines, dosages, and rdstbbadministration in order
to treat symptomatic PDA. Ibuprofen at the stanahoske, which is 10 milligrams per
kilogram followed by two doses of 5 milligrams gelogram at 24-hour intervals, is
the most prevalent regimen, and it has a muchrbedfety profile than indomethacin,
which was the previous gold standard. Acetaminophes also surfaced as a
prospective therapy option for PDA closure becatsdhe fact that its enteral
formulation is just as effective as standard-dbsgiofen or indomethacin, but it has
a substantially better gastrointestinal and reaétg profild® Recent randomized
controlled trials, on the other hand, have showat the PDA closure rate with IV
acetaminophen is much lower than that seen wittheeitindomethacin or

ibuprofert1%
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One recent network meta-analysis of sixty-eighdoamized controlled trials
(4802 infants) showed that higher doses of ibuprdi® mg/kg to 20 mg/kg followed
by two doses of 7.5 mg/kg to 10 mg/kg at 24 h-wds), especially when given
enterally, may achieve better PDA closure withoudréasing the risk for adverse
outcomes (such as NEC) in comparison with standas# ibuprofen,
Acetaminophen, or indomethatih These findings are comparable with those found
in more recent studies which suggested that greddses of ibuprofen may be
required beyond the first three to five days adkelivery in order to obtain therapeutic

blood level$®®110

Intravenous paracetamol at a dose of 15 mg/kg evédrgurs (4 times a day)
for 3 days is an effective treatment for closingeemodynamically significant patent
ductus arteriosus (hsPDA) in preterm infahts™> After the 3-day course,
echocardiography is performed to evaluate if thetwhiarteriosus has closed.Several
studies have demonstrated that this intravenouscptamol regimen results in
successful closure of hsPDA in 77-95% of preterfarits™. It is particularly
effective when started within the first week oglifikely due to higher prostaglandin
levels early in postnatal Iif&*° Intravenous paracetamol has been shown to have
similar efficacy to ibuprofen and indomethacin f8DA closure, but with fewer
adverse effect® ' It does not cause the reductions in platelet taume output,
and increases in creatinine and bilirubin that seen with NSAIDS? Plasma
paracetamol concentrations with this dosing regimeenain within the safe range for
analgesia in preterm infants If the ductus does not close after the initiada8
course, the paracetamol treatment can be exterplénl & days total before repeating
the echocardiograh. Surgical ligation may be needed for infants whm mbt

respond to medical treatméfft Intravenous is an effective and well-tolerated
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treatment for closing hsPDA in preterm infants @mépresents a useful alternative to

NSAIDs when those are contraindicated.
2.7. Outcomes

Research has extensively examined NT-proBNP as rkemdor high-risk
preterm birth in infants. NT-proBNP, a natriuretieptide released by cardiac
ventricles under stress, has shown potential igndising and predicting outcomes in

preterm infants with PDA and other cardiovascutanplications.

Early research by Ramakrishnanal. found that NT-proBNP levels typically
decline in the first week of life, except in pretemewborns with PDA. They
concluded that NT-proBNP levels on the third dagmbirth could indicate the need
for treatment in these infants. Nuntnarumit et also found that NT-proBNP
measured on the second day is a sensitive markeréalicting hsPDA in preterm
newborns. These findings suggest that decreasingrdBNP levels indicate ductal
closuré*® Kulkarni's systematic review highlighted the whility in diagnostic
accuracy of NT-proBNP due to differences in asdagracteristics, threshold levels,
and patient characteristics such as gestationathrahological age. He stressed the
need for NT-proBNP validation before using it toidgitreatment decisions for hs-
PDA®. This study aimed to evaluate the correlation eetwNT-proBNP levels and
hs-PDA prevalence in an Indonesian patient pomratotentially highlighting NT-

proBNP's diagnostic value.

Echocardiography remains the gold standard forraisimg PDA, despite its
high cost and resource requirements. Doppler flEststduring echocardiography can
determine ductal flow direction, cardiac anatonmgntvicular function, and pulmonary

artery pressures, providing comprehensive diagnastrmatiori’. However, clinical
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symptoms and physical examination results have grounreliable for assessing

PDA, necessitating echocardiography for confirmafi6>")

In healthy full-term newborns, BNP levels incregesst-delivery due to the
transition from fetal to adult circulation, followeby a gradual declin& BNP is
secreted in response to cardiac stress and mayilbzdat to maintaining ductal
patency after birth Preterm infants, especially those under 28 weeksation, often
experience delayed or absent ductal closure, vatto60% requiring intervention for

PDA!8

El-Khuffash et al. demonstrated that NT-proBNP levels could predicirs
term outcomes in preterm infants with PDA. HigheF-proBNP levels at 48 hours
were associated with poor outcomes, such as séveter death. A level of 5500
pmol/L had 80% sensitivity and specificity for pietthg severe outcomes related to
PDA. NT-proBNP may thus serve as a standalone méwk@oor neonatal prognosis,

regardless of PDA preserice

There is no consensus on the ideal timing for satgntervention for PDA in
preterm infants, nor is there conclusive evidemee elective surgical closure results
in successful outcomes. IbraHith(2015) compared early and late PDA ligation in
120 preterm infants, finding that early ligationsmassociated with better short-term
cardiorespiratory and nutritional outcomes, althouthe differences were not
statistically significant. Early ligation was lintteo shorter hospital stays and lower

mortality.

Cassadyet af?® suggested that early PDA ligation in extremely lbisth
weight infants reduces feeding intolerance and NEKely due to improved

intestinal blood flow. Jaillarékt af**. (2006) found that early surgical closure was
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associated with quicker attainment of full oraldew and improved body growth
compared to late closure. These findings indidad ¢arly intervention may improve

nutritional and ventilatory status in preterm irtlawith symptomatic PDA.

Several studies have highlighted NT-proBNP's padéat a predictive marker
for PDA and related outcomes. It was found sigaiiity higher NT-proBNP levels in
preterm infants with PDA compared to those withoMT-proBNP had 90%
sensitivity and 84% specificity for diagnosing sev®DA. Additionally, NT-proBNP
levels above 10,000 pg/mL at 48 hours of age hgl predictive values for ruling

out spontaneous ductal closffre

Ding et al?? (2014) reported that NT-proBNP levels decreasgdificantly
in preterm infants treated for PDA with oral ibufao, suggesting its potential for
monitoring treatment efficacy. Hammermeainaf®3 found that a significant reduction
in NT-proBNP levels post-treatment indicated susfidsiuctal closure, although NT-

proBNP alone may not be a definitive diagnostid foo PDA.

There is a paucity of normative values of NT-proBimeonates (Table 2).
The reference ranges that are cited in the resdiéeciture shift depending on when
the test was performed, which kits were appliedd avhose populations were
analyzed®*. The majority of reference ranges that are citesl far term, healthy
infants; as a result, they do not represent themtoeated in critical care. Since it is
believed that NT-proBNP does not pass through tleEepta, any variance in

newborns must be accounted in terms of their furedaah characteristic®.
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Table 2: Reference ranges for NT-proBNP

Study N | Age range/source Kit NT-proBNP levels
Mir et al?® 153 Day 1 Biomedica Mean: 64mol/L
Venous/cord Range: 254-1272
Mir et al?® 153 Day 3 Biomedica Mean: 246
Venous/cord Range: 110-4gmMol/L
43 0-2 days Elecsys Median: 3@ol/L
Nir et al'**
1010/2010 Range: 30-15p6hol/L
122 Day 1 Elecsys Mean: @dnol/L
Cord blood 1010/2010 SD: 4ol/L
Bar-Ozet al!®
33 Day 1 Elecsys Mean: 3p8nol/L
Plasma 1010/2010 SD: 2fpénol/L
Schwachtgemet 62 Day 1 ECLIA Mean: 9pmol/L
a|.127
Cord blood Roche Range: 33-3@6o0l/L
Hammerer- 42 Day 1 Elecsys Mean: @snol/L
128
Lercheret al. Cord blood 1010 IQR: 49-98nol/L
67 3242wk Elecsys Mean: 79bol/L
Bakkeret al*?°
Cord blood 2010 SD: 428mol/L
13 <1 month Elecsys Range: 132—9b3ol/L
Rauh and Koch®
Plasma
4048 <31Days Dade Rxl 97.5th percentile: 33B20l/L
Plasma Dimension
Soldinet al**
53¢ <3ldays Dade RxLL  97.5th percentile: 49400l/L
Plasma Dimension
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The association between NT-proBNP and PDA levels wealicated in three
other studies. The cut-off levels for the detectafha PDA vary by 2- to 3-fold
amongst the studies. This might be because differesearches define a hsPDA
differently and because diverse populations werglueded. The three other trials
lacked any echocardiographic evaluations of pulmpr@rculation and systemic
hypoperfusiof**® They only used the LA: Ao ratio and ductal diaenetThese
indicators alone do not provide a reliable evabratf the level of ductal steal and
pulmonary overcirculations. Hence, using a loweitedon could lead to an
overdiagnosis of a major patent ductus arteri63uso had a greater connection with
LA (r = 0.77, P =.001), according to Nuntnarumitadt. Also, it was shown that
gestation and birth weight had no impact on NT-pdeBlevels. Interestingly,
Farombi-Oghuvbiet af*% discovered a marginally negative connection (r@16, P
=.02) between gestational age and NT-proBNP lexelday 1. NT-proBNP reported

to rise significantly in the presence of a PDA ([EaB).
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Table 3: The use of NT-proBNP in PDA diagnosis

Study Gestation Birth Day | Nno NT- N PDA NT- Cut off | ROC (95%| Sensitivity| Specificity
mean weight | of PDA | proBNP proBNP | NTpBNP ClI)
(wks) mean | life (pmol/L) (pmol/L) | (pmol/L)
(Kg)
El-Khuffashet al® 28 1.06 2 35 740 45 6046 4000 0.88| 70% 89%
(0.79-0.96)
Nuntnarumitet al®3 30 1.30 2 23 463 12 1934 1203 0.96| 100% 91%
(0.91-1.02)
Farombiet af*2, 30 1.22 3 31 372 18 3891 1347 0.98| 100% 95%
(0.93-1.03)
Ramakrishnaet al'® 29 1.22 2 36 1206 20 6952 2850 0.90| 90% 89
(0.81-0.99)

*ROC: Receiver Operating Characteristics CuiNeio PDA: number without PDAY PDA: Number with PDA. All studies used the

Roche Elecsys system.
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In the adult population, NTpBNP has a significanagthostic function.
NTpBNP is a marker of heart illness in children aah be used to track treatment
effectiveness. These NTpBNP have enormous neomgtalopotential. It is used to
screen for patent ductus arteriosus’s, monitoragmeeffectiveness, and possibly even
provide prognostic data. Further research is reduito examine the potential
functions of NT-Pro BNP in the control of sepsigianonitoring of heart function.
These two potential confounding variables couldioedthe validity of the diagnosis

of patent ductus arteriosus and the treatment nsepjo

Neonatal sepsis continues to be a significant soofenorbidity and mortality
despite improvements in its identification and tme@nt. The goal of the study by
Deger and Ceyldf® in 2022 was to find out how well N-terminal protfe
natriuretic peptide (NT-ProBNP) levels can be usediagnose and predict newborn
sepsis. The study comprised 50 neonates who wengifiéd as having clinical sepsis
in the neonatal critical care unit. 50 newbornsthie control group were in good
health. A statistically significant difference bet@n the groups was found in terms of
NT-proBNP, C-reactive protein, leukocyte count,tglet count, and I/M ratio (p
0.05) as a consequence of the study. The case 'groiip-ProBNP level was
19624.1-15027.6 pg/ml while the control group's 8263.8-4506.8 pg/ml. In the
case group, there was a direct association betiN@elAfroBNP and newborn sepsis. It
was discovered that NT-ProBNP levels were signifida discriminating newborn
sepsis. In the case group, 33 patients were relegféer making a full recovery, 17
patients passed away, and the mean NT-Probraiiurit peptide levels were,
respectively, 12732.21+2954.3 pg/ml and 35000pg/nmL_ statistically significant

greater amounts, dead patients had higher NT-Rrobedriuretic peptide levels.
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2.8. To correlate the levels of serum NT-proBNP with hBDA in

preterm newborns

A PDA in preterm newborns can lead to significammplications, including
IVH, pulmonary hemorrhage, NEC, CLD/bronchopulmgnatysplasia, and an
increased risk of death. hsPDA is particularly @ning due to the associated
hemodynamic instability it causes. Identifying hgP&ccurately and early is crucial

for appropriate management to prevent these seutcemes.

Biochemical markers, in conjunction with clinicahda echocardiographic
assessments, are invaluable in determining the tgmamnic significance of PDA.
Among these markers, BNP and its inactive couargrplT-proBNP, have garnered
attention. BNP is secreted by ventricular myocytesesponse to volume overload,
promoting diuresis, natriuresis, and vasodilatiomhich help in managing
intravascular volume and ventricular preload. EledaBNP levels correlate with the

shunt volume in PDA, suggesting their utility irsassing hsPDA.

Echocardiography remains the gold standard forrdisigpg PDA. It assesses
the shunt's size and hemodynamic impact, providiitgcal insights into pulmonary
over-circulation and systemic hypoperfusion . Séadnave demonstrated that NT-
proBNP levels are significantly higher in pretemfants with hsPDA and show a
rapid decline following successful PDA closure.KHuffashet af*. (2007) found
that NT-proBNP levels peaked on Day 2 in preterfarits with hsPDA and dropped
swiftly post-treatment. Similarly, Farombi-Oghuvbtiaf* observed elevated NT-
proBNP levels on Day 3 in neonates with hsPDA camegao Days 1 and 10,
reinforcing the optimal timing for NT-proBNP measorent as Days 2-3 for

predicting hsPDA.
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The correlation between NT-proBNP levels and ecitographic
parameters further supports its diagnostic valueh@inti et at*%. (2014) reported
that NT-proBNP concentrations were associated wliictal size and left atrial
dilatation in preterm infants . Additionally, Khashahiet al®’. established a
significant relationship between NT-proBNP levetsidhe degree of shunt in infants
with ventricular septal defect (VSD), atrial septdefect (ASD), or PDA,

highlighting the peptide's sensitivity and spedyi¢or detecting significant shunts.

Hamedet al **> (2022) investigated the diagnostic accuracy of BiNP
hsPDA in preterm infants, revealing that higher BM®els were significantly
associated with hsPDA as confirmed by echocardpgraA BNP cut-off value of
108.0 pg/mL demonstrated moderate sensitivity bgih lspecificity in diagnosing
hsPDA . This finding suggests that NT-proBNP cosddve as a reliable screening

tool for hsPDA, aiding in early identification atr@atment.

Potsiurkd® (2021) examined serum NT-proBNP levels in preténfants
with PDA, finding that elevated NT-proBNP levels &ays 2-3 and 8-9 reliably
predicted BPD or death in infants with PDA largiean 1.5 mm. This suggests that
NT-proBNP could be a valuable prognostic marker ddwverse outcomes in this

vulnerable population.

Nuntnarumi#® (2008) conducted an observational study on NT-pieB
levels in preterm infants, correlating them witthecardiographic assessments of
ductal shunting. NT-proBNP levels on Day 2 weren#igantly higher in infants
with hsPDA compared to those without. The studyo alemonstrated a strong
correlation between NT-proBNP levels and the l&ftuen to aortic root ratio. A cut-
off level of 10,180 pg/mL on Day 2 provided highnsiivity and specificity for

predicting hsPDA, indicating NT-proBNP's potentiala diagnostic marker.
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Elevated NT-proBNP levels correlate well with theesence of significant
ductal shunting and adverse outcomes, making isefull marker in the clinical
management of PDA in preterm newborns. These fgedsuggest that routine NT-
proBNP screening, combined with echocardiograpegessment, could improve the
early identification and treatment of hsPDA, poight mitigating the severe

complications associated with this condition.

2.9. Clinical Applications and Future Research

Research indicates that NT-proBNP can be a valuabler for diagnosing
and predicting outcomes in preterm infants with PO#& levels correlate with
echocardiographic findings and can provide insightis the clinical status of preterm
newborns. A study in Yiwu, China, demonstrated c¢hieical benefits of combining
NT-proBNP measurements with echocardiography fagabsing PDA (Panacea
Journal of Medicine).Further research are necesgeastandardize NT-proBNP assays
and validate its use across different patient patpards and clinical settings. Larger
studies are required to fully understand the retethip between NT-proBNP levels
and PDA treatment outcomes, particularly in diveesel high-risk populations.
Understanding these dynamics will enhance the acglnmanagement of preterm

infants and improve their long-term health prospect
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4. MATERIALS AND METHODOLOGY

4.1. Source of data:

All preterm babies undergoing echocardiographyitidchin NICU of KLEH

Dr. Prabhakar Kore Hospital, Belgaum, Karnatakadbamer 2022 to December 2023

4.2. Methods of Collection of Data:
A. STUDY DESIGN:
Observational study

B. PLACE OF STUDY:

Paediatric Department, KLEH Dr. Prabhakar Kore HtagpBelgaum, Karnataka

C. STUDY PERIOD:
One year (December 2022 to December 2023)
D. SAMPLE SIZE:
The sample size for the current study was calcdilasing following equatiof

Z*P(1-P)
nETar

Where n= sample size

Z= Z statistic for a level of confidence level at 2.960

P= Prevalence (80%)

d = precession (10%)
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The prevalence of preterm babies in India was fointle 12% as per the
study by Jana et df]. Therefore with p = 12% at 95% confidence with 8pétver,
the calculated sample size was 49. Hence totakfiérds (10% attrition rate 4 more

added to 49) were included in the current studyuting to inclusion criteria.
E. INCLUSION CRITERIA

All preterm infants born before 37 weeks of gestatadmitted to NICU
undergoing echocardiography evaluation and obtainéormed consent from

mothers were considered in the current study.
F. EXCLUSION CRITERIA

The study excluded preterm babies with other coitgemeart disease,
neonatal sepsis, bronchopulmonary dysplasia, caage@momalies/malfunctions and
bleeding tendency. Preterm babies whose motheusaéfto provide consent also

were excluded from the study.
G. METHODOLOGY

The current observational study was carried ou€lieH Dr. Prabhakar Kore
Charitable Hospital, Belgaum, Karnataka from Decem®022 to December 2023.
After obtaining approval and clearance from thetitasonal ethics committee
(Annexure -1), the patients fulfilling the inclusiariteria were enrolled for the study.
Informed consent (Annexure - 1) were obtained frparents of the infants after
explaining to them the plan and intention of thedgt in the language they

understood.

Total 49 patients were included in the current ytudformation regarding

patients like age, sex, birth weight and othericéihparameters were recorded. 2D
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echco and serum NT- ProBNP of infants were estichei¢he hospital laboratory and
recorded. Samples in 2ml plain vacutainer wereectdld and levels of NT-ProBNP
were estimated by using chemiluminescence. Evepcepiof information was

meticulously entered into an excel spread sheetiaed for statistical analysis.

4.3. STATISTICAL ANALYSIS:

Continuous variables were represented as mean #sg&bdard deviation)
whereas categorical variable are presented asdneguand percentages (n(%)).
Continuous variables were compared using indepéndi@ast or ANOVA/ or a
Kruskal-Wallis test, and categorical variables wewmmpared using @2 test or
fisher's exact test to test for differences acgrssips. P value < 0.05 was considered
statistically significant. R version 4.2.2 statisli software was used for the statistical
analyses. Microsoft word and Excel was used to igeaeraphs, tables etc wherever

required.

Page 45



Results

5.  RESULT

To estimate the serum NT-proBNP in preterm newbavitis PDA and to
the level of serum NT-proBNP with size of PDA irefgrm newborns, a hospital
based observational study was conducted on pretemmates with PDA who
undergoing echocardiography admitted in NICU of KLBr. Prabhakar Kore
Hospital, Belgaum, Karnataka from December 2023D&cember 2024. 49
preterm babies who matched the inclusion and eixelusriteria and whose
parents provided informed consent to participatthestudy were included in the

study.

In the current study out of 49 preterm infants ¢herere 25(51%) male and

24(49%) female as shown in the pie chart (Figure 4)

Gender Distribution

49%
H Male
B Female

Figure 5: Pie chart for the distribution of patients based on gender (n=49)

Mean (xSD) age of preterm babies in the study vedsutated to be 8.49 +
6.01days with 2 days and 28 days as minimum andnmait age respectively. Figure

5 depicts the age distribution of study populatiatih help of box plot.
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00

Aae in Days
15

Upper quartile = 10.00

10

Median = .00

Lower quartile = 4.00 :

Figure 6: Box plot showing age distribution of stugl population (n=49)

The mean (xSD) gestational age in the current stualy 32.52+3.08 weeks
with minimum and maximum age of 25.75 weeks And \88ks respectively.

Distribution of gestational age is pictorially repented in Figure 6 using box plot.

38
1

Upper quartile =35.00

34
1

Median = 33.00

30

28
1

Lower quartile = 30.25

Gestational Age (weeks)
32

Figure 7: Box plot showing the distribution of gesitional age of the study

population (n=49)
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Based on the gestational age of neonates, they eaegorised as extreme
(<28 weeks), very (28-31weeks), late (34-36) aadyq37-38 weeks) preterm. Table
4 shows the distribution of patients based on tieéepm categories. It was found that
4(8.16%), 10(20.41%), 19 (38.78%) and 16(32.65%gomlingly belonged to
extreme, very, late and, early preterm groupstrbution of neonates based on the

preterm categories is graphically shown in Figure 7

Table 4: Distribution of patients based on preterncategories (n=49)

Preterm category  Number of patients  Percentagat@nis
Extreme 4 08.16
Very 10 20.41
Late 19 38.78
Early 16 32.65

B Exteme preterm

B Very preterm
Late preterm

M Early preterm

39%

Figure 8: Doughnut graph for the distribution of patients based on preterm

categories (n=49)
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Mean (£SD) birth weight of the 49 neonates includethe study was 1368+
545.00g. The minimum weight was found to be 614gnetas maximum birth weight
was 2800g (Figure 8). Birth weight of prematureibalwere classified as extremely
low birth weight (<1000 g), Very low birth weight1000<1500 g), and Low birth
weight £1500). Table 5 show cases the distribution of 48pts based on low birth
weight classification. It was observed that, 18[366) neonates belonged to very low
weight followed by 17 (34.69%) and 14(32.65%) ndesao extremely low birth

weight and low birth weight respectively (Figure 8)

Table 5: Distribution of patients based on low birh weight classifications (n=49)

Birth Weight Number of patients  Percentage of peii€%0)
Extremely Low Birth Weight 17 34.69
Very Low Birth Weight 18 36.73
Low Birth Weight 14 32.65

B Extremely Low Birth Weight
H Very Low Birth Weight
= Low Birth Weight

Figure 9: Pie chart showing distribution of patiens based on low birth weight

classifications (n=49)
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Symptoms like murmur, oxygen requirement, apneaytzardia, hyperactive
precordium, heart failure and birth asphyxia wezeorded in the preterm neonates
(Table 6). Out of 49 neonates in the study, 24@%)p 23(46.94%) babies had
murmur and oxygen requirement respectively. Wheiddd4.29%) and 6(12.25%)
patients had respectively heat failure and tachdjgaOnly 2(4.08%) and 3(6.12%)
babies had Apnea and birth asphyxia respectivayu(E 9). Those who had heart
failure, 6 out of 7 babies had tachycardia (85.71%)hyperactive precordium
(42.86%), 1 each had hematomegaly, apnea, andagtlyxia (14.29% each); 4

babies required oxygen (57.14%) and 2 had murn@&5720).

Table 6: Distribution of patients based on symptoms

Symptoms Number of patieanPercentage of Patients (%)
Yes 24 48.98
Murmur
No 25 51.02
Oxygen Yes 23 46.94
requirement No 26 53.06
Yes 2 4.08
Apnea
No 47 95.92
Yes 3 6.12
Birth asphyxia
No 46 93.88
Tachycardia Yes 06 12.25
No 43 87.75
Hyperactive Yes 3 6.12
precordium
No 46 93.88
Heart failure Yes 7 14.29
No 42 85.71
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Percetage of patients (%)

Heart failure _ 14.29
Tachycardia _ 12.25
Hyperactive precordium _ 6.12
Birth asphyxia _ 6.12
Apnea _ 4.08
0 1I0 2IO 3I0 4IO 5I0 I

60

Figure 10: Horizontal bar graph showing distribution of patients based on the

symptoms (n=49)

Mean size of PDA of 49 preterm babies was deterthinebe 2.69mm. The
minimum size was found to be 0.70 mm and the mamxingsize was 6.50mm.
Distributions of size of PDA of 49 preterm babieg ahown in Figure 10 with
median and inter quartile values using box plotsdghon the size of the PDA, PDA
was divided as small, moderate and large PDA (T@plélaximum of 51.02 % (25
out of 49 neonates) of study population was foumchave large PDA, where as
24.49% (12 out of 49) each of study population tremtlerate and small PDA. Figure

11 depicts the distribution of 49 preterm babiesebleon their PDA sizes.
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Figure 11: Box plot for distribution of PDA size (r= 49)
Table 7: Distribution of patients based on the PDAsize
PDA Number of patients | Percentage of patients (%)
Small 12 24.49
Moderate 12 24.49
Large 25 51.02

Results

Page 52



Results

H Small PDA
Moderate PDA
MW Large PDA

Figure 12: Pie chart showing distribution of patierns based on size of PDA (n=49)

Among 49 patients there were 26(53.06%) preterm iesabhad

hemodynamically significant PDA (hsPDA) (Figure 12)

hsPDA

M Yes

No

Figure 13: Pie chart depicting the distribution ofpatients based on hsPDA

Among 49 patients, PDA of some were closed by phaological and some
by surgical methods (Table 8). Over all 21(42.862%)l 5 (10.20%) preterm babies

respectively had pharmacological and surgical cogkigure 13).
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Table 8: Distribution of patients based on type otlosure

50 A

Percentage of patients (%)

25 A

57.14

PDA closure Number of patientsPercentage of Patients (%)
Pharmacological Yes 21 42.86
closure No 28 5714
Yes 5 10.20
Surgical closure
No 44 89.80
100 1 B Ves
89.8 = No
75 -

10.2

Pharmacological closure

Surgical closure

Figure 14: Bar graph depicting the distribution of patients based on the type of

closure

In the current study, out of 49 babies with PDA(8871%) babies survived

and only 7 (14.29%) babies did not survive (Figid¢ Survived babies did not show

any complications whereas babies died were havamglitions like sepsis, persistent

pulmonary hypertension of newborn (PPHN), respisatdistress and pulmonary

haemorrhage (Table 9). Out of 7 babies, 3(42.862@8.57%), 1(14.29%) and

1(14.29%) babies had PPHN with sepsis, sepsis al@spiratory distress and

pulmonary haemorrhage respectively (Figure 15).
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M Survived Dead

Figure 15: Pie chat showcasing the distribution opreterm babies with PDA

based on the survival

Table 9: Distribution of patients based on the cawsof death (n=7)

Condition Number of patients Percentage of patils
PPHN with sepsis 3 42.86
Sepsis 2 28.57
Pulmonary haemorrhage 1 14.29
Respiratory distress 1 14.29
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Respiratory distress

Pulmonary haemorrhage

Sepsis

PPHN with sepsis

28.57

Figure 16: Horizontal bar graph for distribution of patients based on the cause

of death (n=7)

NT-proBNP of all the preterm babies was evaluated the calculated mean

(xSD) calculated for 49 babies was 17398+16966pg/highest NT-proBNP level

recorded was 70000pg/mL where as lowest was 853pgiedian value for NT-

proBNP was 12241pg/mL. Upper and lower quartileigalfor NT-proBNP of study

population were 32548pg/mL and 2622pg/mL respelstiffeigure 16).
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Figure 17: Box plot showing the distribution of NT-proBNP

In the current study, association between theddizee PDA and NT-proBNP,

level of serum NT-proBNP with other parameter waslied

Association of PDA size and NT-proBNP in the stupgpulation was
determined. Initially mean NT-proBNP values forfdient PDA groups based on size
were analysed and the result is shown in TableMdan value of 2727948+16410
pg/mL for NT-proBNP in Large PDA is significantlygher than mean value for NT-
proBNP in moderate and small PDA(P value <0.00@1gtorial representation of

distribution of NT-proBNP with respect to PDA siseshown in Figure 17.
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Table 10: Association of PDA size and NT-proBNP

. NT-proBNP (pg/mL) .
PDA size (Mean + SD) P value
Large (n= 25) 27948+16410
Moderate (n= 12) 10954+10328 <0.0001
small (n= 12) 1861578

*statistically significant if p value < 0.05 for ANOVA;statistically significant with

different superscripts for t-test
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Figure 18: Box plot for distribution of NT-proBNP with respect to large,

moderate and small PDA

Pearson correlation between size of PDA and lexelT-proBNP in the st
udy population is shown in Figure 18. With corrlatcoefficient of 0.52(0.28- 0.70)
, NT-proBNP and PDA size are positively associatéti moderate correlation. The ¢

orrelation found was statistically significant wihvalue = 0.0002.
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R =0.52; p value = 0.0002

PPA size (mm)

0 20000 40000 ©DDDD
NT-proBNP (pg/mL)

Figure 19: scatter plot showing correlation betweef®DA size and NT-proBNP

levels

Median along with lower and upper quartile valuédN®d-proBNP values for
different preterm groups based on gestational agee @nalysed and the result is
shown in Table 11. Comparison of median betweenpggasing Kruskal -Wallis test
indicated no statistically significant variationes NT-proBNP values (p- values

=0.050). Pictorial representation of distributiom NT-proBNP with respect to

preterm classification is shown in Figure 19.
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Table 11: Distribution of NT-proBNP with respect to preterm classifications

Preterm classification NT—proBNE (pg/mL) Medign P value *
(lower quartile- upper quartile)
Extreme preterm (n= 4) 5148(2903-13793)
Very preterm(n= 10) 32697(27153-34898)
0.050
Late preterm (n= 19) 5618(2484-16861)
Early preterm (n=16) 13491(3143-28584)

*statistically significant if p value < 0.05 for Kskal-Wallis test

70000
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NT-proBNP (pg/mL)
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Early Extreme Late Very

Preterm classification

Figure 20: Distribution of NT-proBNP for extreme, very, late and early preterm
Table 12 show cases the comparison of distributfoNT-proBNP values for
extremely low, very low and low birth weight neocemt Comparison of median
between groups using Kruskal -Wallis test indicateal statistically significant
variations in NT-proBNP values (p- values =0.10&yaphical representation of
distribution of NT-proBNP with respect to birth wéi classification is shown in

Figure 20.
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Table 12: Distribution of NT-proBNP based on birthweight classifications

_ _ o NT-proBNP (pg/mL) Median
Birth weight classification _ ) P value *
(lower quartile- upper quartile

Extremely low 20754(3500-34788) 0.109
Very low 18042(5643-32541)
Low 5110(2060-17379)
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Figure 21: Box plot depicting Distribution of NT-proBNP based on birth weight
classifications

Distribution of NT-proBNP for patients with and wiut hsPDA in terms of
median (lower quartile- upper quartile) is compaiadTable 13. Wilcoxon test
revealed that patients with hsPDA had significaftigher NT-proBNP levels with
median value of 26605(13458-34796) pg/mL than dfiatithout hsPDA with median
value of 5976(2252-24308) pg/mL). P value for tbst twas 0.036. Figure 35 shows

the distribution of NT-proBNP for patients with amithout hsPDA.
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Table 13: Distribution of NT-proBNP for patients with and without hsPDA

NT-proBNP (pg/mL) Median (lower
hsPDA _ _ P- value*
guartile- upper quartile)

Yes (n=26) 27700(16343-34947)

<0.0001
No (n=23) 2662(2044-5967)

» Statistically significant if p value < 0.05 for wdxon test
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Figure 22: box plot depicting distribution of NT-proBNP for patients with and
without hsPDA

Comparison of NT-proBNP with and without heart dieé revealed that,
babies with heart failure exhibited significantligier levels of NT-proBNP than the
babies without heart failure with statistical sfggance at 99% confidence interval
(Table 4). Median value of NT-proBNP for babies hwiheart failure was
35000(26605-35000)pg/mL where as for babies witlheatrt failure was 8132(2647-

24308)pg/mL (Figure 22)
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Table 14: Comparison of NT-proBNP levels between p&nts with and without

heart failure

_ NT-proBNP (pg/mL)
Heart failure ) _ _ P- value
Median (lower quartile- upper quartile)
Yes 35000(26605-35000)
0.014
No 8132(2647-24308)
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Figure 23: Box plot showing distribution of NT-proBNP for patients with and
without hsPDA

Median (lower quartile- upper quartile) of NT-proBNor survival and non
survival patients is using Wilcoxon test and resalte tabulated in Table 15. It was
found that preterm babies who had survived hadifggntly lower NT-proBNP
levels with median value of 10281(2406-26605)pgtmin that of babies who did not
survive with median value of 34593(12346-52394hvigt value was <0.0001. Figure

23 shows the distribution of NT-proBNP based orisat.
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Table 15: Distribution of NT-proBNP based on survial

Results

. NT-proBNP (pg/mL)
Survival _ _ _ P- value
Median (lower quartile- upper quartile)
Yes 10281(2406-26605)
0.034
No 34593(12346-52394)
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Figure 24: box plot showing distribution of NT-proBNP based on survival
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6. DISCUSSION

PDA is a common cardiovascular condition affectirgpnates, particularly
those born preterm with a gestational age of less 28 weeks. PDA occurs when the
ductus arteriosus, a fetal blood vessel that allblesd to bypass the lungs, fails to
close after birth. This condition can lead to digant hemodynamic changes,
impacting the neonate's cardiovascular stabilityl averall health. The clinical
management of PDA is challenging, especially inghdy days of life. Traditionally,
the hemodynamic significance of PDA is assessedgusilinical signs and
echocardiographic evaluations. However, these ndstldo not always provide clear
indications for when to intervene, leaving clinitsawith the dilemma of determining
the optimal timing for treatment. B-type natriucetpeptide (BNP), a hormone
produced by the heart in response to ventriculdurme expansion and pressure

overload, has emerged as a potential biomarkd?@gk screening in preterm infants.

NT-proBNP is a stable precursor of BNP and can leasured in serum,
offering a promising alternative when Doppler edrdiography is not readily
available. Therefore the current study titled “BEsttion of serum N-terminal peptide
of Brain natriuretic peptide levels in preterm newbwith Patent Ductus Arteriosus
(PDA) a one year prospective observational studg’s warried out at KLEH Dr.
Prabhakar Kore Hospital, Belgaum, Karnataka frontdbeber 2022 to December
2023 to estimate the serum NT-proBNP in preterm bmems with PDA and to

correlate the level of serum NT-proBNP with sizdP®fA in preterm newborns.

In the current study total 49 preterm babies witbAPwere considered based on
inclusion and exclusion criteria. Out of the 49tprm infants included in our study,

there were 25 (51%) males and 24 (49%) femalescdtidg a nearly equal gender
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distribution. This balanced distribution suggedtattPDA and associated clinical
conditions affect both genders equally. Our findireye consistent with previous

studies.

For instance, Hameet al>>. reported a similar gender distribution with 56.5%
males and 43.5% females among their study caseda8y, a systematic review and
meta-analysis involving 146 studies and 357,781epme infants found no significant
sex differences in the incidence of PDA or the oese to pharmacological

treatment®

The current study evaluated the birth age and ges#h age of preterm babies
with PDA to better understand the demographic [@adind incidence rates in this
population. The mean age of the preterm babies8v& + 6.01 days, with a mean
gestational age of 32.52 + 3.08 weeks. These fgsdmre consistent with the well-
documented inverse relationship between gestatagaland the incidence of PDA.
The preterm infants in the study were categorizased on their gestational age as
extreme (<28 weeks), very (28-31 weeks), late @4n&eks), and early (37-38
weeks) preterm. The distribution showed that 8.1@8te extreme preterm, 20.41%

were very preterm, 38.78% were late preterm, an@532 were early preterm.

The literature consistently indicates that the deaice of PDA is inversely
related to gestational age. According to Parkeegai., the likelihood of spontaneous
permanent closure of the DA is significantly loviuerextremely preterm infants (<25
weeks) at 2.1%, compared to 0.53% in infants >28ka’. This supports the high

incidence of PDA observed in extremely pretermnigan our study.

Nemri et al. reported that at 30-37 weeks, 10% of neonates Aa¥PA at 4

days of age, whereas at 25-28 weeks, the incideses sharply to 808 Sunget al.
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found that the incidence of PDA exceeds 50% in gometinfants<28 weeks’
gestational agé® Our study's findings are in line with these olbiadions, as the
extreme and very preterm groups had a notably higleedence of PDA compared to
late and early preterm infants. The incidence ragpsrted in the literature for various
gestational age categories shows that high incaleranging from 50% to 80% in
Extremely Preterm Infants , incidence ranging fraB% to 50% in Very Preterm
Infants, lower incidence, ranging from 10% to 30foliate Preterm Infants and
incidence ranging from 10% to 20% in Early Pretetth In our study, the
distribution of PDA among these categories corradpowith these findings. The
extreme preterm group, though smaller in numb&elyli had a higher incidence of
PDA, while the very preterm and late preterm grosipswed a moderate incidence,
and the early preterm group had a lower incidefite. incidence of PDA decreases

with increasing gestational age.

The birth weight of preterm infants plays a cruaiale in the classification
and incidence of patent ductus arteriosus (PDA)is Biudy classified the birth
weights of preterm babies into three categoriesemely low birth weight (ELBW)
(<1000 g), very low birth weight (VLBW)>1000 to <1500 g), and low birth weight
(LBW) (>1500 g). The incidence of PDA is notably highemfants with lower birth
weights, with a decreasing trend as birth weigltaases. In this study, the mean
birth weight of the 49 preterm neonates was 13685-grams, with a range from 614

to 2800 grams.

The study by Shet al** supports this observation, indicating a mean birth
weight of 1,496 + 241 grams in preterm infants WRBA. The distribution in our
study showed that 36.73% of the neonates wereifitamsgs VLBW, 34.69% as

ELBW, and 32.65% as LBW. This indicates a significa@roportion of the study
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population falls into the higher-risk categories RDA, specifically the ELBW and
VLBW groups. The literature consistently supportdigher incidence of PDA in
lower birth weight categories. For instance, it bagn reported that 55% of infants
weighing less than 1000 grams (ELBW) have a symptanPDA requiring medical
treatment. Similarly, among VLBW infants (501 toOD5grams), every third infant is
expected to have a persistent PBA% The incidence of PDA ranges from 15% to
37% in newborns with a birth weight under 1750 gs4fhin our study, the incidence
of PDA aligns with these findings. The trend of resed incidence of PDA with
decreased birth weight is alos reported by othessarchers. According to Koch et
al., the incidence of PDA was approximately 33%d ap5% in VLBW and ELBW
infants respectiveff. According to the NICHD Neonatal Research Netw®RA is
diagnosed in 46% of VLBW babies and preterm infdnaish at less than 28 weeks of

gestation”*®

The symptoms of PDA in preterm infants can varyiicantly depending on
the size of the PDA. In our study, various symptomese documented, highlighting
the clinical spectrum associated with different PEl2es and their impact on preterm
neonates. In cases of small PDA, infants and ahmldare generally asymptomatic
except for the presence of a heart murmur. This etserved in our study, where
some neonates with a small PDA did not exhibit ificent symptoms beyond the
characteristic murmur. Literature supports thidifng, indicating that small PDAs
may not cause any symptoms other than a heart mwantuthat affected infants and
children are typically asymptomatfé’*> Large PDAs were associated with more
severe symptoms in our study, consistent with figdifrom existing literature. These
symptoms included are fast or hard breathing amdtrséss of breath, particularly

during feeding, were common in neonates with |&Ha®.
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In our study, 23 infants (46.94%) required oxygamd 10 of these had large
PDAs. Literature supports this, noting that largBAB can cause significant
respiratory distress due to increased pulmonarpdltbow. A heart murmur was
present in 24 neonates (48.98%), with 14 of thesénk large PDAs. Additionally,
heart failure and tachycardia were more prevalentinfants with large PDAs.
Specifically, 7 infants (14.29%) had heart failuesd 6 of these had large PDAs.
Tachycardia was observed in 6 infants (12.25%)pfalVhom had large PDAs. These
findings are consistent with the literature, whadscribes the cardiovascular burden

imposed by large PDAs, leading to heart failure athetr complications.

Preterm infants with large PDAs may also experiesegous complications
such as necrotizing enterocolitis, respiratory rdgd, and apnea. In our study, 2
infants (4.08%) had apnea, and 3 (6.12%) had lkasiphyxia, with one case each
associated with large PDA. Additionally, symptorike Ihyperactive precordium and
hepatomegaly were noted in a subset of infantsensedring the severe systemic
effects of large PDAs. The presence of symptonss tiichycardia, heart failure, and
hyperactive precordium further highlights the hegr@mic burden imposed by large

PDAs.

The mean size of PDA in preterm babies reporteapoximately 3.78 mm,
with a range of 1.0 mm to 10.0 mm. and the findiogsstudy is in line with the
previous reports. Mean size of PDA of 49 preternbidm was determined to be
2.69mm with range of 0.70mm to 6.50mm. PDA is aered small at <1.Ba1m,
moderate when it ranges between 1.5 anthB and large if the dimension exceeds

3mm®

. In our study, maximum of 51.02 % (25 out of 48onates) of study
population was found to have large PDA, where ad®4 each of study population

had moderate and small PDA.
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The presence of hemodynamically significant pateloictus arteriosus
(hsPDA) is a critical factor influencing the climicoutcomes of preterm infants. In
our study, 53.06% of the preterm babies (26 owt)fhad hsPDA, with the majority
of these cases involving large PDAs. The overallisal rate was 85.71%, with 7
infants (14.29%) not surviving. Among those who dit survive, 6 had large and
hsPDA, while 1 had a moderate PDA. The primary eausf death included sepsis,
persistent pulmonary hypertension of the newboifPH[R), respiratory distress, and
pulmonary hemorrhage. Our findings are consisteith wrevious studies that

highlight the high incidence of hsPDA in preterrfamts.

The Vermont Oxford Network (VON) reported an incide of approximately
33% in very low birth weight (VLBW) infants, whilether studies have indicated an
incidence of 55% in extremely low birth weight (EWB infants In our cohort, the
incidence of hsPDA was notably higher, reflectifg tvulnerability of preterm
neonates to significant ductal shunting. Treatrmeatlalities for hsPDA in our study
included pharmacological and surgical interventioBpecifically, 42.86% of the
preterm infants underwent pharmacological closuite wedications, while 10.20%
required surgical closure. These treatment patt@msn line with reports from other

cohorts.

For instance, VLBW infants with a diagnosis of PbAve been treated with
indomethacin (71%), ibuprofen (13%), and surgidasere (27%°. Recent literature
also suggests a trend towards spontaneous closur®Dé& in the VLBW

populatiort*’, emphasizing the variability in clinical managemnstmategies.

The association between hsPDA and adverse clirbcdtomes is well-
documented. Hemodynamically significant PDA leads l¢ft-to-right shunting,

resulting in pulmonary overcirculation and subsequespiratory decompensation.
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This increases the risk of bronchopulmonary dyspla8PD), intraventricular
hemorrhage (IVH), necrotizing enterocolitis (NE@hd ultimately, mortali§# 484

In our study, the complications among the non-stong included PPHN with sepsis
(42.86%), sepsis alone (28.57%), respiratory distr€l4.29%), and pulmonary
hemorrhage (14.29%). These findings align with therature that hsPDA is

associated with significant morbidity and mortdlt{?

The mean NT-proBNP level in the current study was398 pg/mL, with a
range from 853 pg/mL to 35,000 pg/mL. Notably, NDBNP levels in infants with
large PDAs were significantly higher than thosenfants with moderate or small
PDAs (mean value of 27,279 + 16,410 pg/mL), denratisg a strong positive
correlation between PDA size and NT-proBNP levetsrelation coefficient of 0.52,
P = 0.0002). Comparison of NT-proBNP levels acrdgferent clinical scenarios
revealed significant findings: Infants with hsPDAdh higher NT-proBNP levels
(median 26,605 pg/mL) compared to those withouO#sEmedian 5,976 pg/mL, P =

0.036)

Preterm infants who survived had lower NT-proBNRele (median 10,281
pg/mL) than those who did not survive (median 33,58/mL, P < 0.0001). Infants
with heart failure exhibited significantly higherThNoroBNP levels (median 35,000
pg/mL). These findings align with previous reseamtlicating that elevated NT-
proBNP levels are associated with increased mtytalnd morbidity in preterm

infants with hsPDA.

Study by El-Khuffash and Molfj reported that infants in the poor outcome
group (grade III/IV IVH, death or both) had sigodintly higher NT-proBNP levels at
48 hours compared to infants without PDA-associatadplications (9284 pmol/L vs

5121 pmol/L, p=0.008). In the HsSPDA group, 6 infaif27%) died. The HsSPDA
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group had a significantly higher mortality within \2eeks compared to the non-
HsPDA group (27% vs 4%, p=0.01). The NT-proBNP Isweontinued to decline
over time in both groups, although the mean vataegined higher at all times in the

HsPDA group®.

Budde et al., in their study reported of using &afti of 5900 pg/mL, NT-
proBNP had 96% sensitivity and 90% specificity faccurately diagnosing an
HsPDA. Further they asserted from multivariatelysia that NT-proBNP levels
were a significant independent predictor of HsPDA.a subgroup analysis of 12
patients who had NT-proBNP measured both with aaD#sand later a non-HsPDA,
the levels were significantly higher for HSPDA camgpd to non-HsSPDA

(24322+3857 pg/mL vs 3381+578 pg/mL, p<0.064)

Rodriguez-Blancoet al. found that the optimum threshold for hsPDA in
preterm babies was 5099 pg/ml, and the majoritthem required pharmacological
treatment. NT-proBNP levels were measured with 94&msitivity and 82%

specificity*™,

Permyakova et al. found that median NT-pro-BNP leveere 17,600 pg/mL
in neonates with a PDA and 2773 pg/mL in the ndPEMS group. A NT-pro-BNP
cut-off value of more than 8500 pg/mL can indicas®DA (84% Sensitivity, 86%

Specificity)>2

Previous literature which indicates that NT-proBNRels are elevated in the
presence of PDA and are positively correlated vt diameter of the ductus
arteriosus and the left atrium/aorta (LA/AO) ratiout not with left ventricular
ejection fraction (LVEF). Several factors affect J4fOBNP levels in preterm infants

with PDA'. Higher NT-proBNP levels were observed in verytema infants
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compared to those born at a gestational age ofe@ksvor morg. Infants with a birth
weight of less than 1,000 g had higher NT-proBNRle compared to those weighing
1,000 g or mor¥. The study found a positive correlation betweer\RIlameter and
NT-proBNP levels with correlation coefficient of56. and p value <0.8% Infants
with a larger PDA diameter (>1.5 mm) had signifitarhigher NT-proBNP levels
than those with smaller PDAs. A higher LA/AO rati@s associated with elevated

NT-proBNP levels, indicating increased left atialume and pressulte

Thus with our study out come and previous studegsonts it is clear that
preterm infants with PDA had significantly highe{groBNP levels compared to
those without PDA. NT-proBNP levels were highly dictive of PDA associated
with increased mortality. Persistently elevated (NOBNP levels over time were also

associated with poor outcomes.

Page 73



Conclusion

7.  CONCLUSION

Patent Ductus Arteriosus (PDA) is a prevalent @aaas$cular condition in
preterm neonates, particularly those born beforev@8ks of gestation. The failure of
the ductus arteriosus to close postnatally canltrésusignificant hemodynamic
alterations, impacting the infant's cardiovascukdability and overall health.
Traditional methods of assessing the hemodynangnifgiance of PDA through
clinical signs and echocardiographic evaluationsepchallenges in determining the
optimal timing for intervention. However, the homeo B-type natriuretic peptide
(BNP) and its stable precursor NT-proBNP, which banmeasured in serum, have

shown promise as biomarkers for PDA screening.

This study, examined serum NT-proBNP levels in gmmatinfants with PDA
and their correlation with PDA size. The incidemtd’DA was higher in infants with
lower gestational ages and birth weights, congistéth existing literature. The study
also revealed that symptoms and clinical outconaggd significantly based on the
size of the PDA. Larger PDAs were associated witbtremsevere symptoms and
complications, such as respiratory distress andt hizélure. Hemodynamically
significant PDA (hsPDA) was identified in over half the study population, leading
to adverse outcomes and higher mortality ratesottaptly, NT-proBNP levels were
found to be significantly higher in infants withrdger PDAs and those with hsPDA.
Elevated NT-proBNP levels were strongly correlatwdh PDA size and were

predictive of increased morbidity and mortality.
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These findings support the use of NT-proBNP aslaaide biomarker in the
clinical management of PDA in preterm infants. @ierthis study underscores the
importance of timely and accurate diagnosis of RDAreterm infants and highlights
the potential of NT-proBNP as a critical tool inidjag treatment decisions, thereby

improving clinical outcomes for this vulnerable pégtion.
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Dr.

8. SUMMARY

A hospital-based observational study was conduatetthe NICU of KLEH

Prabhakar Kore Hospital, Belgaum, Karnatakaymfr December 2022 to

December 2023, to estimate serum NT-proBNP levelpreterm newborns with

Patent Ductus Arteriosus (PDA) and correlate thegels with the size of PDA. The

study included 49 preterm neonates who met thesimh and exclusion criteria, with

informed consent obtained from their parents.

. Demographics and Clinical Characteristics

Vi.

Out of 49 preterm infants, 25 (51%) were male, 204@49%) were female
The mean age of preterm babies was 8.49 + 6.01, dayging from 2 to 28
days

The mean gestational age was 32.52 + 3.08 weeks,awvange of 25.75 to 38
weeks

Preterm infants were categorized based on gesthtmge: 8.16% extreme
(<28 weeks), 20.41% very (28-31 weeks), 38.78% (8% 36 weeks), and
32.65% early (37-38 weeks) preterm

The mean birth weight was 1368 + 545.00 grams, witange of 614 to 2800
grams. Neonates were classified as 36.73% veryHdoth weight, 34.69%
extremely low birth weight, and 32.65% low birthiget

Common symptoms included murmur (48.98%) and oxygeguirement

(46.94%), while apnea (4.08%) and birth asphyxia3®) were less frequent
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2. PDA Size and Management

The mean size of PDA was 2.69 mm, ranging from @o/8.50 mm. The

study population was divided into 51.02% with laR@A, and 24.49% each
with moderate and small PDA

hsPDA was observed in 53.06% of the preterm isfant

PDA closure was achieved pharmacologically in 428&nd surgically in

10.20% of the infants.

The survival rate was 85.71%, with 14.29% of tHarits not surviving due to
conditions such as sepsis, persistent pulmonargrsmpsion of the newborn

(PPHN), respiratory distress, and pulmonary henageh

3. NT-proBNP Levels

Vi.

The mean NT-proBNP level was 17398pg/mL, with agearof 853 to
35000pg/mL. The median NT-proBNP level was 1224Amhg with upper
and lower quartile values of 32548 pg/mL and 26@2mh., respectively

There was a significant association between PDA aimd NT-proBNP levels,
with mean NT-proBNP values significantly higher large PDA (27948
pg/mL) compared to moderate and small PDA (p <@.00

A moderate positive correlation (r = 0.52) betw®&A size and NT-proBNP
levels was found, which was statistically significgp = 0.0002).

No statistically significant variations in NT-proBNvalues were observed
across different preterm groups based on gestatagea (p = 0.050) or birth
weight categories (p = 0.109).

Babies with hsPDA had significantly higher NT-pidB levels that of non
hsPDA (P value <0.0001)

Significantly higher levels of NT-proBNP were obsed in babies with heart

failure compared to the babies without heart fail(r value 0.013)
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Vii. It was found that babies survived had significaiwlwer NT-proBNP levels

with median value of 10281 (2406-26605)pg/mL thhattof died babies

34593(12346-52394)pg/mL.

These findings suggest that NT-proBNP levels cateepositively with the
size of PDA in preterm newborns, providing a patrtiomarker for assessing the

hemodynamic significance of PDA when echocardiogyap not available.
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10. ANNEXURES
ANNEXURE |- CONSENT FORM

CONSENT FOR PARTICIPATION IN RESEARCH

“Estimation of serum N-terminal peptide of Brain natiuretic peptide levels (NT-
pro BNP) in preterm newborns with Patent Ductus Arteriosus PDA) a one year

prospective observational study conducted in Dr.Prahakar Kore Hospital”

Investigator: - REG NO: BM0121002
Chief Guide: - Professor,
Pediatric cardiologist, Department of Pediatrics

JNMC Medical College, Belagavi-590010

Co-Guide:- Professor and Head
Department of Neonatology

JNMC Medical College, Belagavi-590010

You have been asked to involve your child in th&l ssudy to be conducted at
neonatal care unit of department of paediatrics Kliitversity’s Dr Prabhakar Kore
Charitable Hospital, Belagavi by REG NO: BM01210Bg&; student in department of

paediatrics at Jawaharlal Nehru medical collegéadzeyi.

Purpose of the study:To estimate the levels of serum NT-pro BNP in ¢met
newborn undergoing echocardiography helps in detémm prognosis and its levels

in hs-PDA

Participation of your child will help us to assdke prognosis of the child’s heart
disease and also helps us to screen a lot of niembaditions also. You are free to

discontinue the participation in the study at ametfor any reasons and you will not
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be paid any reimbursement for participation in tesearch. Hence involving your
child in the study is your Voluntary decision, wiet or not to participate will not
affect your current or future relationship with K&Br. Prabhakar Kore Hospital &

Medical research centre, Belagavi.

Risk and benefits :There are no risks involved.

Use of photography/ldentifying details: Any photography or identification details

will be disclosed only with your permission.

Privacy and Confidentiality: The only people who will know that you are a resbar
participant are member of the research team. Narrmdtion about you or provided
by you, during research will be disclosed to otherghout your written consent.
When the results of the research are publishedsoussed in the conferences, no
information will be disclosed that would reveal yoidentity. Any information
obtained in connections with this study and that ba identified with you remain

confidential and will be disclosed only with yowrmission.

Financial incentive for participation: You or your child will not be paid any

reimbursement for participation in this study

Queries: If you have any queries you may contact
REG NO:BM0121002

Post Graduate Student

Department of Paediatrics

JNMC, Belagavi-590010
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If you have any queries regarding or rights or aese participation you may contact

PROFESSOR
PEDIATRIC CARDIOLOGIST
Department of Paediatrics,

J.N. Medical College, Belagavi — 590010

If you have any questions about your rights oraede participation you may contact

Dr. Harsha Hegde
Chairperson , INMC,IEC & Scientist D,
ICMR,National Institute of Transfusion Medicine, |Bgavi

You will be given a copy of this form for your infoation and to keep for your

records.
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STATEMENT OF CONSENT

I hereby voluntarily agree for participation of rakild name :

age in this study. | understand that | haeeliberty to withdraw at any time.
My signature below indicates that | have read orehbeen told in the language |
understand, about this entire consent form inclydire risks and benefits and have

had all my questions answered. | will be given pycof this consent form.

Signature of the authorized representative/ parent:

Date:

Name:

Relation to the Subject:

Signature of the witness:

Date:

Name:

Signature of investigator:

Date:

Name:
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ANNEXURE I|I- PERFORMA

PATIENT'S PROFORMA

SERIAL NUMBER-

NAME/AGE/SEX-

FATHERS NAME-

MOTHERS

NAME-

ADDRESS-

PHONE NUMBER-

INFORMANT-

DATE OF BIRTH-

GESTATIONAL AGE-

MODE OF DELIVERY-

APGAR SCORE

AT 1IMIN-

SMIN-
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SYMPTOMS:

FEEDING DIFFICULTY

SWEATING WITH CRYING/EATING FAST BREATHING

EASY TIRING

RAPID HEART RATE

ON CINICAL EXAMINATION

BOUNDING PULSE (easily palpable dorsalis pedis)-

MURMUR (systolic/continous)-

PERSISTENT TACHYCARDIA-

HYPERACTIVE PRECORDIUM (visible pulsation in >2 ridpace)-

NEED FOR OXYGEN SUPPORT-

EDEMA-

ON ECHO-CARDIOGRAPHY:

FLOW REVERSAL RATIO

LA/AORTA RATIO

SIZE OF PDA

PULMONARY ARTERY PRESSURE

INTERNAL DIAMETER

LEFT ATRIAL DILATION
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DIASTOLIC TURBULENCE

RETROGRADE DIASTOLIC FLOW >30% OF FORWARD FLOW

DATE OF ADMISSION-

DATE OF DIAGNOSIS-

Levels of Nt-Pro BNP (Values)
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ANNEXURE [lI- KEY TO MASTER CHART

Variable Code Key
1 Male
Gender
2 Female
1 Yes
Murmur
2 No
_ 1 Yes
02 requirement
2 No
1 Yes
Apnea
2 No
H 1 Yes
Asphyxia
Py 2 No
ELBW | Extreme Low Birth weight
Low birth weight class VLBW Very Low Birth weight
LBW Low Birth weight
_ 1 Yes
Pharmacological closure
2 No
_ 1 Yes
Surgical Closure
2 No
_ 1 Yes
Survival
2 No
) 1 Yes
Heart failure
2 No
) 1 Yes
Tachycardia
2 No
_ _ _ 1 Yes
hyperactive pericardium
2 No
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ANNEXURE IV- MASTER CHART
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Early systolic
10 | 2| 31.75| preterm| 1 2 2| Murmur 2 35| 1| Large 35000 | 1000 VLBW 1 2 None N No N Ng
continuc
Very us
12 | 1| 28.75| preterm| 1 2 2| murmur 2 3 1| Large 32846 800 ELBW 1 2 Noné No No N N¢
Late Systolic
8 1| 355 | preterm| 1 2 2| murmur 2 1 2| Small 2662 1960 LBW 2 2 None N No N Ng
Early systolic Mode
28 | 2| 37.25| preterm| 1 2 2| Murmur 2 25| 2| rate 25493 | 2143 LBW 2 1 None No NO No N
hyp
era
ctiv
systolic e
Murmur, pre
on cor | boun
Very ventilato tachy | diu | ding
8 1| 33.25| preterm| 1 2 2 r 2 6.5| 1| Largel 26605 | 1490| VLBW 1 2 None Yescardia| m | pulse
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Rapid
Heart
rate,o02
Very support
17 30.5 | preterm yes 3 Large 20754 900 ELBW Noneé No No N N
hyp
era
ctiv
Rapid e
Heart pre
rate,02 cor
Early support tachy | diu
10 31.75| preterm yes 4 Largg 35000 980 ELBW None Yescardia| m No
Systolic
murmur,
02
Late support Mode
24 36 preterm yes 2 rate 9470 1750 LBW None Np N¢ Np
Not
maitaini
ng
Early saturatio
9 32.5 | preterm n 3.5 Large 11092 | 1420| VLBW None N No N N@
02
support
extreme yes,tach
20 27.25| preterm ycardia 1.5 Small 1111 750 ELBW None  Ng No N N@
Tachyca
rdia,02
Late support
8 35.25 | preterm yes 4 Large 17897 | 1500 LBW Nong No No N N
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02
support
Very yes,tach tachy
21 30.25| preterm ycardia 3 Large 35000 734 | ELBW 1 None¢ VYescardia| No No
02
support
yes,not
maintain
ing
extreme saturatio
15 27.25| preterm n 3 Large| 34788 630 ELBW 2| seps|s Np N No N
Late Screenin
9 36 preterm g echo 1 Small 2227 2598 LBW 1| None Yes No Yes  Yg
Late Screenil Mode
9 35 preterm g echo 2 rate 18747 1560 LBW 1 None No N No N
Apnea
with
Early desaturat]
9 30 preterm ion 1.2 Small 2222 699 | ELBW 1| None Ng No Np N@
Early Screenil
11 34 | preterm g echo 1 Small 2084 1134| VLBW 1| None Ng No ND NQ
Late 02 Mode
6 35 preterm support 2 rate 35000| 2800 LBW 1 None No N No N
Early 02 Mode
8 32.25 | preterm support 2.5 rate 6164 789 ELBW, 2 sepsis No N No N
Requirin
Very g 02
3 29 preterm support 4 Large 32548 | 2700 LBW 1 None No No No N@
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hyp
era
ctiv
e
pre
Requirin PPH cor | hepat
Late g 02 N,sep tachy | diu | omeg
3 38 preterm support 3 Large 70000 | 1180| VLBW sis Yes| cardia| m aly
continuc
Late us
2 35.5 | preterm murmur 4.5 Large 15825 | 1900 LBW Noneé No No N N¢
Soft
Late systolic Mode
7 36 preterm mumur 2 rate 5618 1368 VLBW, Nong  Np Ng No Np
Systolic
murmur,
Late 02
2 34 preterm support 1.5 Small 2642 1467 | VLBW None Nd No N NQ
Requirir
g 02
support-
mechani conti
cal nuous
Early ventilati tachy murm
8 33.25| preterm on 6.5 Large 26605 | 1490| VLBW None Yescardia| No| ur,
continuo
Early us Mode
8 30 preterm murmur 2.5 rate 12241 972 ELBW None No N No Np
Requirir
Very g 02
20 29 preterm support 0.7 Small 853 956 ELBW Noneg Ng No N NQ
continuo
Early us
8 34.75 | preterm murmur 3 Largg 14741 | 1976 LBW None  No No N N@
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Ventilati
on
support
and
extreme Extreme
3 26 preterm preterm 3 Large 3500 614 ELBW None N No Np Ng
Early 02
9 33 preterm support 1 Small 1802 1500 LBW None N No Np Ng
continuc
Late us Mode
12 34 | preterm murmur 2 rate 2327 960 ELBW, Non N N No Np
continuo PPH
Early us N,sep
3 30.75 | preterm murmur 3 Large 70000 | 1260| VLBW sis No No No No
continuc
extreme us Pulm
2 25.75 | preterm murmur 3 Largg 6795 736 ELBW onary | No No No No
requiring
Late 02 Mode
4 35.25 | preterm support 2 rate 4434 1567 LBW Non N N No Np
requiring
Late 02
2 36.25 | preterm support 1 Smal|] 1855 2000 LBW None N No Np N@
Soft
Late systolic
4 35.75 | preterm mumur 1 Small 1708 1900 LBW None NG No Np N@
requiring
Late 02
12 34 | preterm support 1.3 Small 2005 1890 LBW None N No Np N@
Requirin
Early g 02
6 32 preterm support 1 Small 1166 1760 LBW None NG No Np N@
Requirir PP
Late g 02 N,sep
3 34 preterm support 4 Large 17897 | 1240, VLBW sis No No No No
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Requirin
Late g 02 Mode
5 1 35 preterm support 2 rate 2718 1680 LBW None Np N No Np
Systolic
Early murmur Mode
4 2| 30.25| preterm present 2.4 rate 3450 1240, VLBW, Nong Np Ng No Np
Early Systolic
6 2| 30.75| preterm murmur 3 Large 18186 | 1300 VLBW None N No Np Ng
Very Systolic
8 1| 30.25| preterm murmur 3 Large 35000 918 ELBW Noneé No No Np N
Resp
ratory
Very Systolic distre
3 2 30 preterm murmur 4 Large 34593 846 ELBW SS No No No No
Early Systolic
3 1 32 preterm murmur 3.5 Large 34520 | 1180| VLBW None N No Np Nd
Very Systolic
7 1 29 preterm murmur 3 Large 28796 820 ELBW Nong  No No Np N¢
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