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Abstract

Ductus arteriosus is a physiologic phenomenon in utero and it
closes spontaneously in term babies. The closure is problematic
in preterm infants due to the intrinsic properties of the preterm
ductus arteriosus tissue. Although patent ductus arteriosus has
been reported to be associated with many adverse outcomes in
this population, treatment has not led to a decrease in outcomes
such as bronchopulmonary dysplasia. Treatment modalities also
have their own risks and restrictions. The aim of the “Turkish
Neonatal Society guidelines for the management of patent duc-
tus arteriosus in preterm babies” is to standardize the diagnosis
and treatment of patent ductus arteriosus in preterm infants by
combining the current scientific data and the resources of our
country.
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Introduction

Ductus arteriosus (DA), which is a physiologic necessity in
in utero life, closes spontaneously in term babies, whereas
the closure is problematic in preterms due to the intrin-
sic properties of the preterm ductus arteriosus tissue.
Although patent ductus arteriosus (PDA) has been associ-
ated with many adverse outcomes in preterms, treatment
has not caused a reduction in the frequency of these neg-
ative outcomes (1). Treatment modalities have their own
adverse effects and restrictions. The long-term outcomes
of administering or not administering treatment and the
agents used in treatment are not known (2). The objective
of the Turkish Neonatal Society Guideline for the Man-
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Rahim i¢i yasamda fizyolojik bir gereklilik olan duktus arteriyozus
term bebeklerde kendiliginden kapanirken, prematiire duktus arte-
riyozus dokusunun yapisal 6zellikleri nedeniyle bazi prematiirelerde
kapanamaz. Patent duktus arteriyozus prematiirelerde bronkopul-
moner displazi gibi olumsuz sonuglarla iliskilendirildigi halde, teda-
vi bu olumsuz sonuglarin sikligini azaltmamistir. Tedavinin de yan
etkileri ve kullanim kisithliklar vardir. Tedavi verip vermemenin ve
tedavide kullamilan ajanlarin uzun dénem sonuglarini bilinmemek-
tedir. Tiirk Neonatoloji Dernegi Prematiire Bebekte Patent Duktus
Arteriyozus Tan1 ve Tedavi Rehberi'nin amaci yenidogan yogun ba-
kim birimlerinde izlenen prematiirelerde patent duktus arteriyozus
tanisi, izlemi ve tedavisi konusunda, iilkemiz kosullar1 ve bilimsel
veriler 15181nda standart bir yaklagim saglamaktir.

Anahtar sézciikler: Patent duktus arteriyozus, prematiire, tani, tedavi

agement of Patent Ductus Arteriosus in Preterm Babies is
to provide a standard approach in the issue of the diagno-
sis, follow-up and treatment of patent ductus arteriosus in
preterm babies who are being followed up in our neona-
tal intensive care units in view of current scientific data
and the resources of our country.

1. Ductus arteriosus and physiological closure

The DA, which is a muscular artery found in all mam-
malian fetuses, connects the pulmonary artery (PA) to the
proximal descending aorta at the intersection with the
left PA. Its diameter in term babies is approximately 10
mm (until the descending aorta). In utero, the pulmonary
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vascular resistance (PVR) is high and only 10% of the
right ventricular output reaches the pulmonary circula-
tion. Some 55-60% of the ventricular output is delivered
to the systemic circulation by way of DA. The DA is kept
open with the effects of prostaglandins (especially PGE1)
secreted by the placenta and nitric oxide (NO) and a rela-
tively hypoxic environment (paO,=18-28 mm Hg) because
it is a physiologic necessity in this period (3). In intrauter-
ine life, closure of the DA spontaneously or following
maternal use of non-steroidal anti-inflammatory agents
results in right heart failure. After birth, VR decreases and
adult pattern of circulation begins. Blood has to be de-
livered to the lungs; the DA is no longer required and it
closes. Closure is a preprogrammed, complex process (4).
It occurs in the following way:

- Increase in pO, with birth: As the gestational week ad-
vances, constriction in the DA, which occurs with O,,
increases. However, an increase in pO, is not essential
in closure of the DA (for example, babies with cyanotic
congenital heart disease).

- Reduction in prostaglandin (PG) level: PGs secreted
from the placenta disappear. Perfusion of the lung in-
creases, PG metabolism accelerates, and levels of PGs
decrease. A sudden increase in pO, also decreases PG
production in the DA.

Closure of the DA in term babies occurs in two steps (4):
1. Functional closure: This occurs in the 12-29% hours of
life (the mean closure time is 15 hours). It is completed
in 48 hours in 90% of babies and in 72 hours in the re-
mainder. Reduction in PG levels interacts with the in-
crease in PaO, synergistically. Intracellular mechanisms
induced with the increase in PaO, cause depolarization of
the cellular membrane, and entrance of calcium into the
cell and contraction. Oxygen also induces secretion of en-
dothelin-1, which is a strong vasocontrictor. Endothelin-1
increases intracellular Ca* levels by way of G-proteins.

2. Anatomic (structural) closure: This is a preprogrammed
remodeling process. The increase of PaO, in blood after
birth contracts the medial smooth muscles in the DA tis-
sue and the height of the DA shortens and thickens. This
contraction obstructs the vasa vasorum and hypoxia de-
velops in the ductal tissue. Active platelets accumulate in
the DA, which is obstructed in minutes (4). Cellular death
and accompanying fibrosis in the ductus permenantly
closes the DA and the DA turns into the ligementum arte-
riosum in three weeks. Closure typically occurs from the
pulmonary end towards the aortic end.

These events, which occur uneventfully in term babies, are
hindered in preterm babies. The factors that are thought

ductus arteriosus in preterm infants

Table 1. Rates of spontaneous closure of the ductus arte-

riosus

Gestational week/ 4t day 7t day Discharge
Birth weight (%) (%) (%)
Term 100 100 100
>30 weeks 90 98 98

27- 28 weeks 22 36 -

25- 26 weeks 20 32 -

24 weeks 8 13 -
1000-1500 g 35 67 94
<1000 g 21 34 -

to be responsible for a lack closure of DA in preterm ba-
bies are as follows (4):

« The ductus arteriosus has a thin wall. The vascular
wall can take O, by being fed directly from the lumen
without a need for vaso vasorum. The necessary hy-
poxic environment for closure of the ductus arteriosus
can not be provided (4, 5).

+ Sensitivity to Ca** and K*, which increases with O,, is
low in ductal smooth muscle cells; the Ca** channels
are immature.

« Sensitivity to PGs (especially PGE)) in the ductus arte-
riosus is high in the early gestational weeks. As gesta-
tion advances, the DA becomes more sensitive to O,
and less sensitive to PGs.

+ Prostaglandin levels: in term babies, PG levels in the
circulation rapidly reduce after birth, but this reduc-
tion is slow in preterm babies because of immaturity
of the lung.

2. Preterms and patent ductus arteriosus

The gestational week and birth weight influence sponta-
neous closure rates of PDA (Table 1). Failure of the ductus
to close within 72 hours is defined as PDA. The frequency
is inversely correlated with the gestational week and birth
weight. The incidence of PDA is 57/100,000 live births in
term babies, and is one-third in very-low-birth-weight
(VLBW) babies (6, 7). The incidence of PDA in preterms
is 60-70% in babies below 28 gestational weeks, 20% in
babies below 32 gestational weeks; 40-55% in babies with
a birth weight <1000 g, and 30% in babies with a birth
weight < 1500 g. In a study conducted with 182,000 babies
born before the 327 gestational week between the years
of 2003 and 2009, the incidence of PDA was found as 27%
in babies who were born before the 28" week and 11% in
those born between the 29% and 32" gestational week (7).
The histologic changes in the DA in term babies prevent
reopening. In preterms, the DA may reopen even if it closes
spontaneously or with pharmacologic treatment. The risk
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of reopening defined clinically is inversely correlated with
the gestational week: 37% in babies below 27 weeks, 11% in
babies with a gestational age of 27-33 weeks (5).

2.1. Risk factors for patent ductus arteriosus in preterm
babies

The two most important risk factors for patent DA include
early gestational week and low birth weight. Perinatal as-
phyxia and being born at high altitude also increase the
frequency of PDA. The other risk factors are as follows:

- The baby’s clinical status: the frequency of PDA on the
fourth day is 65% in babies born before the 30* gesta-
tional week who have received treatment because of
respiratory distress syndrome (RDS) (about <28 weeks).

- Antenatal corticosteroids: Glucocorticoids are effec-
tive in the development of sensitivity especially to O,
in the DA tissue. Spontaneous closure occurs with a
lower rate in babies who have not received antenatal
corticosteroids (8).

- Chorioamnionitis (CA): In a metaanalysis of 23 studies
involving more than 17,000 subjects, it was found that
CA increased the risk of PDA by 1.43-fold. Clinical CA is
not correlated with PDA (OR: 1.28). Histologic CA (OR:
1.54) and the presence of both clinical and histologic CA
(OR: 175) increase the risk of PDA. Antenatal steroids
decrease the risk of PDA in babies with CA (OR: 0.62;)
(9). In presence of chorioamnionitis, the response to
cyclooxygenase inhibitors is also reduced (10).

- Phototherapy (PT): Although studies conducted in
the 1970s suggested that PT caused vasodilatation by
passing through the thin skin of preterms, current
studies in which the diagnosis of PDA is made using
echocardiography do not support the hypothesis that
PT increases the frequency of PDA or elevates serum
PGE, levels (11, 12).

- Postnatal fluid management: Studies that associated
high amounts of fluid given in the first days of life with
PDA were conducted in the 1970s-1980s and made the
diagnosis of PDA with ‘murmur.’ It has been proposed
that excessive fluid in VLBW babies will increase PGE,
levels (13). Currently, it is recommended that fluid
management should be conducted with close mon-
itoring of vital signs, urine output, and biochemical
results and 170 mL/kg should not be exceeded.

- Sepsis: Sepsis delays closure, decreases the response
given to pharmacologic agents, and may lead to re-
opening of PDA.

- Intrauterine growth retardation: In the study con-
ducted by Rakza et al. (14), the frequency of hemody-
namically significant PDA (HSPDA) at the 48" hour
was found as 40% in appropriate-for-gestational-
age (AGA) babies and 65% in small-for-gestational-

Turk Pediatri Ars 2018; 53(Suppl 1): S76-S87

age (SGA) babies.

- Genetic factors: More than 4000 genes are expressed
in the ductal tissue. In twin studies, it has been shown
that genetic factors are involved in 12.6% of cases of
PDA (15). Candidate genes involved in the pathogene-
sis of patent DA include transforming growth factor—
beta, interferon (IFN) y (+874) T allele (protective).

- Drugs: Many drugs influence PG synthesis and may
contribute to the maintenance of PDA. The best
known among these drugs is furosemide. Nitric oxide
is a direct vasodilatator in DA; however, the frequency
of PDA does not increase in babies who receive NO
treatment. Nitroglycerin, nitroprussid (NO donor),
and sildenafil are also vasodilatators of the DA.
Although it is known that heparin and gentamycin
have vasodilatator effects on the DA, there is no evi-
dence that they increase the frequency of PDA (16).

2.2. Effect of PDA on the lungs, pulmonary circulation,
and systemic circulation in preterm babies

In intrauterine life, PVR is high, systemic vascular resis-
tance is low, and the direction of the flow in the ductus
arteriosus is from right to left. After birth, PVR reduces
with aeration of the lung, the systemic blood pressure
(BP) becomes higher compared with the PA pressure,
and the flow direction in DA reverses to left to right. In
preterms, PVR is high, if RDS is present; PVR reduces af-
ter surfactant treatment and the shunt in DA reverses to
left to right.

Since the diameter is small in a small PDA, there is in-
creased resistance against the flow and left-to-right shunt
is small, even if the pressure difference between the sys-
temic and pulmonary circulation is great. If the PDA is
large, the pressures in both systems are equilized and the
systemic and pulmonary pressure difference determines
the amount of blood in the shunt: dependent shunt. After
birth, SVR does not change to a great extent and changes in
PVR determine the flow in PDA. Nuclear medicine studies
have shown that the amount of blood delivered from PDA
to the lung may reach an amount that is three-fold the sys-
temic blood flow (17). The delivery of blood from PDA into
the lungs rather than the systemic circulation may lead
hypoperfusion (ductal steal) in the end organs including
the kidneys, intestines, and brain, and may cause systemic
problems (18). These problems are as follows:

- If patent ductus arteriosus is large, the smooth mus-
cle cells in the medial layer do not regress after birth
because of high flow and pressure in small PAs and
PVR reduces slowly and can not even return to normal
levels (2).

- Pulmonary edema: A moderately large PDA in small
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preterms may lead to increased capillary permeability
in both the arterial and venous ends and pulmonary
edema by increasing the pulmonary venous pressure.
Pulmonary edema decreases lung compliance and
requirement for mechanical ventilation (MV) and O,
increases (2, 19).

- Pulmonary hemorrhage (PH): PVR decreases with
improvement of respiratory distress syndrome. In-
creased blood flow to the lung from the PDA may lead
to pulmonary edema and PH. In 126 babies who were
born with a gestational age below 30 weeks, it was
shown that the mean PDA diameter was larger (2.0 vs.
0.5 mm) and pulmonary blood flow was higher (326 vs.
237 mL/kg/min) (19).

- Bronchopulmonary dysplasia (BPD): Continuous left-
to-right shunt from the ductus causes fluid infiltration
in the interstitium of the lung with hydrostatic pres-
sure. Pulmonary mechanics and alveolar development
are disrupted, MV time prolongs, and the risk of BPD
increases (20). In preclinical studies, it has been shown
that pharmacologic closure of PDA improved delay in
alveolarization. However, the relation between PDA
and BPD was found to be dependent on the gesta-
tional week in studies in which PDA was screened
clinically and treated early (21). In a study in which
prophylactic PDA ligation and post-symptom liga-
tion were compared, prophylactic ligation was found
to be an independent risk factor for BPD. The current
opinion supports that both PDA and BPD develop in
smaller babies (22).

- Effect on the systemic and cerebral circulation: When
the pulmonary blood flow exceeds 50% of the sys-
temic blood flow, a hemodynamic paradox develops
as a result of immaturity of the myocardium and vas-
cular system of the preterm. An increase in the sys-
temic blood flow does not occur, left ventricular stroke
volume increases, and heart failure develops. Diastolic
regurgitation decreases brain perfusion, blood flow in
the abdominal aorta decreases, the blood flow to the
liver, intestines and kidneys decreases. The risk of he-
patic and/or renal failure increases (16, 23).

- Necrotizing enterocolitis (NEC): Ductal steal increases
the risk of intestinal ischemia by decreasing the SMA
bood flow. Different pictures ranging from feeding in-
tolerance to NEC are observed (16, 23).

- Mortality: Mortality is higher in preterms with moder-
ately large or large PDA (2, 21).

3. Clinical signs and symptoms in PDA

Symptoms generally emerge with improvement of RDS
and reduction of PVR; they are nonspecific. The clinical
signs vary by the baby’s weight, gestational week, and
other comorbidities. The earliest signs include increased

ductus arteriosus in preterm infants

respiratory support and increased paCO, due to alveolar
edema (2). Murmur is primarily heard at the 24%-72" hour.
Its severity and time period increase as the left-to-right
shunt increases. It is systolic, has a high frequency, and
may prolong up to diastole. It is heard at the end of the
second heart sound, at the left sternal margin in the 2-
3 intercostal space. Continuous murmur is rare. If the
shunt is large, the 3¢ heart sound may be heard with rapid
filling of the ventricles in diastole. The other findings in-
clude shift of the apical beat to the left side, hyperactive
precordium, widening of the pulse pressure, strengthen-
ing of the peripheral pulses, signs of left ventricular fail-
ure (tachycardia, tachypnea, rales in the lung, apnea and
severe bradycardia in severe cases), hepatomegaly, sys-
tolic-diastolic hypotension, and metabolic acidosis. Signs
of left ventricular failure due to PDA develop earlier in
preterms compared with term babies (6).

Clinical scoring systems tested for patent DA are not reli-
able or sensitive. The most consistent clinical finding in-
dicating development of PDA is hypotension on the first
day (especially diastolic BP <20 mm Hg) (24). Most babies
in whom a large PDA was shown on echocardiography on
the first four days were found to be asymptomatic. Clini-
cal findings (especially murmur) become more distinctive
after the fourth day (6). The sensitivity of the murmur is
low and it is not appropriate to manage PDA only with
murmur.

3.1. Terminology in PDA

Three main definitions are used in the evaluation of PDA:

- Clinically manifested PDA: At least one of the physical
examination findings including a murmur compatible
with PDA and prominent precordial beat/peripheral
pulses is present. If possible, it should be proven with
echocardiography because the sensitivity and speci-
ficty of the clinical findings and murmur are low (24).

- Symptomatic PDA: Pulmonary hyperperfusion and/or
systemic hypoperfusion is present. Hypotension, dif-
ficulty in seperating the patient from MV, worsening
of MV settings, persistent apnea, and PH (the most
specific finding) are observed (21, 23).

- Hemodynamically significant PDA (HSPDA): High-vol-
ume flow in PDA is shown on echocardiography (24).
Hemodynamically significant PDAs are related with
PH, IVH, mortality, and severe morbidity in babies
with a gestational age less than 28 weeks and closure
of PDA may be considered to prevent these complica-
tions (2, 21, 23).

4, Diagnosis in patent ductus arteriosus
4.1. Chest X-ray: Enlargement in the left atrium and left
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ventricle, cardiomegaly in advanced cases and clouding of
the lung areas due to pulmonary congestion are observed.

4.2, Electrocardiography: ECG is not beneficial in the first
stages. If a moderately large shunt continues for weeks,
left ventricular hypertrophy and left atrial enlargement
findings due to loading may be observed.

4.3. Echocardiography and Doppler studies: Echocardiog-
raphy is the gold standard in showing PDA, the size of the
shunt and its clinical significance. Structural congenital
diseases should be excluded. Clinical findings are more
sensitive and specific. Echocardiography makes the diag-
nosis of hemodynamically significant PDA 1.8 days before
clinical findings (25-27). Doppler study is performed on
the pulmonary artery, DA, and descending aorta. Colored
Doppler gives detailed information about the shunt. Mul-
tiple parameters are evaluated because there is no single
sensitive and specific parameter showing hemodynami-
cally significant PDA. The questions to be answered and
basic measurements are shown in Table 2 (2, 6, 24, 25):

Echocardiographic parameters used frequently in evalu-
ation of hemodynamically significant PDA are as follows
(Table 3) (19, 28, 29):

» Diameter of patent ductus arteriosus: if the diameter
is <1.5 mm, PDA is small and does not cause marked
increase in pulmonary perfusion. PDAs with a diame-
ter of 1.5-2 mm are important (6, 19, 24, 25). The diam-
eter of DA should be >1.4 mm/kg for HSPDA because
the diameter of the ductus is also related to the baby’s
weight.

« Flow pattern in PDA: this gives an idea about hemody-
namic status, prognosis of PDA, and management of
treatment (25). These flow patterns are as follows:

- Pulmonary hypertension pattern: This pattern is ob-
served in the first hours of life while PVR is high. It
is bidirectional: right-to-left shunt in the early systole
and a small left-to-right shunt throughout the diastole.

- Growing PDA: this shows increasing blood flow from
left to right with a reduction of pulmonary vascular
resistance. There is a risk for hemodynamically signif-
icant PDA.

- Pulsatile: This is observed on the 2°-3 days. There is
only left-to-right shunt. The shunt is pulsatile and the
peak flow rate is approximately 1.5 m/s. Its sensitivity
is 93.5% and specificity is 100% in HSPDA in babies
weighing less than 1500 g. It is used in the treatment
decision (25).

- Closing: Continuous left-to-right flow throughout the
whole cardiac cycle. The peak flow rate is higher com-
pared with pulsatile flow because the ductus becomes

Turk Pediatri Ars 2018; 53(Suppl 1): S76-S87

Table 2. Echocardiographic principles in the diagnosis of
patent ductus arteriosus

Questions to be answered Echocardiographic

measurements

Demonstration of PDA

Is the ductus patent?

If the ductus is patent, Specification of the size

how wide is it? of PDA
What is the direction of =~ Demonstration of loading
the flow in the ductus? in the left heart and
increased pulmonary circulation
What is the importance ~ Demonstration of systemic
of shunt? hypoperfusion due to ductal
steal
How does it affect the
pulmonary and systemic
circulation?

Can the ductus close
spontaneously?

PDA: patent ductus arteriosus

narrow and the flow accelerates (2 m/s).
- Closed: Physiologic flow is obtained in PA.

Echocardiography flow patterns in HSPDA are as follows:

pulmonary hypertension-growing/ pulsatile- closing-

closed; flow pattern observed in HSPDA: pulmonary hy-
pertension- closing- closed.

o Flow in the ductus: In high volume left-to-right
shunt, the end-diastolic volume is increased in the PA
branches, left atrium, and left ventricle. Left ventricu-
lar output: blood delivered from the PDA to the lung
is increased by 50% when the superior vena cava (SVC)
flow rate is >4 (6, 19).

o Leftventricular size: Dilated left ventricle at the end of
the diastole shows a large shunt.

o Left atrium:aortic root ratio (La:Ao): This is the most
commonly used measurement among left cardiac
measurements. The ratio of the left atrium to the aor-
tic root is used because the left atrial size may vary
by the baby’s weight. It indicates marked left-to-right
shunt and enlargement in the left atrium. In preterms,
the LA:Ao ratio is 0.8-1.0. This ratio is >1.5 in only 5%
of preterm babies who do not have PDA. If the LA:Ao
ratio is >1.4, the left atrium is enlarged and HSPDA is
present (6, 19, 24).

+ Retrograde diastolic flow and flow rate in the descend-
ing aorta: Large PDAs causing left-to-right shunt lead
to marked retrograde diastolic flow in both the tho-
racic and abdominal aorta, and this diastolic flow can
exceed 50% of the total aortic blood flow (ductal steal)
(26). When Doppler echocardiography was compared
with cardiac MR], it was found that the retrograde di-



Koksal, et al. Turkish Neonatal Society guideline on the management of patent

Turk Pediatri Ars 2018; 53(Suppl 1): S76-S87 ductus arteriosus in preterm infants

Table 3. Echocardiographic parameters used in the evaluation of hemodynamically significant patent ductus arteriosus

Parameter Variable Effect of HSPDA  Threshold value
Direct evaluation of PDA
Size PDA diameter (mm) Increases Small:
<l.5mm
Moderate: 1.5-2 mm
Large: =2 mm
PDA diameter: Left pulmonary Increases Small: <0.5 mm
artery diameter (on the first 4 days) Moderate:
0.5-1mm
Large: =zlmm
PDA diameter index (mm/ kg) Increases >1.4
Flow pattern End-diastolic: peak systolic flow Decreases <0.5
rate ratio in the shunt in PDA
Indirect markers of the shunt volume
Increased pulmonary  Left atrium: Aortic root ratio Increases >15
blood flow
Left ventricular end-diastolic Increases >2.1
diameter: Aortic root ratio
Early and late diastolic flow ratio Increases >1
in the mitral valve
Left ventricular isovolumetric Decreases <35
relaxation time (ms)
Left ventricular output (mL/kg/min) Increases >314
LPA mean antegrade flow rate (cm/s) Increases >42
LPA end-diastolic antegrade flow rate (cm/s) Increases >20
Decreased systemic Diastolic flow patttern in systemic arteries Decreases Small: Antegrade
blood flow (descending aorta, celiac, superior mesenteric, diastolic flow
middle cerebral) Moderate: Absence
of diastolic flow
Large: Retrograde
diastolic flow
Left ventricular output/ Increases >4

Superior vena cava flow rate

HSPDA: hemodynamically significat PDA; PDA: patent ductus arteriosus; LPA: left pulmonary artery

astolic flow in the descending aorta was the echocar-
diographic parameter that most accurately showed
high flow shunt (27).

Transmitral passive and active flow (E and A waves):
This shows diastolic filling of the left ventricle. Passive
flow increases in the mitral valve because volume and
pressure increase in the left atrium in patent DA. In
healthy newborns, the E/A ratio is <1. In large left-to-
right shunt due to patent DA, the ratio becomes >1.0. A
diagnosis of PDA cannot be made with E/A ratio alone
and its sensitivity decreases if patent foramen ovale is
present (6).

myocardial flow rate is reduced and myocardial func-
tion index is increased.

PDA/left pulmonary artery (LPA) ratio: This is mea-
sured at the main PA bifurcation.

Antegrade pulmonary artery diastolic flow rate: Un-
der normal conditions, only systolic flow is observed
in PA. Diastolic flow indicates HSPDA and increased
blood flow in the lung. It is an important parameter in
determining spontaneous closure (28).

Peak systolic flow rate, end-diastolic flow rate and flow
rate in the descending aorta in ductus arteriosus.

The end diastolic/peak systolic flow rate ratio in patent
ductus arteriosus: This ratio decreases as the shunt in
PDA increases.

» Myocardial flow rate and myocardial function index:
This index indicates relative systolic and diastolic dys-
function. In hemodynamically significant PDA, the .

4.4, Biomarkers: Specific and sensitive biomarkers have
been investigated because echocardiography is not always
available and measurements on echocardiography may
vary. Biomarkers can be used in three ways in PDA (30, 31):

For making the diagnosis when the opportunity of
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echocardiography is absent

« In association with echocardiography to confirm
treatment decision

+ Inthe evaluation of treatment response (Table 4).

Brain natriuretic peptide (BNP) is secreted from the ven-
tricles as pro-BNP following pressure and volume over-
load. It is split into active BNP and inactive NT-proBNP
in myocytes. Its half-life is 20 minutes. It causes myocar-
dial relaxation and decreases the load of the ventricles by
way of diuresis and vasodilatation when volume overload
occurs in the ventricles. It inhibits renin-aldosterone
production. In patent ductus arteriosus, strain in the left
ventricular wall increases BNP. Screening is used to de-
termine the size of the shunt and to evaluate treatment
response. The most important reason that limits its use
is overlap of BNP levels in babies who do not have PDA
or who have small PDA, and in babies with moderately
large/large PDA (30, 31).

In a meta-analysis that evaluated the correlation of
biomarkers with echocardiographically confirmed PDA,
the sensitivity and specificty were found to be 88% and
92% for brain natriuretic peptide (BNP) and 90% and
84% for N'T-proBNP (31). Lack of reduction of the levels
in consecutive measurements is significant. A reason for
the interest in this issue is the cost of echocardiographic
examination. In the United States of America, the cost of
biomarkers is one-tenth of the cost of echocardiography.
In our country, the work of specialist physicians is cheap
and the costs of kits are high.

4.5. “Near-infrared spectroscopy” (NIRS): This method
demonstrates the effects of PDA on brain blood flow.

4.6. Perfusion index (PI): Although a reduction in PI due to
hemodynamically significant PDA is expected, high val-
ues may be observed after the first 24 hours because of
hyperdynamic circulation. An increase in PI after the 37%
hour is significant in HSPDA (32).

4.]. Platelet count: The risk of HSPDA is increased in
preterms with a platelet count of 100x109 on the 1%-3%
days. However, the platelet count shows the baby’s gen-
eral structural maturity rather than influencing closure of
DA directly and is indirectly related to PDA.

4.8. Phase contrast magnetic resonance imaging: This
method shows the flow volume in the DA, thoracic artery,
and veins.

5. Patent ductus arteriosus screening in preterm babies
The answer to the question as to whether echocardio-
graphic screening should be performed in all small
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Table 4. Biomarkers used in the diagnosis of patent duc-

tus arteriosus (30, 31)
Biomarker Sample Relation
with PDA
Atrial natriuretic peptide  Blood and urine Increases
Cardiac Troponin-T Blood Increases

Brain natriuretic peptide ~ Blood and urine Increases

Amino-terminal pro-B-tip Blood and urine Increases
natriuretic peptide
(NTproBNP)
Endothelin-1 and
C-terminal

pro-endothelin-1

Blood and urine Increases

Neutrophil gelatinase- Urine Increases
associated lipocalin

Cardiac fatty acid Urine Increases
binding protein in HSPDA

HSPDA: hemodynamically significant PDA; PDA: patent ductus
arteriosus

preterms or if one should wait until the clinical status sug-
gests PDA, is still unclear. Screening advocates argue that
the prognosis is better when PDA is screened and treated
before clinical signs emerge (33-35). In a study supporting
screening that involved more than 1500 babies with a ges-
tational age under 29 weeks, the mortality (14.2% vs. 18.5%,
OR: 0.73) and frequency of PH (5.7% vs. 8.4, OR: 0.6) were
found to be lower in subjects in whom PDA screening
with echocardiography was performed on the first three
days (early) compared with those in whom screening was
not performed (21). In the study conducted by Sellmer et
al. (36), it was found that the presence of PDA on the third
day in babies aged less than 28 weeks (especially a PDA
diameter >1.5 mm) increased the mortality risk by 3.4-fold.
These data support routine echocardiographic screening
of VLBW babies in terms of PDA. There are no such data
for larger preterm babies. When the literature information
is combined with our country’s conditions (lack of access
to pediatric cardiologists), the recommendations related
to echocardiographic PDA screening are as follows:

+ In babies less than 28 weeks and/or <1000 g: in the
first 72 hours;

o In high-risk babies less than 28 weeks and/or <1000 g
who are being monitored with MV because of RDS:
in the first 24-72 hours because of the positive effect
of early diagnosis and treatment of PDA on PH and
mortality;

+ In babies over 28 weeks and/or >1000 g connected
to a ventilator: echocardiographic examination is
recommeded when the clinical and respiratory find-
ings suggest ductal shunt.
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6. Treatment of patent ductus arteriosus in preterm
babies

There are three up-to-date approaches: Conservative
treatment, cyclooxygenase (COX) inhibitors and surgical
treatment.

6. 1. Conservative treatment

- Neutral thermal environment and sufficient oxygena-
tion: decreases left ventricular load

- The hematocrit level should be kept between 35% and
40%.

- Increased positive expiration pressure (PEEP>5) and
short inspiration time (0.35 s): gas exhange improves,
left-to-right shunt decreases, and systemic blood flow
increases.

- Diuretics: Thiazide group diuretics are used in cases
of pulmonary edema and increased MV support. Loop
diuretics are not recommended because they increase
renal PGE, synthesis and keep the DA open (36).

- Fluid restriction: Fluid should be restricted if pul-
monary edema due to HSPDA and severe respiratory
distress are present: 110-130 mL/kg/day. According to
Cochrane, fluid restriction (50-80 mL/kg/day) reduces
the risk of PDA and NEC when compared with liberal
(80-170 mL/kg/day) administration of fluid (NNT:7)
(37). If fluid intake is >170 mL/kg on the third day, this
is an independent risk factor for symptomatic PDA.
It should be kept in mind that severe fluid restriction
will negatively influence nutrition and growth of the
preterm baby.

- Feeding: A negative effect of feeding during sympto-
matic PDA and treatment has not been demonstrated
(38). Feeding should be continued carefully.

6.2. Pharmacologic treatment: Indomethacin and ibupro-
fen inhibit COX 1 and 2, decrease PG synthesis, and in-
duce closure of DA (39). There are three approaches: pro-
phylactic, asymptomatic, and symptomatic treatment.

6.2. a. Prophylactic treatment: Administration of treat-
ment in the first 12-24 hours of life before PDA symptoms
develop in high-risk group patients. The objective is to
prevent intracranial hemorrhage (ICH) and PDA.

- Prophylactic indomethacin: Meta-analyses have
shown a 50% reduction in HSPDA, a 35% reduction in
ICH (>stage 2) and a 50% reduction in need for surgi-
cal ligation (SL). However, this approach has no effect
on mortality, BPD, and neurodevelopmental progno-
sis in the 18" to the 36" months (40).

- Prophylactic ibuprofen: This can be administered
orally or by the intravenous route. In a meta-analysis,
it was reported that prophylactic ibuprofen decreased

ductus arteriosus in preterm infants

PDA and the need for SL, but was not beneficial in
terms of BPD, mortality, and ICH (41).

Currently, prophylactic treatment is not recommended
because preterms who do not have HSPDA are also ex-
posed to potential adverse effects of drugs and because it
has no positive effect on long-term neurodevelopmental
prognosis or on the rate of survival without sequela, de-
spite its advantages.

6.2.b. Early asymptomatic treatment: Administration
of treatment with echocardiographic screening before
symptoms develop. It has no effect on the rate of mortal-
ity, retinopathy of prematurity (ROP), NEC or BPD. How-
ever, it slightly decreases the frequency of symptomatic
PDA, additional oxygen time, and the frequency of PH in
extremely-low-birth weight (ELBW) babies (42).

6.2.c. Early symptomatic (2-5 days) and late symptomatic
(10-14 days) treatment: The first studies comparing these
two treatments supported early symptomatic treatment
because it decreased the MV period and the frequency
of BPD. Currently, short-term intubation and non-inva-
sive ventilation applications have changed. Therefore, the
advantages and disadvantages of these two approaches
should be compared again.

6.3 Drugs used in the treatment of patent ductus ar-

teriosus

- Indomethacin: In a multi-center study compar-
ing indomethacin and placebo (3559 babies, 421 of
whom had HSDA), the rate of functional closure
in the first 48 hours was found to be higher in the
indomethacin group (79% vs. 28%). Reopening
was observed in 33% of the patients and most of
these patients did not need treatment (43). The po-
tential adverse effects include transient renal dis-
order, gastrointestinal (GI) hemorrhage, and focal
GI perforation. In a Cochrane meta-analysis, it was
reported that the infusion time of indomethacin
did not influence the rate of closure/reopening of
PDA, neonatal mortality, and the frequency of ICH
and NEC. DA is not closed with indomethacin in
one-third of patients. The rate of ductal closure is
42% with a second course of indomethacin and 43%
with a third course of indomethacin. Cumulative
closure reaches 90% with three courses, but the risk
of periventricular leukomalacia (PVL) increases (44).
If DA is not closed after the second indomethacin
dose, SL is considered.

- Ibuprofen: Ibuprofen is the second most commonly
used COX inhibitor in the treatment of PDA. Its ef-
ficiency in closing PDA is equal to the efficiency of
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Table 5. Drugs used in treatment of patent ductus arteriosus and their doses

Drug Dose (mg/kg) Route of Rate of closure  Adverse effects Reopening
administration  of PDA (%) (%)
Indomethacin <48 hours v 70-80 Oliguria, reduction 20-35
At least 30 min in creatinine clearance,
electrolyte imbalance,
bleeding in GIS,
NEC, perforation
1*t dose: 0.2 mg/ kg
12 hours later
2" dose: 0.1 mg/kg
24 hours later
34 dose: 0.1 mg/kg
>48 hours
0.2 mg/kg
with 12-24-hour intervals
Ibuprofen Loading: 10 mg/kg IV or oral 70-80 Oliguria, reduction 30
with 24-hour intervals in creatinine clearance,
5mg/kg, 2 successive doses hyperbilirubinemia, bleeding
Paracetamol  15mg/kg
every 6 hours, po Oral or IV 90- 100 Increase in liver enzymes 30
2-7 days

GIS: gastrointestinal system, PDA: patent ductus arteriosus, NEC: necrotizing enterocolitis

indomethacin. The risks of necrotizing enterocol-
itis and renal adverse effects are lower and the MV
time is shorter; the frequency of PH is similar to in-
domethacin. In developed countries, it is adminis-
tered intravenously (44). However, oral ibuprofen is
preferred in many developing countries because in-
travenous preparation is expensive and no difference
has been found in PDA closure rates. Oral ibuprofen
and intravenous indomethacin are similar in terms of
closing PDAs and adverse effects. There are new stud-
ies that have shown that both intravenous and high-
dose oral ibuprofen (20-10- 10 mg/kg) are more effi-
cient in PDA treatment in younger gestational weeks
(43-45). In a pharmacokinetic study, ibuprofen doses
recommended for PDA treatment were as follows:
<70 hour: 10-5- 5 mg/kg; 70%-108" hours: 14 - 7 - 7
mg/kg; 108"-180™ hours: 18 - 9 - 9 mg/kg (45). High-
dose ibuprofen treatment is recommended after the
70% hour because renal clearance increases. If PDA
is not closed after the first standard dose course, it is
preferred as a second course. In a new study, adminis-
tration of high-dose ibuprofen in the first course was
reported to be more efficient and similar in terms of
adverse effects (46) (Table 5).

ulation disorder, renal failure (urine output <0.6 mL/kg/
hour, creatinine >1.6 mg/dL), GI or renal anomaly, DA-
dependent congenital heart disease. Ibuprofen and in-
domethacin increase the risk of kernicterus by competing
with bilirubin for albumin binding sites (more prominent
with ibuprofen). Enteral nutrition is safe during COX in-
hibitor treatment (38).

Paracetamol: Paracetamol inhibits the peroxidase
(POX) component of prostaglandin synthesis. It was
primarily used in babies who were unresponsive to
treatment or in those in whom COX inhibitors were
contraindicated and the rate of closure of DA was
observed to be above 90%. In a study conducted in
our country that compared oral paracetamol with oral
ibuprofen, the rates of ductal closure, reopening, and
SL were found to be similar and no difference was
found in terms of adverse effects (47). The dose used
is higher than the dose recommended for pain and
fever and there are concerns about hepatotoxicity. In
animal studies, it has been reported that paracetamol
has negative effects on the developing brain and pre-
natal exposure is associated with childhood autism
spectrum disorders. Therefore, paracetamol is not the
standard treatment option; studies need to be con-

Contraindications of cyclooxygenase inhibitors: con-
firmed or suspected sepsis, NEC, active bleeding (in-
tracranial, GI), thrombocytopenia (<50,000/ mm?), coag-

ducted to demonstrate its efficiency and safety. Table
6 shows the drugs used in the treatment of PDA and
their doses.

S84



Koksal, et al. Turkish Neonatal Society guideline on the management of patent

Turk Pediatri Ars 2018; 53(Suppl 1): S76-S87

ductus arteriosus in preterm infants

Table 6. The Turkish Neonatal Society evidence-based recommendations for approaching patent ductus arteriosus of

prematurity

Hemodynamically significant PDA- Diagnosis
1. Echocardiography

Targeted neonatal echocardiography and presence of clinical finding

Ductal diameter =1.4mm/kg, La:Ao>1.4

Direction of the ductal shunt and flow rate

Pulse Doppler flow pattern
Other findings of the ductal shunt flow

2. Biomarkers

NtP-pBNP >1000, after the first 48 hours

Treatment decision: Monitoring with clinical and ECHO findings:
repeated measurements

Hemodynamically significant PDA — Treatment
Fluid restriction
Supportive treatment
Pharmacologic treatment

Ibuprofen First-line choice

First 72 hours: 110-130 mL/kg at most, subsequent days: 170 mL/kg at most
Appropriate neutral environment, diuretic: Furosemid should be avoided

First 48 hours: intravenous treatment, after 48 hours: oral treatment
(as efficient as intravenous treatment)

Indomethacin

Prophylactic treatment is not recommended

Continuous infusion is preferred rather than bolus infusion

Repeated, if necessary (2 doses at most, PVL risk with excessive doses)

Paracetamol

Routine use is not recommended. Long-term safety?

Intravenous route, if ibuprofen or indomethacin treatment is contraindicated

Surgical approach

Prophylactic surgery is not recommended

If HSPDA is not closed after two courses of pharmacotherapy

Interventional approach

VATS is less invasive compared to surgical ligation

Transcatheter application is not recommended for all patients

ECHO: echocardiography; HSPDA: hemodynamically significant PDA; PDA: patent ductus arteriosus; PVL: periventricular

leukomalacia; VATS: video-assisted thoracoscopic surgery

The recommendation of the Turkish Neonatal Society: Pa-
tients who do not respond to the first course of medical
treatment generally do not respond to successive cour-
ses either. If HSPDA is present after the first course, the
second ibuprofen course can be given with normal or
high dose. If no response is obtained, paracetamol may
be tried before SL. Studies need to be conducted to show
the efficiency and long-term safety of paracetamol before
it becomes a routine recommendation.

6.4. Surgical treatment

PDA of prematurity closes with SL with a rate of 98-100%
(7, 48). Severe hypotension (25%), unilateral cord paraly-
sis, and scoliosis may be observed postoperatively. Cur-
rently, video-assisted thoracoscopic surgery (VATS) is
applied instead of posterolateral thoracotomy in many
centers. Although the results are similar, VATS is less in-
vasive. Extremity ischemia and catheter malposition may
be observed in preterms following PDA closure using the

transcatheter method, which is applied in term babies.
Promising studies have been conducted with ADO II AS
devices in smaller babies (49).

The recommendation of the Turkish Neonatal Society:
SL should be considered in babies in whom respiratory
support continues or in babies with HSPDA on echocar-
diography who do not respond to medical treatment
(generally after the 2* course) or who are found to have
contraindications.

Conclusion

Early and prophylactic treatment decreases the rate of
PVL/IVH and PH and successive pharmacologic treat-
ment decreases the need for SL. However, a positive ef-
fect on the prognosis could not be demonstrated in sur-
viving babies and it has not been widely accepted. The
greatest benefit and the lowest risk can be provided if
early prophylactic treatment is targeted only for preterms
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with insufficient ductal constriction. In recent years, an
early targeted individual approach by echocardiography
has been recommended in preterms with a gestational
age less than 29 weeks (19, 21, 24). The 2016 report of the
American Academy of Pediatrics states that prophylactic
indomethacin/ibuprofen can be given to high-risk babies
(<29 weeks) if a center has high rates of ICH and/or severe
PH (50).

In babies with a gestational age under 28 weeks or with a
birth weight below 1000 g, echocardiographic examina-
tion in the first 72 hours is generally recommended for
PDA screening. In high-risk babies who are connected to
a ventilator because of RDS with a gestational age less
than 28 weeks and a birth weight below 1 000 g, early
diagnosis and treatment of PDA may have a positive ef-
fect especially on pulmonary hemorrhage and mortality.
Therefore, echocardiographic examination in the first 24-
72 hours is an option in terms of early treatment of hemo-
dynamically significant PDA in high-risk babies who are
connected to a ventilator because of RDS. In babies with a
gestational age above 28 weeks and/or with a birth weight
over 1000 g who are connected to a ventilator, echocar-
diographic examination is recommended if clinical and
respiratory findings suggest ductal shunt. Treatment is
initiated if clinical and ECHO findings support hemody-
namically significant PDA.

In our country, the first-line agent for treatment is ibupro-
fen. Ibuprofen is used at a dose of 10 mg/kg-5 mg/kg-
Smg/kg in three doses. Ibuprofen is used intravenously
in the first 48 hours. Oral treatment should be used if
symptomatic PDA is to be treated after the 48" hour and
if the baby can tolerate feeding. Ideally, echocardiogra-
phy should be repeated before the second dose of medi-
cal treatment. There is evidence showing that successive
doses are not needed if the ductal diameter is <1.5 mm.
In babies with PDA in whom clinical findings continue
after two courses of pharmacotherapy, surgical treatment
should be considered. Prophylactic surgical treatment is
not recommended.
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