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Education Gaps

1. It is important to recognize the risks for symptomatic patent ductus
arteriosus. Infants born weighing more than 1,000 g or at more than 28
weeks’ gestation generally do not require pharmacologic or surgical
intervention for patent ductus arteriosus.

2. Criteria that define patent ductus arteriosus pathophysiology need to be
identified. Size of the ductus arteriosus alone is inadequate as a determinant
when deciding whether to intervene pharmacologically or surgically. Criteria
such as gestational age, postnatal age, and markers of hemodynamic
significance, including degree of respiratory support, presence of oliguria,
and other echocardiographic indicators, should be considered.

Abstract

Preterm infants are at increased risk for patent ductus arteriosus (PDA).
Prolonged exposure to PDA may be deleterious and has been associated with
neonatal morbidity and mortality. Although the molecular mechanisms
underlying regulation of postnatal ductus arteriosus closure are not fully
understood, clinical experience and research trials have informed recent
changes in PDA management strategies and refocused treatment strategies
on smaller subsets of infants who require intervention. This review examines
current diagnostic and management approaches to PDA in preterm
neonates.

Objectives After completing this article, readers should be able to:

1. Explain the efficacy and associated side effects of the 3 pharmacologic
agents (acetaminophen, ibuprofen, and indomethacin) used to treat a
hemodynamically significant patent ductus arteriosus (PDA).

2. Identify clinical signs of a hemodynamically significant PDA.
3. Identify known risk factors for PDA in the preterm population.

4. Describe the characteristic echocardiographic features associated with a
PDA and their sensitivity and specificity.
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ABBREVIATIONS

BNP B-type natriuretic peptide

CLD chronic lung disease

IVH intraventricular hemorrhage

LA/Ao left atrium to aortic ratio

LVO/SVC left ventricular output to
superior vena cava flow ratio

NEC necrotizing enterocolitis

NSAIDs nonsteroidal anti-

inflammatory drugs
NT-proBNP N (amino)-terminal
prohormone of B-type
natriuretic peptide
PDA patent ductus arteriosus
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INTRODUCTION

The ductus arteriosus is a central vascular shunt connecting
the pulmonary artery to the aorta, allowing oxygenated blood
from the placenta to bypass the uninflated fetal lungs and
enter the systemic circulation. Rapid closure of the ductus
arteriosus after birth is essential for vascular transition to the
mature, divided pattern of arteriovenous circulation. Failure
of ductus arteriosus closure, termed patent ductus arteriosus
(PDA), is primarily an affliction of prematurity, with the
ductus remaining open at 7 days of age in up to 64% of
infants born at 277 to 28 weeks’ gestation and 87% of infants
born at 24 weeks. (1) There has been a shift in presentation
and treatment of infants with PDA over the past 30 years. (2)
(3) Before the use of antenatal corticosteroids, PDA was
frequently found in premature infants of all gestational
ages and was associated with respiratory distress syn-
drome. Treatment with indomethacin was standard, and
studies evaluated the benefits of early (or even prophy-
lactic) PDA ligation. (4)

With advances in ventilation strategies, use of antenatal
corticosteroids and exogenous surfactant, and increased will-
ingness to wait for spontaneous ductus arteriosus closure,
today’s more mature preterm infants rarely require interven-
tion for a ductus arteriosus. (5) Instead, PDA management is
now focused on the most premature infants, in whom the
ductus can be resistant to pharmacologic treatment. This
review discusses the evolving indications for treatment of a
PDA and the various treatment options available.

RISK FACTORS

The incidence of PDA is inversely associated with the degree
of prematurity. Other factors associated with an increased
risk of PDA in the premature infant include respiratory
distress syndrome, high volume of intravenous fluids (>170
mlL/kg per day) in the first week, sepsis, prolonged rupture
of membranes, furosemide, male sex, and other contribu-
tors. (6) Evidence also shows that aminoglycoside antibi-
otics and certain antacids, frequently used in neonates,
paradoxically increase the risk of a PDA. (7) Antenatal
corticosteroids (8) and maternal hypertension (9) decrease
the incidence of PDA. The effect of antenatal corticosteroids
on closure of the ductus arteriosus is independent of their
effect on lung maturation, and is most beneficial when
corticosteroids are administered at least 24 hours before
delivery. (1o0) Exogenous surfactant does not directly affect
the ductus arteriosus, but can unmask a patent ductus by
decreasing the pulmonary vascular resistance and thus
allowing for increased left to right shunting. (1)

DIAGNOSIS

A consensus definition for hemodynamically significant
PDA is lacking. The diagnosis is often suspected clinically,
when an infant demonstrates signs of excessive shunting
from the arterial to pulmonary circulation (Fig 1A and 1B):

¢ Continuous or systolic murmur; note, a “silent” PDA may
also occur when the ductus shunt is large enough that
nonturbulent flow fails to generate a detectible murmur.

e A low diastolic blood pressure (due to runoff into the
ductus during diastole, more frequent in the most
premature infants)

e A wide pulse pressure (due to ductus runoff or steal)

e Hypotension (especially in the most premature infants)

e Bounding pulses

e Increased serum creatinine concentration or oliguria

e Hepatomegaly

Signs of pulmonary edema are often seen, including
tachypnea, decreased oxygen saturation, and increasing
respiratory support. Chest radiography can show stig-
mata of pulmonary edema. The neonatal cardiac output
can increase as much as 25% in an effort to overcome
ductus steal. (11)

Clinical suspicion should be confirmed with echocardi-
ography (Table 1). Ductus size alone is inadequate to at-
tribute hemodynamic significance. Although an absolute
transductus diameter of more than 1.5 to 1.7 mm by color
Doppler (Fig 1C and 1D) has been associated with increased
propensity for hypoperfusion, the exact diameter at which
hemodynamic significance will occur varies by patient and
postnatal age, depending on body size and many other
factors, including oxygen saturation, surfactant administra-
tion, and furosemide. (12) El Hajjar et al suggest that by
normalizing to body weight, a ductus diameter of more than
or equal to 1.4 mm/kg is a more sensitive measure. (13)
A large left-to-right shunt suggests a hemodynamically sig-
nificant shunt. However, the degree of shunting depends in
large part on pulmonary vascular resistance. A large
ductus may not demonstrate large left-to-right flow
if pulmonary vascular resistance is increased. In contrast,
a right-to-left shunt may indicate significant pulmonary
hypertension; acute closure of the ductus in this scenario
is not indicated, because it could result in worsening right
heart failure. With a large left-to-right shunt, indirect signs
of obligate pulmonary hypertension may often be seen; this
generally is not a contraindication to closure of the ductus
but rather a natural consequence of excessive pulmonary
blood flow.

Other echocardiographic criteria used to determine
hemodynamic significance are the presence of reversal of
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Figure. Evaluation of patent ductus arteriosus (PDA) with echocardiography. A, B. Left-to-right (L-R) shunt (indicated by arrows) via the ductus
produces most of the physical signs and complications related to PDA. C-E. Short-axis and suprasternal views reveal structural relationships and color
Doppler flow patterns indicative of L-R shunt across the ductus arteriosus. Ao=aorta; LPA=left pulmonary artery; MPA=main pulmonary artery. Images
adapted or reprinted with permission from Texas Children’s Hospital, (61)(62) and by Creative Commons license. (63)

forward flow in the descending aorta during diastole
(indicating shunting through the PDA), and left atrial or
ventricular dilation, which are the consequence of over-
circulation of the pulmonary vascular bed and a chronic
hyperdynamic state. Left-to-right flow across the intra-atrial
septum is indicative of a large shunt. The ratio of the left
ventricular output to superior vena cava flow is directly
proportional to the ductus flow and, when greater than or
equal to 4, may indicate hemodynamic significance. A left
atrial to aortic root (LA/Ao) ratio is most sensitive when
performed after day 1, and is considered abnormal if greater
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than 1.5. For comparison, the ductus is considered widely
patent when the LA/Ao ratio is greater than 1.6, and closed
when the ratio is 1.17. (14) If a cutoff of 1.4 is used,
sensitivity of the LA/Ao ratio drops from 88% to between
50% and 79%. (14)(15)

PDA severity scores have been developed that combine
various factors and can be used to predict higher likelihood
of serious outcomes, such as death/chronic lung disease
(CLD), periventricular leukomalacia, or necrotizing entero-
colitis (NEC). The benefit of a scoring system is that it

emphasizes the importance of examining multiple
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TasLE1. Echocardiographic Criteria Commonly
Used to Diagnose PDA

INDICATOR SENSITIVITY SPECIFICITY
LA/Ao ratio =1.5 (20) 88% 95%
LVO/SVC ratio >4 (19) 92% 91%

Ductus diameter>1.5 mm (64)
[>1.4 mm] (19)(20)

95% (879%-92%)  80% (61%-91%)

Ductus diameter >14 mm/kg 94% 90%
(19)

End diastolic flow velocity in  82% 83%
left PA 202 m/s

Increased left ventricular N/A N/A
output >60 mlL/kg per
minute above baseline (65)

Transductal velocity ratio N/A N/A

<1.8 (66)

LA/Ao=left atrium to aortic ratio; LVO/SVC=left ventricular output to
superior vena cava flow ratio; PA=pulmonary artery; N/A=not available.

factors when determining when and whether to intervene
for a PDA. Table 2 shows a comparison of 2 separate scor-
ing systems. Although they use different factors, they
are equivalent in defining a hemodynamically significant
PDA and prediction of CLD or death. The El-Khuffash score
correlates significantly with NEC and the Shaare Zedek score
correlates significantly with periventricular leukomalacia. (16)

Biomarkers

The N (amino)-terminal prohormone of B-type natriuretic
peptide (NT-proBNP) and mature B-type natriuretic peptide
(BNP) may be useful in detecting a hemodynamically sig-
nificant PDA. BNP is secreted and released by the ventric-
ular myocardium when under stress from either increased
volume or pressure. NT-proBNP, BNP, and cardiac troponin
rise with increase in echocardiographic markers of PDA,
and decrease following closure of the ductus. Not enough
studies have been conducted to recommend these bio-
markers for routine use in clinical management of a
PDA. (17) They are likely to be of most benefit when the
diagnosis of PDA is confirmed with echocardiography, but
serial echocardiography to determine hemodynamic signif-
icance is unavailable, (12) or to shorten a course of phar-
macologic treatment for a ductus. Shin et al stopped
treatment with ibuprofen in infants with a PDA when
BNP concentration dropped to less than 6Goo pg/mL, re-
sulting in fewer doses of ibuprofen in the group whose
treatment was tailored based on BNP. (18)

TABLE 2. PDA Severity Scoring Systems (16)

SHAARE ZEDEK EL-KHUFFASH

Ductus arteriosus diameter Ductus arteriosus diameter

LA/Ao ratio Gestation

Retrograde diastolic flow in the Lvo?

abdominal aorta

Ductus arteriosus shunt flow pattern Vimax across PDA (m/s)

Left ventricular late
diastolic (a') velocity

LA/Ao=left atrium to aortic ratio; LVO=left ventricular output;
PDA=patent ductus arteriosus; Vmax=maximum flow velocity;
VTl=velocity time interval.

“(Aortic cross-sectional area x VTl x heart rate) + weight

Biosensors

Bioengineering and analytical techniques have also been
developed to monitor or detect PDA in preterm infants.
Various approaches include interpretation of pulse oximetry
information (perfusion index, plethysmography), (19)(20)
(21) interpretation of transthoracic electrical signals (imped-
ance, cardiometry, velocimetry, bioreactance), (22)(23)(24)
(25) regional oxygenation (near-infrared spectroscopy), (26)
alterations in skin microcirculation (side stream dark-
field imaging, reflectance spectrophotometry), (27)(28) res-
onance Raman spectroscopy (Lauren ]. Ruoss, personal
communication, May 2018), and others.

OUTCOME

In healthy full-term infants, the ductus arteriosus closes
within 48 to 72 hours. In premature infants born weighing
more than 1,000 g, the ductus closes spontaneously in 67%
by day 77 and in 94% by discharge. (5) Overall, only 3% of
infants weighing more than 1,000 g may require interven-
tion for a PDA. (1)(5)

However, in extremely premature infants weighing less
than 1,000 g at birth (extremely low birthweight), 57% to 69%
will still have a PDA at 7 to 10 days of age. (5)(9) Of those that
close, up to 30% will reopen and may then reclose, or go on to
become hemodynamically significant and require pharmaco-
logic or surgical closure. When left untreated, the median time
to ductus closure in this population is 56 days. (5) Some infants
undergo spontaneous ductus closure as late as 24 months of
age. (29)(30) Although these infants only account for a small
proportion of premature infants and have small PDAs at the
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time of discharge, (31) the recognition that PDA closure occurs
late in some cases has prompted some investigators to com-
pletely withhold retreatment. (32)(33) Because hemody-
namically significant PDA has been associated with
intraventricular hemorrhage (IVH), pulmonary hemor-
rhage, NEC, CLD, (9) and death, more substantial studies
are required before nonintervention approaches can be
widely adopted.

TREATMENT

Some clinicians choose a prophylactic approach to indo-
methacin treatment, with a goal of preventing IVH, PDA,
and the adverse consequences that have been associated
with PDA in extremely low-birthweight infants. (34) Despite
successful reduction in short-term outcomes (IVH, pulmo-
nary hemorrhage, hypotension, symptomatic PDA, need for
ligation), long-term benefits are uncertain and infants may
needlessly be exposed to a potentially harmful agent. (3)(35)
(36)(37)(38)(39) On the other hand, NICUs with consistent,
high-level use of a prophylactic strategy (40) or an echocar-
diography guided selective approach to prophylactic treat-
ment (41) may have improved outcomes or less drug
exposure. Well-designed studies are needed to clarify
the risks/benefits of this approach.

The indications for treatment of a symptomatic PDA
include respiratory compromise (eg, requiring persistent
mechanical support), heart failure, or large left-to-right
ductus shunt with evidence of hemodynamic compromise,
such as reversal of flow in the descending aorta during
diastole, oliguria or rising serum creatinine concentration,
hypotension, or wide pulse pressure.

In patients of more than 1,000 g birthweight with few
risk factors, a PDA can generally be successfully managed
conservatively, with modest fluid restriction and use of
positive end expiratory pressure to treat pulmonary edema.
Certain diuretics, such as furosemide, can prevent a ductus
from closing (42) and are not recommended in the first 1 to
3 weeks, when the greatest decrease in ductus diameter
occurs spontaneously. Conservative measures also include
avoidance of other drugs that promote ductus arteriosus
relaxation (43) and proactive use of agents like caffeine that
are associated with lower rates of PDA. (44)

In patients at higher risk of PDA, or who weigh less than
1,000 g at birth, conservative treatment is recommended
before starting pharmacologic treatment. Treatment is gen-
erally not necessary in the first few days after birth when the
pulmonary vascular resistance is still elevated. However,
during the second week, treatment should be considered if
conservative measures have failed to control pulmonary
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edema, or if there is cardiac or renal failure. After week
3, pharmacologic measures are less likely to be successful.

Early use of indomethacin to close a PDA soon after birth
(day 1—2 of age), compared with waiting 3 to 4 days after
diagnosis, decreases the risk for pulmonary hemorrhage and
IVH, and need for ligation. Although PDA is associated with
CLD, there is limited evidence to suggest that early pharma-
cologic closure improves incidence of CLD. (40)(45) Pharma-
cologic closure is associated with decreased pulmonary edema
and improved alveolarization (in premature baboons). This may
be due at least in part to a direct effect on the lung. Use of
ibuprofen or indomethacin is associated with increased
amiloride-sensitive alveolar epithelial sodium channels, increased
lung water clearance, and improved lung compliance. (45)

PHARMACOLOGY

Three pharmacologic treatments are available to induce
constriction of a PDA: indomethacin, ibuprofen, and acet-
aminophen (paracetamol) (Table 3). Indomethacin and ibu-
profen are classic nonsteroidal anti-inflammatory drugs
(NSAIDs), which nonselectively inhibit the cyclooxygenase
enzymes, preventing the conversion of arachidonic acid to
prostaglandins, which play a central role in maintaining
ductus patency. Since 1976, indomethacin has been used to
treat PDA in premature infants. Around the same time,
ibuprofen was shown in lamb models to effect ductal
closure but it was not widely used in human infants until
the mid-1990s. Acetaminophen reduces prostaglandin syn-
thesis by a different mode of action than most NSAIDs.
Recent randomized clinical trials confirm its efficacy for
PDA dosure, though Food and Drug Administration approval
for this indication is pending.

Indomethacin is administered intravenously. Enteral and
rectal preparations are not recommended in infants be-
cause of increased risk for gastrointestinal bleeding.

In patients who receive a second course of indometha-
cin, only half will experience ductus closure. The odds of
nonresponse to the second course of indomethacin are
increased by 9o% if there was nonresponse to the first
course. Advancing gestational age appears to predict non-
response to indomethacin. (46)

When studied head-to-head, indomethacin and ibuprofen
have a similar efficacy (70%) for an initial course of 3 doses.
Regardless of the treatment, there is about a 25% rate of
reopening, especially in the most premature infants. Because
of this high rate of reopening, some advocate a fourth dose of
indomethacin, given 24 hours after the third dose.

Acetaminophen is speculated to decrease prostaglandin
synthesis by interrupting prostaglandin synthesis at the
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TaLE 3. Common Dosing Regimens for Treatment of PDA

MEDICATION DOSING

CONTRAINDICATIONS DRUG MONITORING

Acetaminophen IVorPO:7.5,10, or 15 mg/kg per dose every 6-8
hours for 3-7 days (length determined by

echo)

e Liver failure AST, ALT, GGT and acetaminophen

level before 9th dose

Ibuprofen IV: 20 mg/kg followed by 10 mg/kg 24 hours

apart for total 3 doses

PO: 10 mg/kg followed by 5 mg/kg 24 hours
apart for total 3 doses

e Significant renal
impairment®

® Necrotizing
enterocolitis

® Spontaneous intestinal
perforation

e Thrombocytopenia®

Urine output

Indomethacin IV: 2-7 days of age: 0.2 mg/kg every 12 h for 3
doses, can be followed by a 4th dose 24 hours

after the 3rd

>7 days of age: 0.25 mg every 12 h for 3 doses,
can be followed by a 4th dose 24 hours after
the 3rd

Enteral and rectal routes not recommended

e Significant renal
impairment®

Urine output

® Necrotizing
enterocolitis

e Spontaneous intestinal
perforation

e Thrombocytopenia®

ALT= alanine transaminase; AST= aspartate transaminase; echo=echocardiography; GGT=y-glutamyl transferase; V=intravenous; PDA=patent ductus

arteriosus; PO=oral.

“A hemodynamically significant PDA may cause renal impairment with oliguria and mild to modest increase in serum creatinine over baseline which is not
a contraindication to pharmacologic treatment. Anuria or a significant increase in serum creatinine is a contraindication.

bPlatelets <50,000/ul (<50 10°/L).

peroxidase site of prostaglandin H2 synthetase (cyclooxyge-
nase). Acetaminophen for treatment of PDA is associated
with less elevation in serum creatinine concentration and
oliguria compared to ibuprofen or indomethacin, and less
elevation in bilirubin compared to ibuprofen. (47) Acet-
aminophen has been used for rescue therapy after failed
response to indomethacin in extremely premature infants,
resulting in 46% of infants having a smaller or closed
ductus. (48) When used as primary treatment, the efficacy
ranges from 70% to 81%. (49)(50) Efficacy appears to be
affected by both gestational age and postnatal age, with
improved efficacy noted when treatment was started within
the first week. (51) In fact, many case reports describing the
use of acetaminophen start treatment as early as 2 to 3 days
of age, early enough that many patients may go on to
experience complete closure. Ductus closure rates are lower
for the 3-day course (56%). (49)

There is a range of reported treatment regimens for
acetaminophen, from 7.5 mg to 10 or 15 mg/kg every 6
hours for 3 to 7 days. Acetaminophen can be given orally, at
the same dosage and interval, with similar reported efficacy
as the intravenous route. (49) Kessel et al (52) showed that
paracetamol levels in infants of age 26 to 30 weeks treated
with 15 mg/kg per day orally remained mostly within the

recommended range of 10 to 20 mg/mL for analgesia before
the fifth and ninth doses, with only 2 of 8 patients exceeding
the desired range before the ninth dose.

Treatment with acetaminophen can be associated with
increase in serum concentration of liver enzymes in children
and adults. This has been reported in preterm infants after as
few as 4 doses of 15 mg/kg per day. Spontaneous resolution has
been reported in all cases after the cessation of acetaminophen
administration. Immaturity of the hepatic CYP enzymes
responsible for acetaminophen metabolism may be protective
against short-term toxicity in preterm infants; however, caution
is warranted because liver injury is still possible. (53)

Whether or not to withhold enteral nutrition when a
patient has a significant PDA or during pharmacologic
treatment has long been a source of practice variability. A
hemodynamically significant PDA can reduce forward
blood flow to the superior mesenteric artery during diastole,
and indomethacin acutely decreases gut blood flow. On the
other hand, fasting is associated with intestinal mucosal
atrophy which could increase the risk for NEC. A trial of
premature infants being treated with indomethacin or
ibuprofen and randomized to either receive 15 mL/kg of
feeds per day or fast during treatment showed no difference
in rates of NEC, and the patients randomized to continue
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feedings reached full feeds earlier than infants whose feeds
were held. (54)

LIGATION

Surgical ligation is performed when a neonate has a hemo-
dynamically significant PDA that results in cardiac dysfunc-
tion, renal failure, or respiratory failure. Ligation is typically
performed with an open thoracic approach, and either using
a metal clip or tying off the vessel. Intravascular approaches
with placement of an occluding coil are available for patients
weighing more than 5 kg. Trials are under way with products
in development to accomplish catheter-based PDA closure
in smaller patients. (55)

PDA ligation is associated with many adverse effects:
vocal cord paralysis, postoperative hypotension, diaphragm
paralysis, (56) bronchopulmonary dysplasia, and worse
neurodevelopment. (57) Early PDA ligation is an indepen-
dent risk factor for BPD (45) and worse neurodevelopment
compared with ligation at a later age. (58) There does not
appear to be increased risk of major complications when
infants who have failed indomethacin treatment but do not
have cardiopulmonary compromise are treated conservatively,
rather than treated with ligation. (59) However, poor outcomes
after PDA ligation may be overestimated by trial design, (60)
suggesting that surgical approaches deserve full consider-
ation for infants with refractory, symptomatic PDA.

CONCLUSION

PDA remains an important condition among premature
infants born at less than 28 weeks’ gestation. Recent
advances include the addition of acetaminophen (paraceta-
mol) to the arsenal of available treatments, and further
support for conservative management of the asymptomatic
or mildly symptomatic PDA, before the consideration of
pharmacologic treatment. Improvements are still needed
regarding standardized echocardiographic criteria, optimal
timing of treatment (when indicated), dosing regimens for
acetaminophen, and development of endovascular occlusive
devices for the smallest preterm infants.

American Board of Pediatrics
Neonatal-Perinatal Content
Specifications

® Recognize the clinical features of a preterm neonate with a patent
ductus arteriosus.

® Recognize the laboratory, imaging, and other diagnostic features
of a preterm neonate with a patent ductus arteriosus.

e400 NeoReviews

e Formulate a differential diagnosis of a preterm neonate with a
patent ductus arteriosus.

e Know the evaluation and medical and/or surgical management
and associated potential complications or adverse effects of such
management for a preterm neonate with a patent ductus
arteriosus.
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