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Abstract: In this review, we intended to overview the diagnosis and treatment options of Patent ductus arteriosus
(PDA) by summarizing evidence for PDA diagnosis methods and the available therapeutic interventions for this
heart congenital disease. Electronic Databases (MEDLINE, PubMed, and Emabse) were used to conduct a
comprehensive review on Patent ductus arteriosus (PDA) in general and specifically the diagnostic approaches and
treatment options. Restriction to English language published study up to December, 2016 was applied.
Furthermore, references list of identified studies was searched for more relevant articles. Typical medical
diagnosis among exceptionally premature infants, specifically in those with lung disease. Treatments are
frequently utilized to close the PDA. Despite nearly 3 years of research, the question of whether the advantages of
treatments to prevent ductal patency or promote closure surpass the threats of these treatments remains
unanswered. The authors seldom utilize treatments created to close the PDA. Spontaneous closure of the patent
ductus arteriosus (PDA) prevails. Therapy is normally sensible if considerable breathing distress or impaired
systemic oxygen shipment is present. Intravenous (IV) indomethacin (or the more recent preparation of IV
ibuprofen) is frequently efficient in closing a patent ductus arteriosus (PDA) if it is administered in the first 10-14
days of life.

I. INTRODUCTION

Patent ductus arteriosus (PDA) is one of the most common hereditary heart defects. A PDA, defined as failure of the
ductus arteriosus (DA) to close within 72 hours after birth ), might lead to substantial infant morbidity and mortality
rates that approach 30% @. Possible complications of a persistently patent DA after birth include cardiac arrest, kidney
dysfunction, necrotizing enterocolitis (NEC), intraventricular hemorrhage, and transformed postnatal nutrition and
development. PDA is a common medical diagnosis in these infants. Approximately 65% of infants born at less than 28
weeks' pregnancy will have relentless patency of the ductus arteriosus and will be appointed the medical diagnosis of
PDA at a long time during the early neonatal duration ®. PDA is associated with neonatal morbidities such as chronic
lung disease (CLD) and necrotising enterocolitis (NEC) “>®. Although a domino effect relationship in between PDA and
these morbidities has not been developed, numerous neonatologists administer cyclo-oxygenase (COX) inhibitors (eg,
indomethacin or ibuprofen) to promote closure of the ductus arteriosus under the presumption that early closure reduces
the probability of these and other morbidities .

The reported incidence of PDA in term neonates is only 1 in 2,000 births, representing 5% - 10% of all congenital heart
disease ®. The incidence of PDA in preterm neonates is far greater, with reports varying from 20% - 60% (depending
upon population and diagnostic criteria) . The increased occurrence of PDA in the preterm infant is attributable to the
absence of regular closure mechanisms due to immaturity. Gestational age and weight are intimately connected to PDA in
preterm neonates. Particularly, PDA is present in 80% of infants weighing less than 1,200 g at birth, compared with 40%
of infants weighing less than 2,000 g at birth ®©.

Physiological research studies have actually revealed a number of hemodynamic modifications that normalize after
successful ductal closure. Epidemiological research studies have also demonstrated substantial associations between a
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large PDA and neonatal outcomes, consisting of intraventricular hemorrhage (IVH), bronchopulmonary dysplasia (BPD),
necrotizing enterocolitis (NEC), and mortality. Trials of treatment to date have actually not revealed enhancements in
results. Irregularity in techniques to evaluation and management of PDA has been suggested as one description for these
irregular findings 9.

In this review, we intended to overview the diagnosis and treatment options of Patent ductus arteriosus (PDA) by
summarizing evidence for PDA diagnosis methods and the available therapeutic interventions for this heart
congenital disease.

Il. METHODOLOGY

Electronic Databases (MEDLINE, PubMed, and Emabse) were used to conduct a comprehensive review on Patent ductus
arteriosus (PDA) in general and specifically the diagnostic approaches and treatment options. Restriction to English
language published study up to December, 2016 was applied. Furthermore, references list of identified studies was
searched for more relevant articles.

I1l. RESULTS
¢ Pathophysiology of PDA:

The DA is stemmed from the distal dorsal sixth aortic arch and is completely formed by the eighth week of pregnancy ©.
Its role is to shunt the blood from the nonfunctional fetal lung through its connection between the primary lung artery and
the proximal coming down aorta. This right-to-left shunt permits the blood with a relatively low oxygen concentration to
be brought from the ideal ventricle through the coming down aorta and eventually to the placenta, where gas exchange
will take place. Prior to birth, roughly 90% of right ventricular output circulations through the DA. (Figure 1) shows the
function of the DA in redirecting fetal flow in contrast to neonatal circulation V. Premature closure in the fetus is
associated with considerable morbidities, consisting of right-sided cardiac arrest, which might lead to fetal hydrops ©.
Generally, the DA closes within 24 - 72 hours after a full-term birth; if after 72 hours the ductus cannot close, a diagnosis
of relentless PDA may be made *?.
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Figure 1: Left-The ductus arteriosus is an essential component of fetal circulation. It functions by shunting blood
away from the nonfunctional fetal lung and into the systemic circulation through the aorta. Right-After birth.

The patency of the DA is primarily controlled by low fetal oxygen tension and the flow of prostanoids produced from the
metabolic process of arachidonic acid by COX, with PGE2 producing the most extensive ductal relaxation amongst the
prostanoids ***¥. Smooth muscle relaxation of the DA arises from the activation of the G-coupled prostaglandin receptor
EP4 by PGE2. Following the activation of prostaglandin receptor EP4, a waterfall of occasions takes place, which
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includes the build-up of cyclic adenosine monophosphate, increased protein kinase A, and finally, decreased myosin light
chain kinase, leading to vasodilation and eventually DA patency ®*. The preterm ductus is specifically sensitive to the
vasodilatory effects of prostaglandins, contributing to the failure of ductal closure ®*. In term infants, as birth approaches,
decreased level of sensitivity of the DA to prostaglandins and reduced distributing levels of PGE2 add to DA closure ®®.

e Diagnosis procedures of PDA:

Clinical Examination:

A scientific diagnosis of PDA in preterm neonates is normally made inning accordance with a high index of suspicion and
the presence of 1 or more particular scientific signs. In several cases, a PDA shunt has been shown to be already delegated
right and of high volume as early as 6 hours of age “”. Typical clinical indications are absent at this early stage.
Moreover, special use of medical signs for diagnosing PDA throughout the very first week after birth has limitations, with
bad tomoderate interobserver arrangement ‘922D | ower high blood pressure are the only regularly reported medical
finding related to a large PDA on day 1 after birth.4 This lag is because of the lower shunt velocity and delayed adaptation
of the immature myocardium to modifications in preload. A boost in shunt speed coinciding with declining lung vascular
resistance produces a particular systolic murmur 2. Subsequent myocardial adjustment results in tachycardia, increased
stroke output, and contractility, which manifest clinically as hyper precordium, increased pulse volume, and large pulse
pressure.A chest radiographmayalso expose indications of lung overcirculation and left heart dilatation. Amongst
scientific signs, the existence of a murmur has the greatest uniqueness for the existence of a PDA but lacks sensitivity.
The study @ by Skelton et al reported that amurmurwas heard in 11% of neonateswith closed ducts and in 24% with a
small PDA, indicating that isolated use of this clinical sign to diagnose a large PDA can result in significant
misclassification.

PDA Diameter and Shunt Pattern:

Patent ductus arteriosus diameter is determined at its narrowest part in end systole and can be revealed either as an
outright value in millimeters or indexed to the size of the left pulmonary artery (the ratio of PDA to LPA) or patient body
weight (in millimeters per kg) ®*2?¥. The relative advantage of each approach is unidentified. Shunt pattern evaluation
consists of developing directionality and velocity throughout systole and diastole. For a PDA to cause substantial shunting
from systemic to lung flow, the circulation has to be unrestrictive and entirely or almost totally delegated right; the latter
is sometimes referred to as a growing pattern ?®). The PDAs of less than 1.5 mm in size are thought about small due to the
fact that they are commonly restrictive, cause a mild increase in lung circulation, and are rarely connected with
echocardiographic markers of a high-volume shunt ?®?"_ Additional sub classification of PDAs of at least 1.5 mm as large
or moderate is based upon incremental likelihood of a high-volume shunt. The diameter associates well with shunt
volume, utilizing an outright cutoff to explain hemodynamic significance may be misleading offered the interobserver
measurement variability (10%-15%) and its vibrant nature 42",

e Treatment options of PDA:

Nonpharmacological Interventions:

Suggested nonpharmacological interventions for PDA are restricted fluid intake, increasing end-expiratory pressure, and
oxygen use, all of which need further assessment. Limited fluid intake has actually been connected with a decrease in
PDA and BPD but has likewise been related to minimized systemic blood flow 4%, A modest elevation of positive end-
expiratory pressure can increase pulmonary vascular resistance and hence minimize lung blood flow, which might be
useful in decreasing the shunt across a PDA ©. In the age of noninvasive respiratory management practices,
determination of optimum end-expiratory pressure through ongoing evaluation of hemodynamic status would be practical.
Oxygen is a potent stimulator of postnatal ductal tightness. Noori et al ®*) reported a higher rate of PDA amongst neonates
managed with a lower saturation target (83% -89%) vs a greater target (89%- 94%). However, a recent meta-analysis ¢?
of oxygen saturation targets reported no distinction in PDAs needing therapy (relative risk [ RR], 1.01; 95% CI, 0.95-
1.08).

Pharmacological option of treatment of PDA:

Pharmacological interventions for PDA consist of those that deal with the signs (eg, cardiac arrest) and those that promote
PDA closure. Symptomatic treatments include diuretics (eg, furosemide and digoxin). 3 RCTs of furosemide showed no
apparent benefit, ®® and digoxin is utilized rarely, ®* with no robust clinical studies of its results. Pharmacotherapy for
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PDA closure is based upon the role of prostaglandin in ductal tightness. The biochemical systems include results on
cyclooxygenase and peroxidase enzymes. Indomethacin, the most widely utilized agent, is more prevalent in North
America, and ibuprofen is more typically used in Europe and Asia ©®.

Indomethacin and Ibuprofen:

Inhibition of prostaglandin synthesis with nonselective inhibitors of cyclooxygenase-1 and -2 (e.g., indomethacin and
ibuprofen) appears to be a reliable alternative to surgical ligation ©®. In most intensive care nurseries, indomethacin and
ibuprofen have actually replaced surgical treatment as the favored treatment for closing a persistent PDA. Nevertheless,
both have been related to a number of prospective adverse effects in the newborn. Indomethacin produces considerable
decreases in renal, mesenteric, and cerebral blood circulation ©"*340 |ndomethacin likewise minimizes cerebral
oxygenation @D Modifications in creatinine clearance and oliguria (that are minimally responsive to dopamine or
furosemide therapy “? are common issues with the initial doses of indomethacin. Renal function returns to typical after
the preliminary dosages of indomethacin or after drug discontinuation “®. A few of indomethacin's actions on these organ
systems might not be because of its inhibition of prostaglandin synthesis “4*%.,

Although indomethacin produces considerable physiologic alterations, none of the controlled, randomized trials that have
actually analyzed the relationship in between indomethacin and neonatal morbidity have discovered an increase in the
occurrence of necrotizing enterocolitis, intestinal perforation, ROP, chronic lung disease, or cerebral white matter injury
following indomethacin treatment “®. Indomethacin, by itself, has actually not been shown to increase the occurrence of
gastrointestinal perforations, the mix of indomethacin and postnatal steroids, administered simultaneously, has actually
been shown to increase the incidence of intestinal perforations/necrotizing enterocolitis “”).

Indomethacin's cerebral vasoconstrictive effects are often mentioned as an issue for neonatologists “®; however, a
Cochrane systematic review found that indomethacin prophylaxis is more likely to reduce rather than increase the
incidence of periventricular leukomalacia “°. Although there is no proof that prophylactic indomethacin has any adverse
or useful results on neurodevelopmental result at 18 months “°), there is evidence that there may be long term benefits at
4.5 and 8 years ®%Y,

Ibuprofen, another nonselective cyclooxygenase inhibitor, has actually been revealed to close the ductus in animals ©?

and preterm infants. It seems as reliable as indomethacin in producing PDA closure in very low birthweight infants (a
minimum of in infants with a mean gestational age of 28 weeks) 2. On the other hand, with indomethacin, ibuprofen
does not appear to impact mesenteric blood flow “**® and has less of an impact on renal perfusion, oliguria “**®, and
cerebral blood flow ®¥. Animal studies suggest that ibuprofen may have some cytoprotective results in the intestinal
system ®®. Private studies have actually not discovered ibuprofen to be remarkable to indomethacin in the avoidance of
NEC, a recent meta-analysis recommends that ibuprofen might be associated with a lower incidence of NEC than
indomethacin ®®. On the other hand, ibuprofen does not appear to have the exact same intracranial hemorrhage sparing
impacts that are seen with indomethacin. The optimal age-appropriate dosing schedule for ibuprofen is still under
consideration ®”. Ibuprofen's impacts on overall and free serum bilirubin concentrations .

Surgical closure of the ductus arteriosus:

Surgical closure of the ductus arteriosus is generally booked for infants in whom medical treatment has actually stopped
working. Infants who go through ligation are typically seriously ill. It is not surprising that result following surgical
treatment is bad ©?. In addition to high morbidity and mortality fundamental to the population, there are issues related to
the procedure, such as reoccurring laryngeal nerve damage and pneumothorax. Current reports recommend that there is a
duration of left ventricular dysfunction right away following ligation, ® and that infants whose ductus arteriosus is
ligated are at higher risk for bad developmental result compared to infants treated clinically 2. There have been no
current regulated trials comparing results following ligation with outcomes following either placebo or medical treatment.
The dangers and advantages of surgical ligation of the PDA are unknown. It is dissuading that after the conduct of many
trials of treatments for closure of the ductus arteriosus over several years, we have little knowledge about their advantages
and dangers. This lack of knowledge has actually resulted, in part, from limitations enforced by research study designs.
Under the presumption that closure of a PDA is useful, almost all clinical trials in the modern-day era have actually
concentrated on the most expeditious way in which to close a PDA. None have taken a look at the more fundamental
question of whether closing the PDA improves result. Those trials that have actually included control groups treated with
a placebo have actually allowed treatment of PDA that continued after reaching a specified study endpoint, typically just
days after enrolment. This study design has led to high rates of treatment in the "placebo” group (usually in the range of
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40%) and has significantly disabled our capability to answer the fundamental concern of whether closure of the PDA
influences result. In addition, our capability to discover negative effects of treatment is similarly compromised. In spite of
these handicaps, the message from medical trials is not motivating. There is no proof that using medical treatments for the

avoidance and treatment of PDA reduces mortality or severe morbidity, in spite of success in closure of the PDA 364,

IV. CONCLUSION

Patent ductus arteriosus (PDA) is a typical medical diagnosis among exceptionally premature infants, specifically in those
with lung disease. Treatments are frequently utilized to close the PDA. Despite nearly 3 years of research, the question of
whether the advantages of treatments to prevent ductal patency or promote closure surpass the threats of these treatments
remains unanswered. The authors seldom utilize treatments created to close the PDA. Spontaneous closure of the patent
ductus arteriosus (PDA) prevails. Therapy is normally sensible if considerable breathing distress or impaired systemic
oxygen shipment is present. Intravenous (IV) indomethacin (or the more recent preparation of IV ibuprofen) is frequently
efficient in closing a patent ductus arteriosus (PDA) if it is administered in the first 10-14 days of life.
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