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Abstract---Background: Neonatal Respiratory Distress Syndrome
(RDS) remains one of the leading causes of neonatal morbidity and
mortality among premature infants worldwide. The condition primarily
develops because of pulmonary surfactant deficiency resulting from
incomplete fetal lung maturation, leading to alveolar collapse,
impaired gas exchange, respiratory failure, and prolonged neonatal
intensive care admission. Aim: This review aimed to provide an
updated evidence-based overview of the etiology, pathophysiology,
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epidemiology, clinical manifestations, diagnostic evaluation, and
current management strategies of neonatal RDS, with emphasis on
the clinical roles of nurses and health assistants in improving
neonatal outcomes. Methods: A comprehensive narrative review was
conducted using current evidence from published clinical guidelines,
peer-reviewed literature, and recent studies addressing fetal lung
development, surfactant biology, genetic susceptibility, diagnostic
modalities, respiratory support, surfactant replacement therapy,
supportive care, and emerging individualized treatment approaches.
Results: Prematurity remains the strongest determinant of neonatal
RDS because of insufficient surfactant production and structural
pulmonary immaturity. Early recognition through clinical assessment,
blood gas analysis, chest imaging, and lung ultrasound facilitates
timely intervention. Current management prioritizes antenatal
corticosteroid administration, early continuous positive airway
pressure (CPAP), selective rescue surfactant therapy, lung-protective
ventilation, and comprehensive supportive care. Less invasive
surfactant administration techniques and precision medicine
approaches have demonstrated promising improvements in
respiratory outcomes while reducing complications associated with
invasive mechanical ventilation. Conclusion: Neonatal RDS continues
to represent a major clinical challenge despite substantial advances in
neonatal intensive care. Early diagnosis, prompt respiratory
stabilization, individualized surfactant therapy, and coordinated
multidisciplinary management significantly improve survival and
reduce both short- and long-term complications.

Keywords---Neonatal respiratory distress syndrome, prematurity,
pulmonary surfactant, continuous positive airway pressure,
surfactant replacement therapy, neonatal intensive care, lung
ultrasound, respiratory support, neonatal nursing, health assistants.

Introduction

Respiratory distress syndrome (RDS) is one of the most prevalent and clinically
significant respiratory disorders affecting preterm neonates and continues to
represent a major challenge in neonatal intensive care worldwide. The condition
primarily results from inadequate synthesis and secretion of pulmonary
surfactant by immature type II alveolar pneumocytes, leading to impaired alveolar
stability and ineffective pulmonary gas exchange. Because surfactant plays a
critical role in reducing alveolar surface tension and maintaining functional
residual capacity, its deficiency predisposes the lungs to widespread alveolar
collapse during expiration, resulting in decreased pulmonary compliance,
impaired oxygenation, ventilation-perfusion mismatch, and progressive
respiratory insufficiency. The incidence of RDS is inversely proportional to
gestational age, with the highest frequency occurring among infants delivered
before 34 weeks of gestation due to incomplete structural and biochemical
maturation of the lungs. Consequently, RDS remains one of the leading causes of
neonatal morbidity and mortality, contributing substantially to prolonged
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hospitalization, increased healthcare utilization, and adverse short- and long-term
clinical outcomes in premature infants [1][2]. The clinical manifestations of
respiratory distress syndrome generally become evident immediately after birth or
within the first few hours of life as the newborn experiences increasing respiratory
compromise. Affected infants commonly present with tachypnea, expiratory
grunting, nasal flaring, intercostal and subcostal chest retractions, diminished
breath sounds, and varying degrees of central cyanosis resulting from inadequate
oxygenation. As pulmonary dysfunction progresses, persistent hypoxemia,
hypercapnia, respiratory acidosis, and respiratory fatigue may develop,
necessitating prompt recognition and intervention to prevent irreversible organ
injury and cardiorespiratory collapse. Early diagnosis relies on comprehensive
clinical assessment combined with radiographic evaluation demonstrating
characteristic diffuse reticulogranular infiltrates and air bronchograms, together
with arterial or capillary blood gas analysis that confirms impaired oxygenation
and ventilation. Accurate and timely diagnosis is essential for initiating evidence-
based therapeutic interventions before significant respiratory deterioration occurs

[1][2].

Contemporary management of neonatal respiratory distress syndrome is centered
on early stabilization of respiratory function while minimizing ventilator-induced
lung injury and other treatment-related complications. Exogenous surfactant
replacement therapy remains the cornerstone of treatment, effectively restoring
alveolar stability, improving pulmonary compliance, and enhancing gas exchange.
Noninvasive respiratory support, particularly continuous positive airway pressure
(CPAP), is widely recommended as the preferred initial strategy because it
maintains alveolar recruitment while reducing the need for invasive mechanical
ventilation. Mechanical ventilation is reserved for neonates with severe respiratory
compromise or those who fail to respond adequately to noninvasive support.
Equally important are preventive strategies, especially the administration of
antenatal corticosteroids to women at risk of preterm birth, which significantly
accelerates fetal lung maturation, enhances endogenous surfactant production,
and reduces both the incidence and severity of RDS. Optimal management
requires a coordinated multidisciplinary approach involving neonatologists,
neonatal nurses, respiratory therapists, pharmacists, and other healthcare
professionals who collaboratively deliver evidence-based care, ensure continuous
monitoring, prevent complications, and improve survival while promoting
favorable long-term developmental outcomes in this highly vulnerable patient
population [1][2].

Etiology

Neonatal respiratory distress syndrome (RDS) is primarily caused by a
quantitative deficiency or functional impairment of pulmonary surfactant, a
phospholipid-rich substance synthesized by type II alveolar pneumocytes that is
essential for maintaining alveolar stability during respiration. Surfactant lowers
surface tension at the air-liquid interface within the alveoli, thereby preventing
alveolar collapse during expiration and facilitating efficient pulmonary gas
exchange. In premature infants, structural and biochemical immaturity of the
lungs results in inadequate surfactant synthesis, storage, and secretion,
predisposing the neonate to diffuse atelectasis, reduced lung compliance,
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impaired oxygenation, and progressive respiratory insufficiency. Prematurity
remains the most significant predisposing factor because fetal pulmonary
maturation is incomplete before the final weeks of gestation, leaving the lungs
incapable of sustaining effective extrauterine respiration. In addition to reduced
surfactant production, functional inactivation of surfactant by protein leakage,
inflammatory mediators, or pulmonary edema may further exacerbate respiratory
dysfunction and contribute to disease severity. Consequently, the etiology of
neonatal RDS reflects the combined effects of pulmonary immaturity and
surfactant deficiency, both of which are intrinsically linked to gestational age and
fetal lung development [1]. A comprehensive understanding of fetal lung
development provides the physiological basis for explaining the pathogenesis of
neonatal respiratory distress syndrome. Lung development proceeds through five
sequential stages, namely the embryonic, pseudoglandular, canalicular, saccular,
and alveolar phases, each characterized by distinct structural and functional
maturation that ultimately prepares the fetus for effective respiration after birth
[1]. The embryonic stage begins approximately 26 days after conception with the
appearance of the primitive lung bud as a ventral diverticulum arising from the
developing foregut. Rapid elongation and repeated branching of this structure into
the surrounding mesenchymal tissue subsequently give rise to the primary
bronchial tree. By approximately 37 days of gestation, the mainstem bronchi have
formed, while continued branching results in the development of segmental and
subsegmental bronchi by approximately 48 days. Simultaneously, pulmonary
vascular development progresses through formation of the pulmonary arterial
system from the sixth aortic arch, establishing the vascular framework necessary
for subsequent gas exchange [2].

The pseudoglandular stage extends from approximately the fifth to the sixteenth
week of gestation and is characterized by extensive airway branching and
differentiation of the proximal conducting airways. During this period, multiple
epithelial cell populations, including ciliated cells, goblet cells, basal cells,
cartilage-forming cells, and neuroepithelial cells, undergo progressive
differentiation within the developing bronchial tree. Repeated dichotomous
branching results in the formation of an increasingly complex airway network,
with approximately fifteen to twenty generations of branching completed by the
eighteenth week of gestation. Although substantial anatomical development
occurs during this stage, the pulmonary parenchyma remains incapable of
supporting extrauterine gas exchange because functional respiratory units have
not yet matured [2]. The canalicular stage, occurring between approximately the
sixteenth and twenty-fifth weeks of gestation, represents a critical milestone in
pulmonary maturation because it marks the initial development of structures
capable of limited gas exchange. During this phase, terminal bronchioles give rise
to respiratory bronchioles and primitive acinar structures, while rapid capillary
proliferation progressively reduces the thickness of the intervening mesenchyme.
Fusion of the capillary and epithelial basement membranes establishes the
primitive blood-air barrier, thereby creating the anatomical foundation necessary
for oxygen and carbon dioxide diffusion. Equally important, glycogen-rich
cuboidal epithelial cells begin differentiating into type II alveolar pneumocytes,
within which lamellar bodies first appear at approximately 20 weeks of gestation.
These intracellular organelles serve as storage sites for pulmonary surfactant and
signify the onset of endogenous surfactant synthesis, although production
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remains insufficient to maintain adequate alveolar stability in extremely
premature infants [3].

Further pulmonary maturation occurs during the saccular stage, which extends
from approximately the twenty-fourth to the thirty-second week of gestation. This
phase is characterized by the formation of terminal saccules and respiratory
bronchioles that possess progressively thinner walls and an expanding capillary
network capable of supporting increasingly efficient gaseous exchange. Continued
differentiation of type II pneumocytes results in greater surfactant synthesis and
secretion, thereby improving pulmonary compliance and increasing the likelihood
of neonatal survival following premature birth. Nevertheless, infants delivered
during this developmental period often remain at considerable risk of respiratory
distress syndrome because endogenous surfactant production has not yet
reached physiologically adequate levels to sustain normal postnatal respiratory
function [3]. The final stage of pulmonary development, known as the alveolar
stage, begins at approximately 32 weeks of gestation and continues throughout
infancy and early childhood. This stage is characterized by extensive septation of
terminal saccules and the progressive formation of mature alveoli, substantially
expanding the available surface area for pulmonary gas exchange. By full-term
gestation, the neonatal lungs contain approximately 50 to 150 million alveoli,
accompanied by significant maturation of both surfactant metabolism and
pulmonary microvascular architecture. These developmental changes optimize
respiratory efficiency and markedly reduce the risk of surfactant deficiency.
Consequently, the progressive maturation of pulmonary structure and surfactant
production throughout fetal development explains the strong inverse relationship
between gestational age and the incidence of neonatal respiratory distress
syndrome, emphasizing why extremely preterm infants remain the population at
greatest risk for this potentially life-threatening condition [1][2][3].

Surfactant

Pulmonary surfactant is a highly specialized lipoprotein complex that forms a
continuous monolayer along the internal surface of the alveoli, where it performs
an indispensable role in maintaining normal pulmonary mechanics and efficient
gaseous exchange after birth. During intrauterine life, the fetal lungs remain
fluid-filled and do not participate in oxygenation because gas exchange occurs
through the placenta. Consequently, surfactant synthesis represents one of the
most critical maturational processes that prepares the fetal lungs for the
transition to extrauterine life. Production of surfactant begins at approximately 20
weeks of gestation within alveolar type II pneumocytes and progressively
increases throughout the later stages of fetal development, reaching functionally
sufficient concentrations near term. Premature birth interrupts this
developmental process, leaving the immature lungs with inadequate quantities of
functionally active surfactant and substantially increasing the risk of neonatal
respiratory distress syndrome (RDS) [4][5][6]. The biochemical composition of
pulmonary surfactant reflects its highly specialized physiological function.
Approximately 70% to 80% of the complex consists of phospholipids,
predominantly dipalmitoylphosphatidylcholine, which is primarily responsible for
reducing alveolar surface tension. The remaining composition includes nearly
10% neutral lipids and approximately 10% surfactant-associated proteins that
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collectively regulate surfactant synthesis, secretion, recycling, and host defense.
Four principal surfactant proteins have been identified, namely surfactant
proteins A, B, C, and D (SP-A, SP-B, SP-C, and SP-D), each contributing unique
structural and functional properties to the surfactant system. SP-A and SP-D are
hydrophilic proteins that participate extensively in innate immune defense by
modulating inflammatory responses, enhancing pathogen clearance, and
regulating pulmonary immune homeostasis. In contrast, SP-B and SP-C are
hydrophobic proteins that play essential roles in optimizing surfactant spreading
across the alveolar surface and maintaining its stability during repetitive
respiratory cycles. SP-B is indispensable for the formation of lamellar bodies and
the proper processing of SP-C, whereas SP-C works synergistically with SP-B to
enhance adsorption of phospholipids onto the alveolar surface, thereby
maximizing surface tension reduction and improving alveolar stability [4][5][0].

The synthesis and secretion of pulmonary surfactant involve a complex sequence
of intracellular events that require coordinated cellular metabolism and organelle
function. Phospholipid synthesis begins within the endoplasmic reticulum of type
II alveolar epithelial cells before the newly synthesized components are
transported to the Golgi apparatus for further processing and packaging. These
constituents are subsequently assembled into highly organized lamellar bodies,
which function as specialized intracellular storage organelles located near the
apical membrane of type II pneumocytes. Upon appropriate physiological
stimulation, lamellar bodies fuse with the cell membrane and release their
contents into the alveolar lumen through exocytosis. Once secreted, the
surfactant rapidly disperses across the air-liquid interface to establish a stable
monolayer capable of reducing surface tension throughout the respiratory cycle.
This intricate secretory process ensures that adequate quantities of surfactant
remain continuously available to support effective pulmonary function
immediately after birth [7]. The physiological importance of surfactant extends
beyond its role as a surface-active agent. During respiration, elastic recoil forces
generated by both the lung parenchyma and the thoracic cage, together with the
intrinsic surface tension at the alveolar air-fluid interface, create a natural
tendency for alveolar collapse, particularly within smaller alveoli. Pulmonary
surfactant markedly lowers this surface tension, thereby preventing end-
expiratory alveolar collapse, preserving functional residual capacity, and
maintaining uniform alveolar inflation. By stabilizing alveoli of varying sizes,
surfactant improves pulmonary compliance, reduces the work of breathing,
facilitates efficient oxygen diffusion, and minimizes energy expenditure during
ventilation. In addition, surfactant limits transudation of fluid from the
pulmonary interstitium into the alveolar spaces, thereby reducing the likelihood
of pulmonary edema and preserving optimal conditions for gas exchange [7].

Homeostasis of the surfactant system depends not only on continuous synthesis
but also on efficient recycling mechanisms. Following secretion into the alveolar
space, a substantial proportion of surfactant is reabsorbed by type II
pneumocytes through receptor-mediated endocytosis. Internalized surfactant
components are transported into multivesicular bodies and subsequently
reprocessed within lamellar bodies before being re-secreted into the alveolar
lumen. This recycling pathway conserves metabolic resources while maintaining a
stable alveolar surfactant pool capable of responding rapidly to changing
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respiratory demands. In premature infants, however, both quantitative and
qualitative deficiencies impair this finely regulated system. The total amount of
surfactant produced is markedly reduced, and alterations in phospholipid
composition together with immature surfactant protein expression diminish its
functional activity. These deficiencies significantly compromise alveolar stability,
leading to widespread atelectasis, impaired lung compliance, ventilation-perfusion
mismatch, hypoxemia, and the clinical manifestations of neonatal respiratory
distress syndrome [8]. Genetic factors have emerged as important contributors to
individual susceptibility and disease severity in neonatal respiratory distress
syndrome, complementing the well-established influence of prematurity.
Advances in molecular genetics and genomic research have demonstrated that
inherited variations affecting lung development, surfactant metabolism, and
pulmonary epithelial maturation significantly influence the risk of developing
RDS. Increasing evidence indicates that both genetic and environmental
determinants interact throughout fetal development, creating substantial
variability in disease susceptibility even among infants of similar gestational age.
Consequently, abnormalities affecting developmental signaling pathways have
become important areas of investigation for future therapeutic interventions, with
growing interest in precision medicine approaches that tailor preventive and
therapeutic strategies according to individual genetic profiles [9].

Evidence supporting a hereditary component in neonatal RDS has been
strengthened by epidemiological observations demonstrating higher concordance
rates among monozygotic twins than dizygotic twins, as well as recurrent familial
clustering of severe disease. These findings indicate that inherited genetic
variants contribute significantly to pulmonary maturation and surfactant function
beyond the influence of environmental factors alone. Although prematurity
remains the principal determinant of surfactant deficiency, genetic predisposition
may explain why some preterm infants experience disproportionately severe
respiratory disease despite comparable gestational ages and clinical
circumstances [10]. Several rare but clinically significant mutations affecting
surfactant-associated proteins have been identified as direct causes of severe
neonatal respiratory disease. Autosomal recessive mutations involving the SP-B
gene produce profound surfactant dysfunction characterized by severe neonatal
respiratory distress, progressive respiratory failure, and frequently fatal outcomes
without advanced supportive therapies or lung transplantation. Mutations
involving the SP-C gene occur less frequently and generally present later in life
with chronic interstitial lung disease rather than classic neonatal RDS, although
neonatal manifestations may occasionally occur. Additional pathogenic variants
involving the ATP-binding cassette transporter subfamily A member 3 (ABCA3)
gene impair intracellular surfactant processing and lamellar body formation,
resulting in variable degrees of surfactant deficiency and respiratory failure.
Approximately 4% of the general population carries ABCA3 gene variants,
although the precise incidence of severe or fatal neonatal RDS associated with
these mutations remains incompletely defined. Continued investigation into these
genetic abnormalities is expected to improve diagnostic accuracy, facilitate early
identification of high-risk infants, and support the development of targeted
therapies capable of improving long-term respiratory outcomes in affected
neonates [11][12][13].
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Neonatal respiratory distress syndrome (RDS) remains the most prevalent cause
of respiratory compromise among preterm infants and continues to represent a
major challenge in neonatal intensive care units worldwide. Despite significant
advances in perinatal medicine, including the widespread use of antenatal
corticosteroids, exogenous surfactant therapy, and improved neonatal respiratory
support, RDS continues to contribute substantially to neonatal morbidity,
prolonged hospitalization, and mortality, particularly among extremely preterm
and very low birth weight infants. In the United States alone, approximately
24,000 newborns develop RDS each year, making it the most frequent
complication associated with prematurity and one of the principal causes of
admission to neonatal intensive care units. Because respiratory distress in
newborns may arise from several pulmonary and extrapulmonary disorders,
accurate epidemiological assessment requires careful clinical evaluation and
standardized diagnostic criteria to distinguish RDS from other neonatal
respiratory conditions. Prematurity remains the single most important
determinant of RDS because pulmonary surfactant production and structural
lung maturation are highly dependent on gestational age. As gestational age
decreases, the risk of surfactant deficiency rises dramatically, resulting in a
corresponding increase in disease incidence and severity. Low birth weight,
particularly among very low birth weight and extremely low birth weight infants,
further amplifies the risk owing to the close relationship between fetal growth
restriction, pulmonary immaturity, and inadequate surfactant synthesis.
Additional epidemiological studies have identified several independent risk factors
that increase susceptibility to RDS, including male sex, White race, late preterm
birth, maternal diabetes mellitus, perinatal hypoxia and ischemia, and delivery by
elective cesarean section without preceding labor. These factors may interfere
with fetal lung maturation or delay the physiological hormonal changes that
stimulate surfactant production before birth [14]|. The incidence of neonatal RDS
demonstrates a strong inverse relationship with gestational age. Data obtained
from the National Institute of Child Health and Human Development (NICHD)
Neonatal Research Network revealed that approximately 98% of infants born at 24
weeks of gestation develop RDS, reflecting the profound immaturity of the fetal
lungs at this stage. The incidence decreases progressively with advancing
gestational age, falling to approximately 5% among infants delivered at 34 weeks
and to less than 1% in term infants born at 37 weeks of gestation or later [15].
These epidemiological trends underscore the critical importance of strategies
aimed at preventing preterm birth, promoting fetal lung maturation, and ensuring
timely implementation of evidence-based neonatal interventions to reduce the
global burden of respiratory distress syndrome.

Pathophysiology

The pathophysiology of neonatal respiratory distress syndrome (RDS) is
fundamentally related to pulmonary surfactant deficiency resulting from
structural and functional immaturity of the developing lung. Surfactant is
synthesized and secreted by alveolar type II pneumocytes and plays an essential
role in reducing surface tension at the air-liquid interface within the alveoli. In
premature infants, inadequate production or impaired function of surfactant
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markedly increases alveolar surface tension, causing widespread alveolar
instability and collapse during expiration. As a consequence, lung compliance
decreases substantially, the work of breathing increases, and effective pulmonary
gas exchange becomes progressively compromised. These physiological
disturbances lead to the rapid development of respiratory insufficiency shortly
after birth and explain why RDS predominantly affects infants born before
complete pulmonary maturation. The mechanical abnormalities observed in RDS
can be explained by Laplace's law, expressed by the equation P = 2T/R, where P
represents the pressure required to maintain alveolar patency, T denotes surface
tension, and R represents the radius of the alveolus. According to this principle,
increases in alveolar surface tension require proportionally greater distending
pressure to prevent alveolar collapse. In the absence of adequate surfactant, small
alveoli become highly unstable and repeatedly collapse during expiration,
resulting in diffuse atelectasis throughout the lungs. This widespread collapse
significantly reduces functional residual capacity, impairs pulmonary compliance,
and produces ventilation abnormalities that compromise oxygenation and carbon
dioxide elimination. Consequently, affected neonates must generate considerably
greater inspiratory effort to reopen collapsed alveoli, further increasing respiratory
workload and contributing to respiratory fatigue.

Persistent atelectasis initiates a cascade of pathological events that extend beyond
mechanical impairment. Repeated collapse and reopening of alveoli produce
mechanical injury to the delicate respiratory epithelium, stimulating the release of
inflammatory cytokines and activating local inflammatory pathways. The resulting
inflammatory response increases pulmonary vascular permeability, allowing
protein-rich fluid to leak from the pulmonary capillaries into the alveolar spaces.
This proteinaceous edema fluid further inhibits surfactant activity by disrupting
its phospholipid composition and reducing its surface tension-lowering properties,
thereby creating a vicious cycle in which surfactant dysfunction promotes
additional alveolar collapse and inflammation [16][17]. Many infants with
moderate or severe RDS require respiratory support using positive-pressure
ventilation to maintain adequate oxygenation and ventilation. Although lifesaving,
mechanical ventilation may contribute to further pulmonary injury when
excessive airway pressures or tidal volumes produce alveolar overdistension.
Ventilator-induced lung injury results in epithelial and endothelial damage,
amplifies inflammatory responses, and accelerates pulmonary edema formation.
Simultaneously, exposure to high concentrations of supplemental oxygen
generates reactive oxygen species that induce oxidative stress within immature
pulmonary tissues. Oxidative injury promotes protein oxidation and lipid
peroxidation within surfactant molecules, converting active surfactant into
biologically inactive forms and further impairing alveolar stability [18][19][20].

The combined effects of surfactant deficiency, alveolar collapse, pulmonary
edema, inflammation, and ventilator-associated injury ultimately produce
profound abnormalities in pulmonary gas exchange. Hypoxemia develops through
multiple interacting mechanisms, including widespread alveolar hypoventilation,
impaired diffusion of oxygen across the alveolar-capillary membrane, ventilation-
perfusion mismatch, and intrapulmonary right-to-left shunting caused by non-
ventilated but perfused alveoli. As oxygen delivery to tissues declines, cellular
metabolism shifts from aerobic to anaerobic pathways, leading to excessive lactate



564

production and the development of metabolic acidosis. If untreated, progressive
hypoxemia, hypercapnia, and acidosis further impair cardiovascular function,
reduce tissue perfusion, and contribute to multiorgan dysfunction.
Understanding these interconnected pathophysiological mechanisms forms the
foundation for evidence-based therapeutic strategies, including surfactant
replacement therapy, lung-protective ventilation, optimized oxygen
administration, and comprehensive supportive care aimed at minimizing
pulmonary injury while improving neonatal survival and long-term respiratory
outcomes.

History and Physical

The clinical history and physical examination play a fundamental role in the early
recognition and diagnosis of neonatal respiratory distress syndrome (RDS),
particularly among premature infants who possess multiple risk factors for
pulmonary immaturity. The condition predominantly affects neonates born before
34 weeks of gestation, although it may also occur in late preterm infants with
delayed pulmonary maturation. A detailed maternal and perinatal history should
include gestational age, antenatal corticosteroid administration, maternal
diabetes mellitus, mode of delivery, evidence of fetal distress, and any pregnancy
or delivery complications that may influence fetal lung development. Symptoms of
RDS wusually become evident immediately after birth or within the first few
minutes of extrauterine life, reflecting the inability of the immature lungs to
maintain adequate gas exchange following the transition from fetal to neonatal
circulation. Physical examination typically demonstrates progressive signs of
respiratory distress resulting from increased work of breathing. Tachypnea is
usually the earliest and most consistent clinical manifestation, often accompanied
by expiratory grunting, which represents a compensatory mechanism to maintain
positive end-expiratory pressure and prevent alveolar collapse. Nasal flaring is
commonly observed as the infant attempts to reduce airway resistance and
improve airflow, while chest wall retractions involving the intercostal, subcostal,
subxiphoid, and suprasternal regions indicate increased inspiratory effort
secondary to reduced lung compliance. Recruitment of accessory respiratory
muscles further reflects the severity of respiratory compromise and the increasing
energy expenditure required to sustain adequate ventilation. Auscultation
generally reveals diffusely diminished breath sounds throughout both lung fields
because of widespread alveolar collapse and reduced air entry. Cyanosis may be
present, particularly around the lips and extremities, indicating inadequate
oxygenation despite increased respiratory effort. Poor peripheral perfusion,
prolonged capillary refill time, cool extremities, and diminished peripheral pulses
may develop as hypoxemia and reduced cardiac output impair systemic tissue
perfusion. Continuous assessment of oxygen saturation, heart rate, respiratory
rate, and overall clinical appearance is therefore essential to identify progressive
deterioration and guide timely therapeutic intervention. Without prompt
treatment, the clinical condition usually worsens over the subsequent 48 to 72
hours as surfactant deficiency leads to increasing atelectasis, impaired gas
exchange, and respiratory muscle fatigue. Infants may become progressively
lethargic, demonstrate reduced responsiveness, and develop recurrent episodes of
apnea due to respiratory failure and central respiratory depression [22]. As
systemic hypoxemia and tissue hypoperfusion become more severe, additional
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findings such as oliguria, decreased urine output, peripheral edema, and
metabolic instability may emerge, reflecting compromised renal perfusion and
multiorgan involvement. Careful and repeated physical assessment remains
essential for monitoring disease progression, evaluating treatment response, and
identifying complications that require escalation of respiratory and supportive
care.

Evaluation

The evaluation of neonatal respiratory distress syndrome (RDS) requires
integration of maternal and perinatal history, clinical findings, imaging studies,
and laboratory investigations to establish an accurate diagnosis and assess
disease severity. Because the clinical manifestations of RDS overlap with other
causes of neonatal respiratory distress, diagnosis relies on a comprehensive
assessment rather than a single diagnostic criterion. Infants typically present
with tachypnea, expiratory grunting, nasal flaring, chest retractions, cyanosis,
and diminished breath sounds, while arterial blood gas analysis commonly
demonstrates hypoxemia, hypercapnia, and progressive respiratory and metabolic
acidosis, including lactic acidemia in severe cases. Chest radiography remains a
key diagnostic tool and classically demonstrates diffuse bilateral reticulogranular
or ground-glass opacities, low lung volumes, and prominent air bronchograms
caused by widespread alveolar collapse. More recently, lung ultrasound (LUS) has
emerged as a highly accurate bedside imaging modality with greater sensitivity
and specificity than chest radiography for diagnosing RDS, grading disease
severity, and guiding therapeutic decisions such as surfactant administration
[23][24]. Additional investigations include echocardiography to identify associated
conditions such as patent ductus arteriosus and laboratory studies including
complete blood count to detect anemia or evidence of infection. When neonatal
sepsis is suspected, blood, cerebrospinal fluid, and tracheal cultures, when
clinically indicated, should be obtained to exclude infectious causes of respiratory
distress and ensure appropriate management.
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Figure 1: Respiratory distress syndrome
Treatment / Management

The management of neonatal respiratory distress syndrome (RDS) focuses on
correcting surfactant deficiency, maintaining adequate oxygenation and
ventilation, minimizing ventilator-induced Iung injury, and providing
comprehensive supportive care to optimize survival and reduce long-term
pulmonary complications. Advances in neonatal intensive care have significantly
improved outcomes through the integration of preventive strategies, early
respiratory support, exogenous surfactant replacement, and individualized
management based on the infant's gestational age, clinical condition, and
physiological response to treatment. Successful management requires close
collaboration among neonatologists, neonatal nurses, respiratory therapists,
pharmacists, nutritionists, and other healthcare professionals to ensure
continuous monitoring and timely intervention throughout hospitalization. One of
the most effective preventive strategies is the administration of antenatal
corticosteroids to pregnant women at risk of preterm delivery. Corticosteroids
accelerate fetal lung maturation by stimulating the differentiation of type II
pneumocytes and increasing endogenous surfactant synthesis, thereby reducing
both the incidence and severity of RDS. In addition to lowering respiratory
morbidity, antenatal corticosteroid therapy has been associated with reductions
in neonatal mortality, intraventricular hemorrhage, and necrotizing enterocolitis,
making it a cornerstone of contemporary perinatal care [25][26]. When combined
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with delivery in facilities equipped with neonatal intensive care services, antenatal
corticosteroids substantially improve outcomes among premature infants.
Following birth, continuous monitoring of respiratory function is essential to
guide therapeutic decisions and evaluate treatment effectiveness. Arterial blood
gas analysis remains an important component of respiratory assessment,
particularly in critically ill infants requiring advanced respiratory support. Blood
gas measurements are ideally obtained through sterile placement of an umbilical
or peripheral arterial catheter to minimize repeated arterial punctures while
allowing frequent monitoring. Treatment aims to maintain arterial oxygen tension
(PaO;) between 50 and 80 mm Hg, arterial carbon dioxide tension (PaCO,)
between 40 and 55 mm Hg, and an arterial pH above 7.25, thereby ensuring
adequate tissue oxygenation while avoiding complications associated with
excessive oxygen exposure or severe hypercapnia. Continuous pulse oximetry has
become the standard method for noninvasive monitoring of oxygen saturation and
facilitates prompt adjustment of inspired oxygen concentration. However, pulse
oximetry alone cannot accurately identify hyperoxia at higher saturation levels
because arterial oxygen tension may remain excessively elevated despite oxygen
saturation values above 95%. Consequently, adjunctive techniques such as
transcutaneous carbon dioxide monitoring and noninvasive capnography are
increasingly employed to provide more comprehensive assessment of ventilatory
status and guide respiratory management.

Respiratory support constitutes the foundation of neonatal RDS treatment. The
principal objective is to maintain adequate functional residual capacity, prevent
alveolar collapse, improve pulmonary compliance, and reduce the work of
breathing while minimizing lung injury. Current evidence strongly supports early
initiation of continuous positive airway pressure (CPAP) as the preferred initial
respiratory strategy for preterm infants with spontaneous breathing and clinical
evidence of RDS. Nasal CPAP provides continuous positive distending pressure
that stabilizes alveoli throughout the respiratory cycle, reduces atelectasis, and
improves gas exchange without exposing the infant to the risks associated with
invasive mechanical ventilation. Several methods are available for CPAP delivery,
including ventilator-generated CPAP systems and bubble CPAP devices, which
provide comparable clinical effectiveness while offering lower cost and greater
accessibility in many healthcare settings. Large randomized clinical trials,
including the Surfactant Positive Airway Pressure and Pulse Oximetry
Randomized Trial (SUPPORT), demonstrated that early CPAP achieves clinical
outcomes comparable to prophylactic surfactant administration combined with
mechanical ventilation while reducing the need for intubation and surfactant
therapy. Early CPAP has also been associated with a lower incidence of
bronchopulmonary dysplasia, emphasizing its important role in lung-protective
ventilation strategies [25][27][30]. Alternative noninvasive respiratory support
modalities have also been investigated. Nasal intermittent positive pressure
ventilation (NIPPV) combines continuous airway pressure with intermittent
positive-pressure breaths delivered by a mechanical ventilator. Compared with
CPAP alone, NIPPV has demonstrated greater effectiveness in reducing extubation
failure and decreasing the need for subsequent endotracheal intubation among
preterm infants. Nevertheless, its higher cost, greater equipment requirements,
and lack of consistent superiority regarding overall safety have limited its
widespread replacement of CPAP as first-line therapy [31]. Heated humidified
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high-flow nasal cannula (HFNC) therapy has emerged as another noninvasive
option because it improves patient comfort and simplifies respiratory support.
However, clinical studies indicate that HFNC remains less effective than CPAP in
preventing treatment failure among infants with RDS and therefore should be
used selectively according to institutional protocols and individual patient
characteristics [32].

Despite advances in noninvasive ventilation, some neonates develop progressive
respiratory failure requiring invasive mechanical ventilation. Indications include
persistent respiratory acidosis with arterial pH below 7.20 and PaCO, exceeding
60-65 mm Hg, severe hypoxemia despite adequate CPAP support, increasing
oxygen requirements exceeding a fraction of inspired oxygen (FiO,) of 0.40,
recurrent apnea, or significant respiratory fatigue. Mechanical ventilation
provides life-sustaining respiratory assistance while clinicians attempt to
minimize complications associated with positive-pressure ventilation, including
barotrauma, volutrauma, atelectrauma, and oxygen toxicity. Time-cycled
pressure-limited ventilation remains the preferred initial ventilation mode for
most preterm infants because it allows careful limitation of airway pressures
while maintaining adequate ventilation. High-frequency oscillatory ventilation
(HFOV) and high-frequency jet ventilation (HFJV) are frequently employed as
rescue modalities in infants requiring very high ventilatory support or those with
pulmonary air leaks. These high-frequency techniques deliver extremely small
tidal volumes at rapid frequencies, thereby reducing repetitive alveolar
overdistension and limiting ventilator-induced lung injury. Exogenous surfactant
replacement therapy represents the definitive treatment for neonatal RDS because
it directly addresses the underlying pathophysiological defect responsible for the
disease. Administration of surfactant rapidly reduces alveolar surface tension,
improves pulmonary compliance, enhances oxygenation, and facilitates more
uniform lung expansion. Numerous clinical trials have demonstrated that
surfactant therapy significantly decreases neonatal mortality while reducing the
incidence of pneumothorax, pulmonary interstitial emphysema,
bronchopulmonary dysplasia, intraventricular hemorrhage, and other serious
complications associated with severe RDS [33][34]. Clinical benefit is greatest
when surfactant is administered early after birth before extensive pulmonary
injury develops. Current recommendations therefore favor early rescue surfactant
administration in infants receiving CPAP who demonstrate increasing oxygen
requirements rather than routine prophylactic treatment, which may
unnecessarily expose some infants to invasive procedures and potential
complications [33][35].

International guidelines recommend surfactant administration for immature
infants requiring an FiO, greater than 0.30 and for more mature infants requiring
an FiO, above 0.40 despite optimal CPAP therapy. Several commercially available
natural surfactant preparations, including beractant, poractant alfa, and
calfactant, have demonstrated comparable clinical effectiveness when
administered in appropriate doses, while synthetic surfactant formulations
continue to be evaluated in ongoing clinical trials [36]. Traditionally, surfactant
has been delivered through endotracheal intubation followed by brief mechanical
ventilation. However, this technique may contribute to airway trauma, transient
airway obstruction, pulmonary injury, and ventilator associated complications
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[42][43]. To reduce these risks, less invasive surfactant administration (LISA)
techniques have gained increasing attention. These methods deliver surfactant
through thin intratracheal catheters, laryngeal masks, aerosolized nebulization
systems, or pharyngeal instillation while allowing infants to continue
spontaneous breathing on CPAP. Emerging evidence indicates that LISA is
associated with lower rates of bronchopulmonary dysplasia, reduced mortality,
decreased need for mechanical ventilation, and shorter durations of respiratory
support compared with conventional endotracheal surfactant administration
[37][38][39][40][41][44]. Although additional large-scale studies are needed before
universal adoption, LISA represents one of the most promising advances in
neonatal respiratory care. Following successful surfactant therapy, infants who
maintain adequate spontaneous respiration with FiO, requirements below 0.30
should be transitioned back to CPAP while continuing close monitoring of oxygen
saturation, body temperature, nutritional status, and fluid balance.
Comprehensive supportive care remains indispensable throughout the
management of neonatal RDS. Caffeine therapy is widely administered to preterm
infants with apnea of prematurity because it stimulates respiratory drive,
improves diaphragmatic contractility, facilitates successful CPAP therapy, and
promotes earlier extubation. Studies have demonstrated that caffeine therapy is
associated with reduced bronchopulmonary dysplasia and improved respiratory
outcomes, particularly among extremely low birth weight infants born before 28
weeks of gestation [45]. Careful management of fluid and electrolyte balance is
equally important because both dehydration and fluid overload may worsen
pulmonary function. Some infants require crystalloid volume expansion or
vasoactive medications to treat hypotension and maintain adequate tissue
perfusion. Additional supportive measures include thermoregulation within a
neutral thermal environment, early nutritional support, treatment of anemia
through blood transfusion when indicated, management of hemodynamically
significant patent ductus arteriosus, and empirical or targeted antibiotic therapy
when neonatal infection is suspected [25][26]. Recent advances in neonatal
medicine increasingly emphasize precision medicine and individualized treatment
strategies for RDS. Considerable heterogeneity exists in disease severity,
pulmonary maturity, and response to therapy among premature infants, making
standardized treatment algorithms insufficient for all patients. Modern
approaches incorporate lung ultrasound findings, advanced oxygenation indices,
physiological monitoring, and emerging surfactant biomarkers to personalize
decisions regarding respiratory support, surfactant administration, and escalation
of therapy. This patient-centered approach enables clinicians to optimize
treatment while minimizing unnecessary interventions and reducing the risk of
chronic lung disease, reflecting the continuing evolution of evidence-based
neonatal intensive care [24].

Conclusion

Neonatal Respiratory Distress Syndrome continues to be a significant cause of
respiratory morbidity and mortality among premature infants despite remarkable
advances in perinatal and neonatal medicine. The disease originates primarily
from pulmonary immaturity and inadequate surfactant production, resulting in
impaired alveolar stability, reduced lung compliance, and progressive respiratory
failure. A thorough understanding of fetal lung development, surfactant
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physiology, and disease pathophysiology is fundamental for timely diagnosis and
effective clinical management. Modern evidence strongly supports preventive
strategies such as antenatal corticosteroid administration, alongside early
initiation of noninvasive respiratory support, selective surfactant replacement
therapy, careful oxygen management, and comprehensive supportive neonatal
care. Recent innovations including lung ultrasound, less invasive surfactant
administration techniques, and individualized precision-based treatment
approaches have further enhanced clinical outcomes while minimizing ventilator-
associated complications. Equally important is the contribution of nurses and
health assistants, whose continuous monitoring, prompt recognition of clinical
deterioration, accurate implementation of therapeutic interventions, and family-
centered care are essential components of successful neonatal management.
Ongoing research and adherence to evidence-based multidisciplinary practice will
continue to improve survival rates, reduce chronic respiratory complications, and
promote healthier long-term developmental outcomes for premature infants
affected by neonatal respiratory distress syndrome.
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