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Abstract: Pulmonary surfactant is a critical component of neonatal lung physiology and plays a
central role in the successful transition to extrauterine life. By reducing surface tension at the
air–liquid interface within the alveoli, surfactant prevents alveolar collapse, improves lung
compliance, and facilitates efficient gas exchange. This article reviews the physiological role of
pulmonary surfactant in the neonatal lung, its synthesis and function, and the consequences of
surfactant deficiency. Understanding surfactant physiology is essential for the prevention and
management of neonatal respiratory disorders, particularly in premature infants.
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Introduction
The neonatal period represents a crucial phase of respiratory adaptation, during which the lungs
must rapidly assume the role of gas exchange. During fetal life, the lungs are fluid-filled and do
not participate in respiration. At birth, lung aeration and the establishment of effective ventilation
depend on several physiological mechanisms, among which pulmonary surfactant plays a key
role. Without adequate surfactant activity, normal lung function after birth is not possible.

Pulmonary surfactant is a complex mixture of phospholipids and proteins produced by type II
alveolar epithelial cells. Its primary function is to reduce surface tension within the alveoli,
thereby stabilizing alveolar structures during breathing. In neonates, especially those born
prematurely, surfactant production may be insufficient, leading to impaired lung function and
respiratory distress. Therefore, understanding the role of surfactant in neonatal lung physiology
is of great importance for neonatal medicine.

The transition from fetal to neonatal life represents one of the most critical physiological
challenges in human development, requiring rapid and effective adaptation of the respiratory
system. During intrauterine life, gas exchange occurs exclusively through the placenta, while the
fetal lungs remain fluid-filled and non-functional in terms of respiration. At birth, the lungs must
undergo a dramatic transformation to support air breathing, alveolar ventilation, and efficient gas
exchange. This process depends on the coordinated interaction of structural lung maturation,
pulmonary circulation changes, and biochemical mechanisms, among which pulmonary
surfactant plays a pivotal role.

Pulmonary surfactant is a surface-active complex composed primarily of phospholipids and
specific proteins, synthesized and secreted by type II alveolar epithelial cells. Its primary
physiological function is to reduce surface tension at the air–liquid interface within the alveoli.
By lowering surface tension, surfactant prevents alveolar collapse during expiration, promotes
uniform lung expansion during inspiration, and significantly reduces the work of breathing.
These functions are especially critical in the neonatal period, when respiratory muscles are weak
and lung compliance is naturally low.
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In neonates, particularly those born prematurely, surfactant synthesis and secretion may be
insufficient due to the immaturity of type II pneumocytes. As a result, the lungs are prone to
atelectasis, reduced compliance, and impaired gas exchange. Surfactant deficiency is recognized
as the primary pathophysiological mechanism underlying neonatal respiratory distress syndrome,
one of the leading causes of morbidity and mortality in preterm infants. Even in term neonates,
surfactant function may be compromised by conditions such as hypoxia, infection, inflammation,
or meconium aspiration.

Beyond its mechanical role in stabilizing alveoli, pulmonary surfactant also contributes to
pulmonary defense mechanisms. Surfactant-associated proteins play an important role in innate
immunity by modulating inflammatory responses and enhancing clearance of pathogens within
the neonatal lung. This dual mechanical and immunological function underscores the essential
role of surfactant in maintaining pulmonary homeostasis during the vulnerable early stages of
life.

Despite significant advances in neonatal intensive care and the widespread use of surfactant
replacement therapy, surfactant-related respiratory disorders remain a major clinical challenge. A
deeper understanding of the physiological role of pulmonary surfactant in neonatal lung
development and respiratory adaptation is therefore essential for improving preventive strategies,
optimizing therapeutic interventions, and reducing both short-term and long-term respiratory
complications in newborns.

Materials and Methods
This article is based on a narrative review of scientific literature related to pulmonary surfactant
and neonatal lung physiology. Data were collected from peer-reviewed journals, neonatology
textbooks, and international clinical guidelines. Descriptive and analytical methods were used to
summarize the physiological functions of surfactant, its role in respiratory adaptation, and the
clinical consequences of surfactant deficiency in newborns.

Results
Analysis of the literature demonstrates that pulmonary surfactant is essential for maintaining
alveolar stability in the neonatal lung. By lowering surface tension, surfactant prevents alveolar
collapse during expiration and reduces the work of breathing. This allows neonates to maintain
functional residual capacity and achieve effective ventilation with minimal energy expenditure.

Surfactant also contributes to uniform lung expansion by promoting even distribution of air
within the alveoli. In addition to its mechanical function, surfactant has important immunological
properties, as surfactant proteins participate in innate immune defense and help protect the
neonatal lung from infection and inflammation.

In cases of surfactant deficiency, such as in premature infants, alveolar collapse, decreased lung
compliance, and impaired gas exchange are commonly observed. These changes lead to clinical
manifestations of respiratory distress, including tachypnea, retractions, and hypoxemia.

Discussion
The findings highlight the central role of pulmonary surfactant in neonatal lung physiology and
respiratory adaptation. Surfactant deficiency remains the primary cause of neonatal respiratory
distress syndrome and is strongly associated with prematurity. Advances in surfactant
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replacement therapy have significantly improved survival rates and respiratory outcomes in
affected neonates.

However, surfactant function may also be impaired by factors such as hypoxia, infection, and
inflammation, even in term infants. This emphasizes the importance of early recognition of
surfactant dysfunction and timely therapeutic intervention. Continued research into surfactant
biology may lead to improved treatment strategies and better neonatal outcomes.

Conclusion
Pulmonary surfactant is a fundamental determinant of normal neonatal lung function and
successful respiratory adaptation after birth. Its role in reducing alveolar surface tension,
maintaining lung stability, and supporting immune defense is essential for effective gas exchange.
Surfactant deficiency or dysfunction can result in severe respiratory compromise, particularly in
premature infants. A comprehensive understanding of surfactant physiology is crucial for
optimizing neonatal respiratory care and improving short- and long-term outcomes in newborns.

Pulmonary surfactant is a fundamental component of neonatal lung physiology and plays a
decisive role in the successful transition from fetal to neonatal life. By markedly reducing
surface tension at the alveolar air–liquid interface, surfactant ensures alveolar stability, prevents
collapse during expiration, and significantly improves lung compliance. These mechanisms are
essential for the establishment of effective ventilation and efficient gas exchange immediately
after birth.

The findings of this review emphasize that adequate surfactant synthesis and function are critical
determinants of respiratory adaptation, particularly in premature infants whose lungs are
structurally and functionally immature. Surfactant deficiency or dysfunction leads to increased
work of breathing, ventilation–perfusion mismatch, and progressive hypoxemia, which are
hallmarks of neonatal respiratory distress syndrome. In addition, impairment of surfactant
activity may occur in term neonates due to hypoxia, infection, inflammation, or meconium
aspiration, further highlighting its central physiological importance.

Beyond its mechanical role, pulmonary surfactant also contributes to innate immune defense
within the neonatal lung. Surfactant-associated proteins participate in host protection by
modulating inflammatory responses and enhancing pathogen clearance. This dual mechanical
and immunological function underscores the broader significance of surfactant in maintaining
pulmonary homeostasis during the vulnerable neonatal period.

In conclusion, pulmonary surfactant is indispensable for normal neonatal lung function and
respiratory adaptation. A comprehensive understanding of surfactant physiology provides the
foundation for early diagnosis of surfactant-related disorders and for the implementation of
effective therapeutic strategies, including surfactant replacement therapy and optimized
respiratory support. Continued research into surfactant biology and function is essential for
improving neonatal respiratory care and for reducing both immediate and long-term respiratory
morbidity in newborns.
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