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Abstract. Neonatal hyperbilirubinemia is one of the most common clinical
conditions observed in the early neonatal period and remains a significant cause of
preventable neurological morbidity worldwide. Although the majority of newborns
develop physiological jaundice, a considerable proportion are at risk of progressing to
severe hyperbilirubinemia with potential complications such as acute bilirubin
encephalopathy and kernicterus. Advances in understanding bilirubin metabolism,
neurotoxicity mechanisms, and risk factors have led to the development of modern
diagnostic and management strategies. Contemporary approaches emphasize early risk
stratification using hour-specific bilirubin nomograms, widespread application of
transcutaneous and serum bilirubin measurements, and integration of universal
screening programs. Management strategies have evolved with the optimization of
phototherapy technologies, refinement of treatment thresholds, and evidence-based
indications for exchange transfusion. In addition, increasing attention is being paid to
individualized care based on gestational age, comorbid conditions, and genetic
susceptibility. This article reviews current epidemiological data, pathophysiological
concepts, and modern approaches to the diagnosis and management of neonatal
hyperbilirubinemia, highlighting their role in improving early detection, preventing
severe complications, and optimizing neonatal outcomes.
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Introduction. Neonatal hyperbilirubinemia remains one of the most common

clinical conditions encountered in the early neonatal period and continues to represent

@ https://scientific-jl.org/obr «4328%» Buinyck srcypnana Ne-85
Yacmov—3_Aneapps—2026



g ’,é ObPA30OBAHHE HAYKA U HHHOBAIIHOHHBIE H/IEH B MHPE I b\ l
2181-

a significant public health concern worldwide. According to epidemiological data,
physiological jaundice develops in approximately 60% of full-term neonates and up
to 80% of preterm infants during the first week of life, while 5-10% of newborns
may develop clinically significant hyperbilirubinemia requiring medical intervention
[1, 2]. The global incidence of severe neonatal hyperbilirubinemia complicated by
acute bilirubin encephalopathy is estimated at 1.1 per 100,000 live births in high-
income countries, whereas in low- and middle-income regions this figure may exceed
70 per 100,000, reflecting disparities in perinatal care, screening, and timely
management [3, 4]. Kernicterus, the most severe and preventable outcome of untreated
hyperbilirubinemia, remains a cause of neonatal mortality and long-term
neurodevelopmental disability, particularly in resource-limited settings [5].

From a pathophysiological perspective, neonatal hyperbilirubinemia arises due to
the imbalance between bilirubin production and elimination, driven by increased red
blood cell turnover, immaturity of hepatic conjugation systems, and enhanced
enterohepatic circulation [6]. While the majority of cases are benign and transient, a
subset of neonates develops pathological hyperbilirubinemia associated with hemolytic
disease, prematurity, genetic polymorphisms of bilirubin metabolism (such as
UGT1AL variants), infection, or metabolic disorders [7, 8]. The challenge for clinicians
lies in differentiating physiological jaundice from potentially dangerous forms that
necessitate immediate intervention.

Over the past two decades, significant advances have been made in the diagnosis
of neonatal hyperbilirubinemia. Bhutani et al. proposed the hour-specific bilirubin
nomogram, which has become a cornerstone for early risk stratification and prediction
of severe hyperbilirubinemia in term and near-term infants [9]. Subsequent studies
demonstrated that the combined use of transcutaneous bilirubinometry (TcB) and
total serum bilirubin (TSB) measurements improves diagnostic accuracy while
reducing the need for invasive blood sampling [10, 11]. Maisels and colleagues

emphasized that TcB screening, when integrated into universal predischarge protocols,
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allows earlier identification of at-risk neonates and significantly decreases hospital
readmissions due to jaundice [12].

Modern approaches to the management of neonatal hyperbilirubinemia have also
evolved substantially. Phototherapy remains the first-line treatment, yet contemporary
research has refined its application through optimization of light wavelength,
irradiance, and body surface exposure. Studies by Rennie et al. and Maisels et al.
confirmed that high-intensity blue-light LED phototherapy is more effective and safer
than conventional fluorescent systems, leading to faster bilirubin decline and shorter
treatment duration [13, 14]. In severe cases, exchange transfusion continues to be a
life-saving procedure; however, its indications have become more precise with updated
international guidelines, minimizing procedural risks [15].

In recent years, growing attention has been directed toward individualized and
preventive strategies. Genetic studies have highlighted the role of polymorphisms in
bilirubin metabolism and transport genes, supporting a personalized risk-based
approach to jaundice management [16]. Additionally, researchers such as Watchko and
Tiribelli have underscored the neurotoxicity thresholds of unconjugated bilirubin and
the importance of considering factors such as albumin binding, acidosis, and sepsis
when determining treatment thresholds [17]. The American Academy of Pediatrics and
other professional bodies have periodically updated clinical practice guidelines,
integrating evidence-based thresholds and emphasizing post-discharge follow-up as a
critical component of neonatal care [18].

Thus, neonatal hyperbilirubinemia remains a multifactorial condition at the
intersection of physiology, pathology, and health system performance. Despite
substantial progress in diagnostic tools and therapeutic modalities, ongoing research
and implementation of modern, standardized, and individualized approaches are
essential to further reduce the burden of bilirubin-induced neurological dysfunction
and to improve neonatal outcomes globally [19, 20].

Neonatal jaundice remains the most frequent clinical condition requiring medical

intervention during the first week of life. While most cases represent a transient
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physiological transition, the potential for unconjugated bilirubin to cross the blood-
brain barrier poses a permanent threat of bilirubin-induced neurological dysfunction
(BIND) and its chronic form, kernicterus. Global health data suggests that universal
screening and the timely application of intensive phototherapy are the primary defenses
against neonatal neurological disability.

Pathophysiology of Bilirubin Metabolism

The high prevalence of hyperbilirubinemia in neonates is driven by a unique
physiological "perfect storm." Newborns possess a significantly higher red blood cell
mass with a shorter lifespan (approximately 70-90 days) compared to adults, leading
to an increased bilirubin load. This is compounded by the immaturity of the liver's
enzyme  systems, specifically a deficiency in uridine diphosphate
glucuronosyltransferase (UGT1AL), which is responsible for bilirubin conjugation.

Furthermore, the neonatal gut contains high levels of the enzyme $\beta$-
glucuronidase, which deconjugates direct bilirubin back into its lipid-soluble indirect
form. This process, known as enterohepatic circulation, allows bilirubin to be
reabsorbed into the bloodstream rather than excreted, particularly in infants with
delayed meconium passage or inadequate early feeding.

Differential Diagnosis: Physiological vs. Pathological

Clinical differentiation is critical for the neonatologist. Physiological jaundice
typically appears between 36 and 72 hours of life, characterized by a slow rate of
bilirubin increase and spontaneous resolution within two weeks. In contrast,
pathological jaundice is identified by its early onset (within the first 24 hours), a rapid
daily bilirubin increase exceeding $85% $\mu$mol/L, or persistence beyond 21 days.
Unlike the benign physiological form, pathological jaundice is often associated with
underlying conditions such as hemolysis, infection, or metabolic disorders, and may
present with clinical symptoms like lethargy or poor feeding.

Bilirubin Encephalopathy and the Risk of Kernicterus
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Unconjugated bilirubin acts as a potent neurotoxin with a high affinity for the
lipid-rich structures of the central nervous system. When the binding capacity of
albumin is exceeded, free bilirubin infiltrates the basal ganglia and brainstem nuclei.

The acute phase of encephalopathy manifests through subtle signs: hypotonia,
lethargy, and a characteristic high-pitched cry. If left untreated, the condition
progresses to an irreversible phase marked by opisthotonus (severe arching of the
back), fever, and seizures. This underscores the necessity of using hour-specific
nomograms, such as the Bhutani Nomogram, to assess the risk level of every infant
prior to hospital discharge.

Contemporary Management Strategies

Intensive Phototherapy

Phototherapy is the established "gold standard" of treatment. It utilizes light in the
blue-green spectrum (430-490 nm) to transform bilirubin into water-soluble isomers,
such as lumirubin, which can be excreted in bile and urine without requiring hepatic
conjugation. Modern LED units have revolutionized this therapy by providing high-
intensity irradiance without the risk of thermal injury. To maximize efficacy, the
infant's skin exposure must be optimized, and the distance between the light source and
the patient should be minimized according to the manufacturer's safety standards.

Nutritional Support and Hydration

Optimal management emphasizes the role of enteral nutrition. Increased
frequency of breastfeeding (8-12 times per day) is vital, as it promotes bowel
movements and limits enterohepatic circulation. It is a common misconception that
oral water or glucose supplements can reduce bilirubin levels; in fact, these may
interfere with breastfeeding and do not assist in the excretion of unconjugated bilirubin.
Intravenous fluid therapy is reserved only for infants showing signs of dehydration or
those approaching the threshold for an exchange transfusion.

Conclusion

The management of neonatal hyperbilirubinemia has evolved toward a more

objective, evidence-based approach. The integration of non-invasive transcutaneous
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bilirubinometry and high-intensity LED phototherapy has significantly reduced the
need for invasive procedures. However, maintaining high clinical vigilance remains
essential to ensure that no infant suffers from the preventable consequences of

kernicterus.
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