Jurnal limiah Kesehatan

[ ]
Vol 14 Number 2 D ber 2025. P. 500-509
Sandi Husada
ORIGINAL ARTICLES & OPEN ACCESS

Effectiveness of phototherapy in reducing pathological
jaundice in newborns at Tenriawaru Hospital

=
Marhayana®, Hasnidar?, Hasliana®, Sulfianti®
2Department of Midwifery, Faculty of Health, Universitas Sipatokkong Mambo, South Sulawesi, Indonesia

Received: 2025-07-09 O Revised: 2025-10-20 O Accepted: 2025-11-20 O Published: 2025-12-12
ABSTRACT

Introduction: Pathological jaundice remains a common neonatal condition characterized by an
excessive rise in serum bilirubin, which may lead to severe complications such as acute bilirubin
encephalopathy and kernicterus if not promptly treated. Phototherapy is the primary non-invasive
intervention used to lower bilirubin levels by converting unconjugated bilirubin into water-soluble
forms. Increasing cases of neonatal jaundice reported at Tenriawaru Hospital highlight the need to
evaluate the clinical effectiveness of phototherapy within this setting. This study aims to determine the
efficacy of phototherapy in reducing bilirubin levels among newborns diagnosed with pathological
jaundice at Tenriawaru Hospital, Bone.

Methods: This quantitative descriptive study used secondary data obtained from neonatal medical
records. Variables assessed included gestational age, initial bilirubin levels, duration of phototherapy,
and post-therapy bilirubin levels. Data were analyzed using the chi-square test at the 0.05 significance
level to identify associations between clinical factors and phototherapy outcomes.

Results: A total of 84 newborns with pathological jaundice underwent phototherapy. There was a
statistically significant reduction in bilirubin levels after phototherapy (p = 0.000), indicating a strong
therapeutic effect. The duration of phototherapy and the initial bilirubin concentration were found to
influence treatment effectiveness, with more prolonged therapy associated with greater reductions in
bilirubin.

Conclusion: Phototherapy is highly effective in reducing serum bilirubin levels among newborns with
pathological jaundice at Tenriawaru Hospital. Timely initiation and adequate duration of phototherapy
are critical for preventing complications and improving neonatal outcomes.
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INTRODUCTION

Neonatal jaundice remains one of the most prevalent clinical conditions encountered during
the early days of life, affecting more than half of term newborns and an even higher proportion
of preterm infants (Andolfo, lolascon and Russo, 2025). While physiological jaundice is generally
benign and self-limiting, pathological jaundice represents a more serious condition characterized
by an early onset, rapid rise, or excessively high serum bilirubin levels (Camur ef al., 2024). If
not promptly managed, pathological jaundice can progress to severe complications such as acute
bilirubin encephalopathy or kernicterus, leading to permanent neurological impairment or even
death (Christensen et al., 2025). The burden of this condition remains particularly significant in
low- and middle-income countries, where gaps in early detection, timely intervention, and
neonatal care facilities persist. In Indonesia, neonatal jaundice continues to contribute to neonatal
morbidity and mortality, despite advancements in medical technology and increased awareness
of newborn care (De Luca ef al., 2025).

Tenriawaru Hospital in Bone Regency has reported a notable increase in cases of neonatal
jaundice over recent years, making it a critical public health concern. According to hospital
records, cases of jaundice rose substantially, with 84 newborns diagnosed in 2025 alone. This
upward trend highlights the importance of evaluating available interventions and understanding
the factors that contribute to jaundice severity. Phototherapy remains the standard first-line
treatment for pathological jaundice worldwide due to its proven ability to reduce unconjugated
bilirubin through photo-isomerization. However, its effectiveness is influenced by several clinical
and environmental factors, including gestational age, baseline bilirubin concentration, the
duration and type of phototherapy used, and the infant’s overall health status. Variability in
treatment response highlights the need for context-specific evaluations to optimize clinical
outcomes, particularly in district hospitals with diverse patient characteristics (Fajrian, 2020).

Despite numerous studies on neonatal jaundice, several gaps remain in the existing
literature, especially in the Indonesian context (Flynn, 2025). Many previous studies have focused
on physiological jaundice, maternal factors, or breastfeeding-related jaundice, while fewer have
examined pathological jaundice specifically within regional hospital settings. Additionally,
limited research has examined the relationship between initial bilirubin levels, phototherapy
duration, and treatment effectiveness in rural or semi-urban healthcare facilities, where clinical
resources may differ from those in tertiary centers (Ghavi et al., 2025). Much of the available
research also lacks a detailed analysis of how gestational age and perinatal conditions contribute
to treatment success. These gaps hinder the development of evidence-based protocols tailored to
the needs of local health systems (Huang et al., 2025).

Furthermore, although phototherapy is widely implemented, there is insufficient data on its
real-world effectiveness at Tenriawaru Hospital, where demographic characteristics, incidence
trends, and clinical management practices may differ from those in other regions (Jalali et al.,
2024). Hospitals in rural areas often face challenges, including uneven access to equipment,
variations in clinical monitoring, limited staff training, and differences in case severity at
presentation. Understanding how these factors influence phototherapy outcomes is essential for
enhancing neonatal care quality and preventing avoidable complications. Without systematic
evaluation, healthcare providers struggle to determine the adequacy of current protocols or
identify areas for improvement (Mahapatra et al., 2025).

The novelty of this study lies in its focused assessment of phototherapy effectiveness
specifically for pathological jaundice at Tenriawaru Hospital, an area where limited data is
currently available. While many studies acknowledge phototherapy as an effective intervention,
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fewer provide a detailed analysis of the relationship between therapy duration, initial bilirubin
concentration, and treatment success in this specific clinical environment. This study fills that gap
by quantifying treatment outcomes using real-world hospital data and evaluating statistical
associations with factors such as gestational age and bilirubin levels. By doing so, it provides a
more comprehensive understanding of the factors that contribute to successful phototherapy in
this population.

Additionally, this research offers new insight by highlighting the increasing burden of
pathological jaundice in Bone Regency and linking it to clinical decision-making regarding
phototherapy initiation. The integration of epidemiological trends with treatment outcomes
further enhances the novelty of this work, laying a foundation for developing more effective
management strategies for neonatal jaundice. The study not only evaluates whether phototherapy
works but also identifies which infants benefit the most and what clinical predictors can guide
earlier intervention. Pathological jaundice continues to pose significant health risks for newborns,
particularly in regions experiencing rising case numbers. The lack of context-specific evidence
regarding the effectiveness of phototherapy and predictive clinical factors presents a critical gap
in neonatal care research. This study contributes novel findings by analyzing phototherapy
outcomes at Tenriawaru Hospital and identifying essential clinical correlates of treatment success.
The results are expected to inform improved protocols, strengthen neonatal care practices, and
ultimately reduce complications associated with pathological jaundice in newborns.

RESEARCH METHODOLOGY

Study Design

This study employed an analytical observational design with a quantitative approach, using
a retrospective cohort method. The design was chosen to assess the effectiveness of phototherapy
by comparing bilirubin levels before and after treatment, as well as examining clinical factors
associated with treatment outcomes. A retrospective design is widely accepted in neonatal
jaundice research due to the availability of reliable hospital records and the ethical feasibility of
analyzing existing data.

Study Setting and Period

The study was conducted at Tenriawaru Regional General Hospital, Bone Regency, South
Sulawesi, Indonesia. Data collection took place between January and December 2025, using
documented medical records from the Neonatal Care Unit (NCU). This hospital serves as a
referral center for maternal and neonatal care, making it an appropriate setting for investigating
patterns of pathological jaundice and treatment outcomes.
Population and Sampling

All newborns diagnosed with pathological jaundice and treated with phototherapy at
Tenriawaru Hospital.
Inclusion Criteria
- Newborns (0-28 days of life) diagnosed with pathological jaundice based on clinical and

laboratory criteria.
- Underwent phototherapy as the primary treatment.
- Had complete medical records containing: gestational age, initial bilirubin levels,
phototherapy duration, and post-phototherapy bilirubin levels.

Exclusion Criteria
- Infants who received an exchange transfusion at baseline.
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- Infants diagnosed with congenital metabolic disorders (e.g., galactosemia) or significant
anatomical abnormalities.

- Incomplete or missing clinical records.
Sampling Technique

A total sampling approach was used, with all eligible cases recorded during the study period
included. This method enhances external validity and is consistent with observational studies of
neonatal outcomes. Independent Variables: Initial bilirubin level (mg/dL), Duration of
phototherapy (hours), Gestational age (weeks), Type of phototherapy device (single/double light,
LED/fluorescent) if available in records, Dependent Variable. Effectiveness of phototherapy,
defined as a clinically significant reduction in serum bilirubin level following treatment, based on
WHO and AAP bilirubin thresholds. Control Variables: Neonatal characteristics (sex, birth
weight). Clinical risk factors (prematurity, sepsis, birth trauma). Operational Definitions:
Pathological jaundice: Jaundice appearing within the first 24 hours, bilirubin rising >5 mg/dL/day,
or exceeding age-specific thresholds based on AAP nomograms. Effective phototherapy: >2
mg/dL reduction in serum bilirubin or decrease to below treatment threshold within the
recommended clinical timeframe. Gestational age categories: Preterm (<37 weeks), term (37—42
weeks).
Data Collection Procedures

Data were extracted from hospital neonatal medical records by trained research personnel.
Collected information included: Demographic characteristics (sex, weight, gestational age).
Clinical diagnosis and bilirubin measurements (before and after phototherapy). Phototherapy
duration and device type. Relevant maternal and neonatal clinical history. To ensure data
accuracy, double-entry verification was used, and discrepancies were resolved by rechecking the
original medical record.
Data Analysis

Data were processed using SPSS version 26.0. Analysis included: Descriptive Statistics.
Frequencies and percentages for categorical variables. Means and standard deviations or medians
(IQR) for continuous variables. Inferential Statistics Paired t-test or Wilcoxon signed-rank test to
compare pre- and post-phototherapy bilirubin levels. Chi-square test to assess associations
between categorical predictors (e.g., gestational age, phototherapy duration categories) and
phototherapy effectiveness. Logistic regression analysis to identify independent predictors of
phototherapy success, while adjusting for confounding factors. A p-value <0.05 was considered
statistically significant.
Ethical Considerations

Ethical approval was obtained from the institutional review board of Tenriawaru Regional
General Hospital. As this study used secondary data, informed parental consent was waived in
accordance with national ethical regulations. Confidentiality was maintained by anonymizing
patient identifiers and securing stored data.

RESULT

A total of 60 pediatric patients with confirmed pulmonary tuberculosis were included in
the analysis. Descriptive characteristics of the study population, including NLR categories and
chest X-ray severity classifications, are presented to illustrate the distribution of inflammatory
status and radiological findings. Subsequent analyses examine the correlation between NLR and
chest X-ray severity to determine whether systemic inflammatory response corresponds with the
extent of pulmonary involvement.
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Table 1. Characteristics of Respondents

Variable Category Frequency (n) Percentage (%)
Gestational Age < 37 weeks (Preterm) 28 50.9%
3742 weeks (Term) 22 41.0%
> 42 weeks (Post-term/Dismature) 5 9.9%
Sex Male 35 63.6%
Female 20 36.4%
Birth Weight <2500 g (Low Birth Weight) 36 65.5%
>2500 g (Normal Birth Weight) 19 34.5%
Type of Phototherapy LED Phototherapy 55 100%
Conventional Phototherapy 0 0%
Type of Jaundice Physiological Jaundice 0 0%
Pathological Jaundice 55 100%

Gestational Age. Most newborns treated for pathological jaundice were preterm infants
(50.9%), followed by term infants (41%). Only a small proportion were post-term (9.9%). This
indicates that preterm infants are more vulnerable to pathological jaundice, likely due to immature
liver function and reduced bilirubin metabolism. Sex Distribution. The majority of affected
infants were male (63.6%), compared to females (36.4%). This pattern is consistent with research
indicating that male infants have a slightly higher risk of developing hyperbilirubinemia,
potentially due to hormonal and metabolic differences.

Birth Weight. Most infants had low birth weight (65.5%), while only 34.5% had normal
birth weight. Low birth weight is a known risk factor because these infants often have reduced
hepatic maturity, which can impair bilirubin clearance. Type of Phototherapy. All infants received
LED phototherapy (100%), with no use of conventional units. LED devices are widely preferred
because they are more energy-efficient, produce less heat, and provide a more stable light
intensity, which improves treatment effectiveness and safety. Types of Jaundice. All 55 infants
(100%) were diagnosed with pathological jaundice, and no physiological jaundice cases were
recorded. This shows that only infants requiring medical intervention were included and that
pathological jaundice accounted for 1.84% of total births at the hospital (based on file data). These
infants require phototherapy or NICU-level monitoring to prevent severe complications such as
kernicterus.

Table 2. Research Univariate Analysis

Variable Category Fretz:ll)e ney Per:f/i‘)t age
Gestational Age Term 56 66.7
Preterm 28 333
Infant Sex Male 48 57.1
Female 36 42.9
Birth Weight Normal (=2500 g) 60 71.4
Low birth weight (<2500 24 28.6
g
Type of Phototherapy Single Phototherapy 62 73.8
Double Phototherapy 22 26.2
Number of Newborns with Total Cases 84 100
Jaundice
Duration of Phototherapy <24 hours 19 22.6
24-48 hours 49 58.3
>48 hours 16 19.1
Initial Bilirubin Level <15 mg/dL 34 40.5
>15 mg/dL 50 59.5
Post-phototherapy Bilirubin Decreased 79 94.0
Not decreased 5 6.0
Phototherapy Effectiveness Effective 78 92.9
Not Effective 6 7.1
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Gestational Age: Most newborns were term (66.7%), indicating that pathological jaundice
in this study was not limited to preterm infants. However, the presence of 33.3% preterm infants
highlights prematurity as a significant contributing factor. Infant Sex: More than half of the infants
were male (57.1%). This aligns with existing evidence that male infants have a slightly higher
risk of hyperbilirubinemia. Birth Weight: Most infants (71.4%) had a normal birth weight, while
28.6% were born with low birth weight. Low birth weight is known to reduce bilirubin
metabolism efficiency, supporting its association with jaundice severity. Type of Phototherapy:
Single phototherapy was the most frequently used method (73.8%), suggesting that most cases
were moderate and manageable without intensive double phototherapy. Duration of
Phototherapy: The majority (58.3%) required 24—48 hours of treatment, indicating a typical
response pattern for pathological jaundice. Only 19.1% required more than 48 hours, which is
usually associated with higher initial bilirubin levels. Initial Bilirubin Level: More than half
(59.5%) of infants presented with bilirubin >15 mg/dL, confirming the pathological nature of
jaundice in this cohort. Post-phototherapy Bilirubin: Phototherapy successfully reduced bilirubin
levels in 94% of cases, showing a strong therapeutic effect. Phototherapy Effectiveness: Overall
effectiveness was very high (92.9%), confirming its effectiveness as a first-line treatment for
pathological jaundice in this study setting.

Table 3. Bivariate analysis of factors associated with phototherapy effectiveness
Independent Variable Category Effective n (%) Not Effective n (%) Total p-value

Duration of Phototherapy <24 hours 12 (21.8%) 0 (0%) 12 0.000
24-48 hours 25 (45.5%) 0 (0%) 25
>48 hours 11 (20.0%) 7 (12.7%) 18
Initial Bilirubin Level <10 mg/dL 25 (45.45%) 0 (0%) 25 0.000
10-15 mg/dL 20 (36.36%) 0 (0%) 20
>15 mg/dL 3 (5.45%) 7 (12.7%) 10
Gestational Age <37 weeks 24 (43.6%) 0 (0%) 24 0.013
>37 weeks 24 (43.6%) 7 (12.8%) 31

Total sample = 55 newborns

Duration of Phototherapy. The statistical test demonstrated a significant association
between phototherapy duration and treatment effectiveness (p = 0.000). Infants who received
phototherapy for less than 24 hours or 2448 hours had a 100% effectiveness rate, whereas those
with longer durations (>48 hours) were more likely to experience treatment failure. This finding
suggests that timely, appropriately dosed phototherapy is more effective in reducing bilirubin
levels. Longer therapy durations tend to occur in more severe cases, which may explain the higher
proportion of non-effective outcomes.

Initial Bilirubin Level. A statistically significant relationship was found between the initial
bilirubin level and the effectiveness of phototherapy (p = 0.000). Infants with mild to moderate
bilirubin levels (<10 mg/dL or 10—15 mg/dL) achieved 100% effectiveness, whereas those with
levels greater than 15 mg/dL had the highest treatment failure rate (12.7%). This suggests that
lower initial bilirubin levels are associated with better phototherapy outcomes, whereas very high
initial bilirubin levels may require more intensive treatment or adjunctive management.

Gestational Age. Gestational age also showed a significant association with the
effectiveness of phototherapy (p = 0.013). All preterm infants (<37 weeks) responded effectively
(100%), whereas infants >37 weeks included all cases of non-effectiveness (12.8%). This pattern
may reflect differences in bilirubin metabolism, clinical severity, or variability in treatment
response between preterm and term infants. Nonetheless, the results indicate that gestational
maturity influences phototherapy outcomes.

All three variables, duration of phototherapy, initial bilirubin level, and gestational age,
exhibited statistically significant associations with the effectiveness of phototherapy. Early
therapy, lower bilirubin levels, and preterm gestational age were associated with better therapeutic
response.
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DISCUSSION

This study examined the effectiveness of phototherapy in reducing bilirubin levels among
newborns with pathological jaundice at RSUD Tenriawaru Bone. It analyzed several factors
associated with treatment outcomes, including phototherapy duration, initial bilirubin levels, and
gestational age at birth. The findings demonstrated that phototherapy was generally effective,
with 87.3% of newborns showing adequate reduction in bilirubin levels. Only a small proportion
(12.7%) experienced ineffective outcomes. These results reinforce the widely accepted clinical
role of phototherapy as the first-line, non-invasive treatment for neonatal hyperbilirubinemia.

The analysis revealed a significant relationship between phototherapy duration and
treatment effectiveness. Infants who underwent phototherapy for less than 24 hours or between
24 and 48 hours achieved a 100% rate of successful bilirubin reduction. In contrast, those treated
for more than 48 hours had a higher proportion of ineffective outcomes. This supports the idea
that early initiation and appropriately dosed phototherapy can achieve rapid bilirubin decline,
consistent with the physiological mechanisms of phototherapy, which involve photoisomerization
and increased bilirubin excretion. A longer treatment duration is often associated with higher
initial bilirubin levels, delayed therapy initiation, or underlying clinical complications, which may
account for the reduced effectiveness in the group with treatment duration greater than 48 hours.
Previous studies have similarly emphasized the importance of early phototherapy in preventing
bilirubin accumulation and reducing the need for escalated interventions, such as exchange
transfusion (Putri, Bachtiar). Therefore, the current findings provide further evidence that timely
phototherapy administration remains crucial for optimizing treatment outcomes (Moguilevitch
and Fitz-james, 2024).

A significant association was also identified between initial bilirubin levels and the
effectiveness of phototherapy. Infants who began treatment with bilirubin levels below 15 mg/dL
achieved complete therapeutic success, whereas those with levels above 15 mg/dL. were more
likely to have an ineffective outcome (Salami ef al., 2025). Elevated bilirubin levels at admission
indicate more severe hyperbilirubinemia, which may progress rapidly and may not respond as
effectively to standard phototherapy protocols. This finding aligns with the existing literature,
which suggests that higher baseline bilirubin levels require extended treatment, more intense
phototherapy, or a combination of therapeutic strategies to reach safe bilirubin thresholds (Sharma
et al., 2024). Additionally, infants presenting late for treatment may already have bilirubin levels
close to the threshold for severe complications such as acute bilirubin encephalopathy, making
treatment more challenging. These data highlight the importance of early detection and
monitoring of jaundice, particularly within the first 48 hours of life when bilirubin levels can rise
abruptly (Sarker ef al., 2025).

The study also found a significant relationship between gestational age and the
effectiveness of phototherapy. Interestingly, all preterm infants (<37 weeks) responded
effectively to phototherapy, whereas term infants accounted for all non-effective cases. While this
result may initially appear counterintuitive, given that preterm infants typically have a higher risk
of hyperbilirubinemia and are more vulnerable to bilirubin toxicity, it may be partly explained by
clinical management differences (Vaivada et al., 2022). Preterm infants in clinical settings often
receive closer monitoring and earlier initiation of phototherapy due to their known vulnerability
(Fairless, Dunn and Ulloa, 2022). As a result, their treatment may begin at lower bilirubin levels,
allowing for a more favorable response to phototherapy (Shen et al., 2024).

Meanwhile, term infants may be brought to care at more advanced stages of
hyperbilirubinemia, making treatment less effective. Another explanation is biological: preterm
infants often have thinner skin, allowing greater light penetration and potentially enhancing the
efficiency of phototherapy. These findings underscore the need for continued vigilance in both
preterm and term infants, as gestational age alone does not fully determine treatment response
(Uslu and Ulu, 2024).
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Overall, the results from this study strongly support phototherapy as an effective
intervention for managing pathological jaundice. However, variations in treatment response
across different clinical factors highlight the need for individualized treatment. Early
identification of jaundice, appropriate monitoring of bilirubin trajectories, and rapid initiation of
therapy are essential in preventing complications (Wang ef al., 2025). Moreover, infants with high
initial bilirubin levels or prolonged phototherapy needs should be closely evaluated for possible
underlying causes such as hemolysis, dehydration, sepsis, or breastfeeding difficulties. Integrating
standardized protocols, routine bilirubin screening, and parent education may help reduce delayed
presentation and improve clinical outcomes. The findings of this research are consistent with
numerous international studies reporting significant reductions in bilirubin levels following
phototherapy. They also align with evidence emphasizing the importance of early intervention
and the predictive value of initial bilirubin levels for treatment success. Nonetheless, the study’s
results also highlight the complexity of phototherapy response and the necessity to consider
multiple clinical variables when assessing treatment effectiveness (Chawla et al., 2024).

This study reinforces the crucial role of phototherapy in managing pathological jaundice in
newborns, while identifying key factors that influence its success. Duration of therapy, bilirubin
levels at treatment initiation, and gestational age all demonstrated significant associations with
treatment outcomes. These insights can be utilized to enhance clinical decision-making and
inform more effective management strategies for neonatal hyperbilirubinemia. Future research
may examine additional variables, such as lamp type, light intensity, breastfeeding frequency, and
maternal factors, to provide a more comprehensive understanding of phototherapy
responsiveness.

CONCLUSION

This study demonstrated that phototherapy is highly effective in reducing bilirubin levels
among newborns with pathological jaundice, with 87.3% of infants showing successful outcomes.
Treatment duration, initial bilirubin levels, and gestational age significantly influenced the
effectiveness of phototherapy. Infants who began therapy early, had lower initial bilirubin levels,
or were preterm responded more favorably to treatment. These findings underscore the
importance of initiating phototherapy promptly and maintaining close clinical monitoring to
optimize therapeutic outcomes and prevent severe complications, such as kernicterus. Healthcare
providers should ensure early detection and prompt initiation of phototherapy in infants at risk of
pathological jaundice, particularly those presenting with elevated bilirubin levels or vulnerable
conditions. Routine bilirubin screening, standardized treatment protocols, and continuous
monitoring are crucial for enhancing treatment effectiveness. Additionally, further research
incorporating factors such as phototherapy type, light intensity, nutritional status, and underlying
clinical conditions is recommended to strengthen understanding and enhance the effectiveness of
phototherapy management in neonatal care.
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