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Abstract

The systemic vascular effects of phototherapy remain incompletely understood, with conflicting evidence regarding its influence on Ductus Arteriosus
(DA) closure. We aimed to evaluate the association between phototherapy and DA patency in term and preterm neonates using a reanalyzed historical
cohort. In this retrospective cohort study, 229 neonates hospitalized between November 1994 and August 1995 were included. Infants were classified
into phototherapy (n=111) and control (n=118) groups. Echocardiographic assessments were performed using blinded two-dimensional and color
Doppler imaging. The primary outcome was persistent DA patency. DA patency was identified in 12 infants (5.2%). The incidence was higher in preterm
compared to term neonates (8.1% vs. 3.9%). Phototherapy exposure was not significantly associated with increased DA patency (odds ratio [OR]: 0.75;
95% confidence interval [CI]: 0.23-2.43; p=0.628). The relatively small number of events and wide confidence intervals suggest limited statistical power
to detect modest effects. The historical nature of the cohort, predating modern LED phototherapy and early pharmacologic ductal interventions, allowed
evaluation in a relatively low-confounding physiological setting. Phototherapy was not associated with a statistically significant change in DA patency
in this cohort. However, given the biological plausibility of light-induced vascular effects and the uncertainty reflected in wide confidence intervals, a
clinically relevant effect cannot be excluded, particularly in preterm infants. These findings highlight the need for adequately powered prospective
studies incorporating modern phototherapy technologies and biochemical markers.
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The ductus arteriosus is a key fetal vascular structure
that normally undergoes functional closure within
the first 24-72 hours after birth, followed by
anatomical obliteration. Disruption of this process,
particularly in preterm infants, may result in Patent

1.Introduction

Neonatal jaundice remains the most common cause of
readmission in term neonates, primarily due to the
accumulation of unconjugated bilirubin 1.2. More than

60% of term and 80% of preterm infants develop
visible jaundice during the first week of life. Although
usually benign, excessive bilirubin levels may lead to
acute bilirubin encephalopathy or kernicterus if
untreated. Phototherapy is the cornerstone of
treatment and has significantly reduced the need for
exchange  transfusion and the long-term
consequences of bilirubin-induced neurotoxicity 13.

Beyond its established neuroprotective role,
phototherapy has been increasingly evaluated for
potential systemic effects, particularly on neonatal
cardiovascular physiology 4. Light exposure may
influence vascular tone through mechanisms
involving nitric oxide signaling, oxidative stress, and
prostanoid pathways 5-7. These effects may be
especially relevant in preterm infants, where
immature vascular regulation may predispose to
altered ductal tone and delayed closure of the Ductus
Arteriosus (DA) 89.

Ductus Arteriosus (PDA), which is associated with
pulmonary overcirculation, respiratory morbidity,
and increased mortality 19 Given this clinical
importance, potential external modulators of ductal
closure, including phototherapy, warrant careful
investigation.

Experimental and clinical studies have suggested a
possible interaction between phototherapy and
ductal physiology. Animal studies have demonstrated
light-induced vasodilation of ductal tissue 1!, while
early clinical observations reported an increased
incidence of PDA in phototherapy-exposed preterm
infants and suggested that thoracic shielding might
mitigate this effect 12. However, subsequent studies
have yielded conflicting results, and the relationship
remains controversial, with potential confounding by
gestational age, illness severity, and treatment
duration 13,
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Despite decades of research, the optimal
management of PDA, particularly in preterm
neonates, remains debated, with increasing emphasis
on individualized approaches. At the same time, the
systemic vascular effects of phototherapy are not
fully understood. Recent randomized trials and meta-
analyses have reported inconsistent findings
regarding the association between phototherapy and
DA patency, and Cochrane reviews continue to
highlight the lack of definitive evidence in this area,
particularly with respect to optimal treatment
parameters and systemic effects 81415,

Despite decades of widespread phototherapy use in
neonatal  practice, its  potential  systemic
hemodynamic effects, particularly on Ductus
Arteriosus (DA) physiology, remain incompletely
understood. This question has gained renewed
relevance in the modern era of high-intensity LED-
based phototherapy systems, which differ
substantially from conventional fluorescent units in
spectral characteristics, irradiance, and thermal
profile. Although contemporary devices have
improved treatment efficacy and safety, uncertainty
persists regarding whether light exposure may
modulate vascular tone and influence ductal closure,
especially in preterm infants with immature
cardiovascular regulation. In this context, carefully
reanalyzed historical cohorts provide a uniquely
valuable low-confounding physiological model,
allowing more direct evaluation of the intrinsic
vascular effects of phototherapy independent of
modern NICU interventions such as early
pharmacologic PDA closure and advanced
hemodynamic support. Therefore, the present study
aimed to reassess the association between
phototherapy exposure and DA patency in term and
preterm neonates using a well-characterized
historical cohort.

3. Materials and Methods

3.1 Study design: This study was conducted as a
retrospective  observational = cohort between
November 1994 and August 1995 in a tertiary
neonatal intensive care unit. The historical nature of
the dataset allowed for uniform phototherapy
protocols and limited confounding from modern
NICU interventions such as LED-based systems or
early pharmacologic ductus closure strategies. All

Perinatal Journal

infants were treated under standard phototherapy
protocols in use at the time, which relied on
conventional fluorescent blue-light units positioned
at a fixed distance. Similar retrospective designs have
previously been employed to evaluate ductal patency
under phototherapy exposure conditions 16.

Given the historical nature of the cohort, formal
ethics committee approval was not routinely
required at the time for noninvasive observational
studies. The present retrospective analysis was
performed using anonymized archived clinical
records in accordance with current ethical principles
and institutional standards.

3.2 Participants: A total of 229 neonates were
retrospectively included in this study, drawn
consecutively from hospital records between
November 1994 and August 1995. Participants were
divided into two cohorts: 111 infants received
phototherapy, while 118 did not and served as
controls. All neonates were admitted within the first
72 hours of life and had complete clinical and
echocardiographic data available for analysis before
and after the observation or intervention period.
Infants with major congenital anomalies were
excluded.

Additional exclusion criteria were: clinical or
documented birth asphyxia, congenital heart disease
affecting ductal patency (e.g., transposition of the
great arteries, hypoplastic left heart syndrome),
sepsis, or prior administration of medications known
to influence ductal dynamics (e.g., prostaglandins,
indomethacin). For subgroup analyses, infants were
stratified by gestational age into preterm (<37
weeks) and term (237 weeks) categories.
Stratification by gestational maturity is a common
analytical approach in PDA research 17.

3.3 Phototherapy protocol: Infants in the
phototherapy group received treatment using Philips
20W/52 blue fluorescent lamps, positioned
approximately 40 cm above the neonate. The average
spectral irradiance at this distance was 6
uW/cm?/nm,  consistent  with  international
treatment thresholds of the time 18.

To minimize potential complications, eye shields and
skin covers were routinely applied during therapy.
Infants were rotated every 3 to 4 hours to ensure
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uniform exposure and reduce localized heating.

Phototherapy was administered continuously for an
average duration of 12 to 24 hours, depending on
bilirubin levels and clinical response. The decision to
initiate or discontinue therapy was made by the
attending neonatologist, based on established
bilirubin nomograms available at the time 19.

3.4 Echocardiographic assessment

All enrolled neonates underwent transthoracic
echocardiography using a Hewlett-Packard Sonos
1000 system with a 5 MHz sector probe. Assessments
were conducted immediately before phototherapy
initiation (or at a comparable time point in control
infants), and repeated within 12 hours following the
end of therapy. The timing and technique of postnatal
ductal assessment by Doppler echocardiography was
based on prior normative studies in healthy
newborns 20.

The echocardiographic protocol included two-
dimensional imaging for anatomical evaluation and
color Doppler to assess ductus arteriosus patency,
including flow direction (left-to-right, right-to-left, or
bidirectional) and degree of residual shunting. This
dual-modality approach is well-established for
evaluating ductal patency in neonates 2.  All
examinations were interpreted in a blinded manner
by a pediatric cardiologist unaware of group
allocation, ensuring unbiased evaluation.

3.5 Statistical analysis: Data were analyzed using
SPSS version 5.0 (1995, SPSS Inc. Chicago, IL).
Continuous variables were expressed as mean *
Standard Deviation (SD), and comparisons between
groups were performed using the Student’s t-test.
Categorical variables were analyzed with the Chi-
square test (x?).

A p-value of <0.05 was considered statistically
significant. Subgroup analyses were conducted to
assess differences between term and preterm
neonates and to evaluate potential confounding
factors.

4. Results

4.1 Basic Demographic Characteristics: A total of 229
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neonates were included in the study, comprising 86
preterm and 143 term infants. Of these, 111 received
phototherapy, while 118 did not and served as the
control group.

The gender distribution between groups was
comparable, with no statistically significant
difference (p > 0.05). In the phototherapy group, 60
(54.1%) were male and 51 (45.9%) female, whereas
the control group included 63 males (53.4%) and 55
females (46.6%). These data are summarized in Table
1.

Table 1. Gender distribution of neonates according to
treatment group

Male, n Female,
Group (%) n (%) Total, n
Phototherapy | 60 (54.1) | 51 (45.9) 111
Control 63 (53.4) | 55 (46.6) 118

The mean duration of phototherapy ranged between
12 and 24 hours, with most infants receiving
continuous exposure in accordance with established
clinical protocols. No adverse effects related to
phototherapy were observed during the study
period. This duration and treatment approach are
consistent with previously reported protocols and
safety profiles of conventional blue light
phototherapy 17.18,

4.2 Ductus arteriosus patency:

Among the 229 neonates, 12 infants (5.2%) were
found to have persistent patent ductus arteriosus
(PDA) on echocardiographic assessment. Subgroup
analysis revealed a higher incidence in preterm
infants (7/86, 8.1%) compared to term infants
(5/143, 3.9%), consistent with the known
immaturity of ductal closure mechanisms in
premature neonates 10,

When analyzed according to phototherapy exposure,
PDA was observed in 5 of 111 infants (4.5%) in the
phototherapy group and in 7 of 118 infants (5.9%) in
the control group. No statistically significant
association was identified between phototherapy and
PDA (odds ratio [OR]: 0.75; 95% Confidence Interval
[CI]: 0.23-2.43; p=0.628) (Fig. 1).
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DA Patency: Phototherapy vs Control

Phototherapy Control

Group
Figure 1. DA patency according to treatment group.

The difference in PDA incidence between preterm
and term infants is further illustrated in Fig. 2,
highlighting the higher vulnerability of premature
neonates to delayed ductal closure.

DA Patency by Gestational Age

PDA (%)

Preterm Term
Gestational Age

Figure 2. DA patency according to gestational age.

Although prior experimental and clinical studies have
suggested that light exposure may influence vascular
tone and ductal dynamics (7,15), such an effect was
not demonstrated in this cohort. The relatively small
number of PDA cases and wide confidence intervals
indicate limited statistical power to detect modest
associations.

A detailed comparison of PDA prevalence according
to gestational age is presented in Table 2.

Table 2. Ductus Arteriosus (DA) patency according to
gestational age

Gestational | Total, | DA patent, | DA closed,
age n n (%) n (%)
Preterm 86 7 (8.1) 79 (91.9)
Term 143 5 (3.9) 138 (96.1)
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5. Discussion

The principal finding of this study is that
phototherapy exposure was not associated with a
statistically significant increase in persistent ductus
arteriosus patency in the overall cohort. However,
this absence of statistical significance should be
interpreted cautiously in light of the relatively small
number of PDA events and the wide confidence
intervals observed. Importantly, the higher incidence
of persistent ductal patency among preterm infants
compared with term neonates reinforces the
established concept that gestational immaturity
remains the dominant determinant of delayed ductal
closure. These findings suggest that while
phototherapy may not represent an independent
major risk factor in the overall population, subtle
hemodynamic effects cannot be excluded in
biologically vulnerable subgroups, particularly
preterm infants.

5.1 Interpretation of the main findings: Among the
229 neonates examined, 5.2% were found to have
persistent ductal patency, with a higher incidence in
preterm infants (8.1%) compared to term infants
(3.9%), consistent with established knowledge
regarding immature ductal physiology in premature
neonates 10.19.22,

In the overall cohort, phototherapy exposure was not
associated with a statistically significant increase in
ductus arteriosus patency (Odds Ratio [OR]: 0.75;
95% confidence interval [CI]: 0.23-2.43; p=0.628).
However, the wide confidence interval and low
number of events suggest limited statistical power to
detect modest effects.

Phototherapy, while primarily aimed at reducing
serum bilirubin through photoisomerization and
photooxidation, may still exert secondary effects on
vascular tone and prostaglandin metabolism. Several
plausible physiological mechanisms may underlie
such effects. Light exposure has been shown to induce
cutaneous vasodilation and potentially systemic
hemodynamic changes 7. Experimental studies have
further indicated that phototherapy may influence
vasoactive mediators such as Nitric Oxide (NO) and
prostaglandin E; (PGE;), both of which are central to
maintaining ductal patency during fetal and early

neonatal life 8.
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Therefore, although no statistically significant
association was identified in this cohort, the
possibility of a clinically relevant effect cannot be
excluded, particularly in preterm infants with
immature cardiovascular regulation. The findings
should be interpreted within the context of biological
plausibility and limited statistical precision.

5.2 Comparison with the literature: Phototherapy-
related effects on ductal physiology have been
discussed in both experimental and clinical studies,
although the evidence remains inconsistent. Early
clinical observations by Rosenfeld et al. first
suggested that phototherapy might delay ductal
closure in preterm infants and that thoracic shielding
could reduce this effect. Similar concerns were later
supported by subsequent clinical reports describing
a higher incidence of PDA among phototherapy-
exposed premature neonates 1214,

Experimental data have also provided biological
support for this hypothesis. Clyman and colleagues
demonstrated light-induced vasorelaxation of ductal
tissue in animal models, suggesting a direct
photobiological effect on ductal smooth muscle.
Additional mechanistic studies have implicated Nitric
Oxide (NO), prostaglandin E, (PGE;), and oxidative
stress pathways as potential mediators of
phototherapy-related vascular modulation,
particularly in preterm infants with immature
cardiovascular regulation 7,11,23. Figure 3 illustrates
the proposed interaction between phototherapy
exposure and neonatal ductal physiology, including
potential pathways involving nitric oxide signaling,
prostaglandin modulation, oxidative stress, and
direct smooth muscle vasorelaxation.

Phototherapy and Ductus Ductus Arteriosus Patency in Neonates
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Figure 3. Proposed biological mechanism of
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phototherapy-related DA patency

More recent clinical studies have focused on systemic
hemodynamic responses during phototherapy,
including transient increases in cardiac output and
reductions in vascular resistance. These findings
support the concept that phototherapy may exert
cardiovascular effects beyond bilirubin metabolism.
However, reported associations with PDA have
remained variable across studies, likely reflecting
differences in gestational age distribution,
phototherapy intensity, duration of exposure, and
evolving NICU practices 81624,

Phototherapy
i

T Nitric Oxide (NO)
T Prostaglandin E2 (PGE2)
T Oxidative Stress
i
Vasodilation
i
Delayed DA Closure

Fig 4. Phototherapy and DNA patency

In contrast to several earlier reports suggesting an
increased PDA risk, our findings did not demonstrate
a statistically significant association between
phototherapy exposure and persistent ductal
patency. This discrepancy may be explained by
differences in study design, sample size, patient
selection, and improvements in neonatal care over
time. Importantly, recent randomized trials and
meta-analyses have likewise reported inconsistent
results, underscoring the persistent uncertainty in
this field (26).

Nevertheless, the biological plausibility of light-
induced vascular modulation remains clinically
relevant, particularly in vulnerable preterm
populations. Although our data do not support a
definitive association, subtle hemodynamic effects
cannot be excluded, especially in the setting of
immature ductal smooth muscle responsiveness.
These considerations may remain physiologically
relevant in contemporary neonatal practice, where
modern high-intensity LED systems provide greater
irradiance and prolonged exposure compared with
historical fluorescent units 27.28,
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Taken together, the available literature and our
findings suggest that the relationship between
phototherapy and ductal patency remains
unresolved. Rather than establishing causality, the
current evidence supports continued investigation in
adequately powered prospective studies, particularly
in extremely preterm infants.

5.3 Relevance of historical cohorts: One of the key
strengths of this study lies in the historical nature of
the dataset, which allows evaluation of phototherapy-
related vascular effects in a relatively low-
confounding clinical environment. In contrast to
modern Neonatal Intensive Care Units (NICUs),
where multiple simultaneous interventions may
influence ductal physiology, earlier cohorts provide a
more controlled setting for  physiological
interpretation.

Contemporary NICU practice is characterized by the
widespread use of high-intensity LED phototherapy
systems, early pharmacologic ductal closure
strategies (e.g., indomethacin or ibuprofen), and
advanced hemodynamic support. While these
advances have improved neonat al outcomes, they
also introduce significant heterogeneity and potential
confounding when assessing the isolated effects of
phototherapy on vascular tone and ductal dynamics.

In contrast, the present cohort reflects a period with
more standardized care conditions, absence of LED-
based phototherapy, and limited early pharmacologic
intervention for PDA. This creates a “cleaner”
physiological model in which the direct vascular
effects of light exposure can be more readily
observed. Such conditions are difficult to replicate in
modern clinical trials, where ethical and clinical
constraints necessitate early interventions.

Importantly, even recent randomized controlled
trials and meta-analyses, including a double-blind
randomized trial by Mannan and Amin 25 and a
contemporary systematic review by Simon et al. 26,
have reported inconsistent and inconclusive findings
regarding the relationship between phototherapy
and PDA, underscoring the persistent uncertainty in
this field 825. This heterogeneity further supports the
value of revisiting historical datasets, which may help
isolate fundamental physiological mechanisms that
are otherwise obscured in contemporary settings.
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Therefore, rather than representing a limitation, the
historical design of this study provides a unique
opportunity to examine the intrinsic interaction
between phototherapy and ductal physiology. These
insights remain relevant in modern neonatal care,
particularly in understanding the biological
plausibility of light-induced vascular modulation.

5.4 Strengths and limitations: This study has
several methodological strengths. The inclusion of
229 neonates allowed meaningful comparisons
between term and preterm infants, and blinded
echocardiographic assessments reduced the risk of
diagnostic bias. In addition, the availability of
echocardiographic evaluations before and after
phototherapy exposure enabled temporal

assessment of ductal patency in relation to treatment
19,20,

However, several limitations should be
acknowledged. First, the retrospective design
inherently limits control over potential confounding
variables, including illness severity, hydration status,
and endogenous prostaglandin activity, all of which
may influence ductal closure. Second, the relatively
small number of PDA events reduced statistical
power and resulted in wide confidence intervals,
limiting the ability to exclude modest but clinically
relevant associations 29.

In addition, direct measurement of irradiance and
biochemical markers such as nitric oxide,
prostaglandin E,, and oxidative stress indices was not
available, restricting mechanistic interpretation and
precluding causal inference. The phototherapy
protocol also reflects clinical standards of the 1990s
and primarily involved conventional fluorescent light
systems, which differ substantially from current high-
intensity LED devices in spectral characteristics and
irradiance profile 273031,

Despite these limitations, the historical nature of the
cohort provides an important methodological
advantage by allowing assessment in a relatively low-
confounding physiological setting, with limited
influence from modern interventions such as early
pharmacologic PDA closure and advanced
hemodynamic support. This may enhance the
interpretability of the observed association between
phototherapy exposure and ductal patency.
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5.5 Clinical relevance: Clinically, these findings do
not support a change in routine phototherapy
practices in term neonates, where the risk of
persistent Ductus Arteriosus (DA) appears minimal.
However, in preterm infants, particularly those born
before 34 weeks of gestation, a more cautious
approach may be warranted due to their increased
physiological vulnerability 18.

In this population, timely recognition and
management of PDA remain critical, with
pharmacologic closure using prostaglandin inhibitors
such as indomethacin continuing to play a central
role, especially in extremely preterm infants at
highest risk 29.

Given the potential for light-induced vascular effects,
clinicians may consider targeted strategies such as
optimizing phototherapy duration, maintaining
adequate hydration, and implementing focused
echocardiographic monitoring in at-risk neonates 32.
These considerations are particularly relevant in
extremely low birth weight infants, where even
subtle alterations in vascular tone may lead to
clinically significant hemodynamic changes.

Adjunctive approaches, including thoracic shielding
or cyclical phototherapy, may offer a balance
between effective bilirubin reduction and minimizing
cardiovascular stress, as suggested by recent clinical
studies 8.

Ultimately, individualized management, balancing
bilirubin neurotoxicity risk against cardiovascular
stability, remains essential, particularly in fragile
preterm populations. In everyday neonatal practice,
these findings may be particularly relevant when
managing fragile preterm infants, where even subtle
hemodynamic shifts can influence clinical decision-
making.

5.6 Future research directions: To Dbetter
understand the mechanisms underlying
phototherapy-related ductal patency, future studies
should prioritize prospective, randomized controlled
trials with structured methodologies. These should
incorporate serial biochemical measurements,
including Nitric Oxide (NO), prostaglandin E, (PGE,),
and malondialdehyde (MDA), at critical time points
such as pre-treatment, mid-treatment, and post-
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treatment phases 633,

Additionally, continuous hemodynamic monitoring
using echocardiographic flow patterns and tissue
perfusion metrics may yield deeper insights into the
real-time cardiovascular effects of phototherapy 7.6,
Comparative clinical trials assessing systemic
responses to traditional fluorescent versus high-
irradiance LED phototherapy systems are warranted
to identify technology-specific risks 27.34,

Emerging evidence suggests that phototherapy may
induce oxidative stress and lipid peroxidation,
particularly in preterm and low-birth-weight
neonates, highlighting the need for further evaluation
of its long-term safety profile 2835,

Finally, longitudinal observational cohorts and
multicenter studies are essential to confirm these
findings in diverse clinical contexts, enabling
evidence-based updates to current neonatal jaundice
management protocols 217,

6. Conclusion

In this historical cohort, phototherapy was not
associated with a statistically significant increase in
ductus arteriosus patency. However, the limited
number of PDA events and wide confidence intervals
preclude exclusion of modest but clinically relevant
effects, particularly in preterm infants.

These findings reinforce gestational immaturity as
the primary determinant of delayed ductal closure
while preserving the biological plausibility of light-
related vascular modulation in vulnerable neonates

Given the increasing use of high-intensity LED
phototherapy systems in contemporary NICU
practice, the hemodynamic implications of
phototherapy remain an important unresolved
clinical question. Prospective adequately powered
studies incorporating modern phototherapy
technologies and mechanistic biomarkers are
warranted to further clarify this association.

Data availability statement: The data supporting

the findings of this study are available from the
corresponding author upon reasonable request.
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