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Introduction

Neonatal jaundice is a common physiological 
condition that affects approximately 60% of term 
and up to 80% of preterm newborns during the 
first week of life.1,2 While most cases resolve 
spontaneously or with minimal intervention, a 
subset of neonates develop progressively rising 
serum bilirubin levels that pose a significant risk 
of bilirubin-induced neurologic dysfunction 
(BIND), including acute encephalopathy and 
kernicterus. Globally, neonatal hyperbilirubinemia 
remains a major contributor to neonatal 
morbidity and mortality, with an estimated 1.1 
million infants affected annually, leading to over 
114,000 deaths and approximately 63,000 cases 
of long-term neurodevelopmental impairment.3

The burden of these preventable outcomes is 
disproportionately concentrated in low- and 
middle-income countries (LMICs), where delays 
in diagnosis and limited access to timely and 
effective treatment exacerbate clinical 

progression. South Asia and sub-Saharan Africa 
alone account for nearly three-quarters of all 
global deaths attributed to complications of 
neonatal jaundice.4 In these regions, healthcare 
has various limitations—such as delayed 
postnatal follow-up, inadequate availability of 
high-intensity phototherapy units, and poorly 
equipped blood banks—which amplify the risk of 
adverse outcomes. In Bangladesh, neonatal 
jaundice continues to be a leading cause of 
hospital admission, with clinical management 
often complicated by hemolytic diseases, sepsis, 
or prematurity. A study conducted at a tertiary 
care center in Dhaka reported that among 839 
neonates treated for jaundice, 4.9% eventually 
required exchange transfusion (ET) despite 
initiation of phototherapy, with blood group 
incompatibility and neonatal sepsis being the 
predominant underlying causes.5 

These findings highlight the urgent need for more 
effective, scalable, and non-invasive treatment 
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options that can avert the need for ET in high-risk neonates. 
According to the 2022 guidelines issued by the American 
Academy of Pediatrics (AAP), phototherapy remains the 
cornerstone of treatment for neonatal hyperbilirubinemia, with 
therapeutic thresholds defined by gestational age, postnatal age 
in hours, and presence of risk factors.6 Exchange transfusion is 
reserved for emergency cases—specifically when total serum 
bilirubin (TSB) approaches or exceeds critical thresholds, or when 
signs of acute bilirubin encephalopathy emerge.7,8 While ET is 
highly effective in rapidly lowering serum bilirubin, it is an 
invasive procedure that requires extensive resources, including 
access to well-equipped blood banks and skilled neonatal care 
teams. Furthermore, ET carries considerable risk: complications 
such as thrombocytopenia (15–35%), hypocalcemia, 
hypoglycemia, catheter-related infections, cardiac arrhythmias, 
and procedure-related mortality (up to 1%) are well documented 
in both high-income and low-resource settings.9-11

Recent technological advancements in phototherapy offer 
promising alternatives to mitigate the need for invasive 
procedures like ET. Light-emitting diode (LED) phototherapy has 
emerged as a superior alternative to conventional compact 
fluorescent or halogen-based phototherapy due to its wavelength 
specificity (centered around 460–470 nm), lower thermal output, 
higher energy efficiency, and longer operational lifespan.12 

Notably, double surface LED phototherapy systems—designed to 
irradiate both the anterior and posterior surfaces of the 
neonate—deliver higher irradiance and expose a larger skin 
surface area to therapeutic light, thereby enhancing the 
photodegradation of unconjugated bilirubin. Several studies have 
demonstrated the clinical superiority of double surface LED 
phototherapy compared to single-surface and conventional units. 

Hafidth et al. (2013) reported that neonates treated with 
double-surface phototherapy exhibited a ≥43% reduction in TSB 
within the first 12 hours, significantly higher than the 17% 
observed with single-surface phototherapy (p < 0.001).13

Importantly, none of the neonates treated with double surface 
phototherapy required ET, even when their initial bilirubin levels 
were approaching exchange thresholds. Similarly, Arnolda et al. 
(2018) demonstrated a 54% faster bilirubin decline in the first 6 
hours, a 45% higher overall rate of bilirubin clearance, and a 21% 
shorter treatment duration with double surface devices.14 Case 
reports, such as that by Abe and Fujioka (2021), further support 
the potential of double surface LED phototherapy in stabilizing 
at-risk neonates and avoiding ET entirely.15

Observing this gap in Bangladesh and the high burden of 

jaundice-related complications in resource-constrained settings, 
there is a pressing need to evaluate the real-world effectiveness 
of double surface LED phototherapy in preventing ET. This study 
aims to assess whether double surface LED phototherapy, when 
applied early in neonates with clinically significant 
hyperbilirubinemia, can prevent progression to ET, reduce 
hospitalization duration and cost, and minimize the risk of 
treatment-related complications.

Methods

This retrospective observational study was conducted at 
Bangladesh Specialized Hospital, Dhaka, analyzing medical 
records from July 2024 to January 2025. A total of 52 neonates 
admitted with clinically significant neonatal jaundice who received 
either single- or double-surface LED phototherapy were included. 
Patients with incomplete bilirubin data or congenital anomalies 
were excluded. A structured data collection sheet was used to 
extract relevant variables including sex, gestational age 
(categorized), birth weight (categorized), mode of delivery, 
phototherapy type, total serum bilirubin (TSB) levels before and 
after 24 and 48 hours of therapy, day of life when phototherapy 
was started, duration of phototherapy, duration of hospital stay, 
complications, neurological status at discharge, survival outcome, 
and need for exchange transfusion. Among the selected 
participants, patients were divided into two groups. 35 neonates 
received double-surface LED phototherapy and 17 received 
single-surface phototherapy. The primary outcome was the 
reduction in TSB after 24 hours of phototherapy. Secondary 
outcomes included duration of hospital stay, complication 
frequency, and neurological condition at discharge. Statistical 
analyses were performed using SPSS version 25. Continuous 
variables were summarized as mean ± standard deviation and 
compared using independent or paired t-tests. Categorical 
variables were expressed as frequencies and analyzed with 
chi-square or Fisher’s exact test. A p-value of <0.05 was 
considered statistically significant.

Results

A total of 52 neonates were included in the study. Of them, 27 
(51.92%) were male and 25 (48.08%) were female. Regarding 
gestational age, 24 (46.15%) were preterm, 13 (25.00%) were 
late preterm, and 15 (28.85%) were term neonates. The majority 
of neonates had very low birth weight (40.38%), followed by low 
birth weight (26.92%) and normal birth weight (32.69%), with a 
mean birth weight of 2.08 kg. Most neonates were delivered by 
lower uterine cesarean section (LUCS) (71.15%), while 28.85% 
were delivered via normal vaginal delivery. (Table-I)
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Table I. Baseline Characteristics of the Study Population (N = 52)

Characteristic Frequency (n) Percentage (%)

Sex  

Male 27 51.92%

Female 25 48.08%

Gestational Age Category  

Term 15 28.85%

Late Preterm 13 25.00%

Preterm 24 46.15%

Birth Weight Category  

Very Low Birth Weight 21 40.38%

Low Birth Weight 14 26.92%

Normal Birth Weight 17 32.69%

Mean Birth Weight                                 2.08 kg

Mode of Delivery  

LUCS 37 71.15%

NVD 15 28.85%

Among the 52 neonates, 35 (67.31%) received double surface 
LED phototherapy, while 17 (32.69%) received single surface 
phototherapy. The mean duration of phototherapy was notably 
shorter in the double surface group (26.4 hours) compared to the 
single surface group (40.3 hours). Additionally, phototherapy was 
initiated earlier in the double surface group, with a mean day of 
life of 2.5, compared to 3.7 in the single surface group. (Table-II)
Table-II : Phototherapy Details Among Neonates

Type of Frequency Percentage Mean Mean 
Phototherapy (n) (%) Duration Day of Life 
  (hours)  Started

Double Surface 35 67.31% 26.4 2.5

Single Surface 17 32.69% 40.3 3.7

In the double surface phototherapy group, the mean total serum 
bilirubin (TSB) significantly decreased from 21.99 ± 1.84mg/dL to 
13.19 ±1.80 mg/dL after 24 hours, with a mean reduction of 
8.80 ±2.60 mg/dL (p < 0.0001). In comparison, the single surface 
group showed a reduction from 17.20 ±0.90 mg/dL to 
13.84±0.90 mg/dL, with a mean reduction of 3.36 ± 1.27 mg/dL 
(p < 0.0001). The bilirubin reduction was substantially greater in 
the double surface group. (Table III)
Table III : Comparison of Total Serum Bilirubin Levels Before and After 
24 Hours of Phototherapy

Phototherapy TSB Before  TSB After 24h  TSB p-value
Type Phototherapy Phototherapy  Reduction (Before 
 (Mean ± SD) (Mean ± SD) (Mean ± SD) vs 24h)

Double Surface 21.99 ± 1.84 13.19 ± 1.80 8.80 ± 2.60 <0.0001

Single Surface 17.20 ± 0.90 13.84 ± 0.90 3.36 ± 1.27 <0.0001

Neonates treated with double surface phototherapy had a 
significantly shorter mean hospital stay (18.7 ± 6.24 hours) 
compared to those treated with single surface phototherapy (56.4 
± 4.8 hours). No immidimedate neurological abnormalities were 
detected in either group at the time of discharge.(Table-IV)

Table IV : Clinical Outcome by Phototherapy Type

Outcome Double Surface Single Surface

 (n=35) (n=17)

Mean Duration of Hospital Stay 18.7 ± 6.24 hours 56.4 ± 4.8 hours

Neurological Abnormalities  

No Abnormalities detected 35 (100%) 17 (100%)

The majority of neonates in both groups experienced no 
complications, with 77.14% in the double surface group and 
76.47% in the single surface group remaining complication-free. 
Minor complications included frequent loose stools (8.57% in 
double surface vs. 11.76% in single surface), rash (8.57% vs. 
5.88%), and dehydration (5.71% vs. 5.88%). No severe adverse 
events were reported in either group. (Table V)
Table V : Complications Reported Among Neonates

Complication Type Double Surface Single Surface 
 (n=35) (n=17)

n % n %

Frequent loose stool 3 8.57% 2 11.76%

Rash 3 8.57% 1 5.88%

Dehydration 2 5.71% 1 5.88%

No Complications 27 77.14% 13 76.47%

Among the 35 neonates who received double surface 
phototherapy, 17 had initial total serum bilirubin (TSB) levels ≥ 20 
mg/dL—typically meeting criteria for potential exchange 
transfusion. However, none of these patients required the 
procedure following double surface phototherapy. In the single 
surface group, all 17 neonates had TSB levels < 20 mg/dL, and 
none required exchange transfusion either. (Table-VI)
Table VI : Potential Exchange Transfusion Requirement vs Actual Need

Phototherapy Type Patients with TSB Patients with TSB Exchange  
 ≥ 20 mg/dL (n) < 20 mg/dL (n) Transfusion 
   Performed

Double Surface 17 18 None

Single Surface 0 17 None

Discussion

In the present cohort, nearly half of the neonates were preterm 
(46.2%) and 40.4% were classified as very low birth weight, 
which is in line with existing literature identifying these 
populations as high-risk for developing hyperbilirubinemia.16,17

Caesarean delivery accounted for over 70% of cases, a trend 
consistent with reports indicating a high prevalence of jaundice 
among neonates delivered via LUCS in LMICs.18

Phototherapy was initiated earlier and administered for a 
significantly shorter duration in neonates receiving 
double-surface LED treatment, with a mean start day of life 2.5 
and therapy duration of 26.4 hours, compared to day 3.7 and 
40.3 hours in the single-surface group. This aligns with findings 
from Arnolda et al. and Al-Hafidth et al., both of which reported 
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shorter treatment duration and faster bilirubin decline with 
double-surface setups.14,19 Specifically, Arnolda et al. documented 
a 21% shorter treatment duration and a 54% faster TSB decline 
within the first 6 hours in the double-surface group, while 
Al-Hafidth et al. found an average TSB reduction of 43.45% in the 
double-surface group versus 17.03% in the single-surface group 
after 24 hours.14,19

The current study demonstrated that double-surface LED 
phototherapy yielded a mean bilirubin reduction of 8.80 ± 2.60 
mg/dL within 24 hours, more than double the 3.36 ± 1.27 mg/dL 
reduction observed in the single-surface group, with both 
changes being statistically significant. This is comparable to 
results reported by Sillapakitkosol, who found a significantly 
greater bilirubin reduction rate (0.17 mg/dL/h vs. 0.13 mg/dL/h) 
in neonates treated with adapted double-surface units.20

The enhanced irradiance and increased skin exposure offered by 
the double-surface configuration appear to accelerate 
photoconversion and facilitate faster bilirubin clearance. Notably, 
this efficiency translated into a shorter mean hospital stay for the 
double-surface group (18.7 ± 6.24 hours vs. 56.4 ± 4.8 hours), 
supporting reports from multiple studies including Arnolda et al. 
and Rouf et al., which demonstrated shorter stays and reduced 
healthcare utilization with LED phototherapy.5,14 

These operational benefits hold considerable significance in 
resource-limited settings like Bangladesh, where prolonged 
hospitalization imposes short-term complications, along with 
financial and emotional burdens on families. Importantly, no 
neurological abnormalities were detected at discharge in either 
group, reaffirming the safety of double-surface LED phototherapy 
even at higher irradiance levels. This is consistent with findings 
from Sillapakitkosol, Abe and Fujioka, and Sherbiny et al., all of 
whom reported no increase in short-term neurological 
complications following intensive LED treatment.15,20,21

Furthermore, adverse events such as rash, diarrhea, or 
dehydration were mild, infrequent, and statistically similar 
between groups in our study, supporting safety profiles reported 
by Sabzehei et al. and Kumar et al., where side effects were 
comparable or even lower in double-surface or LED-treated 
groups.22,23

The most significant finding was that all 17 neonates with TSB ≥ 
20 mg/dL who received double-surface phototherapy avoided 
exchange transfusion, compared to none in the single-surface 
group reaching ET thresholds. This result echoes Al-Hafidth et al., 
where ET was avoided in all high-risk cases treated with 
double-surface LED but required in over 90% of conventional 
therapy cases.19 Similarly, Abe and Fujioka presented a successful 
case of avoiding ET with double-LED treatment in a severely 
jaundiced neonate.15

Our study outcomes demonstrate that the double-surface LED 

phototherapy can serve as a viable substitute for ET in many 
high-risk neonates, significantly reducing the need for invasive 
interventions. In LMIC settings, where ET is often constrained by 
blood availability, personnel expertise, and infection risks, this 
modality offers a safer, cost-effective, and logistically simpler 
alternative. 

Conclusion

The findings of this study demonstrate that double-surface LED 
phototherapy is a highly effective and clinically safe intervention 
for the management of neonatal jaundice, particularly in 
neonates at risk of requiring exchange transfusion. Compared to 
single-surface therapy, the double-surface modality facilitated 
significantly greater and faster reductions in total serum bilirubin, 
required shorter duration of treatment which was associated with 
a reduced number of days of hospital stay. Importantly, it 
completely eliminated the need for exchange transfusion in 
neonates with bilirubin levels ≥20 mg/dL, highlighting its 
potential as a non-invasive and resource-efficient substitute for 
more invasive procedures. The absence of neurological 
complications and the comparable incidence of minor adverse 
effects between the two groups further reinforce the safety of 
double-surface therapy. These findings are especially relevant in 
resource-limited settings where timely access to exchange 
transfusion is often constrained.

Recommendation

Based on the results of this study, it is recommended that 
double-surface LED phototherapy be prioritized as a first-line 
treatment for neonates with clinically significant 
hyperbilirubinemia, particularly those that are near to exchange 
transfusion thresholds. Implementation of this modality can 
significantly reduce the reliance on invasive procedures, lower 
hospital stays, minimize treatment-related complications, and 
reduce financial and logistical burdens for families and healthcare 
systems—especially in low- and middle-income countries.

Limitations Of The Study

This analysis was retrospective and single-centered, with a small 
sample, relied on short-term neurological assessment only, and 
showed unequal baseline TSB between groups. Prospective 
studies with larger, diverse cohorts and extended outcome 
surveillance will be needed to validate our findings.

Funding: No funding sources 

Conflict of Interest: None declared

References 

1. Ansong-Assoku B, Shah SD, Adnan M, Ankola PA. Neonatal Jaundice. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 [cited 
2025 May 5]. Available from: http://www.ncbi.nlm.nih.gov/books/ 
NBK532930/



Northern International Medical College Journal

July 2024-January 2025  Volume 16 Number 1-2 720

2. Mitra S, Rennie J. Neonatal jaundice: aetiology, diagnosis and treatment. Br 
J Hosp Med (Lond). 2017 Dec 2;78(12):699–704. 

3. Olusanya BO, Kaplan M, Hansen TWR. Neonatal hyperbilirubinaemia: a 
global perspective. The Lancet Child & Adolescent Health. 2018 Aug 
1;2(8):610–20. 

4. Bhutani VK, Zipursky A, Blencowe H, Khanna R, Sgro M, Ebbesen F, et al. 
Neonatal hyperbilirubinemia and Rhesus disease of the newborn: incidence 
and impairment estimates for 2010 at regional and global levels. Pediatr Res. 
2013 Dec;74(1):86–100. 

5. Rouf MA, Khairuzzaman M, Ferdous NEN, Mowla MG. Effectiveness of Light 
Emitting Diodes (LED) versus Conventional Phototherapy for Neonatal 
Jaundice. Bangladesh Journal of Child Health. 2018 Jul 31;42(2):62–6. 

6. Kemper AR, Newman TB, Slaughter JL, Maisels MJ, Watchko JF, Downs SM, 
et al. Clinical Practice Guideline Revision: Management of Hyperbilirubinemia 
in the Newborn Infant 35 or More Weeks of Gestation. Pediatrics. 2022 Aug 
5;150(3):e2022058859. 

7. Par EJ, Hughes CA, DeRico P. Neonatal Hyperbilirubinemia: Evaluation and 
Treatment. afp. 2023 May;107(5):525–34. 

8. Okulu E. Neonatal jaundice: Recommendations for follow-up and treatment. 
Global Pediatrics. 2024 Mar 1;7:100131. 

9. Chacham S, Kumar J, Dutta S, Kumar P. Adverse Events Following Blood 
Exchange Transfusion for Neonatal Hyperbilirubinemia: A Prospective Study. 
Journal of Clinical Neonatology. 2019 Jun;8(2):79. 

10. Chaudhury IJ, Afroza S, Akter S, Khan S, Chawdhury SJ. Evaluation of 
Complications Related to Exchange Transfusion due to Hyperbilirubinaemia in 
Newborns with or without Comorbidities. Journal of Bangladesh College of 
Physicians and Surgeons. 2023;41(1):40–5. 

11. Dikshit SK, Gupta PK. Exchange transfusion in neonatal hyperbilirubinemia. 
Indian Pediatr. 1989 Nov 1;26(11):1139–45. 

12. Sebbe PF, Villaverde AGJB, Nicolau RA, Barbosa AM, Veissid N. 
Characterization of an Optical Device with an Array of Blue Light Emitting 
Diodes LEDS for Treatment of Neonatal Jaundice. In AIP; 2008 [cited 2025 
May 5]. p. 606–10. Available from: https://ui.adsabs.harvard.edu 
/abs/2008AIPC..992..606S

13. Hafidh NA, Ann A, Ali ZK, Saeed RS. Double-surface intensive phototherapy 
versus single-surface conventional phototherapy in treatment of neonatal 
hyperbilirubinemia. Annals of the College of Medicine Mosul [Internet]. 2013 
[cited 2025 May 5];39(1). Available from: https://www.researchgate. 
net/publication/323561362_Double-surface_intensive_phototherapy_versus
_single-surface_conventional_phototherapy_in_treatment_of_neonatal_hyp
erbilirubinemia

14. Arnolda G, Chien TD, Hayen A, Hoi NTX, Maningas K, Joe P, et al. A 
comparison of the effectiveness of three LED phototherapy machines, single- 
and double-sided, for treating neonatal jaundice in a low resource setting. 
PLOS ONE. 2018 Oct 11;13(10):e0205432. 

15. Abe S, Fujioka K. Can exchange transfusion be replaced by double-LED 
phototherapy? Open Med (Wars). 2021;16(1):992–6. 

16. Kaur RD, Lamba S, Rawal M. Evaluation of risk factors and management of 
neonatal jaundice in newborns admitted in a tertiary care hospital of rural 
Haryana. American Journal of Pediatrics. 2021;7(3):150–3. 

17. Menon S. Maternal and Neonatal Determinants of Neonatal Jaundice – A 
Case Control Study. journal of medical science and clinical research. 
2017;05:19659–65. 

18. Jayaraj D, Rao S, Balachander B. Predisposing factors for excessive loss of 
weight in exclusively breastfed term and late preterm neonates - a case 
control study. J Matern Fetal Neonatal Med. 2022 Aug;35(16):3083–8. 

19. Al-Hafidh NM, Ali ZK, Saeed RS. Double-surface intensive phototherapy 
versus single-surface conventional phototherapy in treatment of neonatal 
hyperbilirubinemia. Annals of the College of Medicine Mosul. 
2013;39(1):25–0. 

20. Sillapakitkosol U. Comparison of the Efficacy of Adapted-Double Surface and 
Single Surface Phototherapy for Neonatal Jaundice Journal of Health Science. 
2011;20:513–21. 

21. Sherbiny HS, Youssef DM, Sherbini AS, El-Behedy R, Sherief LM. 
High-intensity light-emitting diode vs fluorescent tubes for intensive 
phototherapy in neonates. Paediatr Int Child Health. 2016 
May;36(2):127–33. 

22. Sabzehei MK, Waisi S, Shokouhi M, Tapak L. Single-surface Intensive 
Phototherapy or Double-Surface Intensive Phototherapy in Neonatal 
Non-Hemolytic Hyperbilirubinemia: A Comparison of Effectiveness and 
Complications. Med J Islam Repub Iran. 2021 Dec 31;35:192. 

23. Kumar P, Murki S, Malik GK, Chawla D, Deorari AK, Karthi N, et al. Light 
emitting diodes versus compact fluorescent tubes for phototherapy in 
neonatal jaundice: a multi center randomized controlled trial. Indian Pediatr. 
2010 Feb;47(2):131–7. 


