
Jemds.com Review Article 

 
J Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 10 / Issue 21 / May 24, 2021                                                                      Page 1621 
 
 
 

 

 

 
 

 
 
 
 
 
 
 
 
 

Phototherapy in Neonatal Hyperbilirubinaemia - An Overview 
 

Chitturi Venkata Sai Akhil1, Sachin Damke2 
 

1, 2 Department of Paediatrics, Jawaharlal Nehru Medical College, Datta Meghe Institute of Medical Sciences  

(Deemed to Be University), Sawangi Meghe, Wardha, Maharashtra, India. 
 

 
 

ABS TRACT  
 

The first report on the use of phototherapy for treatment of neonates with jaundice 

was published more than 20 years ago. Since then, phototherapy has been used 

extensively in the treatment of neonatal hyperbilirubinaemia. 

Phototherapy is the use of visible light for the treatment of hyperbilirubinaemia 

in the newborn. There are different types of phototherapy systems in use in recent 

times. Effectiveness of phototherapy depends on several factors which should be 

considered while delivering phototherapy to a jaundiced neonate. Effective 

phototherapy has decreased the need for exchange transfusion. Proper nursing care 

enhances the effectiveness of phototherapy and minimises complications. 

Jaundice is benign in most of the cases, but because of potential bilirubin toxicity, 

strict and close monitoring is required. Prompt recognition and intervention of the 

infants at increased risk for developing hyperbilirubinaemia forms the first step in 

management. The focus is to prevent development of severe hyperbilirubinaemia by 

early recognition and initiation of treatment. Counselling of parents, especially 

mother also plays a major role in the treatment of neonatal jaundice. Recommended 

guidelines are intended to be used by hospitals and treating paediatricians, 

neonatologists and advanced practice nurses trained in neonatology. 

Phototherapy devices include fluorescent, halogen, fibreoptic or light emitting 

diode light sources. Each type has its own benefits and side effects. Many studies were 

available comparing the efficacy of various types of phototherapy systems. 

The purpose of this review article was to provide a conceptual review on role of 

phototherapy in neonatal jaundice, different types of phototherapy systems in use, 

recent advances and probable side effects of phototherapy. 
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BACK GRO UND  
 

 

 

The word bilirubin was derived in 1868, from the latin word 

“bilis” = bile and “ruber” = red. Bilirubin is a yellowish-brown 

pigment that is derived from the breakdown of heme. It helps 

coordinate iron into various proteins, like haemoglobin, 

myoglobulin, P450 enzymes etc. It has been found to have anti-

oxidant properties and helps in excreting heme from the body. 

Jaundice was derived from the latin word “galbinus”, which 

describes a greenish-yellow colour. This was termed 

“jaunisse” in Old French, which became jaundice in English. A 

common misconception is that the word jaundice arises from 

French word “jaune” which means yellow. Icterus was derived 

from the Greek word “Ikteros”. This word refers to both the 

yellow discolouration and a yellow bird. Icterus is the latinised 

form of the word. It was believed earlier that a person who was 

jaundiced could be cured if he looked upon the yellow bird by 

transferring the disease to the yellow bird. Icterus is used 

interchangeably with jaundice. Both are used to describe the 

yellowish discolouration of the sclera and the skin caused due 

to increased bilirubin levels in blood. 

 

Year Ancient Authors 
Description of Neonatal 

Hyperbilirubinaemia 

Earliest references 
Babylonian Talmud / 

Sumerian tablets 
“sign of casteless hatred” 

1500 BC Ebers papyrus 
Document - “first surviving account of 

medical remedies” 

1500 BC Isaac Asimov 
Book - “Chronology of science and 

discovery” 

1400s 
Bartholomaeus Metlinger 

(Chinese Literature) 

Book - “Ein regiment der jungen 

Kinder” 

1875 

Johannes Orth (German 

pathologist) 

 

Described the yellowish 

discolouration of basal ganglia in a 

jaundiced neonate 

Table1. Description of Neonatal  
Hyperbilirubinaemia by Ancient Authors 

 

 

Figure 1. Sister Jean Ward 

 

Father of modern phototherapy - “Faroese physician Niels 

Finsen”. When natural sunlight was believed to be beneficial in 

the treatment of several skin disorders, he developed the first 

artificial light source especially for the treatment of lupus 

vulgaris. Later on, phototherapy was developed and used for 

the treatment of neonatal jaundice. Phototherapy is 

considered to be the visible light treatment for neonatal 

jaundice.1 Sister Jean Ward, the nurse in charge of the 

Premature Unit believed in the powers of fresh air and 

sunshine. But the doctors were not so keen about this belief 

and did not follow this practice that time. So, Sister Ward used 

to wheel the infants outdoor into the courtyard of hospital on 

sunny days, and returned them to the ward just before the 

doctor’s rounds. One day in 1956, Sister Ward showed the 

doctors an undressed neonate whose skin was pale except for 

a triangular area covered by a cloth / sheet that appeared 

much yellower than the rest of the body which was uncovered 

and was let exposed to light. Subsequently doctors at Rochford 

Hospital found that the bilirubin levels had drastically 

dropped in patients who were left sitting under the sunlight 

which subsequently led to the idea of phototherapy in the 

treatment of a jaundiced newborn. 

The first artificial light-based phototherapy unit was 

discovered by Cremer et al. at Rochford Hospital. In 1985 

McDonagh and Lighter clarified the “physical and chemical 

alterations” that occur in this form of therapy.3 

Bilirubin molecules are bound to collagen and lipoproteins 

in the interstitial space of epidermis.4 Phototherapy which 

emits light between 400 – 500 nm wavelengths, breaks the 

bonds between bilirubin and collagen-lipoproteins and 

increases the excretion of bilirubin.5 The decline in skin 

bilirubin levels is greater than that of serum bilirubin levels.6 

 

 
 

 

PHO TOT HER AP Y REA CT I ON S  
 

 

 

Photo – Oxi d a ti on  

It causes fragmentation in the structure of the bilirubin 

molecule. Absorption of photon by bilirubin molecule 

 Bilirubin molecule gets stimulated. 

 Envelopes an oxygen molecule. 

 Transformation into free radical. 

 Destruction of native bilirubin. 

 Production of five renal excretion products. 

This is a slow reaction and occurs in small quantities.8 

 

 

Photoi somer i z a ti on  

It transforms the unaltered bilirubin molecule into 

hydrosoluble isomers. Bilirubin molecule can undergo 2 types 

of in vitro photochemical reactions:7 This is a faster reaction. 

Structural isomer (lumirubin)- Formation of this isomer is by 

formation of new bonds between CH-CH2 groups of two 

adjacent rings involving C2-C7 (C = carbons). It is a stable 

product (slow formation and rapid excretion). So, this product 

doesn’t accumulate in the circulation. Hence, it is considered 

as the main efficacy factor of phototherapy. Formation of this 

isomer depends on luminous intensity. 

Configuration isomer – Formation of this isomer involves 

1800 rotation of the terminal ring on its axle by which polar 

segment (NH and COOH) gets exposed to the exterior involving 

C4 and C15. It has rapid formation and slow excretion, 



Jemds.com Review Article 

 
J Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 10 / Issue 21 / May 24, 2021                                                                      Page 1623 
 
 
 

therefore accumulates in the circulation. Its formation doesn’t 

depend on luminous intensity. This product is unstable and 

can revert to native form of bilirubin.9,10,11 

 

 

How  to  Me as ur e  the  E f fi cac y  o f  a  Photo ther apy 

U ni t ?  

A phototherapy unit can be considered efficient if it can reduce 

total bilirubin by 1 – 2 mg / 24 hours duration irrespective of 

other factors.12 The efficacy of a phototherapy unit can be 

known by quantifying the photoproducts by high performance 

liquid chromatography (HPLC).13,14 

 

 

Photo ther apy  Depe nd s o n Se ver a l  F ac tor s  

 Numbers of lamps 

 Type of light 

 Distance from the source 

 

 

How  to  D eter mi ne  t he  Ir r adi ati o n  o f  a  

Photo ther apy U ni t?  

It is expressed in microwatts mw / cm2 / nm. Irradiation of 

phototherapy is directly proportional to efficacy of 

phototherapy15 for e.g., 6 microwatts / cm2 / nanometer is low 

intensity,; around 12 microwatts / cm2 / nanometer is high 

intensity (according to several authors)16, 

According to Costarino et al. formation of structural isomer 

lumirubin depends on irradiation of phototherapy (high 

intensity phototherapy produces higher quantities of 

lumirubin) while the formation of configuration isomer 

doesn’t depend on irradiation of phototherapy. According to 

Maisels, increasing irradiation beyond the saturation point (23 

mw / cm2 / nm) does not raise efficacy. According to Tan, the 

saturation point should be 40 mw / cm2 / nm.17 

 

 

Number  and  T ype o f  L a mps  

Irradiation of a conventional phototherapy equipment is 

directly proportional to the number of lamps.18 Most of the 

studies recommend the use of traditional phototherapy 

equipment which requires 8 - 12 lamps.19 Recently one light 

halogen lamps have been used in some services irradiating 23 

mw / cm2 / nm range which concentrates emitted light in a 

small and non-uniform area. 

 

 

Ti me  o f  U se  

White, fluorescent lamps show a decline in the irradiance of 

approximately 25 % after 1 hour of use, which decreased to 44 

% of initial irradiance at 2000 hours of use.20 However, precise 

data and studies are not available which could conclude the 

ideal time for the use of phototherapy unit. 

 

 

Color  o f  the  Li gh t  

Cramer described the use of 8 blue 40 W fluorescent lamps.21 

It depends on the type of gas used: iodine, fluoride, neon or 

tungsten. According to Ennever there is no difference between 

the color of the lamps, and that blue light may not be as good 

as a conventional white lamp. White light is the most widely 

employed and the most easily found, seems to be satisfactory, 

as long as energy emission is kept above 6 mw / cm2 / nm. 

 

 

In ter fer e nce Fa ct or s  

The efficacy of a phototherapy unit can be affected by several 

factors which like any obstacle between phototherapy unit and 

exposed area, thermal blankets and poor quality of incubator 

(e.g., scratches). They should be given due consideration and 

appropriate interventions to improve the efficacy of 

phototherapy22  

 

 

Photo ther apy M ay Be Con ti nuou s or  

In ter mi tt en t  

Continuous phototherapy is without any interruptions. 

Intermittent phototherapy is therapy for an hour and off for an 

hour or on for 6 hours and off for 6 hours. Phototherapy may 

be single surface, double surface or triple surface.

 

 

                         Conventional Phototherapy                                                                                     Fibreoptic Devices 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Types of Phototherapy Systems23 

 

Involves use of: 

 Halogen bulbs 

 Metal halide tubes 

 Fluorescent bulbs 

LEDs 

 

Involves use of: 

 Quartz halogen bulbs 
Light from the bulb 
 

 Passed through a filter 
 

 Transmitted to fibre optic 
cable (blanket) 
 

 Contact with neonate’s skin 



Jemds.com Review Article 

 
J Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 10 / Issue 21 / May 24, 2021                                                                      Page 1624 
 
 
 

 
Figure 2. Mechanism of Action of Phototherapy24 

 
 

 

REC ENT ADV ANC E S IN P HOT OTH ERA PY IN 

NEW BORN S  
 

 

 

Novel phototherapy systems are now available and widely 

used in some areas which have benefit of increased body 

surface area (BSA) exposed to phototherapy light and minimal 

or no interruptions during feeding. 

A study was conducted at Hospital Universitario San 

Ignacio of Bogota, Colombia25 called “BAG & BLANKET TRIAL” 

where they have compared the efficacy of bilibags (bilinests) 

and biliblankets with conventional phototherapy system by a 

randomised control trial. In blanket trail, patients received 

phototherapy with the latest NeoMed Light Bilicocoon Nest or 

Ohmeda biliblanket. In bag trial patients received 

phototherapy with NeoMed Blilcocoon bag (sleeping bag with 

dorsal and ventral light exposure). The parameter under check 

were serum bilirubin levels (rate of decline) and axillary 

temperature while taking other interfering factors into 

consideration. Both bag and blanket groups were then 

compared with the conventional phototherapy with 

fluorescent light. On comparison between bag trial group and 

conventional phototherapy it was found that patients in bag 

trial have greater proportion of cases with early onset 

jaundice, but the decrease in serum bilirubin level was found 

to be similar in both the groups. The difference in body 

temperature was also clinically insignificant. 

Another study was conducted at newborn intensive care 

unit (NICU), Government Medical College, Kashmir, in which 

they had compared the efficacy of light emitting diode (LED) 

phototherapy with conventional phototherapy.26 The 

parameters considered were: rate of fall of serum bilirubin 

levels and duration of phototherapy (Kaplan–Meier analysis) 

required. They have found that the efficacy of LED 

phototherapy was more superior to conventional 

phototherapy considering both the parameters. In addition, 

patients who received LED phototherapy were at lower risk of 

reaching threshold for exchange transfusion when compared 

to those who received conventional phototherapy. 

A non-randomised prospective interventional study was 

conducted in a tertiary care hospital of Western India in which 

they have compared the efficacy of 3 types of phototherapy 

systems: i) Blue-White Standard-Length Tube Light 

Phototherapy (B & W), ii) Compact fluorescent light (CFL) 

phototherapy, and iii) LED phototherapy.27 The parameters 

considered were mean value of total bilirubin obtained after 

24 hours of phototherapy and need for exchange transfusion. 

They have found that mean change in total serum bilirubin 

(TSB) level after 24 hrs. of phototherapy was not statistically 

significant in 3 types of phototherapy systems under study and 

had stated that more superior trials will be needed to judge the 

superiority of these 3 types. 

 

 
 

 

NURS IN G CAR E O F AN IN FANT  

UNDER A P HO TOT H ERA PY UN IT  
 

 

 

Nursing care severely affects the efficacy of phototherapy 

delivery, and ultimately the rate of fall of total serum bilirubin 

level and length of hospital stay. 

Mechanism of
action of

phototherapy

1

Bilirubin and other 
substances/pigments 
derived from heme 
have light absorbing 

nature,especially 
visible spectrum 
between 420-480 

nm.
2

Photosensitive 
molecule absorbs 

light

3

Determined 
quantity of 

luminous energy 
received1

photon)
4

Movement of 
electron to a higher 

energy orbit

5

Stimulation

6

Formation of 
photoproducts
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 Provide eye protection: This is done with the help of 

opaque eye patches / eye shields placed on the eyes of 

infant receiving phototherapy. 

 Assess skin exposure: Assessment of area of skin exposed 

to phototherapy light should be done so as to expose the 

maximum possible surface area to light. 

 Proper positioning: Frequent repositioning of infants to 

expose different body areas is not recommended to 

improve the efficacy of phototherapy. 

 Hydration: Several studies proved that increased 

hydration of infant can shorten the duration of 

phototherapy. 

 Promotion of parent and child interaction: Minimal 

interruptions of phototherapy is accepted to promote 

mother-baby interaction, emotional bonding, Kangaroo 

mother care (skin to skin contact). 

 
Short Term Long Term 

Interferes with mother-baby bonding and interaction Allergic diseases 

Thermal & hydration imbalance 
Melanocytic nevi, melanoma 

and skin cancer 

Loose stools Ocular side effects 

Electrolyte disturbances Patent ductus arteriosus (PDA) 

Hypocalcemia  

Circadian rhythm disturbances  

Bronze baby syndrome  

Riboflavin deficiency  

Bullous eruptions  

DNA damage  

Retinal damage  

Haematological side effects  

Table 3. Side Effects of Phototherapy 

 
These were a few studies in which the side effects of 

phototherapy were proved to some extent in the selected 
study population. The side effects of phototherapy include - 
 

 

In ter fer e s  wi th  Moth e r  Baby Bondi ng a nd  

In ter a c ti on 2 8  

Neonatal phototherapy interferes with mother baby bonding 

and neonatal auditory and visual orientation and alertness. It 

also increases anxiety in parents. Hence unless jaundice is 

severe, phototherapy can be interrupted for breastfeeding. 

 

 

Ther mal  an d  Hydr ati o n Imb al an ce 2 9  

Conventional phototherapy may cause insensible water losses, 

hypothermia / hyperthermia, dehydration and intestinal fluid 

losses. Hence, close monitoring and appropriate fluid 

supplementation is necessary for maintaining fluid balance 

and temperature in newborn. 

 

 

Loos e  S too ls 3 0  

A study conducted at Department of Paediatrics, Second 

School of Medicine, University of Naples, Italy in which faecal 

osmolality and electrolyte concentrations were measured in 

study groups who received phototherapy and control groups 

who did not receive phototherapy to find out the cause of 

diarrhoea in newborns receiving phototherapy. The result 

showed an increase in intestinal secretion in neonates who 

received phototherapy for neonatal hyperbilirubinaemia 

which was the cause of watery stools. Absorption of water, 

sodium chloride and potassium was significantly impaired in 

the patients receiving phototherapy; but it was found to be a 

transient effect which was not apparent after stopping 

phototherapy. 

 

 

Hypoc al cemi a 3 1  

A cross sectional study was conducted at Koodakan Hospital in 

Bandar Abbas which aimed to determine the prevalence of 

hypocalcemia in the neonates receiving phototherapy. The 

study groups were divided as neonates < 3 days and > days. 

Serum calcium levels were sent before the start of 

phototherapy and 48 hours after phototherapy, which showed 

9 % prevalence of hypocalcemia in those neonates receiving 

phototherapy. The study also proved that phototherapy does 

not increase the risk of hypocalcemia in full term, healthy 

newborns. Hence there is no need of prophylactic calcium in 

such newborns. 

 

 

Ci r cadi an  Rhy thm Di s tu r ba nce s 3 2  

A study conducted by Chen et al. proved that phototherapy has 

an effect on circadian genes in peripheral circulation of 

mononuclear cells of jaundiced neonates e.g., Cry1 gene 

increased expression and decreased plasma melatonin leading 

to frequent crying and jitteriness in newborn. Therefore, 

timing of phototherapy is required to accommodate normal 

circadian rhythm of newborn. 

 

 

Br onze  B ab y  Sy ndr ome  ( BBS) 3 3  

It is a rare complication that occurs due to a rise in conjugated 

bilirubin (cholestasis). Copper (Cu)–protoporphyrin in 

metabolism disturbance and congenital biliary hypoplasia are 

the predictable causes of BBS. It may be transient and may 

disappear if phototherapy is discontinued or may have 

additional risk of kernicterus. 

 

 

Ri bof lavi n  De fi ci e n cy  

Many previous studies conclusively reported that riboflavin in 

body cells is degraded by phototherapy. It occurs due to red 

blood cells (RBC) lysis because of deficiency of glutathione 

reductase in RBC. Gromisch et al.34 proved that 16 / 21 infants 

who received phototherapy developed riboflavin deficiency. 

Amin HJ et al.35 measured flavin adenine mononucleotide 

saturation of RBC glutathione reductase which proved that all 

neonates who received phototherapy in the study sample 

developed riboflavin deficiency. 

 

 

Bullou s Er up ti on s  

It occurs due to porphyrins in peripheral circulation. Paller AS 

et al.36 studied the relation between the eruption and 

porphyrin levels and reported that occurrence of eruptions in 

light exposed areas and circulating porphyrins suggest that 

porphyrinaemia may be the underlying cause of bullous and 

purpuric eruption. 

 

 

Deoxyr i bon ucl ei c  A ci d  ( DNA)  Dam age  

Phototherapy can cause oxidative damage to cell membrane 

and cause free radical injury to DNA. El Abdin MY et al.37 
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reported that phototherapy causes increased DNA 

fragmentation in lymphocytes of peripheral circulation when 

compared to DNA before the start of phototherapy. Tatli MM 

et al.38 proved as the duration of phototherapy increased, 

damage to the DNA also significantly increased by alkaline 

comet assays. 

 

 

Thr ombo cy topeni a 3 9  

A prospective study was conducted at a tertiary care hospital. 

The study included all neonates who required phototherapy as 

per the protocol of American Academy of Pediatrics. It was 

found that majority of neonates who received phototherapy 

had thrombocytopenia especially after 24 hours of 

phototherapy. There were other similar studies (Maurer et al.) 

in which platelet counts were checked after 48 and 96 hours 

of phototherapy. Incidentally none of the newborns with 

thrombocytopenia had signs of bleeding manifestations which 

later proved that thrombocytopenia due to phototherapy is a 

transient effect and rarely found to be severe enough to cause 

bleeding. 

 

 

Photo ther apy  and  Decr eas e  i n  S er um Glo bu li n  

Leve ls 4 0  

A study was conducted in NICU, Zhongnan Hospital of Wuhan 

University (Wuhan, China) which aimed to assess / prove one 

of the side effects of phototherapy in neonates. According to 

previous studies, phototherapy is associated with some 

immune disorders of childhood later in life. The reason for the 

occurrence of these immune disorders is that phototherapy 

causes a decrease of globulin levels in serum. The main aim of 

this study was to assess the relation of phototherapy on serum 

albumin and globulin levels. The study summarized a decline 

in serum globulin levels in those groups who received 

phototherapy and some of them required intravenous immune 

globulin (IVIG) infusion, with a minimal or no effect on serum 

albumin levels. 

 

 

Mel an ocy ti c  N evi ,  Me la noma and  S ki n C an cer 4 1  

Phototherapy can cause damage to nuclear and mitochondrial 

DNA and can cause free radical damage leading to skin cancer. 

Previous studies conducted by Matichard E et al. postulated 

that larger nevi > 2 mm are at significantly higher risk in 

phototherapy exposed groups when compared to controls 

who did not receive phototherapy. 

 

 

Ocu lar  Si de E f fe ct s  

There is an increased incidence of retinopathy of prematurity 

due to decreased oxidation resistance and increased free 

radical production. It is also postulated that phototherapy 

causes increased risk of uveal melanoma due to higher 

penetrance of blue light compared to UV light when baby’s 

eyes were not covered with an eye patch. 

 

 

 

 

Pa ten t  Du ct us Ar ter i o su s ( PDA) 4 2  

Mechanism - Absorption of photons by cardiac cells  

relaxation of aortic smooth muscle cells via nitric oxide system 

 decreased mean arterial pressure  increased peripheral 

blood flow 

All these mechanisms cause ductus arteriosus to relax and 

keep open. Guo Sheng Liu et al. proved that phototherapy 

caused an increase in blood endothelin levels after 24 hours of 

phototherapy and increased nitric oxide (NO) levels after 12 

and 24 hours of start of phototherapy when compared to pre-

treatment values which ultimately resulted in relaxation of 

aortic smooth muscle and patent ductus arteriosus. 

 

 
 

 

CONC LU S ION S  
 

 

 

Phototherapy is a safe and inexpensive modality of treatment 

for neonatal jaundice. It has become the mainstay of treatment 

of neonatal jaundice. It is highly necessary for all the health 

centres to evaluate the efficacy and quality of their 

phototherapy units for acquiring maximum possible benefit 

and outcome. 
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