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Background : Jaundice is very common in neonates during the first few days of life. Severe 
hyperbilirubinemia is potentially neurotoxic, resulting in bilirubin encephalopathy. Phototherapy has 
been used widespread and proven to be effective in lowering serum bilirubin. The efficacy of photo­
therapy depends on the type of light-source, the intensity of light and the area of skin exposed. 
Double phototherapy with a fiber-optic blanket has been reported to be more effective in reducing 
bilirubin than conventional phototherapy. However, a fiber-optic blanket or bili-bed is very expen­
sive, thus the authors designed the adapted-double phototherapy by using ordinary fluorescent lamps 
that are much cheaper and more easily available. 

Objective : To compare the efficacy and safety of adapted-double phototherapy (DP) using 
daylight fluorescent lamps to conventional phototherapy (CP) in healthy term infants with hyper­
bilirubinemia. 

Design : Prospective randomized controlled trial study. 
Method : Term infants who met phototherapy criteria were randomized into two groups of 

phototherapy; the adapted DP placing daylight fluorescent lamps 38 em above and 32 em below the 
crib to produce 9-10 Jlw/cm2/nm (n=24) versus CP of similar irradiance (n=27). 

Result : There were no significant differences between the two groups with respect to birth 
weight, gestational age, hematocrit at enrollment and cause of hyperbilirubinemia. Infants in the DP 
group had higher bilirubin levels and were slightly older at the time of enrollment than those in the 
CP group. The bilirubin reduction rate after therapy was significantly greater in the DP compared to 
CP; 0.22 ± 0.12 mg/dl/h vs 0.14 ± 0.1 mg/dl/h on day 1 of therapy (p=0.02) and 0.16 ± 0.11 mg/ 
dl/h vs 0.1 ± 0.05 mg/dl/h on day 2 (p=0.06). Duration of phototherapy was shorter in DP; 34.9 ± 
12.6 h vs 43.7 ± 17.5 h in CP group (p=0.039). No differences in side effects were found between 
two groups. 
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Conclusion : The adapted-DP using daylight fluorescent lamps in this study has proven 
to be safe and more effective in reducing bilirubin than CP. It could be an alternative model for 
intensified phototherapy as it produces a reasonable cost-effectiveness and is easy to apply. 
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Hyperbilirubinemia or jaundice is a com­
mon condition in neonates, approximately 60 per 
cent in term newborn infants or 80 per cent in pre­
term newborn infants0,2). Severe hyperbilirubinemia 
is potentially neurotoxic, resulting in kernicterus (bili­
rubin encephalopathy). The treatments, for patho­
logical jaundice basically including phototherapy, 
exchange transfusion, and pharmacological agents(3, 
4), aim to prevent increasing bilirubin to a dangerous 
level. Phototherapy is a widespread method for reduc­
ing bilirubin. The mechanisms, by which light interacts 
with bilirubin and enhances its elimination through 
renal and biliary tract excretion, are photoxidization, 
configuration isomerization, and structural isomeri­
zation(5). The factors determining the efficacy of 
phototherapy are the types of light, the intensity of 
light (irradiance), and the body surface area(6-10). 
The effect of light intensity in reducing bilirubin is 
a dose-response relationship(8,9). Its effect is noted 
at the light intensity (irradiance) of 4 j.!w/cm2fnmCll) 
with a maximum response at a level of 40 JlW!cm2f 
nmC7). The area exposed to the light is another impor­
tant factor; Garg AK et al found that a double surface 
phototherapy was more effective than a conventional 
phototherapy in reducing bilirubin02). Double photo­
therapy using a combination of a fiber optic blanket 
and conventional phototherapy has reported its effi­
cacy in preterm infants(l3,14) but not in term infants. 
Since a biliblanket is costly and not widely available 
in Thailand and there are very limited studies of using 
double phototharapy, the authors conducted a study 
of using adapted-double phototherapy, which was 

cheap and easy to assemble, to determine the efficacy 
and safety compared to conventional-single photo­
therapy. 

METHOD 
A prospective randomized controlled trial 

was conducted in the nursery, Maharat Nakhon 
Ratchasima Hospital, from July 2001 to April 2002. 
Infants who met the inclusion criteria were term new­
born infants with birth weight equal or more than 
2,500 g and gestational age more than 37 weeks and 
required phototherapy as the American Academy of 
Pediatrics guideline for management of term infants 
with jaundice; starting phototherapy if bilirubin~ 12 
mg/dl at 24-48 hours post-natal age, bilirubin ~ 15 
mg/dl at 49-72 hours post-natal age and if bilirubin 
~ 17 mg/dl at ~ 72 hours post-natal age(2). Informed 
consent was obtained from a parent. Infants who were 
on ventilator support or in an incubator, or had been 
on phototherapy before enrollment, or had direct 
hyperbilirubinemia, were excluded. Hemolytic jaun­
dice was defined as jaundice associated with the fol­
lowing conditions: ABO, or Rh, or minor blood group 
incompatibility, glucose-6-phosphate dehydrogenase 
(G6PD) deficiency with an acute hemolysis, heredi­
tary red blood cell membrane defects, jaundice within 
24 hours of life or rapid rising of bilirubin more than 
0.5 mg/dl/h with a high reticulocyte count (more than 
5% at< 48 hours of age)05). Phototherapy was dis­
continued when bilirubin level of< 12 mg/dl at< 96 
hours post-natal age or when bilirubin level of< 15 
mg/dl at > 96 hours post-natal age was reached. 
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Fig. 1. Adapted-double phototherapy; the upper light source is light from conventional phototherapy, the 
lower light source is a set of eight 20 w-daylight fluorescent lamps, which is adjustable below the crib 
according to the desired irradiance. A ventilated fan is placed between the crib and the light source 
in order to ventilate and prevent overheating. 

The infants who met the criteria were ran ­
domized into two groups; the conventional (single) 
phototherapy (CP) group and the adapted-double 
phototherapy (DP) group. The CP was comprised of 
3 daylights and 2 blue lights. The adapted-DP was 
comprised of 2 light sources, the upper and the lower 
light sources (Fig. 1). The upper light source was 
from a CP and the lower light source below the crib 
consisted of 8 lamps of 20-watt daylight fluorescents . 
The lower light source could be adjusted away from 
the crib accordingly to obtain the .targeted irradiance. 
The target of light intensity (irradiimce) was set at 
9-10 j..tw/cm2fnm measured by the photoradiometer 
PR m® (Air shields Inc., Pennsylvania, USA). The 
required distance from an infant to the light source 
in order to achieve the target irradiance was 38 em 
above and 32 em below the crib. A small fan was 

placed in between the crib and the lower light source 
to ventilate and prevent overheating to the infant. The 
light intensity was measured to confirm the targeted 
intensity before starting phototherapy on every infant. 
Pre-phototherapy laboratory tests were obtained in 
all infants including hematocrit, microbilirubin, blood 
group, complete blood count, red blood cell morpho­
logy, glucose-6-phosphate dehydrogenase level, direct 
Coombs and indirect Coombs test as well as maternal 
blood group. The microbilirubin was measured by 
the bilirubin meter Bil Read® (Optima Inc., Tokyo, 
Japan) . The hematocrit and microbilirubin were fol­
lowed every 12 hours until discontinuation of the 
therapy and repeated again 24 hours later. The body 
weight change, temperature and frequency of stool­
ing and voiding were recorded. Routine nursing cares 
was similarly applied to all infants. Primary outcome 
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measurements included the rate of bilirubin reduc­
tion, duration of phototherapy and side effects related 
to the phototherapy. Secondary outcome measure­
ment was the rate of exchange transfusion in each 
group. 

Statistical analysis 
To detect a difference in bilirubin reduction 

of 2 mg/dl a day, at least 22 infants in each group 
were required, assuming a mean bilirubin of 17 mg/dl 
at entry with a power of 90 per cent and a p-value 
of less than 0.05. Data on continuous variables were 
compared by the Student's t-test and data on cate­
gorical variables were compared by the Chi-square 
and Fisher's exact tests. 

RESULTS 
Fifty-one infants, 27 in the CP group and 

24 in the DP group, were enrolled. The mean birth 
weight was 3102 ± 333 g and the mean gestational 
age was 38.8 ± 1.3 weeks. No differences were found 
between the groups such as birth weight, gestational 
age, gender and hematocrit at entry, but infants in 
the DP group had higher bilirubin levels and were 
older than infants in the CP group (Table 1). 
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The cause could not be identified in most 
of the infants (75% in the DP group and 78% in the 
CP group) (Table 2). The proportion of infants with 
hemolytic jaundice were 20.8 per cent in the DP 
group and 14.8 per cent in the CP group. Causes of 
hemolytic jaundice were ABO incompatibility, Rh 
incompatibility, minor blood group incompatibility, 
and G6PD deficiency. 

Fig. 2 shows the bilirubin reduction rate. 
During the first 24 hours of therapy, the adapted~DP 
reduced bilirubin faster than that of the CP; 0.22 ± 
0.12 mg/dllh vs 0.14 ± 0.1 mg/dl/h, p-value = 0.02. 
The adapted-DP also showed a tendency to reduce 
bilirubin faster in day 2 of treatment (0.61 ± 0.11 mg/ 
dl/h vs 0.1 ± 0.05 mg/dl/h, p-value = 0.06). Regard­
ing the duration of phototherapy, there was a signi­
ficantly shorter duration of therapy in the DP group; 
34.9 ± 12.6 hours vs 43.7 ± 17.5 hours in CP group, 
p-value = 0.039. 

Table 3 shows the side effects related to the 
phototherapy. There were no significant differences 
between the groups with respect to number of infants 
with fever, frequency of stooling and percentage of 
weight reduction. None of the infants in either group 

Table 1. Characteristics of the study population. 

Characteristics Double phototherapy Conventional phototherapy P-value 
(n = 24) (n =27) 

Sex (M: F) 15:9 19: 8 0.52 
Birth weight (g) 3,077 ±25 3,128 ± 391 0.59 
Gestational age (wk) 38.7 ± 1.3 38.8 ± 1.3 0.76 
Age at entry (h) 83.9 ± 27.7 66.3 ± 24.8 0.03 
Hematocrit at entry(%) 49.6 ±6.5 49.9 ± 7.3 0.8 
Microbilirubin at entry (mg/dl) 19.5 ± 2.6 17.7±2.6 0.013 

Table 2. Causes of hyperbilirubinemia in the study population. 

Causes of hyperbilirubinemia 

ABO incompatibility 
Rh mcompatibility 
Minor blood group incompatibility 
G6PD deficiency (hemolysis) 
Cephalhematoma 
Polycythemia 
Unidentified 

Total 

Double phototherapy 
n % 

3 

2 

18 

24 

12.5 

8.3 
4.2 

75 

100 

Conventional phototherapy 
n % 

2 

2 
21 

27 

7.4 
3.7 
3.7 

7.4 
77.8 

100 
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Fig. 2. Comparison of the bilirubin reduction rate between the two types of therapy. There was a signifi­
cant reduction in the double phototherapy group on day 1 (p=0.02) and a trend to reduce faster on day 
2 (p=0.06). • represents double phototherapy and represents conventional phototherapy. 

Table 3. Comparison of mean ± SD of side effects related to phototherapy between the two 
groups. 

Side effects Double phototherapy 
(n = 24) 

Conventional phototherapy 
(n = 27) 

P-value 

Weight reduction (%/day) 
Frequency of stooling (times/day) 
Fever> 38.o'c. n (%) 

1.2 ± 0.8 
2.2 ± 1.4 
3 (12.5) 

required exchange transfusion, one infant in the CP 
group had rebound jaundice and required an addi­
tional course of phototherapy. 

DISCUSSION 
The adapted-DP in this study showed a sig­

nificant reduction in bilirubin level and duration of 
therapy compared to the CP in term newborn infants 
with hyperbilirubinemia. These results support the 
findings of Garg et al(12) who used high inte'nsity 
double phototherapy on fluid bed with light intensity 
of 20-30 f.!W/cm2/nm, resulting in a bilirubin reduc­
tion rate of 0.312 ± 0.91 mg/dl/h. However, the rate 

1.7±1.3 
2.8 ± 1.7 
2 (7.4) 

0.25 
0.!0 
0.65 

of bilirubin reduction in the present study was slightly 
lower than that of Grag's study, probably due to 
lower light intensity. To increase the light intensity 
in the present study, the light source must be placed 
closer to the infant, which may increase side effects 
related to phototherapy. The light intensity of appro­
ximately 10 f.!W/cm2/nm used in the present study is 
generally accepted to be effective in reducing bili­
rubin level(15,16), more light intensity could be 
achieved by adjusting the distance of light source or 
placing more fluorescent lamps. 

With appropriate and intensive phototherapy, 
using double surface phototherapy should theoreti-
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cally be more effective in reducng bilirubin level 
and the chance of exchange transfusion(4). At pre­
sent, exchange transfusions are performed mostly 
for severe hyperbilirubinemia. Current retrospective 
studies have reported a complication rate of 5.2 per 
cent and a mortality of 0.4-3.2 per cent07-20), there­
fore the best way to prevent complications associated 
with exchange transfusion is to reduce its use by 
means of effective phototherapy such as intensified 
double surface phototherapy. In the present study, 
none of the infants required exchange transfusion, but 
one infant in the CP group required a second course 
of therapy due to rebound hyberbilirubinemia 24 
hours after discontinuation of treatment. 
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There were no differences in side effects 
related to phototherapy between the groups including 
fever, weight loss, or diarrhea; also there were no 
complaints from the nurses who were taking care of 
these infants during the adapted-DP. Overheating of 
the infants was prevented by placing a ventilated fan 
below the crib and allowing enough space around 
the crib. The adapted-DP used in the present study is 
easy to assemble and much cheaper than a manufac­
tured bili-bed for intensified DP. The present find­
ings also show its efficacy in reducing bilirubin level 
and shortening duration of the therapy. A larger study 
is warranted to determine the efficacy especially in 
hemolytic diseases. 

(Received for publication on September 16, 2002) 
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