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Objective : To compare the efficacy of double phototherapy and conventional phototherapy 
in term newborn infants with hemolytic jaundice. 

Method : Full-term infants with evidence of severe hemolysis on the peripheral blood smear, 
whose serum bilirubin levels were between 15-21 mg/dl were divided into 2 groups, depending on 
the availability of the phototherapy bed. Group 1 infants received double phototherapy consisting of 
conventional (single) phototherapy plus an extra light source from a phototherapy bed (Medela 
Billibed™, Switzerland). Group 2 infants received only conventional phototherapy. Maternal and 
infants' blood groups and Rh, direct Coomb's test, G6PD screening test and hematocrit were deter­
mined on every infant. Phototherapy was given until the serum bilirubin level dropped to$ 13 mg/dl. 
Exchange transfusion was indicated when the serum bilirubin level was 2:: 21 mg/dl after phototherapy 
had been given for 4-6 hours. 

Results :There were 110 infants included in this study, 62 and 48 in group1 and 2 respec­
tively. There was no statistical difference in terms of birth weight, sex ratio, proportion of breast feed­
ing infants and the initial hematocrit level. However, the initial mean ± SD of bilirubin level of group 
l infants was higher than that of group 2, (17.7 ± 1.6 mg/dl vs 16.2 ± 0.9 mg/dl, p < 0.001). Causes 
of hemolysis could be determined in 74 infants; 27 (24.5%), 39 (35.5%) and 8 (7.3%) infants had 
ABO incompatibility, G6PD deficiency and both ABO incompatibility and G6PD deficiency respec­
tively. Rate of bilirubin reduction in group l infants was significantly faster, (3.3 ± 2.4 mg/dl/24 h vs 

2.1 ± l.l mg/dl/24 h, p < 0.0 l ). Duration of phototherapy was also shorter in group l infants, (45.8 ± 
29.7 hours vs 58.5 ± 26.0 hours, p < 0.05). 

Four infants failed to respond to the phototherapy that was assigned. Two infants in group 
2 had to be switched to receive double phototherapy because of rapid rising of serum bilirubin. One 
in each group needed exchange transfusion. 
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Conclusion : The study demonstrated that double phototherapy is more efficient than con­

ventional phototherapy in term infants with severe jaundice caused by hemolysis. 
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Phototherapy is effective in decreasing serum 
bilirubin levels of newborn infants and reducing the 
number of exchange transfusions particularly in full­
term infants without hemolysis(!), Several studies 
have shown a dose response relationship and faster 
decline in serum bilirubin levels in infants with more 
skin exposure to the light(2,3). However, phototherapy 
in infants with hemolytic disease is less successful, 
although some trials have shown significant benefit 
(4-6). Double phototherapy or intensive phototherapy 
is a special system providing simultaneous light expo­
sure to both the anterior and posterior surface of the 
infant's body. It has been shown that double photo­
therapy is more effective in both pre-term and full­
term infants without hemolysis compared with single 
phototherapy during the first 24 hours of treatment 
(7,8). But studies comparing double phototherapy 
with single phototherapy on infants with hemolysis 
is stilllimited(9,10). Therefore, the authors conducted 
a clinical trial on jaundiced full-term infants with 
hemolysis in order to compare the efficacy of double 
phototherapy with single phototherapy. 

SUBJECTS AND METHOD 
Full-term, jaundiced infants with evidence 

of hemolysis on the peripheral blood smear were 
recruited at the neonatal unit of King Chulalongkorn 
Memorial Hospital in Bangkok from April 1998 to 
December 1999. Eligible infants had to meet the fol­
lowing criteria: (I) no congenital anomalies, (II) no 
intravenous fluid treatment, (III) no dehydration or 
weight loss more than 5 per cent of birth weight and 
(IV) no extra-vascular blood such as skin ecchymo-

sis, subgaleal hematoma or cephalhematoma. Photo­
therapy was initiated at the serum bilirubin levels 
between 15 and 21 mg/dl. After entry into the study 
the infants were assigned to receive either double 
or single phototherapy depending on the availability 
of the phototherapy bed. Group 1 infants received 
double phototherapy which consisted of conven­
tional or single phototherapy plus an extra blue light 
source from a commercial phototherapy bed (Medela 
Bilibed™, Switzerland), (Fig. 1). Group 2 infants 
received single phototherapy. A single phototherpy 
unit consisting of 8 white fluorescent lamps (Toshiba 
FLI8Wff8/D) was placed 30 em above the infant, 
(Fig. 2). Light intensity in the range of 425-475 nm 
was measured at the level of the infant's abdomen 
and at the surface of the phototherapy bed where the 
infant lay. It was measured with a standard photo­
meter (Joey Dosimeter, The Wallaby® Phototherapy 
System, PA). Maternal and infant's blood group and 
Rh, direct Coomb's test, G6PD screening using methe­
moglobin reduction test and hematocrit were per­
formed on every infant. Capillary blood, approxi­
mately 20 Jll was collected for serum bilirubin mea­
surement just prior to the initiation of phototherapy 
(0 hour), 6 hours later and then every 12 or 24 hours 
until phototherapy had been discontinued. Serum bili­
rubin levels were measured by direct spectrophoto­
meter (Leica Unistat® Bilirubinometer, Buffalo, NY). 
Exchange transfusion was performed when the serum 
bilirubin level was ;:::, 21 mg/dl after phototherapy 
for 4-6 hours. Phototherapy was discontinued when 
the serum bilirubin level dropped to !:> l3 mg/dl. The 
infants were removed from phototherapy during feed-

,. ... 
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Fig. 1. Infant under double phototherapy. 

ing and blood drawing. They wore only a small dis­
posable diaper and an eye pad while having photo­
therapy. The infant's skin temperature was recorded 
every 4 hours until phototherapy was discontinued. 
Decline in the serum bilirubin at 6 and 24 hours after 
initiation of treatment and total bilirubin reduction 
were compared between the two groups. Unpaired t­
test was used for continuous variables and Chi square 
test was used for categorical variables. 

Written informed consent obtained from the 
mothers prior to treatment. 

RESULTS 
There were llO infants enrolled in the study. 

Sixty-two infants were in group l and 48 were in 
group 2. There was no statistical difference in terms 
of birth weight, sex ratio, proportion of breast feed­
ing infants and the initial hematocrit levels between 
the two groups. Group l infants had higher serum 
bilirubin levels when phototherapy was initiated. 
(Table 1). The mean ± SD of the initial serum bili­
rubin levels of both groups were 17.7 ± 1.6 and 16.2 ± 
0.9 mg/dl respectively, p < 0.001. Cause of hemoly­
sis could be determined in 74 infants; 27 (24.5%), 
39 (35.5%) and 8 infants (7.3%) were ABO incom­
patibility, G6PD deficiency and both ABO incom­
patibility and G6PD deficiency respectively. There 
was no Rh or minor blood group incompatibility. Ten 
out of 35 infants with ABO incompatibility had posi­
tive Coomb's test (27%). G6PD deficiency was noted 
in 17 of 42 girls (40.5%) and 30 of 68 boys (44.1 %). 
Rate of bilirubin reduction was faster in group l 

Fig. 2. Infant under single or conventional photo­
therapy. 

infants at both 6 and 24 hours of treatment, (Table 
2). The mean ± SD of total serum bilirubin reduction 
of group l infants was significantly higher (5.4 ± 2.2 
mg/dl vs 4.3 ± 1.2 mg/dl, p < 0.01) or (3.3 ± 2.4 mg/ 
dl/24 h vs 2.1 ± 1.1 mg/dl/24 h, p < 0.01) and the 
duration of phototherapy was also shorter (45.8 ± 
29.7 vs 58.5 ± 26.0 hours, p < 0.05). Drop of hema­
tocrit was not different between the two groups (6.9 ± 
5.0% vs 7.4 ± 5.1%, p > 0.05), (Table 3). Mean± SD 
of light intensity on the infant's abdomen of both 
groups was not statistically different, (7.9 ± 1.4 j.LWI 

cm2/nm vs 8.0 ± 1.2 j.LW/cm2fnm, p > 0.05). How­
ever, group 1 infants received more light energy from 
the phototherapy bed with the mean ± SD intensity 
of 36.6 ± 11.5 j.l.Wfcm2/nm. Four infants failed to res­
pond to the treatment. Two infants of group 2 had to 
be switched to receive double phototherapy because 
of the rapid rising of serum bilirubin level. These 2 
infants were successfully treated with double photo­
therapy and were not included in group 1. Another 2 
infants needed an exchange transfusion, one in each 
group, within 6 hours after initiation of phototherapy. 
Side effects such as nausea and eye pain caused by 
the blue light from the phototherapy bed were noted 
in only one nurse and were resolved after disconti­
nuing the nursing care. There was no side effect noted 
on the infants. 

DISCUSSION 
This study demonstrated that double photo­

therapy was more effective than single phototherapy 
in newborn infants with hemolysis. It was consistent 
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Table 1. Clinical and laboratory characteristics. 

Group I Group 2 
n=62 n=48 

B.W. (g) 3121 ±339 3142±366 
M:F 42:20 26:22 
At phototherapy initiation age (d) 2.7 ±0.7 3.0±0.9 
Serum bilirubin (mg/dl) 17.7±1.6 16.2±0.9 
Hct (%) 59.9±8.7 62.4 ± 7.0 

Table 2. Serum bilirubin reduction during phototherapy (mgldl). 

Group I Group 2 
n=62 n =48 

6 hours after phototherapy 1.6 ± 1.4 0.3 ±2.0 
24 hours after phototherapy 3.4±2.0 1.5 ± 1.6 
Total reduction 5.4±2.2 4.3 ± 1.2 
Average rate of bilirubin reduction/d 3.3 ± 2.4 2.1 ± 1.1 

Table 3. Outcome of phototherapy of the study group. 

Duration of phototherapy (h) 
Total bilirubin reduction (mg/dl) 
Total Hct droups (%) 
B. W. at the end of phototherapy (g) 
Discontinued treatment 
Exchange transfusion 

Group I 
n=62 

45.8±29.7 
5.4±2.2 
6.9 ±5.0 

3,117 ± 350 
0 
I 

Group 2 
n=48 

58.5 ±26.0 
4.3 ± 1.2 
7.4±5.1 

3,153 ± 376 
2 
I 

P-value 

ns 
ns 
ns 

<0.001 
ns 

P-value 

<0.0001 
<0.001 
<0.01 
<0.01 

P-value 

<0.5 
<0.005 

ns 
ns 
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with previous studies in infants with ABO incom­
patibility( 10) and Rh incompatibility(9). It was also 
more effective in infants with G6PD deficiency as 
shown in the present study. The authors found G6PD 
deficiency was the most conmion cause of hemolysis 
that occurred in both male and female infants. How­
ever, causes of hemolysis in 36 infants (32.7%) could 
not be identified. One of the two infants who needed 
an exchange transfusion had unknown etiology. G6PD 
deficiency could still be one of the causes of hemo­
lysis among these infants. Because, during acute 
hemolytic episodes, false negative results for G6PD 
deficiency were common with the screening test01). 
The authors used the methemoglobin reduction test 
as the screening test for G6PD deficiency. This test 
is adequate for diagnostic purposes in patients who 
are in the steady state but not for patients in the 
hemolytic state with reticulocytosis; also, it cannot 

be expected to identify all heterozygotes(l2). There­
fore, it might be necessary to re-evaluate these infants' 
repopulated red blood cells when the hemolytic crisis 
is over (approximately 8-12 weeks Iater)OI). 

The authors agreed that double phototherapy 
should not be used as a substitute for exchange trans­
fusion if the latter was indicated. But double photo­
therapy could play an important role in decreasing 
serum bilirubin level better than single or conven­
tional phototherapy in infants with severe hyperbili­
rubinemia. The authors believed that with the early 
notice of jaundice in every infant, close monitoring 
of serum bilirubin levels and using double photo­
therapy, the rate of exchange transfusion should be 
decreased significantly. Blue light from the photo­
therapy bed might have some disadvantages, for 
instance, it made the infants appear blue and reduced 
the ability to recognize the onset of true cyanosis 
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or disturbance of the nursing staff. However, these 
adverse effects seemed to be minimal and temporary. 
The phototherapy bed might be more superior than 
the fiber-optic pad or blanket. For active infants, in 
spite of moving off the light source as they did with 
the fiber-optic pad or blanket, they still remained on 
the phototherapy bed and received continuous light 
exposure. This phototherapy bed was easy to use and 
well tolerated. Heat emission to the infant's skin was 
negligible because an aluminium frame covered with 
a transparent plastic foil and a thin cloth sheet was 
placed on top of the irradiation unit. Although the 
authors did not measure the insensible water loss 
secondary to phototherapy, the mean body weight of 
the infants in both groups during phototherapy were 
not statistically different and there was no significant 
weight loss. There was no hyperthermia or bum noted 
on the studied infants. 

SUMMARY 
Double phototherapy is a safe and effec­

tive method for lowering serum bilirubin levels in 
full-term infants with active hemolysis. The photo­
therapy bed (Medela Bilibed™), one of the com­
mercial devices, provides an extra irradiance to skin 
at the back of the infants in addition to the conven­
tional or single phototherapy with minimal and tempo­
rary side effects. It is a kind of intensive photo­
therapy that could benefit infants with hemolysis by 
reducing the duration of phototherapy and the fre­
quency of exchange transfusion. 
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n11;n1!Jo1'YI11n LL 1n Lfifl fi11.Jri1'YI'Ufli1 L 't1aD-QflflR1L 't1'J~1nn11LLPinftft1 !l,fl-Q .. .. .. . ... .. 
IJ.IfiLftflfiLLfloQ (hemolysis) fi1!1LLft-QtJ11.Jfl 2 fi1'U 

Yll nl'l?lm~n L tJ1tJlJ L Yl tJlJ ~ C'l'!J fNnl'lf n'1~1l11''in LL 'ln Liifl fl'llJri 1VIU fl ~l LVI ii fN .yj~ nl 'lLLlJI n NC'lltJ'!J El~L~lJILiiElfl LLlJI~ 
mh~1ULL 1~ (severe hemolysis) ~1u1u 11 0 fluilh~-wtJ1U1C'l~~1A~mru !JiltJm'lhi'LLN~inufl 2 !Ji1u (double photo­

therapy) num'lhi'LLN~inulJI!Ji1\.IL~tJllJI1).1Un~ (single or conventional phototherapy) LLU~Yil'lntltlnLU\.1 2 n~).l(;11).1i5 

'h1LLN~inufl;funufll1).1"W-i'EJ,.,'!JD~Lfl~D~Lli'LLN~inulJI m1nJ'~ 2 n~,., MfuLLN~!Ji1uuu•nmfl~EJ~hi'LLN~lJI1).1tln~ (single 

phototherapy) LL(;\n~,_, 1 MfuLLN~Lvi).l~lnLfl~El~hi'LLN~YlLtlUL~tJ~Ylm'in\.IEJUEl~ (Medela Billibed™, Switzerland) 

l11'inYJnfluMfum'llJI'il~Jtl"h~LilflLiiEJflLLfl~lJ\.ILLt.i\.IW~).ILiiDfl VI~LiiElflLLC'l:: Rh, direct Coomb's test lJI'il~mEJ~LEJU1'll'~ 

G6PD tuLiiDfl 'i::~uU~Juutu;af,.,LLA::ii,.,1tlJifl1lJI VlrJflhi'LLN~inUlJIL~m::~uU~JU\.1 ~ 13 ,.,n/flA ~::.Ynm'inltJLtl~tJ\.1 
LiiDflL~m::~lJU~JUU ?. 21 ).ln/lJIC'l VI~~L't1LLN~tJ1UflLL~l 4-6 'lf).l ~1UlUl11'lnLUn~,_, 1 LLC'l:: 2 LYhnu 62 LLC'l:: 48 fl\.1 

lJil).lfll~lJ L~ElL~,_,t,.;-m-,fm~nJ'~ 2 n~,_,hJiJfll1).1LLlJin(;\1~tl\.ll11~Nii~LUL~El~LMtJltllJ,i1VIUnLL'lnLiifl L'Wfl ifllh\.lnl'lL~tJ~ 
!JiltJ\J).ILLl-JLLC'l::'l::~lJii).l1llJifl1lJI LL(;\l11'lnn~,_, 1 ~fl1LU~tJ'l::~lJU~JUl.l~~n11n~,_, 2 ( 17.7 ± 1.6 ).ln/flC'l (;\EJ 16.2 ± 0.9 

).ln/lJIC'l, p<0.001) 'WlJNlLVIf!'IJD~ hemolysis LUl11'lnLoWtJ~ 74 fl\.1 LU\.1 ABO incompatibility 27 flU (24.5%) LD\.11'll'~ 

G6PD -w7D~ 39 fl\.1 (35.5%) LLC'l::Ltlu..f~ 2 NlLVIf),j' 8 fl\.1 (7.3%) 'i::~uU~JUU'!JEl~l11'lnn~,_, 1 C'lflA~tlJitJLQ~tJL\.IDlJI'il 
L~hn'i1 ( 3.3 ± 2.4 ,.,n/lJIA/24 '!f).l (;\EJ 2.1 ± 1.1 ,.,n/flC'l/24 '!f).l, p<0.01 ) LLA::L'lfnA1fm~n!JiltJLLN~inuflll'Dvn11 

mmtun~,., 2 (45.8 ± 29.7 '!f).l (;\EJ 58.5 ± 26.0 '!f).l, p<0.05) mh~~utJ~1flll!l11~Nii~ l11'in 2 1'1\.IL\.In~,., 2 ~Ji'D~ 

Ltl§tJU).I11iLLN~tJ1Ufl 2 !Ji1\.ILiJEJ~~1m::~lJU~JUU~~;f\.IL;l).l1n l11'ln 2 flU (n~).IC'l:: 1 flU) 1\Jlfum'iclltJLU~tJUL~EllJI 
VI 

t'11&t1t~'Cll : l11'inLL 'lnLiilJifl'lUrilVIUlJI, ~lLVI~El~. LilfiLiiEJfiLLlJI~LLlJinNAltJ, U~JUU, LLN~inulJI 2 !Ji1u. LLN~tilUlJI!JiluL~tJl 

VI1DLLN~inUlJilJI1).1tln~ 

'W~o~ai'fl\l' l "!ID~!I1'U'UYi. l'!l'e:: 1&f'lfti'fi'UI-I&il 
,,.,.1-11!1L'I'If2Wl41L'W"tf "I 2545; 85: 1176-1181 


