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Yenidoðan Sarýlýðýnda Yüksek Yoðunlukta Iþýk Yayan Diyot Fototerapilerinin Konvansiyonel

Fototerapiye Göre Etkinliði

Belma Saygýlý Karagöl, Ömer Erdeve, Begüm Atasay, Saadet Arsan

Objective: Phototherapy is the standard treatment for the control of neonatal hyperbilirubinemia. The
purpose of this study was to compare the efficacy of light emitting diode (LED) device with respect to
bilirubin photodegradation with commercially used conventional fluorescent tubes phototherapy devi-
ce in hyperbilirubinemic neonates by measuring serum bilirubin levels. 

Methods: Twenty hyperbilirubinemic neonates treated with conventional phototherapy (Group I) and
15 neonates treated with LED phototherapy (Group II) were retrospectively compared. Birth weight,
gender, family history, etiology of jaundice, initiation time of phototherapy, total serum bilirubin (TSB)
level at the initiation of the therapy and at 4,24 hours and the last TSB level before cessation of pho-
totherapy, rebound serum bilirubin level obtained 24 hours of termination of phototherapy and durati-
on of phototherapy were recorded. 'Absolute' change and 'relative' percantage change in serum biliru-
bin levels were also calculated. 

Results: There were significant differences in the absolute change in serum bilirubin level per hour and
relative change in serum bilirubin level at 24 hour between group I and group II (p<0.05). Rebound ja-
undice was observed in 4 (20%) of the neonates who received conventional phototherapy while it had
not been seen in LED phototherapy group (p= 0.006). Duration of phototherapy was shorter in the LED
phototherapy group but this was not statistically significant (43.1 vs 32.1hrs). 

Conclusion: LED phototherapy was found to be more efficient as they can provide more rapid biliru-
bin photodegradation in terms of change in serum bilirubin level per hour of phototherapy and percen-
tage change in serum bilirubin level per hour after 24 hours of treatment. The incidence of rebound
hyperbilirubinemia with LED phototherapy seems to be less than conventional phototherapy and this
may prevent unnecassary rebound bilirubin measurements in non-hemolytic jaundice 
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Amaç: Fototerapi, yenidoðan hiperbilirubinemi kontrolünde standart tedavi yöntemidir. Bu çalýþmanýn
amacý, hiperbilirubinemik yenidoðanlarda serum bilirubin düzeyi ölçülerek yüksek yoðunlukta ýþýk ya-
yan diyot (LED) fototerapi ile geleneksel fototerapi etkinliðini karþýlaþtýrmaktýr. 

Yöntem: Konvansiyonel fototerapi ile tedavi edilmiþ 20 hiperbilirubinemik olgu (grup I) ile LED fotote-
rapi uygulanan 15 hiperbilirubinemik olgu (grup II) doðum aðýrlýðý, cinsiyet, aile öyküsü, sarýlýk baþla-
ma zamaný ve etiyolojisi, fototerapi öncesi ve baþlandýktan sonraki 4. ve 24. saatlerdeki serum total bi-
lirubin düzeyi, fototerapi kesilmeden önceki son serum total bilirubin düzeyi, fototerapi kesildikten son-
taki 24. saatinde bakýlan rebound hiperbilirubinemi ve fototerapi süresi deðerlendirildi. Olgular 'mutlak'
bilirubin deðiþim oraný ve 'rölatif' bilirubin deðiþim yüzdeleri açýsýndan da karþýlaþtýrýldý. 

Sonuç: Ýki grup arasýnda saatlik mutlak bilirubin deðiþim oraný ve 24. saatteki rölatif bilirubin deðiþim
yüzdesinde anlamlý farklýlýk saptandý (p<0.05). LED fototerapi grubunda rebound sarýlýk görülmezken,
konvansiyonel fototerapi uygulanan 4 olguda rebound sarýlýk geliþti (p=0.006). Fototerapi süresinin
LED grubunda daha kýsa olduðu gözlenmiþ olmasýna karþýn, bu durum istatiksel olarak anlamlý bulun-
madý (43.1 vs 32.1 saat). 

Yorum: LED fototerapi hýzlý bilirubin fotodegradasyonu nedeni ile saatlik bilirubin deðiþim oraný ve te-
davinin 24. saatindeki bilirubin deðiþim yüzdesi bakýmýndan daha etkili bulundu. Rebound hiperbiliru-
binemi insidansýnýn LED fototerapide konvansiyonel fototerapiye göre daha az oranda olduðu ve bu
durumun hemolitik olmayan sarýlýklarda gereksiz rebound bilirubin ölçümünü önleyeceði düþünülmek-
tedir. 

Anahtar Sözcükler: hiperbilirubinemi, sarýlýk, yüksek yoðunlukta ýþýk yayan diyot, fototerapi,

Ankara Üniversitesi Tıp Fakültesi Mecmuası 2007; 60(1)DAHİLİ BİLİMLER / MEDICAL SCIENCES

Araştırma Yazısı / Original Article



Phototherapy is the standard treat-
ment for the control of neonatal
hyperbilirubinemia. Its efficacy is
dependent on the color (wave-
length) and intensity (irradiance)
of the light emitted during photot-
herapy, the exposed body surface
area and the duration of exposure
(1). In the current guidelines of
American Academy of Pediatrics
(AAP), intensive phototherapy is
defined as the use of blue light (in
the 430-490 nm band) delivered at
30 microwatts/ cm²/nm or higher
to the greatest body surface area as
possible (2). The most commonly
used light sources are; fluorescent
tubes, halogen spotlights and fibe-
roptic blankets. However; these
conventionally used phototherapy
devices are less effective and each
of these devices has a number of
disadvantages that include high
heat production and only limited
surface area exposure (3).

Recently, high intensity gallium nitri-
de light emitting diodes (LEDs)
have been developed and genera-
ted significantly higher light irradi-
ance levels compared to all cur-
rently available conventional pho-
totherapy units (4,5). Blue LEDs
emit a high intensity narrow band
of blue light overlapping the peak
spectrum of bilirubin breakdown,
resulting in potentially shorter tre-
atment times (6,7). In the present
study, we compared the efficacy of
LED device (35 micro-
watts/cm²/nm) with respect to bili-
rubin photodegradation with
commercially used conventional
fluorescent tubes phototherapy
device (10-15 microwatts/cm²/nm)
by measuring serum bilirubin le-
vels in hyperbilirubinemic neona-
tes. 

MATERIALS AND METHODS 

We retrospectively classified two
non-hemolytic hyperbilirubine-
mic neonate groups: 20 neona-
tes who had been treated by
conventional phototherapy
(Group I) and 15 neonates who
were treated by LED photothe-
rapy. Term newborns who were
older than 3 days were included
to the study. Criteria defined by
AAP were used to initiate and
terminate the treatment (2). The
infants were placed in open
cribs, unclothed except for a
diaper and had their eyes cove-
red.  Conventional fluorescent
phototherapy was utilized in the
control group with standart
phototherapy units (Air-Shields
Fluoro-Lite® Phototherapy
System, Dräger Medical AG &
Co. KG Aa Lübeck, Germany). At
a standart distance of 40 cm, the
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Conventional LED
Group I Group II p
(n: 20) (n:15)

Birth weight (g) 3290± 464 3179±497 0.504
Cesarean section / vaginal 11 / 9 9 / 6 0.767
Gestational age 37.9±1.8 37.5±1.7 0.558
Gender (F/M) 13/7 9/6 0.552
Admission age (hour) 100.2±40 94.4±54 0.719
Baseline TSB (mg/dl) 17.6±4.5 19.6±3.3 0.155
TSB at 4 hour (mg/dl) 16.2±3.9 17.1±2.7 0.471
TSB at 24 hour (mg/dl) 14.8±3.4 14.4±2.1 0.668
Last TSB level (mg/dl) 12.8±2.8 12.4±1.9 0.687
Duration of phototherapy (hour) 43.1±21.4 32.1±14.6 0.097
*Absolute change in TSB per hour (mg/dl/hour) 0.13±0.1 0.30±0.2 0.003
•Relative change in TSB at 4 hour (%) 2.22±2.4 3.09±3.2 0.367
• Relative change in TSB at 24 hour (%) 0.54±0.6 1.06±0.3 0.008
Rebound jaundice 4 - 0.006

TSB: Total serum bilirubin
*Absolute change in TSB: Change in serum bilirubin level before and after phototherapy divided to photother-
apy duration (mg/dl/hour).
• Relative change in TSB at 4 and 24 hour:Percentage change in serum bilirubin level per hour after  4 and 24
hours of treatment.

TTaabbllee  II.. Patient characteristics and comparison of group I and group II 
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devices with a 1:1 ratio of tubes
could deliver up to 8 micro-
watts/cm²/nm, while a unit con-
taining only special blue tubes
which could deliver up to 12
microwatts/cm²/nm. LED pho-
totherapy device (neoBLUE®
LED Phototherapy system, Na-
tus Medical Inc. San Carlos, CA
USA) was utilized in the study
group.  Mean irradiance of blue
LED unit at 20 cm distance was
35 microwatts/cm²/nm.   

Total serum bilirubin (TSB) level
was determined in capillary blo-
od samples obtained by heels-
tick and the test was repeated at
every 4 hours.  Birth weight,
gender,  family history, ethi-
ology of jaundice, initiation ti-
me of phototherapy, TSB level at
the initiation of therapy and at
4, 24 hours and the last TSB le-
vel before cessation of photot-
herapy, rebound serum biliru-
bin level obtained 24 hours af-
ter termination of phototherapy
and duration of phototherapy
were  recorded. 'Absolute'
(change in serum bilirubin level
per hour of photothetrapy treat-
ment period) and 'relative'
terms (percentage change in se-
rum bilirubin level per hour af-
ter 4 and 24 hours of treatment)
were calculated. Rebound jaun-
dice was defined as the reincre-
ase of serum bilirubin level to
phototherapy treatment limit af-
ter 24 hours of phototherapy
termination. Statistical analysis
was performed by  Student t test
and X² test. Qualitative variables
were compared with a X² test
while an independent-samples t
test was used for quantitative va-
riables of patient characteristics.
Statistical significance was defi-
ned as p < 0.05.

RESULTS

There were significant differences
in the  absolute change in serum
bilirubin level per hour and rela-
tive change in serum bilirubin
level at 24 hour between group I
and group II (p< 0.05, for
both).  Rebound jaundice was
observed in 4 of the neonates
that received conventional pho-
totherapy. Duration of photothe-
rapy was shorter in the LED pho-
totherapy group  but this was
not  statistically significant (43.1
vs 32.1hrs) (Table 1).

There were no statistical differen-
ce in terms of birth weight, ges-
tational age, gender, route of de-
livery, age at admission to the
neonatal unit, serum bilirubin
level at the initiation of therapy
and at 4 and 24 hours and the
last serum bilirubin level before
the cessation of phototherapy
(Table 1).

Blood extravasation (n:8, 23%),
dehydration (n:9, 26%), hypoth-
yroidism (n:2, 6%), focal infecti-
on (n:5, 14%), polycytemia (n:4,
11%) were among the demons-
trable ethiologies of jaundice.
Etiology could not be demons-
trated in the rest of the patients.
Family history, definable as sib-
lings hospitalisation because of
hyperbilirubinemia, was positive
in 8 of 35 neonates (4 in each
group). 

DISCUSSION 

In the present study, high intensity
gallium nitride blue LED photot-
herapy was found to be more ef-
fective  than conventional flu-
orescent phototherapy with res-
pect to  bilirubin photodegrada-
tion. LED phototherapy reduced
TSB level in the first 24 hour of

phototherapy significantly. Alt-
hough, the duration of photot-
herapy in the patients who rece-
ived LEDs seemed shorter, the
difference between the groups
was not statistically significant. 

The incidence of significant rebo-
und bilirubin was reported as
5.1% -13.3% in large number of
neonates' series (8,9). According
to AAP recommendations, neona-
tes even in the high risk groups
(direct Coombs' positive, border-
line prematurity and those in
whom phototherapy had been
instituted <72 hours), should
not be followed for the develop-
ment of potentially dangerous
post-phototherapy  rebound
hyperbilirubinemia (2).  On the
other hand, as conventional pho-
totharepy devices instead of LEDs
are still being used in developing
countries, post-phototherapy bi-
lirubin follow-up is usually used
in practice. In our study, rebound
hyperbilirubinemia was observed
in 20% of conventional   photot-
herapy group (n:4). Because the
newborns in conventional group
received much more time for
phototherapy than the neonates
in LED phototherapy group and
their postnatal age's were older
and they were slightly more ma-
ture at the time of rebound bili-
rubin determination. Lower se-
rum bilirubin levels should be ex-
pected. On the contrary, their re-
bound hyperbilirubinemia rate
was significantly higher.  We did-
n't observe rebound hyperbiliru-
binemia in any of the patients
that received LED phototherapy
and accepted this observation as
another clue for the efficacy of
LED phototherapy. 

Despite many  potential benefits of
LEDs recently reported (6,10),
two clinical trials of LEDs did not
report a higher efficacy when
applied using relatively low irradi-
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ance levels. These results suggest
that effectiveness of phototherapy
does not only depend on the co-
lor but also the irradiance of light
(11,12).  Chang et al (13) repor-
ted that LEDs showed a signifi-
cant higher efficacy of bilirubin
photodegradation than the con-
ventional phototherapy both in
vitro and in vivo. Contraversial re-
ports concerning efficacy of LED
phototherapy show that data rela-
ted to LED phototherapy is still
insufficient for its routine recom-
mendation. Seidman et al compa-
red the efficacy of LED photothe-
rapy with an irradiance of >100
microwatts/cm²/nm to conventi-
onal phototherapy with 5-8 mic-
rowatts/cm²/nm irradiance. They
found that the mean TSB concen-

trations at initiation and termina-
tion of phototherapy treatment
did not differ between newborns
receiving LED phototherapy and
those receiving conventional pho-
totherapy. They also reported that
the duration of phototherapy and
the rate of decrease in TSB con-
centration were not statistically
different in the two groups. In
contrast, LEDs with irradiance le-
vels of 35 microwatts/cm²/nm re-
duced TSB level in the first 24 ho-
ur of phototherapy significantly
in our study. Furthermore, Seid-
man et al have not reported the
incidence of rebound hyperbiliru-
binemia. In our study, rebound
hyperbilirubinemia was observed
in none of the neonates that rece-
ived LED phototherapy. 

We conclude that  the LED photot-
herapy was found to be more ef-
ficient than conventional photot-
herapy devices as they can provi-
de rapid reduction in bilirubin
photodegradation. The incidence
of rebound hyperbilirubinemia
with LED phototherapy  seems to
be less than conventional photot-
herapy and this may prevent un-
necessary rebound bilirubin me-
asurements in non-hemolytic ja-
undice.             
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