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Early formation of bilirubin isomers during phototherapy
for neonatal jaundice: effects of single vs. double fluorescent

lamps vs. photodiodes

Khalaf Mreihil?, Poul Madsen?, Britt Nakstad'?, Jaraté Saltyté Benth?*, Finn Ebbesen®* and Thor Willy Ruud Hansen2¢

BACKGROUND: In neonatal jaundice, phototherapy con-
verts bilirubin to more polar photoisomers which can be
excreted without conjugation. We measured changes in the
concentration of bilirubin ZE-photoisomer during the first 4 h
of intensive phototherapy using single fluorescent lights as a
reference, compared to double fluorescent lights, and a single
unit of photodiodes.

METHODS: Neonates (N = 42; birth weight: 1,200-4,690 g;
gestational age: 28-42 wk) were studied during phototherapy.
Infants were randomized to: (i) single, or (ii) double fluorescent
phototherapy; or (i) single unit photodiodes. Irradiance was
measured. Serum bilirubin (by cooximetry) and ZE bilirubin (by
high-pressure liquid chromatography) were measured at 0,15,
30, 60, 120, and 240 min after the start of phototherapy. Data
were analyzed with a linear mixed model.
RESULTS: There wasa highly significantincrease of ZE-bilirubin
over time (P <0.0001), starting at 15 min. Photoisomers reached
~25% of total bilirubin concentration after 4 h. However, there
were no significant differences between the three randomized
groups in spite of significantly higher irradiance using double
fluorescent lights vs. single fluorescent or photodiodes.
CONCLUSION: Formation of bilirubin photoisomers is rapid,
and occurs early during intensive phototherapy for neonatal
jaundice. The rate and level of photoisomerization was not
influenced by irradiance and light source.

hototherapy is the standard treatment for hyperbilirubine-
mia in newborns, and is administered to prevent kernic-
terus and other sequelae of bilirubin neurotoxicity (1).

It is effective and considered safe. However, a recent report
suggests that “aggressive” phototherapy in the smallest infants
of birth weight 501-750 g may be associated with increased
risk of death (2).

When native bilirubin IXo (Z,Z) in neonates is exposed to
light, a rapid photochemical reaction produces water-solu-
ble configurational (4Z,15E; 4E,15Z; 4E,15E) and structural

(Z-lumirubin; E-lumirubin) isomers (3,4). Photooxidation
may also occur (5,6). Due to increased polarity, these iso-
mers can be excreted in bile and urine, bypassing the need for
conjugation. It has recently been suggested that these isomers,
because of their polarity, should be less able to cross the blood-
brain barrier (1,7). If this is correct, photoisomer formation
might be directly neuroprotective, irrespective of the effect on
excretion. Experimental data suggest that bilirubin photoiso-
mers are less toxic than the native IX o (Z,Z), but there are
methodological weaknesses in these studies (1). Thus, experi-
mental proof of the hypothesized direct neuroprotective effects
of photoisomerization is still needed. Both different light qual-
ities and variable light irradiance are commonly employed in
practical phototherapy. Herein we have investigated whether
such factors may impact on photoisomer formation.

The common light sources used in phototherapy are either
fluorescent, or tungsten-halogen lamps with wide emis-
sion spectrum, or light-emitting diodes (LEDs) with narrow
spectrum. Differences in peak wavelength as well as spectrum
may impact on the rate and extent of bilirubin photoisomer-
ization (8). Blue spectrum, near the bilirubin absorption maxi-
mum at 458 nm wavelength, may produce more of the ZE
isomer, and light at longer wavelengths, closer to the color tur-
quoise, may produce more lumirubin (9). Z,E-bilirubin is more
slowly cleared, thus more likely to reach significant levels in the
serum and a more likely candidate for the role of “brain-spar-
ing” bilirubin. We recently showed that a significant increase
in serum Z,E-bilirubin concentration can be measured within
minutes of starting phototherapy (10).

Although phototherapy has been the therapy of choice for
newborns with hyperbilirubinemia for decades, there is still
debate as to what is the most effective phototherapy we can
provide (3). Most of the debate concerns the irradiance or
the color (i.e., wavelengths and bandwidth). Blue light may
be more effective, and can provide more photoisomerization
than green light or daylight (11,12), but turquoise light may be
more effective in preterm infants than blue light (9). Finally,
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photodiodes may be clinically more effective than conven-
tional phototherapy with blue-white or green fluorescent tubes
as judged by the production of lumirubin (13).

The aim of this randomized, controlled, nonblinded study
was to compare the rate and level of 4Z,15E photoisomeriza-
tion during intensive phototherapy using single vs. double
fluorescent lights vs. a single unit with photodiodes.

RESULTS

Clinical and laboratory characteristics are shown in Table 1.
Irradiance to the top surface with double fluorescent lights
was significantly higher than with single fluorescent lights

Table 1. Descriptive statistics for total sample and each group

and photodiodes, similarly for irradiance to the flanks. There
were no differences in irradiance between single fluorescent
lights and single photodiodes. The irradiances at the babies’
top surface (measured ~20 cm below the light source) were as
follows (in W/m?, mean + SD): single fluorescent 29.0 +5.7;
double fluorescent 40.4 +5.9; photodiode device 31.6+2.7.

The mean postnatal age when phototherapy was started was
65.9h (median: 51h).

Production of Photoisomers
The percentage of configurational 4Z,15E photoisomer
increased with duration of phototherapy in all groups

Fluorescent Fluorescent Photodiodes Pvalue Pvalue Pvalue
Parameter Total single (G1) double (G2) (G3) Pvalue G1vs.G2 G1vs.G3 G2vs.G3
GA, weeks
N 42 14 14 14
Mean (SD) 37.0 377 37.0 36.3 . . - -
2.9) (33) 2.1) 32) 0.510 0.449 0.706 0.706
Median (min-max) 37.5 38.8 7.5 36.4
(28-42) (32-42) (33-40) (28-40)
BW, g
N 42 14 14 14
Mean (SD) 2,963.4 3,234.9 2,905.7 2,749.5 . . . .
(864.7) (866.2) (956.8) (7483) 0.424 0.706 0.706 1.000
Median (min-max) 3,015.0 3,117.5 2,855.0 2,780.0
(1,200-4,690)  (1,980-4,690) (1,290-4,400) (1,200-3,630)
Irradiance on top surface (W/m2)
N 42 14 14 14
Mean (SD) (363.'97) (259.'7(; ;‘5?;; (32176) <0001 <0.001"  0.057° <0.001"
Median (min-max) 32.5 294 40.3 32.0
(21.3-51.1) (21.3-40.3) (30.2-51.1) (23.8-35.3)
Irradiance in flanks
(W/m?)
N 42 14 14 14
Mean (SD) 16.7 12.6 234 14.0 <0.001" <0.001" 1.000"  <0.001™
(6.3) (3.0) (5.0 (4.1)
Median (min-max) 15.0 12.3 23.8 13.3
(7.5-31.3) (8.3-19.2) (9.5-31.3) (7.5-20.6)
Hb (g/dl)
N 36 11 12 13
Mean(SD) 16.3 16.1 17.6 15.2 . - - -
3.) 2.8) 35) 2.6) 0.082 1.000 1.000 0.115
Median (min-max 15.5 14.9 17.6 14.7
(11.7-22.6) (12.5-20.7) (11.9-22.6) (11.7-21.9)
Preterm (<37 GW)
N (%) 22 8 7 7 0.9091 0.705% 0.705™ 1.000"*
(52.3) (36.4) (31.8) (31.8)
Postnatal age at start of
phototherapy (hours)
N 42 14 14 14
Mean 65.9 64.5 66.3 66.9 0.135 0.706 0.706 0.257
Median (min-max) 51 48 425 73.5
(17-160) (48-157) (28-160) (17-137)
Bilirubin (umol/1)
N 42 14 14 14
Mean (SD) 2499 236.6 250.1 263.1 B . . -
(81.6) (72.8) (86.3) (88.8) 0751 0706 0-706 0.706
Median (min-max) 231.5 231.5 213.5 250.0
(106-449) (106-389) (139-418 (108-449)

Differences between groups were assessed by median test.
BW, birth weight; GA, gestational age.

“Pvalue for median test across all three groups. P value for median test for pairs of groups. 'P value for y*-test across all three groups. P value for y*-test for pairs of groups.
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(Figure 1). There was a significant increase of Z E-bilirubin
over time (P < 0.0001). Formation of isomers was detected as
early as 15min after onset of phototherapy, at which time the
level (=10%) was significantly higher than immediately before
start-up. After about 4h, photoisomer concentration reached
25% of total bilirubin. There were no statistically significant
differences in the formation of Z E-bilirubin photoisomers
between the three groups, neither in the crude nor the adjusted
model (Table 2). This was true despite significantly higher
irradiance in the double fluorescent group vs. single fluores-
cent and photodiodes.

Total serum bilirubin (TSB) values decreased significantly
more slowly (P = 0.005) in the group that received single
fluorescent phototherapy vs. the two other groups. However,
although statistically significant, the actual difference in 0-4h
decrease was small (7 vs. 9.5 vs. 9%, single vs. double fluores-
cent vs. photodiodes, respectively).

Hemoglobin (Hb) Concentration and Production of
Photoisomers

The mean hemoglobin value was 10.9 g/dl (range: 11.7-22.6 g/
dl). When analyzed with the linear mixed model, percent
formation of photoisomers at 30 and 60min after start of
phototherapy was negatively correlated with Hb values. The
percentage (mean (95% CI)) of photoisomers 30 min after the
start was 12.8 (10.7, 15.0) and 17.8 (16.4, 19.3) among those
with Hb > 14.5g/dl and Hb < 14.5g/dl (P = 0.001), respec-
tively. Corresponding numbers 60 min after the start were 16.9
(14.9,19.0) and 21.3 (19.9, 22.8), P = 0.037. Beyond 60 min, Hb
values had no impact on photoisomer formation (Figure 2).
Exploring further the effect of Hb by a linear regression anal-
ysis revealed that the effect of Hb was significant at 15min
(F = 7.66, P = 0.009) and 30 min (F = 4.47, P = 0.042), but not
from 60 min and thereafter.
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DISCUSSION

The purpose of this study was to compare the effect of pho-
totherapy with single vs. double fluorescent vs. photodiodes
on the formation of bilirubin photoisomers. The efficacy of
phototherapy depends on the irradiance and wavelength of
the light, and on the irradiated skin area (3,14). The efficacy
of phototherapy is also influenced by bedside optimization of
spectral power (e.g., using reflecting surfaces), patient charac-
teristics, and the phototherapy device characteristics (15). The
2004 American Academy of Pediatrics guidelines on manage-
ment of neonatal jaundice defined intensive phototherapy as
irradiance higher than 30 yW/cm?/nm over the 430-490 nm
wavelength interval (16).

Herein we have shown that 47,15E bilirubin is detectable in
blood within 15min after starting efficient phototherapy. By
this time, around 10% of circulating bilirubin was isomerized
to 4Z,15E bilirubin (Figure 1). A further increase to photoi-
somer levels of 23-27 % after 4h was observed. However, our
data do not show that this represents a true plateau. Notably,
there was no statistically significant difference between the
three groups in formation of photoisomers.

Our present observation, as well as in our previous study
(10), evincing rapid formation of bilirubin photoisomers in
the blood within few minutes of commencing phototherapy,
is compatible with a primary site of action of phototherapy
in the capillary circulation. This agrees with the findings of
Donneborg et al. (17), who showed that changing the position
of infants during phototherapy, as is common practice, does
not increase the effect of phototherapy. They inferred that the
effect of phototherapy is in the capillary circulation near the
skin surface.

Because photoisomers are more polar, it can be hypothesized
that they may be less able to cross the blood-brain barrier,
thus possibly reducing the risk of neurotoxicity. Indeed, this
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0 15 30 60

120 240

Time (min)

Figure 1. Formation of 4Z,15 E photoisomers as a percentage of total serum bilirubin. Blue bar: Fluoroscent—single bank. Red bar: Fluoroscent double
bank. Black bar: photodiodes. On each box, the central mark (in black) is the median, the edges of the box are the 25th and 75th percentiles, respectively,
the whiskers extend to the most extreme data points not considered outliers. Outliers were excluded from the figure.
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Table 2. Results of linear mixed model for third-order time trend in photoisomers (crude and adjusted regression coefficients with the

corresponding 95% confidence intervals (Cl) and P values)

Crude model

Adjusted model

Variable Regression coeff. (95% Cl) Pvalue Regression coeff. (95% Cl) Pvalue
Time 0.41(0.36;0.45) <0.001 0.41(0.36;0.45) <0.001
Time? —0.003 (—0.004; —0.002) <0.001 —0.003 (~0.004; -0.002) <0.001
Time® 0.000007 (0.000005; 0.000009) <0.001 0.000007 (0.000005; 0.000009) <0.001
Single fluorescent - ref. 0 0411 0 0.452
Double fluorescent 1.08(-1.51;3.68) 1.25(-2.09;4.58)

Photodiodes 1.81(-0.79; 4.40) 0.171 1.73(-0.68;4.15) 0.154
Measured irradiance values on top surface 0.03(-0.12;0.19) 0.689 —0.03 (—0.24;0.19) 0.796
Hb —0.34(-0.72;0.04) 0.077 —0.29(-0.61;0.04) 0.084
Birth weight —0.0008 (—0.002; 0.0005) 0.210 —0.001 (-0.002; 0.0001) 0.078

Time, Time?, and Time? are, respectively, first-, second-, and third-order time components in the linear mixed model.
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Figure 2. Time trend in formation of photoisomers relative to Hb > 14.5g/dl and Hb <14.5 g/dl. Hb > 14.5 g/dl in black, Hb < 14.5 g/dl in gray.

was proposed by McDonagh et al. (18) more than 30 y ago.
The theoretical arguments are chemically and physiologically
coherent (10). Also, the reports of apparent reversibility of
acute intermediate-to-advanced stage bilirubin encephalopa-
thy with timely aggressive therapy (19-21), support the need
to learn more about the rate of photoisomerization as a func-
tion of the emission spectrum, the irradiance of the lights, the
surface area exposed, and possibly the initial serum bilirubin
level (3). The percentage conversion of bilirubin to 4Z,15E bili-
rubin is expected to increase with time until an equilibrium
between Z,Z-bilirubin and Z,E-bilirubin is obtained, that is
dependent only on the emission spectrum of the light (7).
Therefore, we aimed to examine the impact of the use of dou-
ble compared to single unit fluorescent phototherapy, as well as
that of photodiodes.

Z,E bilirubin is formed rapidly but excreted slowly. Thus,
this isomer achieves a high level as a fraction of total serum
bilirubin (9,22,23). It is precisely this phenomenon that allows

Copyright © 2015 International Pediatric Research Foundation, Inc.

us to speculate on a possible neuroprotective effect of photo-
therapy. Photoisomer formation starts long before significant
changes in TSB can be detected. After 2h of phototherapy
TSB is only minimally reduced, while the 4Z,15E photoisomer
alone constitutes between 20-25%, and other photoisomers,
albeit present only in low concentrations, nevertheless add to
that number (8). The range of photoisomer values seems wider
at the earlier time points than later, and narrower as a putative
equilibrium between Z, E- and Z,Z-bilirubin is approached. A
wide scatter of values was also reported by Onishi et al. (24),
while Myara et al. (8) found less variation. The scatter of our
early values suggests the possibility that in some infants factors
may be operative that allow a more rapid response as far as
photoisomer formation. This is presumably explained by the
very wide range of the infants’ birth weights. With low birth
weight, the body surface area relative to volume is high, thus
the light-exposed area in relation to weight increases. This
leads to increased formation and higher serum concentration

Volume 78 | Number 1 | July 2015 Pediatric RESEARCH 59
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of photoisomers. When an equilibirium between Z,E- and Z,
Z-bilirubin is achieved, the percentage of Z,E-bilirubin will be
independent of the formation of photoisomers and thus the
birth weight.

This is the first study which has compared early formation
rate of photoisomers according to the type of phototherapy
and the irradiance of the light source. Compared to previous
studies of photoisomer formation, our sampling and sample
handling have been successful as far as protection from ambi-
ent lights. Thus, in contrast to others (8,24), our results show
very low isomer concentrations before phototherapy starts.

Our study supports previous studies (9,12,22,25), which
showed that configurational isomers of bilirubin are formed in
the plasma of infants who receive phototherapy. The early study
of Costarino et al. (25) appeared to show that Z E-bilirubin in
the serum reached steady-state within 4h after starting pho-
totherapy. Our finding that the concentration of Z,E-bilirubin
increased with the duration of phototherapy during the 4-h
study period, is in part consistent with that study. Though it is
possible that levels can increase even higher, as our data do not
confirm that a plateau had been reached at 4h, both the shape
of the curve in Figure 1 as well as the data from Myara et al. (8),
suggest that an equilibrium or “saturation” level is likely to exist.

In most clinical studies of phototherapy, the effect was mea-
sured as reduction of TSB. The presence of photoisomers has
received much less attention as an effect measure, and the pos-
sible neuroprotective effect of converting one quarter of circu-
lating bilirubin to more polar isomers has only been addressed
to a very limited extent (10).

In the present study, we have documented that the propor-
tion of the 4Z,15E isomer increases significantly over the 4-h
study period, while changes in total serum bilirubin are small.
However, there was no difference between the three groups
in formation of photoisomers. This is in accordance with
Costarino et al. (25) showing no difference in the percentage
of Z,E-bilirubin in preterm infants exposed to either a low or
a high light irradiance from daylight bulbs. We had expected
that the serum concentration of Z, E-bilirubin would have been
higher with double than single unit fluorescent phototherapy,
as the in vitro production rate has been shown to increase with
irradiance (3). Thus, more studies are needed to further eluci-
date these questions.

The efficacy of phototherapy is dependent on several factors.
Hemoglobin absorbs visible light in the skin, and is the major
competitor with bilirubin for light absorbtion. Therefore, it was
recently suggested that a high hematocrit/hemoglobin level
could reduce the therapeutic efficacy of phototherapy (26). In
a post hoc analysis of hemoglobin data from our patients, we
found a significant negative correlation between Hb and pho-
toisomer formation during the early phase of phototerapy (15,
30, and 60min), which disappeared at the later time points.
This fits with the fact that a difference only exists until an equi-
librium between Z,E- and Z,Z-bilirubin is achieved. The results
support the suggestion by Lamola et al. (26) that the hemoglo-
bin level will influence the efficacy of phototherapy. Possible
explanations for this phenomenon are that the proportion of

60 Pediatric RESEARCH Volume 78 | Number 1 | July 2015

plasma to red cells is lower with high Hb, so it takes longer for
the circulating bilirubin to be exposed to phototherapy lights.
Slower capillary circulation due to the higher viscosity of high
Hb blood may have the same effect, and as Hb filters the light,
we speculate that with more red cells bilirubin molecules are
exposed to less light.

The strength of this study is that it represents an aver-
age neonatal intensive care unit (NICU) population. The
study was designed to investigate the formation of photoi-
somers under predefined phototherapy conditions, with
clearly defined critera for, i.e., the distance of the photo-
therapy device from the baby. There were strict procedures
for protection of blood samples from ambient light during
sampling and processing. This allowed us to show low levels
immediately prior to, and significant formation of photoi-
somers as early as 15min after initiation of phototherapy.
A possible weakness of this study is the relatively limited
number of patients which may have caused us to miss a
(small) difference in photoisomer formation between the
groups. If, as speculated, photoisomers are less able to cross
the blood-brain barrier, our findings support the hypothesis
that formation of photoisomers may be a meaningful effect
of phototherapy, even when there is little or no change in
TSB values. Indeed, the protective effect of photoisomers
may begin as soon as phototherapy is initiated.

Conclusion

Our data confirm that formation of bilirubin photoisomers
occurs early in effective phototherapy, constituting ~25% of
total serum bilirubin by 4 h. There was no significant differ-
ence in formation of Z,E photoisomers between the three
groups despite significantly higher irradiance in double vs.
single fluorescent and photodiodes. Since these photoiso-
mers may be less able to cross the blood-brain barrier than
native bilirubin IXo (Z,Z), phototherapy may protect the
brain, and reduce the risk of bilirubin encephalopathy, even
before changes in TSB can be detected. If this interpretation
of the knowledge about bilirubin photoisomer characteris-
tics is correct, phototherapy has two salutary effects—reduc-
tion of neurotoxicity risk through accumulation of the
configurational 4Z,15E isomer, and facilitated excretion of
the structural isomer lumirubin.

METHODS

Patient Cohort

This study was performed in the NICU at Akershus University
Hospital, Norway. Infants admitted to the NICU at >27° wk gestation
and >1,000g birth weight and who were in need of phototherapy for
hyperbilirubinemia according to Norwegian national guidelines (27)
were invited by a staff member to participate in the study. A power
analysis was performed based on a previous study (10) to detect a
difference of 50% in photoisomer Z,E concentration at 15 and 60 min
after initiation of treatment (judged as a “clinically significant” differ-
ence) with a power of 80% and a type I error rate of 5%, leading to 14
patients in each group, a total of 42 patients was needed.

The patients had gestational age of 37.0 + 29wk (mean * SD),
range 28-42 wk. The ethnicities of the infants were 28 Caucasian, 11
Asian, 1 African, and 2 of mixed parentage. The recruitment period
ran from 28 May 2009 till 18 January 2012. Clinical data and duration

Copyright © 2015 International Pediatric Research Foundation, Inc.
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of phototherapy were recorded. The infants were naked except for eye
pads and diapers.

Enrolled infants were randomized by drawing of sealed opaque
envelopes to: (i) Single unit fluorescent phototherapy (BiliCompact
Infant Phototherapy Lamp, Weyer GmbH, Kiirten, Germany), or
(i) Double unit fluorescent phototherapy with BiliCompact (Weyer
GmbH), or (iii) Single unit photodiodes (neoBLUE, Natus Medical
Incorporated, San Carlos, CA). Of note, double unit phototherapy
was not routinely used in this NICU, and there were no defined cri-
teria for such use. Thus, no infant randomized to groups 1 or 3 was
deprived of a treatment which might otherwise have been given.

Phototherapy Setup

Phototherapy was given as indicated by Norwegian National
Guidelines (27). Single phototherapy was provided by either neo-
BLUE (Natus Medical Incorporated) or BiliCompact (Weyer GmbH)
positioned at a distance of 20cm from the infants. Spectral power
was enhanced by covering the bassinet inside with white linen and
by placing white linen as curtains around the unit using specially
adapted racks (28). Double phototherapy was administered by two
units BiliCompact (Weyer GmbH) placed above the infant, also at a
distance of about 20 cm, both at an angle of ~30-40 degrees from the
horizontal and facing each other.

The neoBLUE (Natus Medical Incorporated) unit emits blue LED
light in the 450-470nm spectrum. This range corresponds to the
bilirubin peak absorption wavelength of 458nm. It delivers 12-30
uW/cm?/nm, depending on the distance and adjustment of irradi-
ance by flipping a switch. BiliCompact (Weyer GmbH) contains 10
9W 12.7-cm length fluorescent bulbs (BAM/PL9/52, Ralutec 9W/71
G 23). These bulbs have broad Gaussian emission spectra roughly
from 400 to 525 nm with a peak at 450 nm and intense mercury emis-
sion lines at 405, 436, and 546 nm. The radiant power over the range
400-550nm is given as 2.3 W and their bilirubin-effective radiation
intensity as 20 W/m? at a distance of 25 cm.

Bilirubin Measurements

Capillary blood samples for TSB measurements and for high-pres-
sure liquid chromatography (HPLC) were drawn immediately before
start of phototherapy, and then 15, 30, 60, 120, or 240 min after start
of phototherapy. Ethics approval allowed for five samples from each
infant. Therefore, the final sample was obtained at 120 min in half
of the infants in each group, and at 240 min in the other half. TSB
was measured by cooximetry with an ABL 800 blood gas machine
(Radiometer Medical, Brenshgj, Denmark) immediately after col-
lection of blood samples. Supplemental clinical data and blood test
results were collected from the patient records as permitted by the
ethics committee.

Processing of Blood Samples for HPLC

Blood samples for HPLC were continuously protected from light by
aluminum foil. Centrifugation in a HERAEUS Multifuge 1S centri-
fuge (Thermo scientific-Thermo Electron LED GmbH, Robert-Bosch
str.1, D-63505 Langenselbold, Germany) at 2,000 rpm for 10 min in
the cold (4 °C), and pipetting of blood samples were done under red
light. Plasma was pipetted into polyethylene tubes and stored in these
at =70 °C. All samples were transported on dry ice in one batch for
analyses of bilirubin photoisomers.

HPLC

Bilirubin isomers were analyzed on a Dionex Ultimate 3000 system,
including a multiple Wavelength detector (Dionex, Sunnyvale, CA).
The column used for HPLC was a Kinetex core-shell 2.6 pm C-18
(15%0.46cm) (Phenomenex, Torrance, CA). HPLC was performed
according to Itoh et al. (29) using a gradient with primary eluent:

Acetonitrile—0.01 M sodium phosphate (pH 5.5)—dimethyl for-
mamide (50:300:650), and secondary eluent: acetonitrile—0.01 M
sodium phosphate—dimethyl formamide (200:150:650).

The flow rate was 0.25ml/min and eluates were detected as absor-
bance at 455 nm. Areas under the peaks of the chromatograms were
used in calculation of the relative concentration of the bilirubin iso-
mers. The relative molar absorptivity values at 455nm used were:
(Z,Z)-bilirubin: (Z,E)-bilirubin: (E,Z)-bilirubin: (E,Z)-lumirubin
(E,E) lumirubin = 1.00: 0.81: 0.54: 0.46: 0.39 (29). Fifty microliters of

Copyright © 2015 International Pediatric Research Foundation, Inc.

serum were mixed with 50 pl acetonitrile and dimethylsulfoxid, vor-
texed for 10 s and centrifuged at 22,000 g for 20 s. Twenty-five micro-
liters were injected onto the column. All preparations and procedures
were done under red light conditions.

Irradiance Measurements

Irradiance was measured at the babies” top surface ~20 cm below the
light source and in the flanks with an LMT-Pocket Ebi photometer,
which has a sensitivity spectrum of 388-555nm and a peak at 475 nm.
(LMT Lichtmesstechnik; GmbH, Berlin, Germany)

Data Handling

Clinical and laboratory characteristics were described by means (SD)
and medians with intervals specifying minimum and maximum val-
ues. Box plots were used to present data graphically. Median test was
applied to assess the differences in characteristics across all three light
sources as well as pairwise differences. A linear mixed model with
first-, second- and third-order time components as fixed effects and
random intercepts was fitted to assess trends in Z, E-bilirubin concen-
trations (SAS MIXED procedure). Such a model takes correlations
due to repeated measurements into account, and may prevent false
significant findings. The light source variable was used as predictor
with the single unit fluorescent light (BiliCompact) group as refer-
ence. The model was further adjusted for potential confounders;
irradiance values on the babies’ top surface, hemoglobin concentra-
tions, and birth weight. Data were presented as regression coeflicients
with 95% confidence intervals (CI) and P values. All statistical analy-
ses were performed with SPSS v20 (IBM, Released 2011. IBM SPSS
Statistics for Windows, Version 20.0, IBM, Armnok, NY) and SAS v
9.3 (SAS software Copyright, SAS Institute, NC).

The inclusion of patients was completed before the publication
by Lamola et al. (26), proposing that the level of hemoglobin at the
time of phototherapy may impact on the formation of photoisomers.
Therefore, we retrospectively abstracted from the charts the hemo-
globin values of our patients at the time of phototherapy. Such values
were available for 36 of the 42 patients. Because we had not found any
significant differences between the study groups as far as formation
of photoisomers, data from all three groups were pooled. The data
were then organized in three groups each of size 12 according to the
levels of Hb (<14.5g/dl; 14.5-17.5g/dl; >17.5g/dl). As there was no
statistically significant difference between the two groups at cut-off
>14.5g/dl, the two last groups were also pooled for the final analysis,
when estimating a linear mixed model. The results were presented
graphically as means estimated by the model at each time point with
corresponding 95% CI in two groups of Hb.

However, because the model of Hb influence predicts that these
effects will only be apparent during the early phase of phototherapy,
before equilibrium between the 4Z,15Z and the 4Z,15E has been
achieved, the data was further explored by a linear regression model
at each individual time point.
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