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Abstract 
Background: Typically, phototherapy is used to treat neonatal jaundice by changing bilirubin 
into more polar stereoisomers. The blood-brain barrier should allow less of these to pass 
through. The likelihood of developing kernicterus may be influenced by the rates of 
photoisomer production and concentrations building up in the circulation. The main 4Z,15E 
photoisomer of bilirubin's significant rate of emergence during phototherapy's initial stages 
was the focus of this investigation. 
Methods: Blood samples were taken before, 15, 30, 60, and 120 minutes for 10 infants or at 
15, 60, 120, and 240 minutes for 10 infants after the start of phototherapy in 20 jaundiced 
neonates. Total serum bilirubin (TSB) and the 4Z,15E photoisomer of bilirubin were measured 
in blood samples. 
Results: Within 15 minutes, it was possible to observe the significant (p<0.0001) production 
of the 4Z,15E photoisomer. At 120 minutes, the change in TSB from time 0 was not significant, 
but it became significant at 240 minutes (p< 0.001). At 2 hours, the 4Z, 15E bilirubin made up 
to 20-25% of TSB, and it might not have peaked by 4 hours.  
Conclusion: To find out whether this early change in the equilibrium of bilirubin isomers with 
different polarity may affect the risk of bilirubin encephalopathy even before TSB starts to 
diminish, more research is required. 
Keywords: Polar stereoisomers, Photoisomer, Kernicterus, Phototherapy. 
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Introduction  
Jaundice in newborns has the potential to 
alter brain function both temporarily and 
permanently. This risk of toxicity serves as 
the impetus for therapeutic action, most 
frequently phototherapy. [1-3] Kernicterus 

seldom causes irreversible and catastrophic 
brain damage, although it nevertheless 
happens occasionally, even in developed 
nations.[4] It's unclear in these situations 
whether more prompt and aggressive 
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therapy could prevent or at least lessen the 
harm. 
The bilirubin molecule goes through many 
structural modifications as a result of 
phototherapy. The resultant stereoisomers 
require conjugation to be excreted, in 
contrast to the dominant parent IXa (4Z, 
15Z) isomer, which is more polar. [5] 
During phototherapy, photoisomers can be 
found in serum and to variable degrees in 
bile and urine. Because they are easier to 
excrete than the pigment's natural form, 
photoisomers are thought to contribute to 
phototherapy's ability to lower levels of 
total serum bilirubin (TSB). 
The cis-trans isomerization of one of the 
bilirubin's bridging double bonds from a 
so-called Z(zusammen) configuration to an 
E (entgegen) configuration results in the 
formation of the 4Z, 15E isomer, which is 
the most quickly generated photoisomer. 
[5] The two additional potential 
configurational isomers (lumirubin and 4E, 
15Z isomer), while to a lesser extent, are 
likewise produced quickly. The 
configurational photochemical events that 
produce the isomers happen in 
femtoseconds or less time. 
The frequency of emergence of 
photoisomers in serum during 
phototherapy has been researched by 
numerous writers. [6,7] However, it is 
challenging to extrapolate the initial rate of 
development of photoisomers from those 
investigations, either because early time 
points were not examined or because 
considerable levels of photoisomers (12–
18%) were present in samples taken even 
before phototherapy was started. It is 
unclear whether the photoisomers found in 
the initial samples were created by patients 
being exposed to ambient light [8] or by 
unintentional exposure to light during 
sample collection and processing.  
This study sought to ascertain the 
frequency of the main bilirubin 4Z, 15E 
photoisomer during the initial stages of 
conventional phototherapy. 

Material and Methods 
From July 2022 to December 2022, this 
observational study was carried out at the 
NICU, Pediatrics Department, Anugrah 
Narayan Magadh Medical College and 
Hospital, Gaya, Bihar. According to the 
national recommendations for this type of 
treatment, there were twenty infants who 
were scheduled to get phototherapy. The 
maximum number of blood samples that 
might be taken and examined from each 
newborn. The patients gestational ages 
ranged from 27 weeks and 6 days to 41 
weeks and 0 days, with a mean gestational 
age of 34 weeks and 1 day and a standard 
deviation of 0 weeks and 6 days. Their 
birth weights ranged from 900 to 5060 
grammes. The age was 72 81 hours 
(mean±SD; range 18-309 hours) at the 
beginning of phototherapy. 
 Phototherapy units with ten 9-W, 12.7-
cm-long fluorescent lamps are available. 
These bulbs have broad Gaussian emission 
generally between 400 and 525 nm, with a 
peak at 450 nm, and strong mercury 
emission lines at 405, 436, and 546 nm, 
according to the manufacturer's spectra. 
The "bilirubin-effective radiation 
intensity" is reported as 20 W/m2 at a 
distance of 25 cm, while the radiant power 
across the range 400-550 nm is given as 2.3 
W. 
Wherever possible, the units were placed 
20–30 cm away from the infants. However, 
the distance was inevitably bigger for 
premature children in closed incubators, up 
to 35–40 cm. By covering the bed/bassin 
inside with white linen and hanging white 
linen as curtains all around the unit using 
specially adapted, locally made racks, the 
spectral power (irradiance size of 
irradiated area) was increased. Except for 
the use of eye protection, infants were 
handled without clothing. When diapers 
were required, they were shrunk to the 
smallest size possible. Using a Pocket Ebi 
photometer, irradiance was measured on 
the newborns' top surface and in their 
flanks. A sample setup was also evaluated 
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with the Air-Shields PR III Phototherapy 
Radiometer for comparison's sake.. 
For the first 10 patients, samples were 
taken for the measurement of TSB and 4Z, 
15E bilirubin at 0, 15, 30, 60, and 120 min, 
and for the following 10 patients, samples 
were taken at 0, 15, 60, 120, and 240 min. 
Blood collection, which normally took 1-2 
minutes, was carefully done in as much 
dim light as possible. After that, blood 
samples were always transported and 
stored in dark containers, and the 
centrifugation and pipetting steps were 
carried out under red or orange safe-lights. 
TSB was assessed as soon as blood was 
collected using co-oximetry on an OMNI 
S/cobas b221 blood gas analyzer. In order 
to analyse the bilirubin photoisomers later, 
serum was transported on dry ice and 
maintained at a temperature of -70 °C. The 
column used for HPLC was a Beckman-
AltexUltrasphere-IP 5-μm C-18 ODS 
column (25 cm × 0.46 cm) maintained at 
~37°C and fitted with a similarly packed 
precolumn (4.5 cm × 0.46 cm), and the 
eluant was 0.1 M di-n-octylamine acetate 
in methanol containing 5% (vol/vol) water 
at a flow rate of 0.75 mL/min. Eluted peaks 

were detected with an Agilent 
multiwavelength diode array detector at 
450 nm (close to the absorbance maxima 
for 4Z, 15Z and 4Z, 15E bilirubins in the 
eluting solvent), and peak areas, measured 
by integration using HP ChemStation 
software, were corrected for differences in 
the absorbancies of photoisomers at 450 
nm. A 20-μL aliquot of each frozen serum 
sample was instantly diluted in 80-μL of 
0.1-M di-n-octylamine acetate in 
methanol, vortexed, and then microfuged. 
The supernate was then fed onto the 
column via a 20-μL loop. By comparing 
peak areas, it was possible to determine 
how much 4Z, 15E bilirubin there was in 
relation to 4Z, 15Z bilirubin. The peak 
regions of other photoisomers were 
relatively modest and harder to measure in 
comparison to the 4Z, 15E peak. Data on 
the concentrations of other isomers were 
not included because the study 
concentrated on the isomer that formed the 
most quickly. 

Results 
Table 1 displays the irradiance levels on 
the top surface, flanks, and TSB at the start 
and end of the study periods. 

Table 1: Irradiation and TSB values in patients treated with phototherapy 
 Mean±SD Range p-value 
Irradiance* on top surface (W/m2) 26.7±7.8 15.7-45.1 ND 
Irradiance in flanks (W/m2) 17.1±9.4 9.4-33.2 ND 
TSB (mmol/L) at start in patients 0-10 240±93 125-422 NS# 
TSB (mmol/L) at end 120 min in patients 0-10 230±86 108-396  
TSB (mmol/L) at start in patients 11-20 204±58 125-316 <0.001## 
TSB (mmol/L) at end 240 min in patients 11-20 177±54 108-272  

* Measured with a Pocket Ebi photometer (wavelength interval 380–780 nm). 
#Paired, two-tailed t test vs 120 min. 

## Paired, two-tailed t test vs 240 min. 
Irradiance values in μW /cm2/nm were obtained via comparison measurements with the Air-
Shields PR III Phototherapy Radiometer in sample setups, and these values were 5–10% 
higher in numerical terms than the μW/m2 values obtained with the Pocket Ebi photometer. 
However, this measuring device was not used for the actual study because the irradiance in 
real patient setups in preliminary studies frequently exceeded the 36μW/cm2/nm upper range 
of the Air-Shields PR III, and the relationship between the numbers measured by the two 
devices may not hold true above the upper range of the Air-Shields PR III. 
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When compared with a paired, two-tailed t test, the change in TSB values in the first group 
of 10 patients from the beginning to the end of the brief research period (0-120 min) was not 
statistically significant. The decrease in TSB from 0-240 min in the second patient group was 
modest but statistically significant. All newborns received between 7 and 45 hours of 
phototherapy overall (study period plus continuous phototherapy as recommended by clinical 
recommendations). 

 

 
Figure 1: Formation of 4Z,15E bilirubin as a percentage (mean ± SD) of TSB (4Z,15E _ 

4Z,15Z) in 20 jaundiced infants treated with phototherapy (F 79.06, p < 0.0001, one-way 
ANOVA). The difference from time 0 was significant from 15 min onward. 

Fig. 1 shows that the production of 4Z,15E bilirubin was highly significant (F 79.06, 
p<0.0001, one-way ANOVA), and that the percentage of this isomer was considerably higher 
than at time 0 at all time periods starting at 16 min (p<0.05, Tukey's multiple comparison 
test). The actual sample collection time points were, as can be seen from the graph, a little bit 
later than the intended times due to the time required for sample collection. 

Discussion 
According to this study, blood tests can 
detect the presence of 4Z, 15E bilirubin, 
which starts to accumulate as soon as a 
baby is exposed to phototherapy lights, 
within 15 minutes. By this time, 
isomerization to 4Z, 15E bilirubin had 
taken place in a mean of 10% of the 
circulating bilirubin. Other photoisomers 
were also identified in trace levels by 
HPLC, however they were not quantitated 
for this investigation. 
After only 15 minutes of phototherapy, the 
fraction of 4Z, 15E bilirubin in three 
individuals was 14–15% of the total 
bilirubin. It's interesting to note that in two 
of them, the body surface closest to the 
lights had irradiance values >40 W/m2, but 

the flanks had values >30 W/m2. The 
comparable irradiance levels for the third 
patient were 30.2 and 18.6 W/m2, 
respectively. All three had high TSB 
values (315, 254, and 315 μM, 
respectively) when phototherapy was 
initiated, and all three had relatively low 
birthweights (2670, 1760, and 1680 g, 
respectively). 
Even before phototherapy, minuscule 
levels of 4Z, 15E bilirubin were found in 
the blood, albeit in considerably lower 
concentrations than in earlier 
investigations, despite efforts to keep 
sample exposure to light to a 
minimum.(6,7) We were unable to 
determine whether these isomers 
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originated from the patient or whether 
blood samples were accidentally exposed 
to ambient light during collection and 
preparation. 
 It has been shown that non-jaundiced 
people exposed to daylight produce the 4Z, 
15E bilirubin. [8] As a result, it may not be 
irrational to assume that jaundiced 
neonates exposed to bright nursery lighting 
will produce some photoisomer. Recent 
years have seen the implementation of 
NIDCAP(10) or other similar care 
principles in NICUs, therefore ambient 
nursery lighting is probably going to be 
considerably more subdued than it was 
during earlier phototherapy experiments. 
[11] 
Intensive phototherapy was arbitrary 
described in the 2004 American Academy 
of Pediatrics (AAP) guidelines on 
management of newborn jaundice [12] as 
an irradiance >30μW/cm2/nm over the 
wavelength range 430-490 nm. In this 
investigation, the mean irradiance value 
assessed on the infants highest surface that 
is, the surface nearest to the lights was 
26.7±7.8 W/m2 (wavelength interval 380–
780 nm). The mean irradiance values in our 
study appear to be close to the range 
defined by the AAP as "intensive" despite 
the low wattage (9 W) and small size (≈13 
cm) of the bulbs used in our units, 
according to sample measurements with an 
older Air-Shields PR III Phototherapy 
Radiometer that yields values in 
μW/cm2/nm (wavelength interval 330-570 
nm). A meaningful link between our W/m2 
data and the AAP definition, however, is 
not feasible because irradiance readings 
may differ between devices depending on 
the calibration and kind of irradiance 
metre. 
In some earlier trials, "360°" phototherapy 
was applied. This was done either by using 
cribs with translucent bottoms or by having 
the infant lie on a fiberoptic mat while 
getting fluorescent phototherapy from the 
top and sides of the crib. [13-15] These 
units' initial rates of photoisomer synthesis 

are not well understood. Although utilising 
40-W "violet-blue" fluorescent tubes 
(Philips TL40/03), Agati et al. (16) 
detected 25% of conversion within 6 h in 
an adolescent Crigler-Najjar type I patient 
using what were defined as "special blue" 
bulbs (TL20/52).  
The percentage of bilirubin photoisomers 
at time 0 was considerable (12–18%) in 
both of those investigations, nevertheless. 
The amount of bilirubin that is converted 
to 4Z, 15E bilirubin is predicted to rise over 
time to a photostationary value that 
depends only on the wavelengths of the 
light, whereas the rate of 
photoisomerization depends on the 
wavelength output of the lights, their 
intensity, the surface area of the baby 
exposed, and possibly the initial level of 
serum bilirubin. 
The group of patients analysed is 
representative of typical NICU populations 
in terms of the distribution of birth weights 
and gestational ages, which makes this 
study's strength. Several infants were 
treated at relatively low TSB levels due to 
the peculiarities of the Norwegian criteria 
for therapy (which are similar to the AAP 
guidelines). The phototherapy devices we 
have used are widely used and marketed. 
Wherever, using materials that are readily 
available, white linen can be used within 
the crib and hanging around the 
phototherapy device to increase irradiance 
through reflection, which may boost the 
effectiveness of phototherapy. [17,18] So, 
it is possible that other NICUs can achieve 
the rates of bilirubin stereoisomer 
production that we saw in our 
investigation. 
Sadly, kernicterus still happens, but with 
the right safeguards, it should be 
preventable. Neonatal doctors are 
continually hearing about infants who were 
admitted with severe jaundice and 
neurologic signs consistent with 
intermediate to advanced acute bilirubin 
encephalopathy. Recent studies suggest 
that neonates may occasionally experience 
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reversible intermediate to severe acute 
bilirubin encephalopathy, similar to what 
has been seen in adults with Crigler-Najjar 
syndrome [4,20,21]. These accounts seem 
to have a common theme of expedient and 
forceful therapy. [22] 
There were no indications of bilirubin-
induced neurologic impairment in any of 
the research participants. As a result, it was 
unable to determine if neurotoxicity was 
reversible during the research period. The 
topic of whether bilirubin efflux from the 
CNS is influenced by the relative 
concentrations of (Z,E) vs. (Z,Z) bilirubin 
IX in serum may have been addressed by 
analysis of bilirubin in CSF. However, 
repeated lumbar punctures for this purpose 
would not have been allowed by current 
Norwegian ethics regulations, nor is it 
likely that consent could have been gained. 
Here, we have established that 
considerable levels of 4Z, 15Ebilirubin are 
produced during phototherapy well in 
advance of the introduction of any 
alternative or supplementary therapy. It is 
unknown what clinical effects might result 
from changing such a significant part of a 
major circulating metabolite to a different 
form with a different three-dimensional 
structure, noticeably different lipophilicity, 
and different serum albumin binding 
characteristics.  
A priori, there are three possibilities for 
bilirubin toxicity: the photoisomer is 
equally hazardous to the "normal" isomer, 
the photoisomer is more toxic, or the 
photoisomer is less toxic. Given the two 
forms' dissimilar structures and 
physicochemical characteristics as well as 
the requirement that pigment permeate the 
brain in order to be poisonous, the first of 
these is doubtful. 
The second alternative also doesn't seem 
realistic because it doesn't appear that any 
phototherapy procedures over the past 50 
years have ever increased or decreased 
CNS toxicity. The third option is now the 
most plausible due to the photoisomer's 
significantly lower lipophilicity than the 

4Z, 15Z isomer, which would be predicted 
to make it less likely to pass across the 
blood-brain barrier and enter the brain. 
Although it has been suggested that 
photoisomerization triggers a quick 
detoxification process(23), the size of such 
an effect may be negligible and it is 
unknown whether photoisomerization has 
little impact on the potential toxicity of all 
forms of bilirubin in circulation. 
Conclusion  
To find out whether this early change in the 
equilibrium of bilirubin isomers with 
different polarity may affect the risk of 
bilirubin encephalopathy even before TSB 
starts to diminish, more research is 
required. 
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