
International Journal of Clinical Medicine, 2019, 10, 523-530 
https://www.scirp.org/journal/ijcm 

ISSN Online: 2158-2882 
ISSN Print: 2158-284X 

 

DOI: 10.4236/ijcm.2019.1010042  Oct. 15, 2019 523 International Journal of Clinical Medicine 
 

 
 
 

Ghost Haemoglobin Affecting the Efficacy of 
Phototherapy 

Azizullah Langah1, Sara Sadiq2*, Ali Akbar Siyal1 

1Department of Pediatric Medicine, Peoples University of Health Sciences, Nawabshah, Pakistan 
2Department of Physiology, CMH Institute of Medical Sciences, Bahawalpur, Pakistan 

 
 
 

Abstract 
Introduction: Phototherapy is the treatment of choice for neonatal hyperbili-
rubinemia. It converts the unconjugated bilirubin from polar and neurotoxic 
Z-Z-bilirubin to the more polar photobilirubin. It has been hypothesized that 
high level of hemoglobin or hematocrit interferes in the effectiveness of pho-
totherapy. The objective of the current study is to find out the association of 
hemoglobin/hematocrit to change in total serum bilirubin concentration 
during phototherapy. Methods: A prospective cohort study was conducted on 
296 neonates with uncomplicated hyperbilirubinemia. Before initiating the 
phototherapy, hemoglobin, hematocrit and total serum bilirubin levels were 
measured. After treating the neonates with phototherapy using LED-light for 
24 hours, the total serum bilirubin level was measured again. The data were 
analyzed by using SPSS version-20. Results: The majority of study partici-
pants were male (60.8%), with mean postnatal age of 4.66 ± 1.65, having 
mean birth weight of 2.41 ± 0.41. Considering Pearson correlation, the he-
moglobin had a significant inverse association with ΔTsB0-24 while birth 
weight and postnatal age also had inverse association but p-values were 
non-significant, while TsB0 had presented a very weak but significant positive 
association. The results might be evident of the fact that increase in hemoglo-
bin concentration results in minimal change in total serum bilirubin concen-
tration during phototherapy. Conclusion: Current study found a significant 
effect of hemoglobin on efficacy of phototherapy, as the change in total serum 
bilirubin concentration is inversely correlated with the level of hemoglobin. 
This is important for the physician in treating neonates with hyperbilirubi-
nemia by using phototherapy.  
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1. Introduction 

Neonatal Jaundice is not an uncommon condition, approximately 2% - 6% of 
affected neonates require treatment [1]. Over the past few decades, phototherapy 
is the treatment of choice for neonatal hyperbilirubinemia, beside intravenous 
immune globulin (IVIG) and exchange transfusion. Phototherapy prevents the 
bilirubin to touch the extremely high levels in turn, preventing kernicterus (en-
cephalopathy due to high levels of bilirubin) [2] [3]. 

The mechanism of action of phototherapy is that it converts the unconjugated 
bilirubin from polar and neurotoxic Z-Z-bilirubin to the more polar form 
known as photobilirubin. This transformed photobilirubin consists of configu-
rational Z-E and E-Z-bilirubin isomers and structural E-Z and E-E-lumirubin 
isomers [3] [4] [5]. These transformed isomers are easy to excrete in both bile 
without undergoing conjugation and in urine as well [6]. The fact that the me-
chanism of phototherapy induced transformation occurs predominantly either 
intravascularly or extravascularly, is under a great debate but the majority favors 
the idea of intravascular phototherapy induced transformation [7]. 

In vitro number of studies reported that hemoglobin competes the bilirubin 
for absorbing light during phototherapy [7] [8] [9] as the erythrocytes do not 
have nuclei or other cellular organelles so act as the main light absorber [9] [10]. 
It has been hypothesized that high level of hemoglobin or hematocrit interfered 
in the effectiveness of phototherapy and only one of the studies confirmed it in 
vivo [1]. It is very important to confirm this hypothesis in our clinical setting so 
that one can understand the underlying basic mechanism going-on in photothe-
rapy and to suggest a treatment strategy in neonatal hyperbilirubinemia. The ob-
jective of the current study is to find out the association of hemoglobin/hematocrit 
to change in total serum bilirubin concentration during phototherapy. The hypo-
thesis is that the increase in hemoglobin concentration reduces the efficacy of 
phototherapy. 

2. Methods 

A prospective cohort study was done from August 2018 up to March 2019 in the 
neonatal intensive care unit of Peoples University of medical and health sciences 
(PUMHS) Nawabshah, Pakistan. OpenEpi calculator was used for calculating the 
sample size which was 306 while the sample population was selected using ran-
domization. The inclusion criteria followed were: 1) healthy term or late preterm 
(more than 34 weeks of gestation) newborn having hyperbilirubinemia 2) no 
signs for hemolytic disease 3) clinical signs of jaundice 4) birth weight must be 
more than 1800 g 5) postnatal age should be more than 24 h but less than 7 days 
and 6) those who were not previously exposed to phototherapy. Those neonates 
were excluded from the study whose parents refuse to give the consent or who 
were either candidate for exchange transfusion or need double phototherapy or 
got Rhesus (Rh) isoimmunization or having a very high level or rapidly increas-
ing level of total serum bilirubin concentration or patients diagnosed as a septic 
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case. The basic demographic data including gestational age, postnatal age, gend-
er, birth weight and type of feeding during phototherapy were recorded. 

Measurements: 
Before initiating the phototherapy, hemoglobin and hematocrit were measured. 

A trained phlebotomist collected blood samples from the vein/capillary by heel 
stick method. All the samples were transported under refrigerated temperature 
and centrifuged within 4-hours of collection. The hemoglobin and hematocrit 
levels were analyzed by using fully auto hematology analyzer (Model: HL-2400 
Plus) in pathology laboratory of PUMHS Nawabshah.  

Total serum bilirubin level was measured at the start (TsB0) and after giving 
phototherapy for 24 hours (TsB24) in the capillary blood, drawn simultaneously 
with blood for hemoglobin/hematocrit. It was analyzed by using clinical chemi-
stry analyzer (VitalabSelectra E-series) in pathology laboratory of PUMHS Na-
wabshah. 

Phototherapy: 
The instrument used for phototherapy was Infant phototherapy lamp (Model: 

XHZ-90L, Ningbo David Medical Device CO.LTD), having blue LED-light of 
430 - 490 nm spectrum. Before initiating the trial, device was calibrated from the 
service provider company. Light irradiance was measured by using a radiometer 
before initiating the trial and during the phototherapy after every eight hours i.e. 
three times within 24 hours. It was measured at the head, abdomen and knees of 
the exposed infants and the mean values were calculated. 

The distance between the mattress and the light source of phototherapy lamp 
was about 30 cm and it was adjusted by using a wood template. The average dis-
tance from the lamp to the skin of the infant was 22.5 cm. Phototherapy was 
given to all infants continuously for 24 hours except in between thirty minutes of 
feeding and nursing care after every three hours. All the participants were naked 
except the area of diapers and eye pads. Phototherapy was avoided if direct 
hyperbilirubinemia is more than 20% of TsB0. Very few of the study participants 
were excluded from the study because of developing complications like skin rash 
(erythematous macular rash/purpuric rash), loose stool, overheating and dehy-
dration. 

Ethics: 
The study got approval from the ethical review committee of PUMHS. Writ-

ten informed consent was taken from the parents/guardian of the infants before 
collecting the blood samples. 

Statistical Analysis: 
The data were analyzed by using Statistical Package for Social Sciences (SPSS) 

version-20. Mean with standard deviation and range was calculated for numeri-
cal data while frequency and percentages for qualitative data. Hemoglobin, he-
matocrit, TsB0, TsB24, and change in total serum bilirubin after 24 hours of pho-
totherapy (ΔTsB0-24) are presented as mean values with range. The linear regres-
sion model and Pearson correlation coefficient of ΔTsB0-24 with hemoglobin, 
hematocrit, TsB0, postnatal age and birth weight were calculated. The scatter plot 
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was drawn to report the distribution of data and association of hemoglobin with 
ΔTsB0-24. P-value less than 0.05 was considered as statistically significant. 

3. Result 

A total of about 306 participants were included in the study but after excluding, 
those neonates whose parents refuse to give consent or having unsatisfactory 
results or developed complications, about 296 participants were finally analyzed. 
Majority of study participants were male (60.8%), with mean postnatal age of 
4.66 ± 1.65, having mean birth weight of 2.41 ± 0.41. Looking over the gestation-
al age, majority of the participants were born during 37th week of their gestation 
as presented in Figure 1. Among the participants, very few were on breast-fed 
during phototherapy and the mean light irradiance measured was 71.8 ± 11.45. 
The basic characteristics including demographic variables and irradiance data of 
study participants are mentioned in Table 1.  

At the time of diagnosis, the mean TsB0 was 16.2 ± 6.92 while mean values of 
hemoglobin and hematocrit were 16.59 ± 2.75 and 45.78 ± 6.18 respectively. Af-
ter giving phototherapy for 24 hours, the mean TsB24 was 13.15 ± 3.76, so the 
ΔTsB0-24 concentration during 24 hours of phototherapy was 5.21 ± 3.05 as men-
tioned in Table 2. 

The linear regression model and Pearson correlation coefficient are calculated 
in Table 3. The regression analysis showed significant impact of hemoglobin, 
hematocrit, TsB0 on ΔTsB0-24 while non-significant impact of postnatal age and 
birth weight on ΔTsB0-24. Considering Pearson correlation, the hemoglobin had 
significant inverse association with ΔTsB0-24 while birth weight and postnatal age 
also had inverse association but p-values were non-significant, while hematocrit 
and TsB0 had presented a very weak positive association. The distribution of data 
in scatter plot with regression line is presented in Figure 2. It displayed a very 
weak negative correlation which might be evident of the fact that increases in 
hemoglobin concentration resulting in minimal change in total serum bilirubin 
concentration during phototherapy. 
 

 
Figure 1. Gestational age of the study participants. 
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Figure 2. Scatter plot of change in total serum bilirubin during 24 hours of phototherapy 
versus hemoglobin concentration. 
 
Table 1. Basic characteristics of study participants. 

Qualitative Variables 

 n = 296 % 

Gender   

Male 180 60.8 

Female 116 39.2 

Type of feeding during phototherapy   

Exclusive breast-fed 81 27.4 

Exclusive formula-fed 131 44.3 

Mixed breast-fed/ formula-fed 84 28.4 

Quantitative Variables 

 Mean ± SD Range 

Postnatal age (days) 4.66 ± 1.65 1.36 - 7.96 

Birth weight (kg) 2.41 ± 0.41 1.59 - 3.23 

Measured light irradiance (µW/cm2/nm) 71.8 ± 11.45 48.9 - 83.5 

 
Table 2. Hemoglobin at the initiation of phototherapy and change in total serum biliru-
bin concentration during phototherapy. 

 Mean ± SD Range 

Hemoglobin (g/dl) 16.59 ± 2.75 11.09 - 22.09 

Hematocrit (%) 45.78 ± 6.18 33.42 - 58.14 

TsB0 (mg/dl) 16.2 ± 6.92 2.36 - 30.04 

TsB24 (mg/dl) 13.15 ± 3.76 5.63 - 20.67 

ΔTsB0-24 (mg/dl) 5.21 ± 3.05 - 

TsB0, Total serum bilirubin concentration at the start of phototherapy; TsB24, Total serum bilirubin con-
centration after 24 hours of phototherapy; ΔTsB0-24, change in total serum bilirubin concentration during 
initial 24 hours (difference between TsB0 and TsB24). 
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Table 3. Linear regression analysis and pearson correlation. 

 R R2 Coefficient (95% CI) p-value 

Hemoglobin (gm/dl) −0.035 0.001 −0.286 - 0.153 0.005 

Hematocrit (%) 0.055 0.003 −0.050 - 0.143 0.023 

TsB0 (mg/dl) 0.054 0.003 −0.046 - 0.127 0.035 

Postnatal age −0.030 0.001 −0.458 - 0.268 0.607 

Birth weight −0.048 0.002 −2.043 - 0.838 0.411 

R, Pearson correlation; R2, regression; CI, confidence interval; TsB0, Total serum bilirubin concentration at 
the start of phototherapy. 

4. Discussion 

The results of current study showed a weak negative association of hemoglobin 
with TsB0-24 with significant p-value. To the best of our knowledge only one 
clinical study done in vivo reported hemoglobin as a competitor of bilirubin 
during phototherapy [1]. On the other hand Granati et al. did in vitro study and 
reported significant increase in degradation of bilirubin as the hematocrit level 
declined during phototherapy but he did not find any of such association in vivo 
[11]. The fact that hemoglobin compete with bilirubin to absorb phototherapy 
light was confirmed in vitro by Lamola et al., he used a semi-empirical skin 
model which showed the competition of hemoglobin with bilirubin and this in-
creased if wavelength increased 400 nm to 460 nm [7]. This finding is also sup-
ported in vitro by Linfield et al. [8]. 

Looking over the theoretical perspective, the skin capillaries are the primary 
site for bilirubin isomerization [12] [13], favored by the current study as well. It 
is observed clinically that skin discoloration of jaundiced neonates reduced dur-
ing initial hours of phototherapy, this gives a clue that the isomerization of 
Z-Z-bilirubin to photobilirubin mainly occurs extravascularly in skin. Due to 
this finding the neonates were changed from prone to supine position during 
phototherapy [14]. Few of the studies are contradictory to this point and re-
ported that the efficacy of phototherapy is independent of neonate’s position 
because of underlying intravascular mechanism and this can be confirm by 
measuring photobilirubin in plasma, 15 minutes after the initiation of photothe-
rapy [12] [15] [16] [17]. This finding is supported by the current study as inverse 
association of hemoglobin with efficacy of phototherapy could be due to intra-
vascular isomerization of bilirubin. 

The hemoglobin influences the efficacy of phototherapy by absorbing the light 
so its effect on degrading hyperbilirubinemia is not accomplished [18]. Mreihil 
et al. gave intensive phototherapy to 36 patients and measured hemoglobin, 4Z, 
and 15E photoisomers. By doing post-hoc analysis he confirmed a negative asso-
ciation of hemoglobin with Z-E-bilirubin percentage after 15, 30 and 60 minutes 
but this association disappeared later on. He further explained that after 60 mi-
nutes, an equilibrium generated between Z-Z-bilirubin and Z-E-bilirubin in 
plasma which was not affected by hemoglobin concentration [13]. However, 
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current study reported inverse correlation between hemoglobin and bilirubin 
after 24 hours of phototherapy this could be due to the fact that E-Z-lumirubin 
is the important isomer for lowering bilirubin while there is no existence of 
equlibirum theory between Z-Z-bilirubin and Z-E-bilirubin, as favored by few 
other studies [6] [18] [19]. 

From a clinical point of view, the current study is important for the physician 
in treating neonates with hyperbilirubinemia by using phototherapy. Neonates 
having high hemoglobin concentration need phototherapy for longer duration, 
with higher light irradiance and larger exposure of body surface-area as com-
pared to neonates with lower concentration of hemoglobin. The main limita-
tion of the current study is that high hemoglobin produces more bilirubin 
which could show a negative correlation between hemoglobin and ΔTsB0-24. The 
strengths of the current studies are that the study participants were homogenous 
and healthy except the hyperbilirubinemia and all the instruments including 
hematology analyzer and clinical chemistry analyzer were calibrated before per-
forming test. 

5. Conclusion 

Current study found a significant effect of hemoglobin on efficacy of photothe-
rapy, as the change in total serum bilirubin concentration was inversely corre-
lated with the level hemoglobin. This is important for the physician in treating 
neonates with hyperbilirubinemia by using phototherapy. 
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