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ABSTRACT

Background: Hyperbilirubinemia is the most common abnormal physical finding in
the first week of life and is observed in approximately 60% of term infants and 80% of
preterm infants (Stoll and Piazza, 2007).

Melatonin stimulates secretion of corticosterone which decreases calcium
absorption by bones. Phototherapy leads to inhibition of pineal gland via transcranial
illumination, resulting in a decline in melatonin level and as a result, hypocalcemia
develops (Karamifar et al., 2002).

The aim of the study was to determine the effect of covering the head of infants during
phototherapy on phototherapy induced hypocalcemia in jaundiced newborns.

Methodology: We conducted a comparative case control study at neonatal intensive
care unit of Al Hussein hospital,(Al Azhar University in Cairo) starting from April
2014 to December 2014.This study included 100 full term neonates with symptoms,
signs and laboratory findings of neonatal indirect hyperbilirubinemia treated with
phototherapy. Apart from jaundice, their physical examination was completely normal.

Calcium level was measured on admission and after 48 hours of phototherapy.

We designed a hat with a dark color that can cover all the head including the
occipital area, ears and neck to prevent passage of light. The hat was used from
admission and for 48 hours of treatment with phototherapy.

Neonates were randomized and divided into two groups: group (A) 50 infants
under the routine phototherapy without hats and group (B) 50 infants using hats that
cover occipital area. A comparative study was made between these groups to determine
the effect of hat in prevention of phototherapy induced hypocalcemia.

Results: In this study, we found that 19 infants (19 %) of both groups developed
hypocalcemia after 48 hours of starting phototherapy. There was significant statistical
difference between the incidence of hypocalcemia in group A (without hats) which
were 13 infants (26%) and group B (with hats) which were 6 infants (12 %)(p= 0.031).

Conclusion: We conclude that, phototherapy induced hypocalcaemia can be prevented
by covering newborn head during phototherapy.
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Recommendations: We recommend that neonates should be regularly evaluated for
total serum calcium levels 48 hours after continuous exposure to phototherapy and
should be managed accordingly; also all neonates with phototherapy should cover their
heads using hats during treatment to prevent phototherapy induced hypocalcaemia.

INTRODUCTION

In Egypt about 20.4% of new-
borns develop jaundice yearly.
Incidence of jaundice was found
to be higher in low birth weight
infants  (35.6%) compared to
normal birth weight infants
(16.9%) (Mansour et al. , 2005).

Features of pathologic jaundice
include the appearance of jaundice
within 24 hours after birth, a
rapidly rising total serum bilirubin
concentration (increase of more
than 5 mg /dL / day), and a total
serum bilirubin level higher than
17 mg / dL in a full-term newborn.
Other features of concern include
prolonged jaundice, evidence of
underlying illness, and elevation
of the serum conjugated bilirubin
level to greater than 2 mg / dL or
more than 20 % of the total serum
bilirubin concentration (Dennary
et al., 2001).

Phototherapy is the most widely
used form of therapy for
unconjugated hyperbilirubinernia
(Gathwala and Sharma, 2002).

Hypocalcemia is defined as total
serum calcium of less than 8

mg/dL (2 mmol/L) or ionized
calcium less than 4.8 mg/dl (1.2
mmol/L) in term neonates (Jain et
al., 2010).

Physiological hypocalcemia
occurs after birth as the
transplacental calcium supply is
cut, there is insufficient supply
from the GI tract and insufficient
release of PTH from the immature
parathyroid gland. Total calcium
levels drop to about 2 mmol/L and
ionized to about 1 mmol/L. The
nadir in calcium level occurs
within the first 48 hours (Stuart
and Midgley, 2006).

Hypocalcemia appears to be
more common in premature infants
under phototherapy lights. This
may be due to higher penetration
of light in premature infants. It has
been suggested that this is
mediated by altered melatonin
metabolism (Karamifar et al.,
2002).

Hooman and Honarpisheh,
(2005) evaluated the effect of
phototherapy on urinary calcium
excretion in newborns. They
founded that after exposure to
phototherapy the urinary calcium
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excretion is increased in 22% of
icteric cases (Hooman and
Honarpisheh, 2005).

Melatonin stimulates secretion
of corticosterone which decreases
calcium absorption by bones.
Phototherapy leads to inhibition of
pineal gland via transcranial
illumination, resulting in a decline
in melatonin level and as a result,
hypocalcemia develops (Eghbalian
and Monsef, 2008).

Light and dark alterations
constitute the principal timing
signal of melatonin secretion from
the pineal gland, light influences
melatonin synthesis in three ways.
First, light exposure acutely supp-
resses elevated melatonin levels.
Second, light is able to shift the
melatonin rhythm. Third, changes
in the photoperiod can alter the
melatonin secretion, a single light
pulse of moderate room illumi-
nance induces an interruption of
melatonin secretion and shifts
the phase of the melatonin
rhythm, thus, melatonin acts as a
sensitive marker of environ-
mental lighting in everyday
conditions (Hatonen, 2000).

METHODS

This is a prospective study at the
neonatal intensive care unit of Al

Hussein hospital (Al-Azhar Univer-
sity in Cairo) starting from April
2014 to December 2014.

The study includes 100 full term
neonates with symptoms, signs and
laboratory findings of neonatal
indirect hyperbilirubinemia treated
with  phototherapy. Apart from
jaundice, their physical examination
was apparently normal.

e Inclusion criteria:
1. Full term neonates.
2. Appropriate for gestational Age.

3. Neonates from 2 - 10 days old at
the onset of indirect hyperbilirubi-
nemia and will be managed by
phototherapy.

4.  Infants with normal vaginal
delivery and Apgar score ( 7-10)
at birth.

e Exclusion criteria:

1. The newborns with jaundice in the
first 24 hours of life.

2. Premature newborns.

3. Infants with obstructed labor or
Apgar score (<7) at birth.

4. Newborns of mothers taking anti-
convulsants therapy (phenobar-
bital) during pregnancy.

5. Infants of mothers with thyroid or
parathyroid disorders.

6- Cow milk fed newborns.
e Randomization:

Neonates were divided into two
equal groups: group (A) 50 neonates
under the routine phototherapy
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without hats and group (B) 50
neonates using hats that covered their
heads.

e Procedure:

We designed a hat from dark color
clothes that can cover all the head
including the occipital area, ears and
neck to prevent passage of light. The
hat was used from admission and for
48 hours of treatment with photo-
therapy (figure 1) (Kargar et al:
2014).

(Kargar et al: 2014)

All neonates in the study were
subjected to the following:

1. Full history taking:

With special emphasis on age,
sex, onset of jaundice, maternal
blood group and Rh, Apgar
score and family history of
jaundice.

2. Full clinical examination with
special concern on:

A. Gestational age assessment
using new Ballard score
(Ballard et al, 2012).

B. detection of clinical signs of
hypocalcemia: apnea,
irritability, jitteriness and
convulsions.

3. Laboratory
including:
A. Complete Blood Cell Count

investigations

(CBC) with differential
count and reticulocyte
count.

B. Blood group and Rh.

C. CRP.

D. Serum calcium, total and
ionized.

E. Total and direct bilirubin
on admission.

A blood sample of 2 ml was
obtained from all included
neonates for measurement of
serum calcium. Centrifugation
system was used to obtain serum
then calcium was measured using
Beckman CX9 PRO (Mikolaenko
et al., 2000).

We used a preset definition for
hypocalcemia: Total serum
calcium less than 8 mg/dl or
ionized serum calcium less than
4.8 mg/dl in term neonates was
considered hypocalcaemia (Jain
et al., 2010).

4. Phototherapy:

Phototherapy equipment contai-
ning four blue light fluorescent
lamps with wave length of 410-
470 nm, was placed at a distance
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of 30-40 cm. (Johnson et al., RESULTS

2002). The present study was carried
Statistical Methods: out on 100 full term neonates with

Data were statistically described
in terms of mean =+ standard
deviation (= SD), median and
range, or frequencies (number of
cases) and percentages when
appropriate. Comparison  of
numerical variables between the
study groups was done using
Student t test for independent
samples. For comparing
categorical data, Chi square (2)
test was performed. p values less
than 0.05 was  considered
statistically significant. All
statistical calculations were done
using computer programs SPSS
(Statistical Package for the Social
Science; SPSS Inc., Chicago, IL,
USA) version 21 for Microsoft
Windows (Altman et al., 2005).

indirect hyperbilirubinemia treated
with phototherapy. Their mean
body weight was 3370 + 334.14
grams (group A) and 3529.6 +
277.6 (group B) and the difference
between  both  groups was
statistically significant. There is
no statistical difference between
both groups as regard sex
difference.

The mean age at admission for
group A was 4.56 + 0.83 and
4.86+0.75 for group B with no
significant statistical difference.
The mean age of onset of jaundice
in group A was 3.62+0.780 days
and in group B was 3.40+0.495
and the difference between both
groups was statistically insignifi-
cant (table 1).

Table (1): Shows the baseline characters of the study population in both

groups.
| S | o |y
Body weight (gm) 3370+334.14 | 3529.6+£277.6 * 0.011
Sex Female 25 (50%) 27 (54%) 0.68
Male 25(50%) 23 (46%) 0.57
Age of admission(days) 4.56+0.83 4.86+0.75 0.063
Age of onset of 3.62+0.780 3.4040.495 0.095
Hyperbilirubinemia (days)

* Significant at p-value < 0.05
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There was a significant decrease
(p< 0.05) of total serum calcium
48 hours after phototherapy in
group B compared to group A*.
There was no  significant
difference among the studied

groups in total serum calcium on
admission, 1ionized calcium on
admission, ionized calcium 48
hours after phototherapy and total
serum bilirubin. (Table 2).

Table (2): Shows the descriptive data of biochemical parameters of both

groups.
Variable Group A Group B

Mean + SD Mean £+ SD p value
Total Calcium on Admission 8.45+0.38 8.59+0.468 0.111
(mg/dl)
Total calcium 48 hours After 8.55+0.86 9.11+0.88 * 0.002 *
phototherapy (mg/dl)
Ionized Calcium on Admission 4.93+0.119 4.94+0.113 0.526
(mg/dl)
Ionized Calcium48 hours After 4.77+0.64 4.98+0.462 0.062
phototherapy (mg/dl)
Total serum bilirubin (mg/dl) 17.5+1.07 17.72+0.87 0.471

* Significant at p-value < 0.05

Total number of studied newborn
were 100 cases, 19 cases
developed hypocalcemia after 48

hours of phototherapy (19%) and
81 of them showed normal
calcium level (81%) ( figure 2).

Total calcium 48 hours after phototherapy

WHypocacaenia 48 hours ater phototherapy 119%)
EMormal calcium 48 hours after phototherapy  (81%)

Figure (2): Shows the percentage of neonates with hypocalcaemia 48 hours after

phototherapy.
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Hypocalcemia was found in 19
patients of both groups(19%), 13
of them were in group A( 26%)
and 6 cases in group B(12%)while
81 cases were with normal
calcium level in both groups, 37 of

them was in group A ( 74%) and
44 were in group B(88%). The
statistical difference between both
groups was significant (p<0.01)
(table 3).

Table (3): shows the percentage of neonates who developed hypocalcemia

after 48 hours of phototherapy.

Variable Group A Group B
N=50 N= 50 p value
Hypocalcemia 13 (26%) 6 (12%) <0.01*
Normal calcium 37 (74%) 44 (88%) ]

*p value <0.01 is significant

Comparison between total calcium
level before and after 48 hours of
phototherapy in each group was
done to detect the change in serum
calcum level induced by
phototherapy.

In this study, we found a
significant statistical difference in

the mean total calcium level on
admission and after 48 hours of
phototherapy in group B (p <0.01)
, while in group A the statistical
difference between results of mean

total calcium were insignificant
(table 4).

Table 4: Shows the change in the mean total serum calcium (mg/dl Mean +
SD) induced by phototherapy in both group.

Variable Mean Ca on Mean Ca after Mean P value
admission 48 hours Difference vaid

Group A

Mean + SD 8.892+.48 8.146+.56 0.1 <0.01*

Group B

Mean + SD 9.284+.63 8.454+.57 0.53 0.08

*p value <0.01 is significant
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DISCUSSION

Phototherapy plays a significant
role in the treatment of hyper-
bilirubinemia in neonates
(Stokowski, 2006). However, this
treatment modality may itself
result in the development of some
complications (Ehsanipour et al.,
2008).

One of the important compli-
cations 1is the induction of
hypocalcaemia, which can create
serious adverse effects including

convulsions,  jitteriness and
irritability (Eghbalian and
Monsef, 2008).

There are several studies explain
the effect of phototherapy on
calcium, phototherapy decreases
melatonin level and corticosterone
secretion (Karamifar et al.,
2002). Also wurinary calcium
excretion is increased after expo-
sure to phototherapy (Hooman
and Honarpisheh, 2005).

In order to prevent the
development of hypocalcemia in
phototherapy treated newborns, a
previous study had recommended:
either giving them oral calcium as
prophylaxis or covering their
heads and occipital area using a
special hat during phototherapy,
so that light effect from photo-
therapy on newborns’ pineal gland
and  consequently  melatonin
decrease and hypocalcemia can be

prevented (Eghbalian and

Monsef, 2008).

In our study hypocalcaemia was
found in 19 of our neonates (19
%), this is inconsistent with the
previous studies which reported
that the incidence of hypocalcae-
mia after 48 hours of phototherapy
was 14.4% (Karamifar et al.,
2002), and 15% (Ehsanipour et
al., 2008).

Comparison between calcium
level before and after 48 hours
phototherapy in each group was
done to detect the change in serum
calcium level induced by photo-
therapy.

Neonates with hypocalcemia
were 13 cases (26%) in group A
and 6 cases (12%) 1in group B .
Neonates with normal calcium
were 37 cases (74%)in group A
and 54 cases (88%) in group B.

There was no  significant
difference in serum ionized
calcium on admission compared to
level 48 hours after phototherapy
in the studied groups.

Our study was consistent with
study done by Ehsanipour’s 2008,
where 23.3% full-term infants
without covering their heads and
6.7% full-term after covering their
heads developed phototherapy-
induced hypocalcaemia.
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Hypocalcaemia can be explained
by the effect of phototherapy on
melatonin secretion. Melatonin is
a hormone (N-acetyl-5 methoxy-
tryptamine) that is produced
naturally in the human body by the
pineal gland. It is produced
especially at night (Goni, 2003).

Melatonin stimulates secretion
of corticosterone which decreases
calcium absorption by bones.
Phototherapy leads to inhibition of
pineal gland via transcranial
illumination, resulting in a decline
in melatonin level and as a result,

hypocalcemia develops (Karamifar
et al., 2002).

No side effects were detected
from using hat during this study.
Hat is the safest method in
prevention of  phototherapy
induced hypocalcaemia as it is
non-invasive method and keeps
the normal and physiological
pattern of melatonin secretion.

Using prophylactic calcium
supplementation can cause some
side effects such as Constipation,
belching and gas. Some possible
side effects of calcium are more
serious and include kidney stones,
excessive  drowsiness, muscle
weakness, nausea,  vomiting,
frequent urination, changes in
heart rate, confusion and allergic
reactions (Pohanka, 2011).

CONCLUSION/
RECOMMENDATIONS

From this study we conclude
that, phototherapy induced hypo-
calcaemia is an important side
effect of phototherapy.

All neonates should be regularly
evaluated for total and ionized
serum calcium levels 48 hours
after continuous exposure to
phototherapy and should be
managed accordingly.

Covering the head of infants
under phototherapy using a hat
was an effective, safe, non-
invasive and cheap method for
prevention  of  phototherapy
induced hypocalcaemia.

Further studies, including a big
number of full term and preterm
neonates are required to support
our conclusion and to study the
effects of head covering versus
calcium supplementation in the
prevention of  phototherapy
induced hypocalcemia.
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