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ABSTRACT

Background: Hyperbilirubinemia is one of the most prevalent problems in neonates. Jaundice is observed during
first week of life in approximately 60% of term neonates and 80 % of preterm neonates. Phototherapy is one of the
routine methods for management of hyperbilirubinemia. Many studies reported that serum levels of calcium and
magnesium are significantly affected after 48 hours of exposure to phototherapy.

Objectives: The aim of the work was to study the effects of phototherapy on serum calcium and serum magnesium in
full term and preterm neonates with hyperbiliurbinemia.

Patients and Methods: The current study was prospective cohort that was conducted in neonatal intensive care unit
(NICU), Zagazig University children hospital in period between August 2018 to July 2019. 60 jaundiced infants
admitted to (NICU) in the study. They were divided into 2 groups; Group I: 43 patients (full terms), Group Il: 17
patients (preterms). Patients were examined for the effect of phototherapy on serum level of calcium and magnesium.
Results: There was a statistically significant difference between serum calcium and serum magnesium before and
after 48 hours of exposure to phototherapy (P <0.001). Calcium was distributed pre and post phototherapy as
9.63+0.79 and 9.04+0.78 respectively and Magnesium was distributed pre and post phototherapy as 2.17+0.23 and
1.91+0.18. Total bilirubin was distributed pre and post phototherapy as 16.76+2.99 and 11.0+2.45 respectively and
direct bilirubin pre and post as 1.05+£0.33 and 1.05+0.32 respectively. Preterm were 28.3% (17 in number) and full-
term were 71.7 % (43 in number).

Conclusion: Based on the findings of our study, phototherapy can significantly decrease the levels of calcium and
magnesium in jaundiced term and preterm infants undergoing phototherapy.
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INTRODUCTION the effect of phototherapy on the decrease of melatonin
Neonatal jaundice or hyperbilirubinemia is an leading to decrease in melatonin, spatter of reduced
unpreventable condition in 60% -80% of newborns glucocorticoid, and increase in calcium resorption from
worldwide. In a proportion of infants, jaundice may bone that causes hypocalcemia ®.
become severe progressing to acute bilirubin Magnesium is the fourth most abundant cation in
encephalopathy or kernicterus with a significant risk of the body and its vast majority is stored intracellularly.
neonatal mortality. Surviving infants may acquire It is, however, the extracellular concentrations of the
long-term neurodevelopmental sequelae such as mineral that is of interest to the clinician due to its
cerebral palsy, sensorineural hearing loss, intellectual association with symptoms and signs. The major organs
difficulties or gross developmental delay . involved in magnesium homeostasis are the gut, bone,
Phototherapy plays a significant role in the and kidney, but the regulators affecting these organs at
treatment and prevention of hyperbilirubinemia in the cellular level are not yet fully understood.
neonates. This relatively common therapy lowers the Hypermagnesemia is rare and is seen mostly in those
serum bilirubin level by transforming bilirubin into with renal failure and in the elderly. It is suggested that
water-soluble isomers that can be eliminated without there is a positive correlation between plasma ionized
conjugation in the liver @, Mg levels and severity of hyperbilirubinemia in
The effectiveness of phototherapy depends upon newborn ©,
the type of light source used (i.e. dose, spectral emission Calcium, magnesium, are important elements in
curve, depth of penetration), the distance between the the body and phototherapy can lead to the decrease of
light and the infant, the surface area treated, the etiology serum calcium and magnesium in the blood. On the
of the jaundice, and total serum bilirubin level at the other hand, decrease in calcium and magnesium can
onset of phototherapy ©. cause certain complications such as apnea, muscular
In the recent years, limited research showed that tick convulsion, and decrease in absorption of vitamin
phototherapy should be considered as a risk factor for D, which causes a decrease in the absorption of calcium.
hypocalcemia and its mechanism is probably based on Therefore, any changes in the blood level cause

@ (® @) | Thisarticle is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/)

743

Received:21 /4 /2020
Accepted:30 /5 /2020


http://creativecommons.org/licenses/by/4.0/
https://www.alliedacademies.org/articles/study-of-serum-magnesium-levels-in-neonatal-jaundice-the-effect-of-phototherapy.html#3

https://ejhm.journals.ekb.eg/

irreparable effects, and might also influence the
absorption of other elements®.

The aim of the current work was to study the
effects of phototherapy on serum calcium and serum
magnesium in full term and preterm neonates with
hyperbilirubinemia.

PATIENTS and MTHODS
This prospective cohort study included a total of 60

jaundiced infants, attending at Neonatal Intensive Care
Unit (NICU) Zagazig University Hospitals. This study
was conducted between August 2018 to July 2019.

Ethical Clearance: Written Informed consent

was taken from the patient parents to participate in
the study. Approval for performing the study was
obtained from Pediatrics and Clinical Pathology
Departments, Zagazig University Hospitals after
taking Institutional Review Board (IRB) approval.
The work has been carried out in accordance with the
code of ethics of the world medical association
(Decleration of Helsinki) for studies involving
humans.
The age of 60 infants ranged from 2 to 8 days. They
were divided into two groups; Group (1) consisted of 43
full-term patients (31 males and 12 females) and Group
(2) consisted of 17 preterm patients (7 males and 10
females).

Patients were examined for the effect of
phototherapy on serum level of calcium and magnesium
by evaluating serum magnesium and serum calcium
levels alterations before and after phototherapy in
hospitalized hyperbilirubinemic newborns undergoing
phototherapy.

Inclusion criteria: Healthy, full-term, and preterm,
appropriate for gestational age and exclusively breast-
fed newborns that were admitted for evaluation and
treatment of non-hemolytic jaundice will be enrolled in
the study.

Exclusion criteria: Newborns who had undergone
exchange transfusion, had hemolysis, had been formula
fed, had any congenital malformation, inborn errors of
metabolism, proven sepsis or infection, or jaundice in
the first 24 hours of life, or Phototherapy given for less
than 48 hours or whose mothers had a history of
diabetes will be excluded.

All patients included in the study were subjected to
the following:

Full history taking with particular emphasis on
prenatal, natal and post-natal gestational age, sex
(male/female), weight, family history of her sibling
admitted to NICU with jaundice, history of the time of
appearance of jaundice and its extension, complete
physical examination with assessing intensity of
jaundice and correlation to activity and anemia.
Clinical pathology investigations:

Measurement of total serum calcium (by spinreact
calcium kit) serum magnesium levels (by spinreact
magnesium kit), serum total and direct bilirubin (by
spinreact bilirubin kits) before and 48 hours after end
of exposure to phototherapy, blood grouping for mother
and babies, hemoglobin concentration, reticulocytic
count and Coomb's test were done.

To perform phototherapy, the subjects were placed
at 15 to 20 centimeters from the light source (blue
fluorescent (neon) lights) with a wave-length range of
420 to 470 nm above their heads

Statistical Analysis

Data collected throughout history, basic clinical
examination, laboratory investigations and outcome
measures coded, entered and analyzed using Microsoft
Excel software. Data were then imported into Statistical
Package for the Social Sciences (SPSS version 20.0)
software for analysis. According to the type of data
qualitative represent as number and percentage,
guantitative continues group represent by mean * SD,
the following tests were used to test differences for
significance; difference and association of qualitative
variable by Chi square test (X2). Differences between
guantitative independent groups by t test paired by
paired t. P value was set at <0.05 for significant results
& <0.001 for high significant result.

RESULTS

Evaluation of the average level of serum
bilirubin in subjects measured at two different times (at
hospitalization and after 48 hours of exposure to
phototherapy) showed a significant decrease in the level
of bilirubin; level of bilirubin in those subjects after
phototherapy had an average value of 16.76+2.99
mg/dL, which was less than that of hospitalization time
11.0+2.45 (P <0.001). table (1) & figure (1).

Table (1): Average Level of Total Bilirubin, Before and After Phototherap

Time of Test ma/dL

Total Bilirubin (Meanz SD)

Maximum
Minimum

16.76+2.99

Hospitalization time

211
7.71

48 hours after

. 11.0+2.45
admission

744

15.9
5.2
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Figure (1): Mean Total bilirubin pre and post phototherapy in term and preterm.
And Mean Total bilirubin pre and post phototherapy is higher in term infants than preterm infants.

Table (2): Average Level of Serum calcium, before and after Phototherap

Serum Calcium
Time of Test Level (Meanx
SD) mg/dL

11.76

Hospitalization time 9.63+0.79 787

48 hours after 10.35
admission 9.04+0.78 7.56

Maximum
Minimum

Statistical analysis showed that 48 hours after phototherapy, average serum calcium level in the
subjects was 9.04+0.78 mg/dL, which was less than that of the hospitalization time (9.63+0.79
mg/dL). This decrease was statistically significant (P<0.001). table (2)

Table (3): Average Level of Serum magnesium, before and after Phototherapy

Serum magnesium
Time of Test Level (Meanz SD)
mg/dL

2.82

Hospitalization time 2.17+£0.23 179

48 hours after 2.44
admission 1.9140.18 1.64

Maximum
Minimum

Regarding the serum level of magnesium in the subjects, the average was 1.91+0.18 mg/dL after
phototherapy, which was less than that of the hospitalization time (2.17+£0.23 mg/dL) and the
difference was statistically significant (P<0.001) .table (3)

Table (4): Change assessment

Pre Post Paired t
Total Bilirubin 16.76+2.9 11.042.45 19,664
mg/dl

Calcium mg/dl 9.63+0.79 9.04+0.78 10.965
Mg mg/dl 2.17£0.23 1.91+0.18 14525

Change assessment (Magnesium, Calcium, and bilirubin).are shown in table (4)
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Table (5): Term distribution, Gestational age (GA) in weeks, and Sex of baby distribution

among studied grou
N %
Term Full term 43 71.7

| Preterm 17 28.3
Total 60
Female 22

Sex of baby Male 38
Total 60

I GA Weeks
I Meanx SD

37.01+2.41
38.0 (32-40)

GA was distributed according to our patients as 37.01+2.41 with minimum 32 weeks and
maximum 40 weeks. And in our study, Male were 63.3% (38 in number) and female 36.7% (22 in
number). Preterm were 28.3% (17 in number) and full-term were 71.7 % (43 in number). table (5)

Median (Range)

Table (6) all parameters of the studied infants

Preterm
(N=17)
3.64+1.22
2.1+0.46
15.47+0.88
2.05+0.48
13.27+2.6
8.94+2.4
9.79+0.65
9.23+0.74
2.26+0.26
1.94+0.16

Full term
(N=43)
4.75+1.51
3.01+0.15
15.65+1.09
1.86+0.66
18.14+1.76
11.82+1.9
9.57+0.84
8.97+0.81
2.14+0.21
1.9+0.18

Age at admission / day
Weight at admission/kg
HB (g/dl)

Reticulocyte count

Total Bilirubin pre (mg/dl)
Total Bilirubin post(mg/dl)
Calcium pre mg/di
Calcium post mg/d|

Mg pre mg/dl

Mg post mg/dl

All parameters of the studied infants (Magnesium, Calcium, bilirubin, Age at admission, Weight at
admission, HB and Reticulocyte count) are shown in table (6)

DISCUSSION

Hyperbilirubinemia or jaundice is a common
problem and it is often considered benign in infants.
Jaundice might be observed at the birth or any time
during infancy. Therefore, if hyperbilirubinemia,
which is non-conjugated, is not treated early, bilirubin
crosses the blood-brain barrier and exerts its
neurotoxic effects. Its therapy includes medicine
therapy, blood exchange, and phototherapy .

Phototherapy has a significant role in the treatment
of hyperbilirubinemia in neonates ®. However, this
method may result in the development of some
complications as hypocalcemia and hypomagnesemia
©. The current study was aimed at investigating the
effects of phototherapy on serum level of calcium and
magnesium in infants with jaundice at Zagazig
University Hospital. Results of the current study
showed that the level of calcium in term and preterm
infants undergoing phototherapy with average of 9.04
mg/dL was less than that of the hospitalization time
with an average of 9.63 mg/dL and this decrease was
statistically significant. And also level of magnesium
in term and preterm infants undergoing phototherapy
with average of 1.91mg/dL was less than that of the
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hospitalization time with an average of 2.17 mg/dL and
this decrease was statistically significant; similar to the
results of the study by Barak et al. “ that showed
calcium level of serum was reduced significantly, 24,
48, and 72 hours after phototherapy. Also, the
outcomes of the current study were in accordance with
those of the investigations by Sethi et al. 9 that
showed 90% of preterm infants and 75% of full-term
infants during phototherapy developed hypocalcemia.
In the study undertaken by Imani et al. @2, serum
bilirubin and magnesium levels were measured before
and after phototherapy, both of which showed a
significant decrease. Also, Khosravi et al. ¥, reported
that phototherapy can decrease the total magnesium.
The results of these two studies as well as the
results of the current study showed that average serum
magnesium level decreased after phototherapy. In the
study conducted by Sarici et al. ™, there was a
positive relationship between the levels of bilirubin
and magnesium in ionized plasma. In the group with
severe hyperbilirubinemia, magnesium level of ionized
serum was significantly higher in comparison with that
of the moderate group. Also, in this group, there was a
positive and significant relationship between serum
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level of magnesium and intensity  of
hyperbilirubinemia. In the current study, the serum
level of magnesium decreased through relieving
hyperbilirubinemia and it maybe that the increase in
the plasma level of magnesium was due to
synchronization with hyperbilirubinemia; hence, after
decrease in bilirubin, the level of magnesium
decreased.

Romagnoli et al. ® was the first to suggest the
association of hypocalcaemia in newborn following
phototherapy. Hakinson et al. ® and Hunter *7
hypothesized that phototherapy inhibits secretion of
melatonin from pineal gland which blocks the effect of
cortisol on bone calcium. So, cortisol increases bone
uptake of serum calcium and induces hypocalcemia.
Kim and Park ®® suggested that decreased secretion
of parathyroid hormone is the cause of hyopcalcemia
in phototherapy.

Our result is in agreement with studies by Arora
et al. @ in which Hypocalcemia is a significant
problem in neonates subjected to phototherapy which
is a commonly used modality of treatment for neonatal
hyperbilirubinemia hence there is need for closed
monitoring of serum calcium levels and prophylactic ¢
calcium supplementation in neonates subjected to
phototherapy.

Conclusions: in this study it could be concluded that
phototherapy can significantly decrease the levels of
calcium and magnesium in jaundiced term and
preterm infants undergoing phototherapy for 48
hours.

Recommendations: monitoring serum calcium and
serum magnesium levels in newborns undergoing
phototherapy for 48 hours or more and identify the
reason and supplementation of calcium and
magnesium to newborn after phototherapy
especially preterm babies.

Limitations: In this study, we did not ethically allow
to get a control group with the same bilirubin level
who were not treated with phototherapy.
Acknowledgement:

The authors are grateful for the patients without
whom this study wouldn’t have been done.
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