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Effect of intravenous gentamicin on urinary calcium
excretion in newborns
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Abstract

Background Studies in newborns and animals have shown
that gentamicin increases urinary calcium excretion. New
recommendation for gentamicin in newborns is administered
intravenously 36-48 hourly. Subsequent to this new recommendation,
there have been no further studies on the effects of extended
gentamicin dosage on urinary calcium excretion in newborns.
Objective To assess the effect of intravenous gentamicin on
urinary calcium excretion in newborns.

Methods This pretest — posttest study was done in the
Neonatology Division of Prof. Dr. R. D. Kandou Hospital, Manado,
from August to November 2013. Subjects were full-term newborns
who received intravenous gentamicin every 36 hours and whose
parents provided informed consent. We excluded newborns with
asphyxia and cardiovascular shock, also those who received
diuretics or steroids. Urine spot collection was done before, after
the first dose, and after the second dose of intravenous gentamicin.
Urinary calcium and creatinine levels were measuerd. Urine
calcium excretion was defined as the ratio of urinary calcium to
creatinine level.

Results Of 28 newborns, there were 16 males and 12 females.
The median of urine calcium creatinine ratio before intravenous
gentamicin was 0.021 (range 0.004 to 0.071) mg/mg. After first
dose of gentamicin, the median ratio was 0.043 (range 0.009 to
0.156) mg/mg, and after the second dose of gentamicin, the median
ratio was 0.144 (range 0.015 to 1.160) mg/mg.

Conclusion There is a significant increase in urinary calcium
excretion after the first and second doses of intravenous
gentamicin. Furthermore, a cumulative effect of gentamicin
on urinary calcium excretion is observed after the second dose.

[Paediatr Indones. 2015;55:185-8].
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entamicin is a common first-line antibiotic
therapy for infections in newborns.
Gentamicin accumulates in tissue,
especially in the kidneys (almost 10%
of the total dosage accumulates in the proximal
tubules). Almost 70% of calcium filtered by the
glomerulus is reabsorbed at the proximal tubule and
30% reabsorbed at other sites. Gentamicin can alter
kidney and tubular function. One type of tubular
dysfunction is electrolyte wasting. Electrolyte balance
is very important for newborns, especially those with
illness. Electrolyte disorders can further worsen the
condition of a sick newborn. One of these important
electrolytes is calcium.!2
Some studies in newborns and animals have
shown that gentamicin increases urinary calcium
excretion.!15 Injection every 36-48 hours is a new
recommendation for intravenous gentamicin treat-
ment in newborns.? Following this new recommenda-
tion, there have been no further studies on the effects
of extended gentamicin dosage on urinary calcium
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excretion in newborns. Hence, the aim of this study
was to assess the effect of intravenous gentamicin on
urinary calcium excretion in newborns.

Methods

We conducted a pretest — posttest study in the
Neonatology Division of Prof. Dr. R.D. Kandou
Hospital, Manado, from August to November 2013.
Subjects were full-term newborns who received
intravenous gentamicin every 36 hours and whose
parents provided informed consent. We excluded
newborns with asphyxia and cardiovascular shock,
also those who received diuretics or steroids. Patients
were included by consecutive sampling. The minimum
required sample size was calculated to be 27 newborns,
with a power of 90% and o 0.01. This study was
approved by the Medical Faculty Ethics Committee
for Research at the University of Sam Ratulangi.

Urine specimens were collected using urine col-
lectors by medical personnel and then sent to Prodia
Laboratory for urinary calcium and creatinine examina-
tions. Urine spot collection was done before, after the
first dose, and after the second dose of intravenous
gentamicin. Urine calcium excretion was defined as the
ratio of urinary calcium to creatinine level.

For the subjects’ characteristics, data were ana-
lyzed by descriptive analysis. Wilcoxon signed-rank
test was used to assess for a possible effect of intrave-
nous gentamicin on urinary calcium excretion. Signifi-
cance level used was P<0.01. The data were processed
with SPSS for Windows version 21 software.

Results

Of 28 newborns participated in this study, 16 were
male and 12 were female. The characteristics of
subjects are shown in Table 1.

The urinary calcium excretion data were not
distributed normally, hence, we used Wilcoxon
signed-rank test for analysis. After the first dose of
intravenous gentamicin, urinary calcium excretion
increase [median 0.043 (range 0.009 to 0.156) mg/mg]
compared to that before intravenous gentamicin was
given [median 0.021 (range 0.004 to 0.071) mg/mg;
P=0.001]. Similar results were also observed after the
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second dose of intravenous gentamicin [median 0.144
(range 0.015 to 1.160) mg/mg] compared to before
intravenous gentamicin, and after the first dose of
intravenous gentamicin (P=0.001) (Figure 1).

Table 1. Characteristics of study subjects

Characteristics Newborns (N=28)
Gender, n

Male 16

Female 12
Mode of delivery, n

Normal 21

C-section 7
Mean gestational age (SD), weeks 38.64 (0.99)
Mean birth weight (SD), grams 2,892.86 (309.33)
Mean birth length (SD), cm 48.07 (1.98)
Median APGAR score (range)

18t minute 6 (4 to 8)

5t minute 8 (6to 10)

0.8

0.67

0.24

w = !

a b c

Figure 1. Urine calcium excretion (a) before
intravenous gentamicin, (b) after the first dose of
intravenous gentamicin, (c) after the second dose
of intravenous gentamicin

H:so

T = upper range J = lower range
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Discussion

The results of this study demonstrate an effect
of gentamicin on renal calcium excretion. The
mechanism of gentamicin-mediated changes in
urinary calcium excretion remains unexplained.
Gentamicin filteres freely through the glomerulus
without being metabolized, and around 10% of it
accumulates in the kidney cortex, especially at the
proximal tubules.*> Ward et al. hypothesized that
sodium-potassium-chloride co-transporter (NKCC2)
level decreases after injection of gentamicin into
mice, hence, decreasing the lumen positive voltage
and increasing urinary calcium excretion, even in
the therapeutic range of gentamicin.” Gentamicin
accumulates in the kidney cortex through a
specific transport mechanism that involves megalin
binding to gentamicin.® Gentamicin increases
cytosolic calcium concentrations through an inositol
triphosphate-mediated mechanism and activates
the calcium-sensing receptor (CaR). This receptor
(CaR) is found on the basolateral membrane of
tubules.” Activation of CaR inhibits reabsorption of
calcium in the tubules.®?

Several studies have shown an increase in
fraction excretion of calcium after gentamicin
infusion in term and preterm newborns, and this effect
continued even after gentamicin infusion stopped.
There was also increased incidence of hypocalcemia
after starting single daily dose of gentamicin infusions,
which peaked on third day of treatment. These studies
suggest that kidney does not adapt by decreasing
urine calcium excretion. Indeed, a cumulative effect
of gentamicin was observed.!0-12

We found an increase in urinary calcium excre-
tion after the first dose of gentamicin, and an even
higher increase after the second dose of gentamicin.
A previous study showed that serum calcium levels
were lowest on third day of gentamicin.!? Another
study found that in mice, gentamicin increased urine
calcium excretion, but after day 3 and onwards, the
effect decreased.!* This three days observation may
due to adaptation of the tubules to conserve transient
receptor potential vanilloid-5 (TRPV5) and calbindin-
D28k, thus improving urine calcium reabsorption.
Tugay et al. showed gentamicin administration in
preterm newborns increase urine calcium excretion
from day 3 onwards.!

This study was the first of its type to be conducted
in Manado, Indonesia and was the first to use
extended doses of gentamicin (5 mg/kg body weight
every 36 hours) to assess the effect on urinary calcium
excretion. The results could provide new insights for
scientists and health practitioners, particularly in
pediatrics, and also the community. This study adds to
our understanding of gentamicin and urinary calcium
excretion, hence, we could recommend calcium
supplements for newborns who receive gentamicin
infusions at the every 36-hour dosage regimen.

A limitation of this study was the use of urine
spot collection rather than 24-hour urine collection
to determine urine calcium levels. Also, subjects
were not followed until the end of therapy, and serum
calcium level was not measured.

In conclusion, urinary calcium excretion increase
after gentamicin infusion. A cumulative effect of
gentamicin treatment on urinary calcium excretion
is also observed following the second dose.
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