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Abstract: The study was conducted to measure the effect of baseline serum calcium levels on the stage of
nephrotoxicity caused by Gentamicin therapy for neonates' patients in teaching hospital, highlight the
mechanism(s) behind this type of toxicity and setting a therapy regimen to minimize or delay such toxicity
caused by Gentamicin. Retrospectively, the renal function indicators values such as BUN, Srcr and BUN-to-Srcr
ratio were collected for all different groups of neonatal patients receiving Gentamicin from September 2008 to
September 2009 in the Teaching Hospital of King Khalid University and Hospital of King Saud University,
Riyadh, Kingdom of Saudi Arabia. Collected data were analyzed and evaluated. Total of 237 neonate patients
profiles were reviewed and classified to three groups based on serum calcium baseline level to normo, hypo and
hypercalcemic patient. Hypocalcemic group has the highest rising rate for BUN, Srcr and BUN-to-Srcr ratio
values. The protection effect of calcium was obvious. The findings revealed that baseline serum calcium level
has some effect on the decline and maintaining of kidney function in neonate patient under Gentamicin therapy.
The possible mechanism (s) has been discussed and a Gentamicin therapy protocol was proposed to minimize
or delay nephrotoxicity in neonate patients under Gentamicin therapy.
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INTRODUCTION Gentamicin and calcium compete for binding to various

Gentamicin is a potent aminoglycoside antibiotic with calciuria [5]. These phenomena also attributed to GM
bactericidal activity against Gram-negative bacteria. induction of PH -sensitive activation of the calcium
Gentamicin (GM) is the drug of choice for the first line sensing receptors on the apical surface of renal proximal
management of neonatal sepsis or pneumonia caused by tubule cells [6]. The human studies showed that the
Gram–negative  bacteria  [1].  Gentamicin  is  one of the existing relation between GM activity and calcium level
aminoglycoside agents normally prescribed for infants was due to the GM administration intervals, duration of
and neonates. There is relatively little information on therapy and renal disease. Study found an association
Gentamicin toxicity in neonate patients due to the ethical between hypocalcemia and q24h GM therapy in term and
limitations. Drug-drug and drug-food interactions might near term neonates [7]. Hypocalcemia also had been
have impact on GM toxicity. Calcium had a relation with noticed in GM treated neonates appeared to exceeded
GM efficacy or toxicity studies reported that dietary what might be expected in a normal population and
calcium  reduced experimental GM nephrotoxicity in monitoring of late-preterm and term neonates received
animal [2]. Experimental studies also have demonstrated prolonged GM therapy was advisable [8].
that GM impaired calcium transport in the renal tubules Therefore, the purpose of present study was to
resulting in a significant increase in urinary calcium determine the effect of patient-baseline serum calcium
excretion [3]. The calcium effects of loading on level on the probability toward GM nephrotoxicity.
experimental GM nephrotoxicity still controversial. Some Indications of such toxicity based on the patient baseline
reports showed that calcium loading ameliorated, calcium level were detected in groups of neonates'
augmented or had no effect on GM nephrotoxicity [4]. patients with different calcemic status.

tissues including renal tubular brush border leading to
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MATERIALS AND METHODS Statistical Analysis: Statistical analysis was performed

This study was performed in a pediatric tertiary care (IBM SPSS Statistics, Somers, NY. USA). Deviation
system (Neonate Care Unit) at King Khalid University testing between and within groups was done by using
Hospital (KKUH) with 1200 beds of King Saud University ANOVA.
(KSU), Riyadh, KSA. Approval was obtained for local
ethics committee of King Saud University prior to the RESULTS
commencement of the study. Data were collected
retrospectively from hospital records and database. All Total of 237 patient-profiles were reviewed. Patients
neonates with gestational age > 35 weeks and received were divided into three groups according to the calcium
GM and on GM therapy for (>5days) through the period serum baseline as follow, Normocalcemia (n=85),
from September 2008 until September 2009 were Hypocalcaemia    (n=60)      and     Hypercalcemia   (n=92).
participated and included in the study. According to the Table 1 shows the analytical levels of BUN and Srcr for
baseline serum calcium levels the study population were the subjects during GM therapy. Neonates with
divided into three groups, Normocalcemia (serum calcium hypocalcemic baseline have the highest rising in both Srcr
level = 9-10.5mg/dL, 2.2-2.6mmol/L), Hypocalcaemia and BUN were 22.58±13.57 micromol/L and
(<9mg/dL, <2.2mmol/L) and Hypercalcemia (>10.5mg/dL, 3.68±2.47mmol/L, respectively. The BUN-to- Srcr ratio was
>2.6mmol/L). Indication for renal function estimated by also higher with the hypocalcemic baseline-group
measuring blood urea nitrogen (BUN), serum creatinine subjects. It was estimated to be 167:1. Different rising
(Srcr) levels and ratio values of blood urea nitrogen (BUN) levels of BUN and Srcr in the participated neonates
and serum creatinine (Srcr) during GM therapy. subjects were shown within Figs.1 and 2, respectively.

using Predictive Analytics Software (PASW) version 18

Fig. 1: BUN levels according to Calcemia Status of participated subjects under GM therapy

95% Confidence Interval for Mean

--------------------------------------------

Item N Mean Std. Deviation Std. Error Lower Band Upper Band Minimum Maximum

Normocalcemia 85 2.3129 1.87812 .20371 1.9078 2.7180 0.00 11.90

Hypocalcemia 60 3.6838 2.47754 .31985 3.0438 4.3238 0.60 13.00

Hypercalcemia 92 2.1576 1.73245 .18062 1.7988 2.5164 0.00 10.70

Total 237 2.5997 2.08614 .13551 2.3327 2.8667 0.00 13.00

Table 1: The detected levels for BUN and Srcr in the participated neonate subjects

Basline calcium level Number of subjects (N) *BUN mmol/L Mean ±SD **Srcr µmol/L Mean ±SD ***BUN: Srcr Ratio

Normocalcemia (2.2-2.6 mmol/L) 85 2.31±1.8 22.08±13.60 104: 1

Hypocalcemia (<2.2 mmol/L) 60 3.68±2.4 22.58±13.57 167: 1

Hypercalcemia (>2.6 mmol/L) 90 2.15±1.7 13.7±12.180 157: 1

Normal range (*BUN 2.5-6.4 mmol/L, ** Srcr 62-115 µmol/L, *** BUN: Scrcr ratio normal range 40-100: 1)
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Fig. 2: Serum creatinine levels according to Calcemia status of participated subjects under Gm therapy

95% Confidence Interval for Mean

--------------------------------------------

Item N Mean Std. Deviation Std. Error Lower Band Upper Band Minimum Maximum

Normocalcemia 85 22.0812 13.80552 1.47605 19.1459 25.0166 0.00 61.00

Hypocalcemia 60 22.5883 13.57111 1.75202 19.0875 26.0941 2.00 64.00

Hypercalcemia 92 13.7022 12.18583 1.21784 11.1784 16.2260 0.00 85.00

Total 237 18.9570 13.66967 0.88794 17.2077 20.7063 0.00 65.00

DISCUSSION inhibit basilateral Ca++ transport in the proximal tubules,

Up to date, previous works were reported about the leading to decreased absorption and increased urinary
effect of baseline value of serum calcium levels on GM excretion [9]. GM also acted to reduce tubular Ca
nephrotoxicity  at  the  initiation time of GM therapy in reabsorption in the distal tubule lead to severe
neonates. Usually, Gentamicin is administered frequently hypocalcemia [10]. Alteration of the activity of the
to neonates with sepsis or pneumonia. However this drug calcium-sensing receptor (CaR) by GM leading to
might cause some degree of impaired renal and kidney hypercalciuria  and  hypocalcemia.  GM  increases  the
function for patients with different ages [1]. Experimental CaR sensitivity to serum Ca, leading to parathyroid
studies had shown the relationship between calcemia and hormone (PTH) suppression, this will result in
GM therapy mostly in animal [2, 5]. So far, this hypercalciuria and hypocalcemia [11]. Disturbances in
phenomenon still untouched in human neonates. The electrolyte  wasting  and  renal tubular function might
present study had shown the relationship between have some effect on hypocalcemia based on neonates'
calcemia and GM nephrotoxicity. The three groups of age and sex differences [12]. The GM administration
patients with different calcemia levels participated in the technique applied by giving larger dose and longer
study showed different value for BUN, Srcr and BUN-to- dosing interval might have also on effect on serum
Srcr ratio as indicators of the severity of nephrotoxicity calcium levels  during  GM therapy in consideration of
caused by GM therapy. Neonates' patients with the serum calcium baseline values in neonates [8]. The
hypocalcemia in the beginning of GM therapy have the present study showed that the calcium level in the serum
higher  rising  of  these  indicators.  Hypercalcemia  has for neonates at the beginning of GM therapy has some
the lowest rising rate of these indicators as shown in impact on renal function during time of GM therapy. The
Table  1. The rising in these indicators within the same kidney function declined in hypocalcemic neonates much
GM therapy period for all subjects was faster in the faster than other groups. The elevation of BUN-to-Srcr
hypocalcemia  group patients indicating that the chance ratio was noticed as shown in Table 1, for all subjects and
of nephrotoxicity will be affecting the hpocalcemic hypocalcemic group also had the highest rising in this
patients early than other patients groups. The alterations ratio. This is may be attributed to excessive production of
status of the renal and kidney function within these urea nitrogen (UN) secondary to protein catabolism with
groups was attributed to different mechanisms. GM may insufficient  excretion of UN. This rising could be also due

or displace Ca++ bound to the renal tubular brush border
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to the alteration of euthyroid status of the participated REFERENCES
subjects  [13].  These  justifications give clear indication
of  the  protection  effect  of  calcium on the renal cortex
by  reducing  GM binding to cell membranes and
overcome the competition between GM and calcium for
brush border binding, intraluminal calcium channel
blocked by GM, or inhibition of basolateral calcium
ATPase or Na-K ATPase [14].

The study was conducted in a single Teaching
University Hospital and the results obtained does not
reflect some pattern of such problem in other regional
hospitals with neonates services unit within KSA. The
practical and ethical dilemmas to utilizing this type of
subjects also attributed to the limitation of such research.
These limitations could be overcome in performing further
national multi-centers including all regional hospitals that
providing neonates care services in the kingdom based on
the updated published reports in this area.

In conclusion, the study highlighted the effect of
baseline-serum calcium levels on changing the status
activity of the kidney and renal function in three neonates
groups with different baseline calcemic levels at time of
the initiation of GM therapy. Hypocalcemic baseline
group has the faster rising in BUN, Srcr and BUN-to-Srcr
ratio value during the period study which indicating the
performance size of kidney function during GM therapy.
Monitoring the serum calcium levels from time of initiation
until end of GM therapy must be applied on daily basis of
each neonate patient under GM therapy. Baseline-serum
calcium level should be taken in consideration in the
designing of GM therapy in calculating the dose and
administration frequency for neonates and other patients
with different age and sex. Monitoring the euthyroid
status for all types of patients under GM therapy is
therapeutically valuable.

Further study should be conducted to better
understanding of the problem of baseline serum calcium
level for all patients planned to be treated with
aminoglycosides (eg. Gentamicin). Evaluation of ongoing
monitoring program of the changes in the baseline serum
calcium levels under GM therapy for neonates and other
age groups patients on the limitation and severity of
nephrotoxicity caused by GM.
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