Safety and efficacy of current gentamicin dosing … Sri Lanka Journal of Child Health, 2019; 48(1): 19-25

Safety and efficacy of current gentamicin dosing schedules used in neonates
in Sri Lanka
*Thilanka Seneviratne1, Asanka Alexander2, Jeewani Gunawardhana1, Pathum Dissanayaka1, Chaminda
Liyanage2, Nalika Menike3, Kosala Somaratne4
Sri Lanka Journal of Child Health, 2019; 48(1): 19-25
10 mg/dl) was seen in 92% of ODD regime and in
80% of the TDD regime. Mean peak values in the
ODD and TDD regimes were 9.42 (SD 2.37) mg/dl
and 7.12 (SD 2.18) mg/dl respectively (T= 3.56,
df=48, p = 0.001). SCr and the hearing assessment
were within normal limits in all neonates.

Abstract
Introduction: Gentamicin is the first line antibiotic
for early onset neonatal sepsis. Yet the problem
with gentamicin is the low therapeutic index. It is
known that high trough levels correlate with
ototoxicity and nephrotoxicity while the peak levels
decide the therapeutic effect. Once daily dose
(ODD) and twice daily dose (TDD) schedules are
practised in neonatal units in Sri Lanka.

Conclusions: The ODD gentamicin schedule of 5
mg/kg achieves a significantly higher peak serum
gentamicin level and safer trough levels than the
TDD schedule of 2.5 mg/kg.

Objectives: To assess whether the ODD and TDD
schedules of gentamicin used in neonates are
effective in avoiding high serum trough levels and
in achieving peak serum levels in the therapeutic
range.
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Method: A prospective study was conducted from
April to August 2017 in four neonatal units on term
neonates less than one week old, in whom
gentamicin was started (TDD regime= 2.5 mg/kg
12 hourly and ODD regime= 5mg /kg 24 hourly)
during the study period. Trough and peak serum
gentamicin levels (SGLs) were assessed before and
after the third dose in the TDD regime and after the
second dose in the ODD regime. Serum creatinine
(SCr) was measured in all the neonates and
neonates with high trough levels were referred for
hearing assessment.

Introduction
Neonatal sepsis is a leading cause of morbidity and
mortality among neonates especially in the
developing countries1,2. Signs and symptoms of
sepsis in a neonate can be non-specific and the
progression can be rapid in comparison to older
children3. Hence, almost all newborn units adhere
to the practice of having a very low threshold for
starting empirical antibiotics the moment sepsis is
clinically suspected4. The usual practice is to start
two antibiotics with one covering the Gram
positive agents and the other covering the Gram
negative agents4,5. Aminoglycosides provide the
Gram negative cover and gentamicin has been a
first line aminoglycoside universally6.

Results: A total of 50 neonates of clinical maturity
37-41 weeks and birth weight 1.8-4.1 kg was
included. High trough levels (>2 mg/dl) were seen
in 48% of the TDD group and in 12% of the ODD
group (p=0.005) Mean trough value in the ODD
group was 1.15 mg/dl (SD 0.87) and in the TDD
group was 2.14 mg/dl (SD 1.72). (T=-2.564, df=35,
p = 0.015). Peak SGL in the therapeutic range (5_________________________________________
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Gentamicin is a fairly cheap agent and freely
available in most units in countries with limited
facilities2. It has good synergistic activity when
combined with ampicillin and certain bacteria
continue to die even after the gentamicin level falls
below the recommended trough levels7. Despite
these advantages, gentamicin has its own demerits
as well. The two most common side effects
reported are nephrotoxicity and ototoxicity8. As all
other aminoglycosides, gentamicin has a narrow
therapeutic window and it is important to measure
the gentamicin blood levels during treatment in
order to assess whether the therapeutic
concentrations are being achieved as well as
toxicity is avoided as much as possible9.
When gentamicin levels are measured, two levels
are used: the peak and the trough levels6. It has
been found that the toxic effects are higher with
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high trough levels and the development of bacterial
resistance to gentamicin can be minimized if the
trough levels are kept as low as possible in between
the doses7. The traditional dosing regimen for
gentamicin comprise multiple dosing per day
(MDD)10. This can result in several unwanted
effects. Fairly higher trough levels in this regimen
due to shorter dose interval can increase the
toxicity of the drug as well as encourage
development of resistance5. It can also increase the
potential errors due to complicated dosing
intervals11. Meanwhile, recent studies have shown
that once daily dosing (ODD) regimens show
effective peak levels achieving bactericidal
property while maintaining lower trough levels12.
Therefore most units with advanced neonatal care
settings adhere to ODD gentamicin regimens or
even more extended dosing regimens for preterm
infants5. Most studies on gentamicin blood level
monitoring have been carried out in western
countries and data from developing countries are
limited. But even these limited data suggest that
extended dosing regimen is more efficacious and
less toxic compared to the MDD regimen13,14.

Objectives
To identify whether the ODD and TDD schedules
of gentamicin used in neonates are effective in
avoiding high serum trough levels and in achieving
peak serum levels in the therapeutic range.
Method
The study was conducted for a period of six months
from April to September 2017. Due to the difficulty
of getting samples from neonates, the minimum
sample size was calculated according to the method
designed by SB Hulley and SR Cummings16. The
calculated minimum sample size is 16 per dosing
schedule. Sample size calculation was based on
following assumptions
1. The width of the confidence level=1
2. Confidence interval 95%17
We were able to include 25 patients for each dosing
schedule.
Term neonates less than one week old in the
neonatal units of Teaching Hospital Kandy,
General Hospital Badulla, Base Hospital
Mahiyanganaya and Base Hospital Diyathalawa in
whom gentamicin was started during the period of
study (April to September 2017) comprised the
study group. Neonates of Teaching Hospital,
Kandy were treated with the TDD regimen
(2.5mg/kg 12 hourly) and the ODD regimen
(5mg/kg/24 hours) was given to the neonates of
General Hospital Badulla, Base Hospital
Mahiyanganaya and Base Hospital Diyathalawa.

In Sri Lanka, gentamicin is used as the main
aminoglycoside for neonatal sepsis and both MDD
and ODD regimens are practised15. The MDD
regimen is 2.5 mg/kg given 12 hourly while the
ODD regimen comprises 5mg/kg as a single daily
dose15. Although gentamicin is empirically used in
neonatal units in Sri Lanka, two major areas for
concern are evident. The first is that the gentamicin
level in blood is not measured during therapy
because that facility is not freely available in the
state sector. This has resulted in gentamicin use
being limited to term neonates or marginally
preterm neonates. As serum gentamicin levels are
unavailable, gentamicin is not used empirically in
extreme premature neonates in many units. The
second area of concern is that although both MDD
and ODD regimens are being practised in different
units, no local data are available to evaluate which
regimen is better for the local set up. Up to now no
study has been done regarding serum gentamicin
level (SGL) monitoring in neonates in Sri Lanka.
Available data from other countries may not be
completely compatible with neonates nursed in
local settings as the pharmacokinetic profile of the
drug may vary between populations due to
influences from genetic factors, lifestyle, drug
interactions etc. Therefore this study was designed
in order to monitor the gentamicin blood levels
following the use of gentamicin in the local set up
and see whether the data are compatible with those
obtained from studies done in advanced neonatal
care settings and also to determine whether the
ODD regimen is better for the local setting in
comparison to the traditional MDD regimen which
is being used in certain neonatal units.

Ethical clearance was obtained from the Ethical
Review Committee of the Faculty of Medicine,
University of Peradeniya. Written consent was
taken from patient’s mother or father. All staff at
neonatal units were educated prior to data
collection with the help of the Consultant
Paediatricians in charge of the respective units. The
patient selection and sample collection were done
under the supervision of the registrars and
consultants of the respective units. Data collection
sheets were used to record the data which included
the patient details, record on gentamicin dosage,
frequency, times of administration and sample
collection, concurrent administration of other
drugs, results of septic screen, results of serum
creatinine, as well as the contact information of the
parents.
Two blood samples were collected from each
patient, one hour prior to and one hour after the
second gentamicin dose in the ODD schedule and
one hour prior to and one hour after the third
gentamicin dose in the TDD schedule according to
the therapeutic drug monitoring guidelines for
gentamicin in ‘NICE guidelines’ and British
National Formulary for Children 2015)18,19.
Samples taken one hour prior to gentamicin were
used to measure the trough serum gentamicin levels
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and samples taken one hour after gentamicin were
used to measure the peak gentamicin levels. 1.5 ml
of blood was collected into plain gel tubes. The
centrifugation process was carried out at 3000rpm
for 5 minutes to take serum. Serum separation was
done in the laboratories of the respective hospitals
and stored at -4oC to -80C, under the supervision of
the respective chief medical laboratory technicians.
Samples were transported weekly to the
Department of Pharmacology (maintaining the cold
chain) by one of the investigators via ambulance
(when feasible). Samples were refrigerated at -800
C at the South Asian Clinical Toxicology Research
Collaboration (SACTRC).

quantitative measurement of the patient samples
between 0.24 mg/l to 12 mg/l. Specimen results
greater than 12 mg/l were reported as >12mg/l.
Analysis was done at the laboratory at the
Nephrology Unit, Kandy. Since there was a
shortage of reagents, the latter samples were
analysed at the Medical Research Institute. The
same test procedure was used for the analysis of all
the samples.
Serum creatinine (SCr) was measured in all from
the same samples. Testing was done at the
laboratory at Teaching Hospital Kandy. SCr was
reassessed in neonates who had high serum trough
levels at two months of age. All the patients with
high serum gentamicin trough levels were referred
for hearing assessment. This was done at two
months of age at Teaching Hospital Kandy and
Teaching hospital Badulla ENT Departments.
Otoacoustic emissions were tested and 4
frequencies 5000, 4000, 3000 and 2000Hz were
measured. Analysis of serum gentamicin level
(SGL) values and serum creatinine was done using
the Chi square test and independent sample t-test,
using SPSS.

Analysis of serum gentamicin levels was carried
out 2 weekly in accordance with the stability of
samples and reagents. Analysis of serum
gentamicin levels was done with immunoassay
procedure and a CDX 90 fully automated drug
analyser was used to analyse the samples. Two
reagents were prepared before the test according to
the method sheet. Before analysing the samples,
two levels (high and low) of quality control were
tested and the control values were monitored for
any trends or shifts. If any trends or shifts were
detected or if the control did not recover within the
specified range, all operating parameters were
reviewed to get precise results. Calibration was
performed each day when the samples were
assessed. Gentamicin assay was designed to

Results
A total of 50 patients were included in the study.
The demographic data of neonates in the ODD and
TDD schedules are shown in Table 1.

Table 1: Demographic data of neonates in once and twice daily dosing schedules (n=50)
Characteristic
Gender
Male
Female
Birth weight (kg)
<2.00
2.00-2.49
2.50-2.99
3.00-3.49
3.50-3.99
>4.00
Gestational age (weeks)
37-37+6 days
38-38+6 days
39-39+6 days
>40

Once daily dosing schedule (n=25)

Twice daily dosing schedule (n=25)

15
10

18
07

01
03
07
10
04
00

00
02
08
09
05
01

06
05
09
05

07
07
07
04

Clinical maturity of the neonates was within 37-41
weeks and the mean birth weight was 3.02 (±0.51)
kg.

The trough levels and peak serum levels of the
neonates in the two dosing schedules of gentamicin
are shown in Table 2 and Figures 1 and 2.

Table 2: Trough levels and peak serum levels of neonates in the two dosing schedules of gentamicin (n=50)
Level of gentamicin
Trough level
High (>2mg/l)
Normal (2mg/l or <)
Peak serum level
Within therapeutic range
Not within therapeutic range

Once daily dosing schedule (n=25)
Number (%)

Twice daily dosing schedule (n=25)
Number (%)

03 (12)
22 (88)

12 (48)
13 (52)

23 (92)
02 (08)

20 (80)
05 (20)
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High trough levels of gentamicin were defined as
more than 2 mg/l. Peak serum levels of gentamicin
within therapeutic range was defined as 5-10
mg/l18,19. Number of neonates who had high and
low trough levels in the two dosing schedules were
analysed using Chi square test. Number of neonates

who had peak serum levels in therapeutic range and
sub therapeutic range in the two dosing schedules
were also analysed using the Chi square test. Mean
trough levels and mean peak levels in the two
dosing schedules were tested using independent
sample t-test.
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High trough levels (>2mg/l) were seen in 48% of
the TDD group and in 12% of the ODD group
(p=0.005). Mean trough values of the ODD group
and the TDD group were 1.15 mg/l (SD 0.87) and
2.14 mg/l (SD 1.72) respectively (T=-2.564, df
=35, p= 0.015).

gentamicin levels, it is a safe option to adopt an
ODD regimen for gentamicin rather than TDD
regimen as the former is better in avoiding higher
trough levels.
While achieving a lower trough level, the ODD
regimen was potent enough to achieve the
recommended peak serum gentamicin level (SGL)
which is needed for the bactericidal effects of
aminoglycosides. A higher proportion of the
neonates receiving the ODD regimen recorded
recommended peak SGL in comparison with the
neonates receiving the TDD regimen but a
statistically significant difference was not seen.
Studies involving a larger sample size have proven
that ODD regimen is significantly effective in
achieving peak SGL compared with the multiple
daily dosing regimen10,20. However, the above
findings are enough to confirm that the benefits of
ODD gentamicin regimen which has been observed
in previous studies are useful for the local set up as
well.

Peak serum concentration in therapeutic range (510 mg/l) was seen in 92% of the ODD regimen and
in 80% of the TDD regimen (p=0.417). Mean peak
values in the ODD and TDD regimens were 9.42
(SD 2.37) mg/l and 7.12 (SD 2.18) mg/l (T= 3.56,
df =48, p= 0.001).
SCr was assessed in all samples. Repeat SCr
assessment was carried out in patients who had
high trough levels. All creatinine levels were within
normal limits. Hearing assessment was within
normal limits in all neonates.
Mean SCr in ODD and TDD groups were 66.47
(±21.22) and 68.73(±19.62) mol/l respectively (p=
0.711). Mean SCr in the neonates who had high
and low trough levels were 71.89 (±18.73) and
65.66 (±20.91) mol/l respectively (p= 0.344).
Mean SC in neonates who had peak levels in
therapeutic and sub therapeutic range were 66.66
(±18.97) mg/dl and 74.84 (±30.83) mg/dl
respectively (p=0.401). There was no significant
correlation of SCr with the trough and peak SGL
(p= 0.713)

Studies have been performed to evaluate the
effectiveness of 4 mg/kg ODD regimen compared
to 5 mg/kg ODD regimen21. This lower dose
regimen can be studied in our local setting using
the same protocol of this study as it will further
reduce the risk of gentamicin toxicity while
retaining the ability to achieve the recommended
peak SGL. This could become a cost-effective
regimen compared to the existing regimen as
proven by past studies14,22.

Discussion
The results of the current study are similar to those
observed in studies performed in neonatal units
with advanced settings. While a statistically
significant proportion of neonates receiving the
TDD schedule had serum gentamicin trough levels
of more than 2 mg/l the neonates receiving the
ODD regimen rarely had higher trough values. This
finding is in par with many studies done previously
in different settings6,20. Achieving a lower trough
level is important in minimizing the potential renal
and ototoxic effects of aminoglycosides. The
current study reports almost 50% of neonates
treated with the TDD regimen having trough levels
higher than the recommended cut off level.
Therefore, one in two neonates receiving the TDD
regimen of gentamicin are at a risk of developing
gentamicin associated adverse effects.

One limitation of the study was that it involved
neonates born at or above 37 weeks of gestation. A
larger proportion of neonates receiving gentamicin
in the neonatal units are premature neonates. A
similar study needs to be carried out in the local
setting to identify and evaluate the pharmacokinetic
effects of gentamicin in preterm neonates
comparing the different dosing regimens.
Conclusions
ODD gentamicin schedule of 5 mg/kg per dose
achieves a significantly higher peak serum
gentamicin level and safer trough levels than the
TDD schedule of 2.5 mg/kg per dose.
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A large scale study should be conducted to evaluate
the potential side effects of gentamicin associated
with the higher trough levels. In a country with
limited facilities to measure and monitor
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