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Monitoring of gentamicin blood level in one-week-of-life
neonates admitted to a special care nursery ward
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ABSTRACT

Aims: Gentamicin is routinely used in neonates as an empirical antibiotic for suspected sepsis
at a dose of 4.0 mg/kg, either 24 or 36 hourly based on premenstrual age. Regularly, therapeutic
drug monitoring is performed. This study was conducted to determine gentamicin blood level
in one-week-of-life neonates on 4 mg/kg treatment.

Methods: Neonates who received gentamicin in a special care nursery ward were identified
from the records retrospectively. The included subjects were neonates between 3 and 7 days
old treated with gentamicin for at least three days. Admission diagnoses, dosing protocol
(including dosage, the timing of the doses, and timing of blood samples) and measured
gentamicin trough and peak levels were recorded.

Results: A total of 290 neonates met the inclusion criteria (male: 57.6%). Over 30% of the
subjects treated with gentamicin experienced potential toxicity with trough levels above
1.0 pg/mL, and 15.9% of them had sub efficacy of the drug (peak level below 5 pg/mL). Six
neonates had trough levels above 2.0 pg/mL. The percentage of potential toxicity was higher
in subjects with presumed sepsis, in those with bodyweight between 2.5-2.99 kg and with 24-
hour dosing interval.

Conclusions: We propose a trough-only monitoring protocol in non-critically ill neonates, as the
practice of monitoring pre and post often necessitate additional blood sampling. The decision
of not determining the peak levels routinely can be based on the outcome that gentamicin
dosage of 4.0 mg/kg likely provides peak levels in desired range without any added risk of
toxicity.

Introduction

Gentamicin is routinely used in neonates as an empirical

from Thailand, once-daily gentamicin therapy of 4 mg/kg in
neonates of more than 34-week gestation resulted in appropriate

antibiotic for suspected sepsis. It is given together with ampicillin
or penicillin (cloxacillin if a staphylococcal infection is suspected)
as recommended by World Health Organization. Due to its
narrow therapeutic index, gentamicin required therapeutic drug
monitoring (TDM) during treatment to ensure efficacy, reduce
the potential for ototoxicity and nephrotoxicity, and reduce the
potential for resistance.

There is considerable variation in dosing regimen guidelines,
but the common dosage regimen used is between 4 and 7 mg/
kg every 24 to 36 h, depending on the gestational age. In a study

peak and lower trough concentrations (1). The study suggested
that routine collection of serum gentamicin concentration may
not be necessary for neonates with normal renal function
receiving a 3-day, once-daily gentamicin of 4 mg/kg for
suspected sepsis. It was concluded that once-daily gentamicin
dosing was preferable to any other dosing interval because of
the simplicity of the regimen, which achieves desirable drug
levels (1). In another study, neonates who received once-daily
gentamicin at a dose of 5 mg/kg/day reported unacceptably high
trough levels (2).
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In Raja Perempuan Zainab Il Hospital (HRPZ IlI), stable
neonates with risk factors associated with neonatal sepsis such
as maternal Group B Streptococcus infection, maternal fever,
low birth weight, or preterm are treated in Special Care Nursery
(SCN) Ward. Gentamicin is prescribed empirically combined
with a penicillin drug, at a dose of 4.0 mg/kg, either 24 or 36
hourly based on the premenstrual age. Regularly, TDM is used
for both trough and peak samples of gentamicin in SCN. In this
study, we examined the peak and trough serum gentamicin level
in one-week-of-life neonates on a 4 mg/kg dosing schedule.

Methods

In this single-center and retrospective study, neonates who
received gentamicin at the SCN ward were identified from the
database of TDM 2019 records for a one-year interval. TDM
forms were reviewed for diagnoses, dosing history, including
dosage, the timing of the doses, and timing of blood samples,
and measured gentamicin trough and peak levels (Figure 1).
We only included neonates between 3 and 7 days old admitted
to the SCN ward in 2019 who were treated with gentamicin for
at least three days. The study was approved by the Medical
Research and Ethics Committee of the Ministry of Health,
Malaysia (NMRR-20-254-53622 |IR date: 09.04.2020). Informed
consent was not required due to the retrospective design of the
study. Patients’ information was anonymized and de-identified
before analyses. The study protocol conforms to the 1975
Helsinki Declaration.

Data in TDM record book :
Patients' name and age, drug
requested, dosage and ward

TDM Record Book Year
2019 reviewed

No of neonates seven days of life
requested for gentamicin monitoring
from SCN ward identified: 419

Data available in TDM Request
Form :

Gender, current weight, post-natal
age, current height, diagnosis,
dose & interval, serum creatinine,
white cell count, status of
monitoring (reason of not proceed
if  any) and gentamicin
concentrations

TDM Request Form
reviewed

Pharmacokinetic evaluation n=1290

Figure 1. Flow chart of patients recruitment

TDM: Therapeutic drug monitoring
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Neonates treated with gentamicin received an initial dose of
3.5-4 mg/kg daily. Gentamicin was diluted and infused over 60
min according to the calculated doses. TDM was performed by
measuring the peak and trough gentamicin blood level 1.0 h and
23.5h or 35.5h after the infusion of the third dose.

The trough serum gentamicin level was measured 30 min
before the third dose, and the peak was measured 60 min after
infusion on the third dose. Determination of gentamicin was
performed using the COBAS INTEGRA analyzer according to
the instructions provided in the manufacturer's manual. The
steady-state Sawchuk-Zaske method was used to calculate
the actual trough and peak levels (3). Peak is associated with
efficacy of gentamicin while trough is associated with gentamicin
toxicity.

Statistical Analysis

Descriptive statistics were performed using Statistical
Package for the Social Sciences version 22.0 (Armonk, NY).
Data are expressed as the meantstandard deviation and
median. The chi-square test was used to analyze categorical
data, and simple linear regression was carried out to investigate
the relationship between post-natal age, weight, and creatinine
clearance with gentamicin concentrations. P<0.05 indicated
statistical significance.

Results

Patients

Overall, 419 TDM requests were reviewed and 291 cases
were analyzed. One hundred twenty-eight cases were not
included in the analyses because blood specimens exceeded
stability time (n=89), and insufficient samples were obtained
(n=39). Another admission was also excluded due to missing
documentation of age. Table 1 shows the demographic data.
Presumed sepsis, clinical sepsis, and congenital pneumonia
were the common clinical diagnoses (Table 2).

Table 1. Demographic and clinical characteristics (n=290)

Post-natal age; days, mean+SD 3.54+1.05
Male, n (%) 167 (57.6)
Body weight, kg, mean+SD 3.0+0.63
Height, cm, mean+SD 46.4+5.14
Total daily gentamicin dose, mg, mean+SD 11.91£2.56
Dosing interval 24 hourly, n (%) 248 (85.5)
Dosing interval 36 hourly, n (%) 42 (14.5)
Total dose/kg body weight, mg/kg, mean+SD 3.98+0.26
Serum creatinine, pmol/L, mean+SD 56.19+£16.14
Creatinine clearance, ml/min, mean+SD 33.97+10.02
White cell count, K/uL x10°%, mean+SD 19.71+£35.72

SD: Standard deviation
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Gentamicin serum concentrations

Gentamicin was started in the majority of the neonates on the
first days of life. Table 3 shows gentamicin serum concentrations.
A trough level above 1.0 yg/mL is considered potentially toxic,
and a peak level of 5.0 yg/mL and above is considered effective.
Renal function (presented as creatinine clearance) showed a
negative relationship with the trough level of gentamicin. The
same relationship was also observed between the weight
of neonates and the peak level of gentamicin (Table 3).

Table 2. Initial diagnosis of neonates before starting empirical
gentamicin (n=290)

Presumed sepsis, n (%) 108 (37.2)
Clinical sepsis, n (%) 79 (27.2)
Congenital pneumonia, n (%) 73 (25.2)
Respiratory distress syndrome, n (%) 23 (7.9)
Group B Streptococcus pneumoniae, n (%) 5(1.7)
Community acquired pneumonia, n (%) 2 (0.7)
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Concomitant antibiotics were documented in 165 cases. Most of
the combined antibiotic therapy included ampicillin or penicillin.

Over 30% of neonates treated with gentamicin experienced
potential toxicity with trough levels above 1.0 ug/mL, and 15.9%
of them had sub-efficacy of the drug (peak level below 5 ug/
mL). Only six neonates had trough levels above 2.0 yg/mL. The
percentage of potential toxicity was higher in presumed sepsis
neonates; in subjects with bodyweight between 2.5-2.99 kg and
in subjects who received 24-hour dosing (Table 4).

Discussion

Gentamicin is one of the most commonly prescribed
antibiotics for culture-proven or suspected sepsis in neonates.
Since the development and organ maturation influences
gentamicin pharmacokinetics in neonates, interest has increased
in refining dosing regimens for improved efficacy and decreased
toxicity. In this population, variability in kidney function and body
composition, in particular, is responsible for the large interpatient
variability in clearance and volume of distribution of gentamicin.

Table 3. Relationship of demographic characteristics and gentamicin levels

Gentamicin trough concentration®

Gentamicin peak concentration?

Beta (95% ClI) p Beta (95% Cl) p
Postnatal age -0.112 (-0.317, 0.092) 0.279 0.003 (-0.03, 0.036) 0.87
Weight -0.035 (-0.157, 0.087) 0.575 -0.025 (-0.045, -0.006) 0.012
Creatinine clearance -3.66 (-6.79, -0.534) 0.022 -0.562 (-1.18, 0.057) 0.075

aSimple linear regression, Cl: Confidence interval

Table 4. Percentage of potential toxic and sub efficacy of total case, based on most common diagnosis, body weight category

and dosing interval (n=290)

Potential toxicity Sub-efficacy
Total n (%) 94 (32.4) 46 (15.9)
Diagnosis, n (%)
Presumed sepsis (n=108) 41 (38) 25 (23.1)
Clinical sepsis (n=79) 22 (27.8) 10 (12.7)
Congenital pneumonia (n=73) 21 (28.8) 7 (9.6)
p=0.2572 p=0.0312 *
Body weight category, n (%)
<2 kg (n=23) 7 (30.4) 2(8.7)
<2-2.5 kg (n=37) 13 (35) 4(10.8)
>2.5-2.99 kg (n=77) 29 (37.7) 15 (19.5)
239 (1=150) 0625 oo 450"
Dosing interval, n (%)
24 hourly (n=248) 86 (34.7) 42 (16.9)
36 hourly (n=42) 8(19.0) 4 (9.5)
p=0.045* p=0.2242

aChi-square test.
*Significant.
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The clearance of gentamicin is almost entirely dependent on
glomerular filtration (4).

In this retrospective study, the rejection rate of gentamicin
analysis in SCN neonates over one year was 30.5%. Most of the
samples (69.5%) were rejected due to delays in the transport
of the sample to the laboratory, which may cause erroneous
test results. Inaccurate gentamicin levels may cause miss-
interpretation and consequently inappropriate management
as either under-treatment or over-treatment that leads to
nephrotoxicity or ototoxicity. Therefore, delayed samples were
not analyzed.

Delayed transport of the sample is a human error but the
percentage was quite high in the current study. The blood
samples (especially pre-level) were kept in the wards for
more than four hours before transport to the laboratory. The
reason for the delay in the transportation of blood samples
was waiting for the post-level samples from the same patient.
Delayed administration of gentamicin or difficulty in taking blood
samples were also among the probable causes. Other than
delays in transportation, insufficient blood samples (30.5%) was
another reason for the rejection of the sample by the laboratory.
Insufficient means that there was not enough specimen volume
to perform the TDM assay.

Specimen rejection and subsequent recollection require extra
communication between the pharmacist, medical laboratory
technician, and the clinician, extra working hours, and additional
resources for recollection and reanalysis, resulting in discomfort
and stress imposed on neonates. The blood volume of a neonate
is approximately 75 to 107 mL/kg (5). Small neonates may have
a total blood volume as low as 50 mL. This means drawing just
1.0-mL blood from a neonate could significantly reduce his or
her blood volume. Blood loss attributable to laboratory testing is
acknowledged as the primary factor leading to anemia in infants
in the first weeks of life (6). Therefore, it is important to reduce
the number of unnecessary gentamicin blood sampling.

Optimal dosing of gentamicin in neonates is still a matter
of debate although it is commonly used. In our hospital setting,
4.0 mg/kg of gentamicin is given as once-daily dosing for full-
term neonates and 36 hourly for pre-term neonates according
to local guidelines (7). With this protocol, 84.1% achieve an
appropriate peak of at least 5.0 ug/mL. Thai neonates also
achieved an appropriate peak with a similar dosage whereby
97% of their neonates had a peak above 4.0 pg/mL (1). The
percentage increased to 100% when gentamicin dosage was
increased to 5.0 mg/kg but 21% of the Thai neonates had higher
peak levels above 12.0 pg/mL (2). The generally accepted peak
concentrations are 4.0-10.0 yg/mL in neonates, however, many
guidelines and researchers target peaks above 5.0 ug/mL for
optimization of gentamicin effectiveness (8).

In our setting, 92.8% of the neonates had a peak concentration
above 4.0 pg/mL. Collectively, these findings suggest that the
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current practice of 4.0 mg/kg dosage is appropriate to achieve
the desired peak level in our population. A pharmacokinetic-
pharmacodynamic model that describes the time course of the
bactericidal activity of gentamicin and its adaptive resistance
in neonates also demonstrated that 4.0 mg/kg of gentamicin
every 24 hours is the most effective in the newborn infant as the
bacteria remained below the starting inoculum for the longest
time. The model also supported an extended dosing interval of
36 to 48 hourly in preterm neonates that were as effective as
a 24 hourly dosing interval for the same total dose (9). In full-
term neonates, the bacterial count reached the initial starting
inoculum (5x105 CFU/mL) in 48 hours for 4.0 mg/kg every 24
hours. The model also predicted using different initial doses of
4.0 to 7.0 mg/kg for the extreme preterm (gestational age of
25 weeks) and term (gestational age of 40 weeks) neonates
and displayed minor differences in bacteria-killing between the
different doses during the first 6 h (9).

In our setting, trough level is targeted at below 1.0 ug/mL
since trough level of more than 1.0 mg/L suggests accumulation
(potentially toxic) and above 2.0 ug/mL is toxic (10). Based on
the target, the percentage of a potential toxic incident in overall
neonates with a dosage of 4.0 mg/kg is 32.4% and is between
19-38% according to the most common diagnoses, body weight,
or dosing interval. Gestational age was not documented in TDM
forms reviewed, therefore we were uncertain whether neonates
with a bodyweight of two kilograms and below were premature
or not. All three neonates with 24 hourly intervals had potential
toxic trough levels (above 1.0 pg/mL). One neonate with a
bodyweight of more than 3 kilograms was prescribed with 36
hourly intervals and his trough level was not detected. This is
indicative that 36 hourly interval is inappropriate for the body
weight. Our findings are suggestive of 36 hourly intervals for
neonates of 2.0 kg and below regardless of gestational age.
Increasing the interval between doses can maintain maximal
antibacterial activity while minimizing side effects.

The percentage of neonates with trough levels above 2.0
pMg/mL was comparably low in our population compared to Thai
neonates whereby incidence was only 2.0%. In Thai neonates,
the incidence is 6.67% (1). The principal adverse effects of
gentamicin therapy are renal toxicity, which nearly always is
reversible, and ototoxicity which generally is irreversible. The
amount of drug that accumulates in the kidney and inner ear
increases with higher plasma concentrations and longer periods
of exposure. The elimination of a drug from these organs, on
the other hand, occurs more slowly than from plasma and is
retarded by high plasma concentrations. Back diffusion from
these sensitive organs to the blood, thereby lowering end-organ
drug levels, is dependent primarily on the trough rather than
the peak concentration of the drug in the serum. This accounts
for the association between toxicity and high plasma trough
concentrations. Once-daily dosing or extended-interval dosing,
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despite the higher peak concentration, provides a longer period
when serum concentrations are below the threshold for toxicity,
leading to a reduced risk of toxicity (10).

Current findings suggest that the monitorization of trough
levels alone is generally sufficient in non-critically ill neonates
treated in the SCN to verify that gentamicin is being adequately
eliminated. Peak levels are typically not required, as the larger
doses used are expected to produce concentrations well above
those required for clinical efficacy.

Limitations of the current study include the small volume
of drug administered to neonates less than 2.0 kg, with
possible administration error, which influences the reported
concentrations, and impacts on subsequent pharmacokinetic
calculations. Other limitations relate to clinical acuities such as
hydration levels, gestational age, and birth weight which were
not documented in the TDM request form. Patients’ medical
records were not reviewed due to time constraints, therefore
data on the culture of infection was not available to confirm
infection.

Conclusion

We propose trough-only monitoring in non-critically ill
neonates admitted to SCN as the current practice of monitoring
pre and post often necessitates additional blood sampling. The
decision not to determine peak levels routinely is based on the
present outcome that gentamicin dosage of 4.0 mg/kg is likely
to provide peak levels in desired range without any added risk of
toxicity, lesser trauma, and blood sampling.
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