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BACKGROUND

Gentamicin is often used to treat serious paediatric infections. It has been
standard practice in Norway to measure the serum concentration of gentamicin
immediately prior to the second or third dose (pre-dose [trough]
concentration) to assess the risk of toxicity. The clinical significance of such
measurements in children has not previously been evaluated in Norway.

MATERIAL AND METHOD

This is a retrospective study of routine pre-dose samples obtained for the
measurement of serum gentamicin in paediatric patients aged 1 month to 17
years at four hospitals in Norway. Clinical data were extracted from electronic
medical records from two of the hospitals. All children received treatment with
intravenous gentamicin at a dose of 7 mg/kg once daily in accordance with
Norwegian guidelines.

RESULTS

The most common indications for treatment were febrile urinary tract
infection, febrile neutropenia, and suspected or confirmed sepsis. The median
(interquartile range) duration of treatment in 353 episodes at two of the
hospitals was 4 (3—5) days. Serum gentamicin pre-dose samples were analysed
for 1,288 treatment episodes across four hospitals. In 1,223 episodes (95 %),
the pre-dose sample showed a serum gentamicin concentration of less than
0.6 mg/L. In 7 episodes (0.5 %), the pre-dose sample showed an elevated
gentamicin concentration, defined as greater than 1.0 mg/L.

INTERPRETATION

An in most cases mildly elevated serum gentamicin concentration was found in
the pre-dose sample in 7 of 1,288 treatment episodes. Routine measurement of
serum gentamicin via a pre-dose sample should in future be reserved for
children receiving long-term gentamicin treatment, those with impaired kidney
function, or those who are also receiving nephro- or ototoxic drugs.
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Main findings

Pre-dose (trough) samples showed an elevated serum gentamicin concentration
of more than 1.0 mg/L in 7 of 1,288 (0.5 %) treatment episodes.

In 95 % of treatment episodes, the serum gentamicin concentration in the pre-
dose (trough) sample was less than 0.6 mg/L.

The majority of children in the study were treated with gentamicin for five days
or less.

In Norway, gentamicin is the most common aminoglycoside used for the
treatment of serious bacterial infections in children (1). Aminoglycosides have a
concentration-dependent bactericidal effect, particularly on Gram-negative
aerobic bacteria (2, 3), but also on staphylococci (4, 5). Gentamicin in
combination with a beta-lactam antibiotic is recommended for empirical
treatment in cases of sepsis, febrile neutropenia and pyelonephritis (6, 7).

Aminoglycosides are eliminated via the kidneys. They have little effect on
anaerobic intestinal flora and are ecologically beneficial antibiotics that do not
promote the development of resistance (5). Resistance to aminoglycosides is
not currently widespread in Norway, except among enterococci (8, 9).
However, there are concerns over nephrotoxicity and ototoxicity, as
aminoglycosides accumulate in the renal tubules as well as in the inner ear (10,
11). Caution should therefore be exercised regarding the use of aminoglycosides
in children with significant renal impairment or known hearing loss, and in
children receiving concurrent treatment with other nephro- or ototoxic drugs
(12). In children, once-daily dosing of aminoglycosides is thought to be more
efficacious and less nephrotoxic than multiple daily doses (13, 14).
Aminoglycosides are considered safe and effective antibiotics provided they are
not used long-term, administered repeatedly, or given to children with clearly
impaired renal function (15, 16). In Norway, it is recommended that the serum
concentration of gentamicin (s-gentamicin) is measured in paediatric patients
immediately prior to the second or third dose, a so-called pre-dose (or 'trough")
sample, in view of the potential risk of accumulation and toxicity (17). Such
measurements entail additional blood draws and pain for the children
concerned, but their clinical significance has never been evaluated in Norway.
In this study, we have evaluated the s-gentamicin pre-dose sample in children
treated for various infections in paediatric and adolescent medicine
departments at four Norwegian hospitals.
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Material and method

Study design, participants and approvals

This is a retrospective study in paediatric patients aged 1 month to 17 years
admitted to St. Olav's Hospital, Trondheim University Hospital, between 2014
and 2018; to the University Hospital of North Norway between 2014 and 20109;
or to Oslo University Hospital, Ulleval, between 2014 and 2019, as well as
children aged 1 month to 15 years admitted to Haukeland University Hospital
between 2014 and 2019. We included children who were treated with
intravenous gentamicin at the recommended dose of 7 mg/kg once daily, and in
whom the concentration of s-gentamicin was measured in one or more pre-
dose samples. Participants were identified by obtaining lists of all s-gentamicin
measurements for the relevant age groups from the medical biochemistry
departments of St. Olav's Hospital, the University Hospital of North Norway
and Haukeland University Hospital, and from the Section for Clinical
Pharmacology at Oslo University Hospital, Ulleval.

As part of their Master's degree in medicine, three of the authors (KTMG, AT
and MS) extracted clinical and microbiological data from electronic medical
records at St. Olav's Hospital and the University Hospital of North Norway. De-
identified data were stored in secure directories. Data collection was approved
by the Regional Committee for Medical and Health Research Ethics, Central
Norway (REK Central, no. 125804). All participants aged 16 or over, plus the
parents/guardians of all subjects identified at St. Olav's Hospital and the
University Hospital of North Norway, received written information about the
study and were given the opportunity to opt out. We wished to validate our
findings from St. Olav's Hospital and the University Hospital of North Norway
in material from two further Norwegian hospitals. We therefore obtained
anonymised data from Haukeland University Hospital and Oslo University
Hospital, Ullevél, regarding the first s-gentamicin pre-dose sample — plus
creatinine measured at the same time — in patients whose pre-dose samples
showed elevated s-gentamicin. The data were obtained from the paediatric
wards of both hospitals and from the paediatric intensive care unit at Ulleval
Hospital. No data from electronic medical records were obtained from
Haukeland University Hospital or Ulleval Hospital. Any infants younger than 1
month or who were treated in neonatal wards at the four hospitals were
excluded as the recommended doses and dosing intervals for gentamicin in
newborns differ from those in older children.

Registered variables

From St. Olav's Hospital and the University Hospital of North Norway we
recorded age, sex, indication for gentamicin treatment, creatinine levels,
highest C-reactive protein (CRP) level measured during the treatment episode,
blood culture results, number of doses of gentamicin per treatment episode,
and s-gentamicin concentration measured immediately prior to the second or
third dose (pre-dose sample). The highest s-creatinine level measured in the
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period from seven days before to seven days after the treatment episode was
compared with age-specific reference values (18). We had not sought ethical
approval to obtain clinical data from Haukeland University Hospital or Oslo
University Hospital, Ulleval, but assessed s-creatinine levels, where available,
in children with elevated pre-dose s-gentamicin levels.

Analysis of s-gentamicin concentration

Since 2016, St. Olav's Hospital has used the Siemens ADVIA Chemistry XPT
System to analyse s-gentamicin concentrations, having previously used the
Roche COBAS Integra 400 plus. The University Hospital of North Norway and
Oslo University Hospital, Ulleval, have both been using the CEDIA Gentamicin
IT Assay since 2016, and prior to that the Roche GENT2. Haukeland University
Hospital used the CEDIA Gentamicin II Assay until August 2014, and then
switched to the Roche COBAS Integra 400 plus, before switching back to the
CEDIA assay in June 2016. At the Department of Laboratory Medicine at the
University Hospital of North Norway, the analysis of s-gentamicin costs NOK
176 per test, although the total cost is higher due to personnel costs and the use
of disposable equipment for sample collection. The lowest s-gentamicin
concentrations reported by the laboratories were <0.3 mg/L, <0.5 mg/L or
<0.6 mg/L, depending on the assay and manufacturer. In this article, we have
chosen to present all values <0.6 mg/L in a single category.

Statistical analysis

All data were entered into the programme IBM SPSS Statistics Version 26. We
have presented descriptive statistics in the form of proportions and percentages
with median and interquartile range or mean and standard deviation.

Results

A total of 292 children — 129 girls and 163 boys — were included in the study
from St. Olav's Hospital and the University Hospital of North Norway. Four
sets of parents at St. Olav's Hospital declined to participate, but all agreed to
take part at the University Hospital of North Norway. Some children were
treated more than once, such that the total number of treatment episodes
evaluated in the two hospitals was 353 (Table 1). The indications for gentamicin
treatment comprised urinary tract infections, febrile neutropenia, sepsis and
other suspected or confirmed serious infections. Positive blood cultures were
found in 26 out of 353 (7.4 %) treatment episodes; 9 of these 26 were in
children with cancer. The median duration of treatment across all episodes was
4 days (interquartile range 3—5) (Figure 1). A total of 556 children with s-
gentamicin pre-dose samples were identified at Haukeland University Hospital.
Two children, both of whom had normal creatinine levels but whose pre-dose
samples showed s-gentamicin levels of 5.0 mg/L and 32.2 mg/L, respectively,
were excluded. This was because these values were considered unrealistic 24
hours after a dose of 7 mg/kg and were attributed to measurement error. A
further 381 children with s-gentamicin pre-dose samples were identified from
Oslo University Hospital, Ulleval.
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Table 1

Age, type of infection, and renal function for 292 children who received gentamicin in
353 treatment episodes at St. Olav's Hospital and the University Hospital of North

Norway. Number (%) unless otherwise stated. IQR = interquartile range.

Variable Result

Age

1-11 months 87 (24.6)
1-9 years 204 (57.8)
10-17 years 62 (17.6)
Diagnosis/indication and CRP'

Urinary tract infection 137 (38.8)

CRP (mg/L), median (IQR)

180 (85-260)

Febrile neutropenia2

50 (14.2)

CRP (mg/L), median (IQR)

60 (29-107)

Sepsis

63 (17.8)

CRP (mg/L), median (IQR)

117 (80-225)

Other conditions, infections or suspected infections

103 (29.2)

CRP (mg/L), median (IQR)

109 (59-218)

Elevated peak s-creatinine level

No 286 (81.0)
Yes 28 (7.9)
S-creatinine not measured 39 (11.0)

!Highest CRP level measured during treatment period.

2Children who were treated for malignant disease and who had low white blood

cell counts in association with infection.
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Figure 1 Treatment duration for 353 episodes of gentamicin treatment at St. Olav's
Hospital and the University Hospital of North Norway in which an s-gentamicin pre-
dose sample was also obtained. Children aged 1 month to 17 years.

The distribution of s-gentamicin concentrations is shown for each of the four
hospitals in Table 2. There were no pre-dose samples with values above

1.0 mg/L among 353 treatment episodes at St. Olav's Hospital and the
University Hospital of North Norway. The pre-dose sample had a value above
1.0 mg/Lin 4 out of 554 (0.7 %) treatment episodes at Haukeland University
Hospital, and in 3 out of 381 (0.8 %) treatment episodes at Oslo University
Hospital, Ulleval.

Table 2

S-gentamicin concentration (pre-dose sample) in 1,288 treatment episodes in children

(aged = 1 month) treated at four university hospitals in the period 2014—2019. Number
(%).

S-gentamicin, St. Olav's University Haukeland Oslo University Total
Pre-dose Hospital Hospital of University Hospital, (n =1288)
sample (n =222) North Norway Hospital Ullevéal

(n=131) (n=554) (n=381)
< 0.6 mg/L 218 (98.2) 130 (99.2) 517 (93.3) 358 (94.0) 1223 (95.0)
0.6-0.7 mg/L 3(1.4) 1(0.8) 23(4.2) 16 (3.9) 43 (3.3)
0.8-1.0 mg/L 1(04) 0 (0) 10 (1.8) 4(1.3) 15 (1.2)
>1.0 mg/L 0 (0) 0 (0) 41(0.7) 32(0.8) 7 (0.5)

1.4, 1.5, 2.6 and 2.9 mg/L, respectively. Three of the four children had
creatinine levels within the reference range for their age. During treatment, one
child with an s-gentamicin level of 1.5 mg/L was found to have a highly elevated
creatinine level (206 umol/L). Treatment was discontinued in this child.
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21.1, 1.2 and 1.3 mg/L. Two of the three children had creatinine levels within the
reference range for their age. One child with an s-gentamicin level of 1.1 mg/L
had a slightly elevated creatinine level, but this was decreasing the day after the
gentamicin serum concentration measurement.

Discussion

We studied s-gentamicin pre-dose samples in all children who received
treatment with gentamicin following admission to four paediatric departments
covering the paediatric population in large parts of Northern Norway, Central
Norway, Western Norway and Oslo. Among 1,288 treatment episodes, we
found a pre-dose s-gentamicin concentration of more than 1.0 mg/L in seven
children (0.5 %). In five of the seven children with elevated values, the pre-dose
concentration was 1.1—1.5 mg/L. Norwegian paediatric guidelines and
international publications recommend extending the dose interval in children
with a pre-dose s-gentamicin concentration that is above 1.0 mg/L (6, 12, 17). A
small percentage of the children had creatinine levels above the reference range
for their age, but none of the children at St. Olav's Hospital or the University
Hospital of North Norway developed gentamicin-induced renal failure. Of the
patients with an elevated s-gentamicin level in the pre-dose sample, one had a
significantly elevated creatinine level, and another had a slightly elevated
creatinine level that decreased during treatment. Creatinine levels after
treatment initiation were normal in the other children with elevated pre-dose s-
gentamicin levels. The majority of children at St. Olav's Hospital and the
University Hospital of North Norway were treated with gentamicin for five days
or less.

Norwegian guidelines state that for adults with a presumed normal volume of
distribution and normal renal function, a pre-dose sample is not indicated for
gentamicin treatment of less than three days' duration if no other nephrotoxic
drugs are used (19). Children usually have normal renal function that has not
yet been affected by degenerative ageing processes. The evidence base for
routine measurement of s-gentamicin in children is limited. Nevertheless,
standard practice in Norway has been to take a pre-dose sample for the
measurement of s-gentamicin immediately before either the second or third
dose.

Gentamicin is considered to have a low risk of toxicity in children with no
underlying chronic health conditions. However, few studies have examined s-
gentamicin concentrations and toxicity in children treated with a once-daily
dose of 7 mg/kg. A prospective cohort study from the United States included 79
children aged 1 month to 16 years who underwent a total of 106 episodes of
gentamicin treatment (15). Two children (1.9 %) were subsequently diagnosed
with hearing impairment in the high-frequency range, and one child (0.9 %)
had transient nephrotoxicity. Both children with hearing impairment had also
received cisplatin, which is associated with hearing loss, and the child with
transient renal impairment had been treated with cyclophosphamide. All three
children with reported toxicity had normal s-gentamicin levels according to the
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Hartford nomogram (20). A study from England included 59 children aged 6
months to 16 years who underwent 113 episodes of gentamicin treatment (21).
None of the children had abnormal s-gentamicin levels according to the
Hartford nomogram, and thus no dose adjustment was necessary in any of the
treatment episodes. No significant nephro- or ototoxicity was observed, and the
authors concluded that s-gentamicin measurement is unnecessary for the
short-term treatment (less than five days) of children with normal s-creatinine
levels who are not receiving other nephrotoxic medications (21). A study from
the United States examined s-gentamicin concentrations in 54 children with
cancer aged 2—12 years, who were treated for a total of 73 febrile episodes. All
received gentamicin 7 mg/kg, which resulted in a mean peak s-gentamicin
concentration of 17 mg/L at 30 minutes post-infusion, and a mean s-
gentamicin concentration of 0.9 mg/L at 12 hours post-infusion (22). The
authors concluded that 7 mg/kg gives rise to an adequate peak concentration,
consistent with international guidelines for gentamicin dosage in children (23).

A systematic review from 2021 reported that children with impaired renal
function, children with cystic fibrosis who often receive repeated courses of
aminoglycosides, and children with cancer who are treated with other ototoxic
drugs (especially platinum derivatives) are at risk of developing
aminoglycoside-induced hearing loss (16). An extended treatment duration,
usually defined as more than a week, and chronic kidney disease are also
significant risk factors associated with aminoglycoside-induced nephrotoxicity
(10, 24). However, the risk of gentamicin toxicity in other children is very low.
A study in adults showed that an initial dose of gentamicin in patients with
severe sepsis posed no threat to renal function (25). We have previously shown
in a large cohort of neonates treated with gentamicin at a dose of 6 mg/kg that
there was no association between s-gentamicin concentration or cumulative
gentamicin dose and risk of hearing loss or subclinical kidney damage at school
age (26, 27). In our current study, gentamicin was usually administered for
three to five days, often with a switch to oral dosing of other antibiotics,
particularly in the case of urinary tract infections. We therefore consider the
risk of toxicity to be very low.

This study has both strengths and weaknesses. The study population consists of
all children treated with gentamicin over a five-year period following admission
to four primary hospital departments covering the paediatric population in
large areas of Northern Norway, Central Norway, Western Norway and Oslo.
Gentamicin treatment and s-gentamicin measurements were performed in
accordance with Norwegian paediatric guidelines (17), and the sample is
considered representative of Norwegian children requiring treatment with
gentamicin. A weakness of the study is that data were collected retrospectively.
We cannot rule out the possibility of dosing errors, or of some pre-dose
samples not having been taken 24 hours after the first dose and just before the
second or third dose. We also lack clinical data from Haukeland University
Hospital and Oslo University Hospital, Ulleval, including for the seven children
who had elevated gentamicin levels in the pre-dose sample. It is important to
be aware that gentamicin is distributed into body water. Overweight is common
in Norwegian children (28), and in individuals with significant obesity, dosing
by weight may result in too high a dose of gentamicin being administered.
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However, body weight was not recorded in the present study. A strength of the
study is that we have a complete set of gentamicin pre-dose samples from
almost 1,300 treatment episodes. No structured follow-up was performed with
respect to hearing, but the short treatment durations and low s-gentamicin
concentrations indicate that the cumulative gentamicin exposure was low in
our cohort. For the majority of children in the study, s-gentamicin levels were
below a detection limit of 0.3—0.6 mg/L. While we do not know the exact s-
gentamicin levels for these children, other studies have reported that s-
gentamicin concentrations are typically below 0.5—1 mg/L after 10—15 hours
(15, 22). Gentamicin has a post-antibiotic effect (15, 21, 29), and we found no
evidence of therapeutic failure at the two hospitals for which clinical data were
available.

Conclusion

In our study of almost 1,300 episodes of gentamicin treatment at the
recommended dose of 7 mg/kg once daily, we found elevated s-gentamicin
levels in the pre-dose samples of seven children (0.5 %). The duration of
gentamicin treatment was five days or less in more than 80 % of patients at the
two hospitals in which this was examined. Based on our findings, and those of
others (21), we recommend a more restrained use of s-gentamicin monitoring
in children (Box 1). This would save many children from unnecessary blood
tests and avoid the costs associated with blood sampling and laboratory
analyses, without compromising safety.

Box 1 Proposed recommendations for measuring serum
gentamicin concentration in children treated with intravenous
gentamicin at a dose of 7 mg/kg once daily, based on earlier
literature (15, 21—23) and the current dataset.

S-creatinine should be measured when other blood tests are performed, or
within 48 hours after initiation of gentamicin treatment.

« In children with normal s-creatinine levels, s-gentamicin should be measured
before the 5th dose.

If s-gentamicin is > 1.0 mg/L, consider discontinuing gentamicin or extending
the dose interval by 12 hours.

» In children with elevated s-creatinine, consider a) discontinuing gentamicin
or b) extending the dose interval by 12 hours and measuring s-gentamicin
before the next gentamicin dose.

In children receiving treatment with other nephro- or ototoxic drugs, or with
significantly impaired renal function or high creatinine levels, the indication for
gentamicin treatment and the dose interval must be evaluated on an individual
basis.

« If gentamicin is administered, the pre-dose sample may be taken prior to the
2nd or 3rd treatment dose.
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Assessment of creatinine levels in relation to age should be based on the age-
dependent reference range published in the National User Manual in Medical
Biochemistry (30).

The authors are grateful to the following individuals for supplying the data on
s-gentamicin concentrations used in this study: Gustav Mikkelsen, senior
consultant and associate professor, Department of Medical Biochemistry, St.
Olav's Hospital; Jorunn Norberg, consultant, Administrative Centre for
Laboratory Systems, University Hospital of North Norway; Tom Atle
Jermstad, specialist bioengineer, Department of Medical Biochemistry,
Haukeland University Hospital; Ingebjorg Gustavsen, senior consultant and
head of section, Section for Clinical Pharmacology, Department of
Pharmacology, Oslo University Hospital, Ulleval.

The article has been peer-reviewed.
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