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Abstract
Aims—To evaluate the pharmacokinetics
of once daily (OD) gentamicin and its
eVectiveness as part of an OD regimen for
the empirical treatment of febrile neutro-
penia in children with cancer.
Subjects—59 children aged 6 months to 16
years (mean (SD) 5.7 (4) years) with
febrile neutropenia (neutrophil count
< 0.5 × 109/l) after chemotherapy.
Methods—Over one year, 113 febrile neu-
tropenic episodes were treated empiri-
cally with an OD antibiotic regimen of
ceftriaxone (80 mg/kg; maximum 4 g) and
gentamicin (7 mg/kg; infused over 60 min-
utes, no maximum). The patients were
assessed after 48 hours.
Results—86 of the 113 episodes settled
with the first line antibiotic regimen. In 29
episodes, blood cultures identified a
causative bacterial pathogen; for 17 of
these, the first line antibiotic regimen was
adequate; in four episodes, although the
episode settled, ceftriaxone was replaced
by a more appropriate antibiotic and OD
gentamicin was continued; in the remain-
ing eight episodes, a glycopeptide anti-
biotic was deemed necessary. There was
no failure of treatment in organisms
sensitive to gentamicin, including Pseu-
domonas aeruginosa. In 27 episodes
(24%), resolution was obtained by the
empirical introduction of a second line
regimen of ceftazidime and a glycopeptide
antibiotic, and/or amphotericin. Gen-
tamicin concentrations were measured in
110 episodes and they were all below the 24
hour line indicating that there was no need
to change the dosing interval. In two
episodes (2%), serum creatinine rose
transiently by more than 50% of the base-
line concentration. Although there was no
vestibular toxicity, three of 30 children
who underwent pure tone audiometry
reported high frequency hearing loss in
one ear.
Conclusion—OD gentamicin can be used
safely and eVectively to treat febrile
neutropenia in children with cancer.
When used for a short period (< 5 days),
in children not receiving other nephro-
toxic drugs and who have normal serum
creatinine, serum gentamicin estimations
are unnecessary.
(Arch Dis Child 1999;80:125–131)
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Severe neutropenia is a common complication
of the intensive chemotherapeutic regimens
used to treat most childhood cancers. After
chemotherapy, neutropenia can persist from a
few days to a few weeks. During this time, the
child is vulnerable to infections and may
develop a fever with few or no localising signs.
Such children with febrile neutropenia often
fail to mount an adequate inflammatory
response to infectious agents,1 and are at a high
risk of developing life threatening infections.1

In up to 40% of these cases a causative bacte-
rial pathogen can be isolated from cultures.2

These organisms tend to be those that colonise
normal or damaged skin and mucosal surfaces
and are either Gram negative (such as Es-
cherichia coli, pseudomonas, klebsiella, and
enterobacter) or Gram positive (such as
Staphylococcus aureus, coagulase negative sta-
phylococcus, and enterococcus).3 Because cul-
ture results are not obtainable at presentation,
initial treatment is almost always empirical.1 In
the past, monotherapy with either ceftriaxone4

or ceftazidime5 has been used successfully to
treat children with febrile neutropenia. How-
ever, animal studies suggest that in patients
with neutropenia and Gram negative septicae-
mia, a combination of â lactam and aminogly-
coside antibiotics oVers increased bactericidal
activity, synergism, and a broader antibacterial
spectrum. This also limits the emergence of
resistance with fewer superinfections and
increases the post-antibiotic eVects of both
drugs.6–9 Based on this understanding, in com-
mon with many other units, our unit policy has
been to use thrice daily ceftazidime and
gentamicin as an empirical treatment for
febrile neutropenia. This combination has the
advantage of having a broad spectrum activity
against Pseudomonas aeruginosa. Although this
has proved to be satisfactory, its disadvantage is
that it has to be given three times a day and
trough and peak serum concentrations of gen-
tamicin have to be estimated. In an analysis of
workload, up to 40% of our staV time was
being consumed in administering antibiotics.
Therefore, although this regimen was effective,
it was burdensome. What was required was less
frequent administration of antibiotics, ideally
on a once a day basis and a regimen that
required little or no monitoring.

For the reasons mentioned above, we elected
to continue with a combination of â lactam and
aminoglycoside antibiotics as empirical treat-
ment. During the preceding three years, 212
(23%) of 925 bacterial isolates obtained from
children in our unit were of Gram negative
bacteria and only 12 (1%) were identified as
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pseudomonas. Because the vast majority of
isolates were either Gram positive, or non-
pseudomonal Gram negative organisms, we
reasoned that ceftriaxone would be an accept-
able alternative to ceftazidime. Although it has
little antipseudomonal activity, it has excellent
activity against other Gram negative rods and,
when compared with ceftazidime, better activ-
ity against S aureus and Staphylococcus
epidermidis.9 10 Because ceftriaxone is given as a
once daily (OD) dose, it would be ideal also to
administer the aminoglycoside as an OD dose,
to maximise the advantage of once daily treat-
ment.

Considerable evidence exists for using
aminoglycosides on an OD basis. The eYcacy
of aminoglycosides is related to the area under
the plasma concentration time curve and is
thus independent of the dosing frequency.11 A
peak concentration:minimum inhibitory con-
centration (MIC) ratio of at least 8:1 to 10:1 is
necessary for optimal bactericidal activity and a
higher peak concentration can lead to better
outcomes.12 Bacteria that survive the initial
dose develop a time dependent failure of the
transport mechanism required to transport the
drug into the bacterial cell.13 Because the
aminoglycoside is unable to gain entry to the
inside of the cell during this time, the organism
becomes temporarily resistant to the drug. This
is known as adaptive resistance. In the contin-
ued presence of the drug, adaptive resistance is
enhanced and prolonged, in its absence, the
organism is soon able to return to its normal
phenotype. Maximal adaptive resistance ap-
pears to occur between eight and 16 hours after
exposure, suggesting that the dosing interval
needs to be at least 24 hours.14 Therefore, fre-
quent dosage is unlikely to increase bacterial
kill and more likely to promote adaptive resist-
ance. Although higher peak concentrations
increase the post-antibiotic eVect they might
also decrease toxicity. Renal toxicity and
ototoxicity of aminoglycosides appear to be
related to the duration of exposure rather than
the peak concentration of drug.15–17 Therefore,
it would seem logical to use an OD dosing of
aminoglycoside, rather than the conventional
thrice or twice daily (TD) regimen. The
clinical eYcacy and toxicity of OD aminogly-
cosides have been reported in a variety of adult
populations including cancer patients with
neutropenia. Meta-analysis performed on

these studies suggests that OD aminoglyco-
sides are at least as eVective and certainly no
more toxic than the conventional TD dosage.18

At least six published studies have evaluated
the eYcacy of OD aminoglycosides in children
with febrile neutropenia19–24 (table 1). They all
found OD dosing to be as safe and as clinically
eVective as TD administration. While one
study evaluated the pharmacokinetics of OD
gentamicin23 the others have evaluated the eY-
cacy of OD amikacin.19–22 24 Thus, we felt that
there was suYcient evidence for the use of OD
aminoglycosides in the treatment of children
with febrile neutropenia. However gentamicin,
not amikacin, is the cheapest and most widely
used of the aminoglycosides and there is insuf-
ficient information available regarding the
optimal regimen and criteria for its use on an
OD basis in children. In our paper we report on
the safety and eYcacy of an OD antibiotic
regimen using OD gentamicin and ceftriaxone
for the empirical treatment of febrile neutrope-
nia.

Patients and methods
From July 1996, all children admitted to the
paediatric oncology unit at St Bartholomew’s
Hospital with a diagnosis of febrile neutropenia
after chemotherapy were considered eligible
for inclusion in the study. For purposes of the
study, neutropenia was defined as an absolute
neutrophil count of < 0.5 × 109/l. Fever was
defined as a single axillary recording of
> 38.5°C or a persistently raised temperature
of > 38°C over a four hour period. At
admission, all children were assessed clinically
and baseline investigations including blood
culture, serum creatinine, and a full blood
count were performed. Those who presented in
shock, with a raised serum creatinine or a
documented pseudomonal infection within the
preceding three months, were excluded. Those
with ongoing oral prophylaxis with antibacte-
rial, antifungal, or antiviral agents were not
excluded. The study group was treated empiri-
cally with an OD regimen of ceftriaxone and
gentamicin. Ceftriaxone was given at a dose of
80 mg/kg, with a maximum dose of 4 g as a
slow intravenous bolus. Gentamicin was ad-
ministered at a dose of 7 mg/kg, with no maxi-
mum dose, infused intravenously in 50–100 ml
of 0.9% saline over 60 minutes. Gentamicin
concentrations were analysed by immunoassay

Table 1 A comparison of published reports using once daily aminoglycosides for the empirical treatment of febrile
neutropenia in children with cancer

Frequency Antibiotic regimen
No of
episodes

Blood culture
positivity (%)

Response
rate (%)

Ototoxicity
(%)

Nephrotoxicity
(%) Reference

Once daily CF + Amik 350 23 71 9 3 19*
Twice daily CZ + Amik 344 26 74 7 2 19
Once daily CF + Amik 181 26 66 2 < 1 21
Twice daily CZ + Amik 183 29 66 1 < 1 21
Once daily Carb + Amik 25 NA 96 0 0 24
Twice daily Carb + Amik 25 NA 92 0 0 24
Once daily Pip + Genta 30 16 90 NA 0 23
Twice daily Pip + Genta 22 18 91 NA 0 23
Once daily CF + Amik + Teico 296 26 92 ?0 NA 20
Once daily CF + Amik 990 NA 93 NA NA 22
Once daily CF + Genta 113 26 74 ?10 2 Present study

*This study included both adults and children.
CF, ceftriaxone; Amik, amikacin; Carb, carbenicillin (TD); Pip, piperacillin (QD); Genta, gentamicin; Teico, teicoplanin; NA, not
available.
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six to 14 hours after the start of the first
infusion and at five day intervals if still receiv-
ing gentamicin. Values were interpreted on the
Hartford nomogram25 and the dose interval
was adjusted if necessary. The patients were
reassessed at the end of 48 hours and fell into
four groups. Group A, where fever had
subsided and cultures were negative received
antibiotics for a total of 48 afebrile hours and
patients were then allowed home if clinically
well. Group B, where fever had subsided but
cultures were positive for an organism sensitive
to either or both of the antibiotics received one
or both antibiotics for a minimum of seven days
in Gram positive and 10 days in Gram negative
infections. Group C comprised children in
whom fever did not resolve after 48 hours and
cultures identified an organism resistant to the
first line antibiotics; for these children, antibi-
otic(s) appropriate to the sensitivity of the
organism were started. Group D comprised
children in whom there was no resolution of
fever at the end of 48 hours and cultures
remained sterile. In these patients, ceftriaxone
and gentamicin were stopped and they were
started on thrice daily ceftazidime, and twice
daily vancomycin, or daily teicoplanin. Intra-
venous amphotericin was given if there was
evidence of invasive fungal infection, or if the
fever persisted beyond five days. Additional
antibiotics were used for localised infections
and aciclovir was given for severe mucositis.

To assess for gentamicin associated toxicity,
serum creatinine was monitored during the
period of hospitalisation, and at least once at a
later date. Nephrotoxicity was defined as a rise
in the serum creatinine of more than 50% of
the baseline value.12 Vestibular toxicity was
defined as the development of vertigo with
nausea and/or vomiting, gait disturbances, or
nystagmus. Normal otoscopic examination was
carried out to exclude external and middle ear
problems and pure tone audiometry was then
performed on all children of a cooperative age
after a minimum of two weeks oV treatment.
Ototoxicity was defined as a decline in the
auditory or vestibular inner ear function with
no discernible cause. Audiograms were consid-
ered to be abnormal if acuity at any test
frequency (0.25, 0.5, 1, 2, 4, or 8 kHz) in one
or both ears decreased by > 20 dB. To
determine the applicability of the Hartford
nomogram in our study group, serum gen-
tamicin measurements were performed at 0.5,
1, 3, and 8 hours after the start of the infusion
of the first dose of gentamicin. This was

performed in 20 children, with a normal serum
creatinine, picked to represent yearly age inter-
vals from the ages of 0.5–12 years, and in
whom we were able to obtain a verbal consent
to carry out the pharmacokinetic profile.

Results
From July 1996 to July 1997, 75 children aged
between 6 months and 16 years (median, 5
years) with 144 febrile episodes were consid-
ered for the OD first line treatment. A total of
31 episodes were excluded from the study; 13
fulfilled the exclusion criteria and 18 had a
neutrophil count higher than 0.5. Therefore, a
total of 113 episodes of febrile neutropenia in
59 children (31 boys and 28 girls) aged
between 6 months and 16 years (mean (SD)
5.7 (4) years) were analysed. The study group
consisted of 33 children with acute lympho-
blastic leukaemia (ALL); five children with
acute myeloid leukaemia (AML); six children
with retinoblastoma; five children with non-
Hodgkin’s lymphoma; three children with neu-
roblastoma; two children each with nephro-
blastoma and rhabdomyosarcoma; and three
children with other tumours. Of this group,
four children (two each with ALL and AML)
were in their nadir, post-allogeneic bone
marrow transplantation.

A gentamicin pharmacokinetic profile was
assessed in 20 children with ages ranging from
1 to 12 years. Initially, we aimed to have an
equal number of children in each year age
group; however, this was not possible. We were
unable to recruit anyone between the ages of
5–6 years of age. There were four children in

Table 2 Clinical response after 48 hours of empirical treatment with once daily ceftriaxone and gentamicin in 113 febrile
neutropenic episodes

Number

Days on
gentamicin
(median)

Days on
antibiotics
(median) Antibiotics received

Single daily ceftriaxone and gentamicin
Group
A Afebrile and culture negative 60 4 4 ODG, CF
B Afebrile and culture positive 17 7 7 ODG, CF, others
C Febrile and culture positive 7 2 6 CF and ODG then CFZ, VAN, ± Am
D Febrile and culture negative 20 2 6 CF and ODG then CFZ, VAN, ± Am

Single daily gentamicin with another antibiotic
Afebrile culture negative 4 4 4 ODG, CFZ
Afebrile culture positive 5 5 5 ODG, others

ODG, once daily gentamicin; CF, ceftriaxone; CFZ, ceftazidime; VAN, vancomycin or teicoplanin; Am; amphotericin or ambisome;
others, CFZ (2), VAN (1), flucloxacillin (2).

Figure 1 Mean serum concentrations of gentamicin at
0.5, 1, 3, and 8 hours after 7 mg/kg was infused over 60
minutes in 20 children. Filled squares represent mean values
and lines represent 2 SDs from the mean. The dotted line at
6 hours shows the start of the Hartford nomogram, the bar
indicates the gentamicin concentration above which the
dosing interval needs to be increased.
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the < 2 year age group, three each in the 2–3
and 4–5 year age groups, two each in the 11–12
and over 12 years of age groups, and one each
in the other age groups. As seen in fig 1, after a
single intravenous infusion of 7 mg/kg over 60
minutes, peak serum concentrations of 5.2–
37.2 mg/kg were seen between 30 minutes and
one hour. All values fell below the 24 hour line
of the Hartford nomogram by eight hours.

Table 2 shows the response to treatment. A
total of 86 (76%) of the 113 episodes settled
with the first line antibiotic treatment. These
include those in groups A and B and the nine
episodes treated with OD gentamicin but a
cephalosporin other than ceftriaxone. If these
nine are excluded, 77 (74%) of the 104
episodes responded to a single daily regimen of
ceftriaxone and gentamicin. In the remaining
27 (24%) in groups C and D, the episode set-
tled after second line treatment with ceftazi-
dime and vancomycin, with or without ampho-
tericin. In the nine episodes where a
cephalosporin other than ceftriaxone was used,
four responded to the empirical combination of
thrice daily ceftazidime and OD gentamicin,
and no pathogen was isolated. As shown in
table 3, in 29 (25%) episodes, one or more
organisms were isolated from blood cultures.

For the five culture positive episodes (tables 2
and 3) where a cephalosporin other than
ceftriaxone was used, two had clinical evidence
of catheter tunnel infection and blood cultures
grew S aureus. Flucloxacillin along with OD
gentamicin had been prescribed at the start of
each episode. In one episode, a perineal abscess
was detected, vancomycin, OD gentamicin,
and metronidazole were commenced and Ente-
rococcus faecalis sensitive to vancomycin was
isolated. In the other two episodes, children
received ceftazidime and gentamicin because
of the physicians’ bias, but the isolated
organisms were sensitive to ceftriaxone as well
as ceftazidime and gentamicin. Of the remain-
ing 24 blood culture positive episodes, 17 were
afebrile within 48 hours of first line treatment
(group B; table 2). Of these, 11 (table 3) were
sensitive to ceftriaxone and/or gentamicin and
treated successfully with first line antibiotics.
As shown in table 3, in an additional four epi-
sodes, although the isolated organism showed
in vitro sensitivity and the child responded
clinically, ceftriaxone was stopped electively
and replaced with another antibiotic while OD
gentamicin was continued. In the klebsiella and
pseudomonas isolates, ceftazidime was substi-
tuted as it was felt that this would be more
appropriate cover. The episode with salmonella
septicaemia was treated with additional cipro-
floxacin and the â haemolytic streptococcus
with penicillin. In the nine episodes (table 3 )
where the antibiotics were changed as a result
of the sensitivity of the isolate, this was because
of ceftriaxone resistant isolates in eight. Al-
though the Streptococcus acidominimus isolate
was sensitive to ceftriaxone (and indeed
responded clinically), it was felt that a glyco-
peptide antibiotic would be more eVective. One
mixed isolate consisting of E coli and coagulase
negative staphylococcus also showed clinical
improvement, but the ceftriaxone was replaced
with teicoplanin and the OD gentamicin was
continued.

The absolute dose of gentamicin prescribed
ranged from 50 to 350 mg. Table 2 shows the
median length of gentamicin treatment in the
various groups. As shown in fig 2, gentamicin
values were obtained in 110 episodes and when
plotted on the Hartford nomogram they were
all below the 24 hour line, indicating that there
was no need for a change in the dose interval.
All but one value ranged between < 1 and
3.8 mg/l. A concentration of 7.2 mg/l in one
episode taken at six hours was considered
borderline/normal but we electively chose to
alter the dosage interval to 36 hourly. A subse-
quent value taken eight hours after infusion
was found to be 3.1 mg/l. In three episodes, a
gentamicin value was not obtained because
venous access failed, and in all these cases the
children improved within 48 hours and the
gentamicin was stopped within 96 hours. In 17
episodes, gentamicin was continued beyond
five days, and in all cases the five day serum
gentamicin values were less than 3.8 mg/l. The
mean serum creatinine for the study popula-
tion was unchanged before and after gen-
tamicin treatment, at 52 µmol/l. In two epi-
sodes, a transient rise in serum creatinine of

Table 3 Bacterial culture isolates in 29 of 113 febrile neutropenic episodes and the
antibiotic regimen used to treat the infection

Antibiotic regimen Organism Number

Single daily gentamicin and ceftriaxone
Escherichia coli 4
Klebsiella 3
Klebsiella and enterobacter 1
Streptococcus 3

Ceftriaxone changed electively
Klebsiella and enterobacter 1
Pseudomonas aeruginosa 1
Salmonella 1
â Haemolytic streptococci 1

Antibiotics changed due to culture results
Coagulase negative staphylococcus 4
á Haemolytic streptococci 1
Streptococcus acidominimus 1
Stenotrophomonas 1
Mixed organisms 2

Single daily gentamicin with other cephalosporins
Staphylococcus aureus 2
Enterococcus faecalis 1
Klebsiella 1
Coliform and streptococcus 1

Total 29

Figure 2 The Hartford nomogram for calculating the
interval between dosages with OD gentamicin. Serum
concentrations are estimated 6 to 14 hours after the start of
the gentamicin infusion and plotted on the graph. The
position of the value in relation to the baseline and the 24,
36, and 48 hour lines indicates the dosage frequency. Of
110 values obtained, 102 were < 2.0 mg/ml and cannot be
shown on the graph. The remaining eight values obtained
are shown as crosses. All values obtained were consistent
with a 24 hour dosage interval.
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50% was recorded. These children were treated
electively with gentamicin at 36 hourly inter-
vals without complications, required treatment
for less than five days, and in both instances the
serum creatinine returned to normal within 14
days. During gentamicin treatment no child
reported tinnitus or hearing loss and none were
found to have nystagmus or gait problems.
Pure tone audiometry was performed on all
cooperative children over the age of 4 years at
least two weeks after receiving OD gentamicin
treatment. Of 30 children assessed, 27 audio-
grams were normal and three fulfilled possible
ototoxicity criteria by having a 20–30 dB loss in
one ear at one frequency.

Discussion
This was a prospective, observational study
rather than a randomised trial because the eY-
cacy of OD aminoglycoside in febrile neutro-
penia has already been established. Our objec-
tives were to study the pharmacokinetics of OD
gentamicin and establish a dosage and moni-
toring schedule. We were also concerned about
the eYcacy of the regimen and table 1 shows
the comparison between our results and those
published recently from other trials in children
with febrile neutropenia. The first four studies
compared the use of an OD regimen with a
twice daily amikacin regimen, and the other
two studies reported on the eYcacy of an OD
regimen. Only one group reported on the use
of OD gentamicin, although this was reported
as a pharmacokinetic profile rather than a
clinical trial. Because there was no reason to
suppose that the experience with gentamicin
would be any diVerent from that seen with
amikacin, we chose not to carry out a
comparative trial. The hospital antibiotic
monitoring group agreed with us that there was
suYcient data to prescribe gentamicin safely as
a single daily dose to children with febrile neu-
tropenia. Parents were informed about the
change in the antibiotic policy and involved in
the monitoring for toxicity. As seen in table 1,
the eYcacy and toxicity results of the OD gen-
tamicin regimen in our population are compa-
rable with those seen in other studies using OD
aminoglycosides. Our results are also compara-
ble to those reported for TD aminoglycosides,
although this was not evaluated directly in our
study.

The recommendations for dosage in OD
gentamicin regimens in children have ranged
from 5 to 10 mg/kg/day.23 26 Patients with
cancer are thought to have an increased volume
of drug distribution leading to reduced drug
concentration.27 28 Higher than standard dos-
ages of gentamicin might be required if
therapeutic serum concentrations are to be
obtained.26 The Hartford study,25 standardised
in an adult population, recommended a
gentamicin dose of 7 mg/kg infused over 60
minutes. Because we chose to use the nomo-
gram devised in that study to evaluate the dose
interval, we also used the same dose and infu-
sion time. A comparison between figs 1 and 2
shows that the parameters recommended by
the Hartford nomogram were applicable for
use in our population. The recommended

monitoring using OD gentamicin is to measure
the trough serum concentration. It is this con-
centration that identifies potential toxicity
because a higher than expected value reflects
the kidney’s inability to excrete the drug. In
practice, we found no child with a normal crea-
tinine who required a dosage adjustment. In
children receiving OD gentamicin and not
receiving any other nephrotoxic drug and with
normal serum creatinine concentrations, we
now believe that the measurement of trough
serum concentrations is unnecessary. Because
gentamicin is the cheapest of the available
aminoglycosides we feel that this will be a
practical issue where resources are limited. The
OD regimen allowed us to introduce outpa-
tient treatment in selected patients and relieved
pressure on inpatient beds and met with the
approval of patients and families. Prescribing
was made easier because the dose does not
need to be changed and only the dosage inter-
val is adjusted.

Unfortunately, this study does not provide
data for the treatment of patients with impaired
renal function. When the serum creatinine is
deranged, one possibility is to reduce the dose
to permit the use of a 24 hour dosing
schedule.12 However, the nomogram recom-
mends that in a patient with a raised serum
creatinine, the full dose should be given and the
dose interval adjusted according to the gen-
tamicin concentration. In those patients with
severe renal failure (creatinine clearance
< 20 ml/minute) serial measurements should
be performed to determine the time of the next
dose. The latter approach is more practical
because in our patient population the serum
creatinine is usually available only after the first
dose of gentamicin. If a child is anuric or
known to have impaired renal function, we
avoid the use of empirical aminoglycosides. If
the sensitivity of bacterial isolates is such that
an aminoglycoside is the only drug of choice in
such children, our unit policy is to use the full
dose and adjust the dose interval using the
nomogram. We have not had an opportunity to
test this in practice and because of a lack of
data have no way of proving whether this is the
best approach.

One of the arguments raised against the use
of OD aminoglycosides in children with
neutropenia is that for most of the day serum
and tissue aminoglycoside concentrations are
below the minimal inhibitory concentration of
the infecting organism. During this time inter-
val, the compromised immune system cannot
be relied upon to help eradicate the pathogen.
The dose of OD gentamicin might need to be
as high as 10 mg/kg to have the desired eVect26

and even then the post-antibiotic eVects might
be insuYcient to eradicate the infecting
organism.29 30 In our study, of the 34 organisms
isolated, 17 were Gram negative. There was no
failure of treatment in organisms sensitive to
gentamicin (recurrence of infection with the
same organism once treatment was stopped).
There was only one case of pseudomonas sep-
ticaemia and this was treated initially with the
single daily regimen. Although the child
responded clinically within 24 hours, on know-
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ing the culture results we changed the ceftriax-
one to TD ceftazidime but continued giving
the gentamicin as an OD dose. Therefore,
clinically, an adequate post-antibiotic eVect of
gentamicin was seen in Gram negative infec-
tions occurring in our study population,
although it is likely that this was enhanced by
the concomitant use of a cephalosporin
antibiotic.31 This observation is supported by
other studies (table 1), where the response rate
has ranged from 66–96%.

Renal toxicity was minimal. Included in the
analysis were two children with subtotal
nephrectomies and they did not have a rise in
their serum creatinine. In the two children who
showed a rise in their serum creatinine while on
OD gentamicin, values quickly returned to
normal. No vestibular toxicity was detected. It
was not practically possible for us to perform
audiograms on children before they received
OD gentamicin and the three children with
borderline high frequency hearing defects had
all received other ototoxic agents. Therefore,
we cannot be sure that this hearing defect was
caused by OD gentamicin. However, it is
reassuring that even if this is the case the num-
bers are very small. In general, most studies
have either not shown any diVerence in
toxicity between OD and TD amino-
glycosides or decreased toxicity with OD
administration.12 19 21–25 32

At the beginning of our study, children who
presented with shock or those who had a recent
history of pseudomonas infection were ex-
cluded. However, the first four children who
presented in shock were subsequently shown to
have Gram positive infections. At present, gen-
tamicin is being prescribed only as an OD dose
in our unit, irrespective of the child’s condition.
At the time of going to press, we have given OD
gentamicin in over 300 episodes, safely and
eVectively. Although some studies have recom-
mended additional Gram positive cover with
glycopeptide antibiotics,20 33 we feel that this is
unnecessary and possibly dangerous. About
20–30% of children with febrile neutropenia
will require glycopeptide antibiotics, mostly
because of problems with indwelling central
venous lines related to coagulase negative
staphylococci.34 As is illustrated by our study,
although associated with morbidity, these
infections are rarely associated with mortality,
and it is safe to wait for a therapeutic response
or results of cultures, unless clinically indi-
cated. The worry is the increasing emergence
of glycopeptide resistant, Gram positive organ-
isms as a result of inappropriate usage of these
antibiotics,35 and perhaps these antibiotics
should not be used for first line, empirical
treatment.36 37 Similarly, trials evaluating
shorter aminoglycoside dosing intervals38 have
little therapeutic advantage and might facilitate
the development of resistance.

Our study shows that OD gentamicin, given
as an infusion, can be used safely and
eVectively for the empirical treatment and
management of severe sepsis in children with
neutropenia and cancer. There are still some
unanswered questions of practical importance.
A more complete pharmacokinetic study needs

to be carried out to validate the Hartford
nomogram in children. We also need to evalu-
ate the dose and infusion schedules to see if
they are optimal for the paediatric
population— that is, whether peak gentamicin
concentrations of 8–10:1 of the MIC are being
achieved. If OD gentamicin can be given as a
bolus dose, rather than as an infusion, it will
then be possible to treat many more children
on an outpatient basis. Additional pharmacoki-
netic studies are required to examine this
possibility, although the advent of liposomal
formulations39 might make this the more prac-
tical approach.

We thank Dr J E Kingston for her support. Some of these data
were presented at the 29th International Society of Paediatric
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