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ABSTRACT
Background

Animal studies and trials in older children and adults suggest that a ’one dose per day’ regimen of gentamicin is superior to a ‘multiple
doses per day’ regimen.

Objectives

To compare the efficacy and safety of one dose per day compared to multiple doses per day of gentamicin in suspected or proven sepsis

in neonates.
Search methods

Eligible studies were identified by searching the Cochrane Central Register of Controlled Trials (CENTRAL; 2016, Issue 3) in the
Cochrane Library (searched 8 April 2016), MEDLINE (1966 to 8 April 2016), Embase (1980 to 8 April 2016), and CINAHL
(December 1982 to 8 April 2016).

Selection criteria

All randomised or quasi-randomised controlled trials comparing one dose per day (once a day’) compared to multiple doses per day
(multiple doses a day’) of gentamicin to newborn infants.

Data collection and analysis

Data collection and analysis was performed according to the standards of the Cochrane Neonatal Review Group.
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Main results

Eleven RCTs were included (N = 574) and 28 excluded. All except one study enrolled infants of more than 32 weeks’ gestation. Limited
information suggested that infants in both ’once a day’ as well as ‘multiple doses a day’ regimens showed adequate clearance of sepsis
(typical RR 1.00, 95% CI 0.84 to 1.19; typical RD 0.00, 95% CI —0.19 to 0.19; 3 trials; N = 37). ’Once a day’ gentamicin regimen
was associated with fewer failures to attain peak level of at least 5 pg/ml (typical RR 0.22, 95% CI 0.11 to 0.47; typical RD —0.13,
95% CI —0.19 to —0.08; number needed to treat for an additional beneficial outcome (NNTB) = 8; 9 trials; N = 422); and fewer
failures to achieve trough levels of 2 pg/ml or less (typical RR 0.38, 95% CI 0.27 to 0.55; typical RD —0.22, 95% CI —0.29 to —0.15;
NNTB = 4; 11 trials; N = 503). ’Once a day’ gentamicin achieved higher peak levels (MD 2.58, 95% CI 2.26 to 2.89; 10 trials; N =
440) and lower trough levels (MD —0.57, 95% CI —0.69 to —0.44; 10 trials; N = 440) than ‘multiple doses a day’ regimen. There
was no significant difference in ototoxicity between two groups (typical RR 1.69, 95% CI 0.18 to 16.25; typical RD 0.01, 95% CI
—0.04 t0 0.05; 5 trials; N = 214). Nephrotoxicity was not noted with either of the treatment regimens. Overall, the quality of evidence
was considered to be moderate on GRADE analysis, given the small sample size and unclear/high risk of bias in some of the domains
in a few of the included studies.

Authors’ conclusions

There is insufficient evidence from the currently available RCTs to conclude whether a ’once a day’ or a ‘multiple doses a day’ regimen
of gentamicin is superior in treating proven neonatal sepsis. However, data suggest that pharmacokinetic properties of a ’once a day’
gentamicin regimen are superior to a ‘multiple doses a day’ regimen in that it achieves higher peak levels while avoiding toxic trough
levels. There was no change in nephrotoxicity or auditory toxicity. Based on the assessment of pharmacokinetics, a ’once a day regimen’
may be superior in treating sepsis in neonates of more than 32 weeks’ gestation.

PLAIN LANGUAGE SUMMARY
Gentamicin dosage in neonates
Background: Gentamicin is a commonly used antibiotic that is very effective in treating bacterial infections in newborn babies.

Review question: Whether giving the full dose of gentamicin as a single dose per day is better than giving it as multiple small doses in
a day in newborn babies.

Study characteristics: Eleven scientific studies were analysed to derive the best available evidence. The majority of the studies included
newborn babies born after 32 weeks’ gestation. The main outcomes assessed were drug levels in the blood and kidney functions. The
search was updated to 29 April 2016.

Key results: Safer and potentially more effective levels of the drug were maintained using a "one dose per day’ treatment schedule. No
differences in the risk of adverse effects on the kidney function or hearing were noted between two regimens.

Quality of evidence: The quality was evidence was considered as moderate because the sample size was relatively small and two of the
studies were scientifically less robust.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

One dose per day compared with multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates

Patient or population: neonates with suspected or proven sepsis
Settings: neonatal intensive care units

Intervention: one dose per day gentamicin

Comparison: multiple doses per day gentamicin

Outcomes

lllustrative comparative risks* (95% Cl)

Relative effect

No of Participants

Quality of the evidence Comments

(95%Cl) (studies) (GRADE)
Assumed risk Corresponding risk
Multiple doses per day One dose per day gen-
of gentamicin tamicin
Clearance of proven Actual risk: 17 per 17  Actual risk: 20 per20 RR1(0.84 to 1.19) 37 DOOO Very small sample size,
sepsis (1000 per 1000) (1000 per 1000) (3 studies) very low high risk of bias in
the domain of com-
pleteness of follow-up
in 2 studies, high risk
of bias for random se-
quence generation and
allocation concealment
in one study
Failure to Actual risk: 35 per 214 Actual risk: RR0.22 (0.11 t0 0.47) 422 SDBO Moderate sample size,
achieve peak levels of (164 per 1000) 6 per 208 (9 studies) moderate high risk of selection

at least 5 microgram/
ml

(measured 0.5 to one
hour after administra-
tion of any dose of gen-
tamicin)

(29 per 1000)

bias intwo studies;high
risk of attrition bias in 3
studies

Narrow Cls around the
effect size, very low P
value for effect size
estimate, no statistical
heterogeneity
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Nephrotoxicity See comment See comment
(End of study period or

before discharge)

Not estimable 348
(8 studies)

See comment

None of
the study infants devel-
oped nephrotoxicity.

Actual risk:
2 per 103
(19 per 1000)

Ototoxicity Actual risk: 1 per 111
(End of study period or (9 per 1000)
before discharge)

Small sample size. Un-
clear risk of selection
bias and reporting bias
and high risk of attri-
tion bias in the included
studies

Wide Cls around the ef-
fect size, P value for ef-
fect size is greater than
0.05

Failure to
achieve trough levels (355 per 1000)
of <2 microgram/ml

(measured within one

hour prior to the admin-

istration of gentamicin

on any day except the

initial dose)

(127 per 1000)

Actual risk: 92 per 259 Actual risk: 31/244

RR1.69(0.18t016.25 214 SO00
) (5 studies) very low
RR0.38 503 (11 studies) SBDO
(0.27 to 0.55) moderate

Moderate sample size,
high risk of selection
bias in 2 studies, high
risk of attrition bias in
3 studies, high risk of
reporting bias in 2 stud-
ies

Narrow Cls around the
effect size, very low P
value for effect size es-
timate, moderate het-
erogeneity

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: Confidence interval; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.



BACKGROUND

Description of the condition

Gentamicin, an aminoglycoside antibiotic, is widely used in the
treatment of suspected or proven bacterial sepsis in newborn in-
fants. Itis rapidly bactericidal. Combined with beta-lactam antibi-
otics, it provides synergistic activity against the most commonly
encountered pathogens in the neonatal period (Chattopadhyay
2002). Potential ototoxicity and nephrotoxicity has been linked
to the drug levels in plasma. Higher trough concentrations are as-
sociated with drug toxicity (Swan 1997); and lower peak levels are
associated with lesser efficacy (Kovarik 1989; Chambers 2001).
The bactericidal effect of gentamicin is concentration dependent;
the higher the concentration, the greater the bactericidal effect.
Generally accepted peak concentrations are 5 to 10 pg/ml. It has
been suggested that even higher peak levels (e.g. 25 pg per ml) do
not increase the risk of toxicity (Chambers 2001). It is also sug-
gested that the trough concentrations should be less than 1 to 2
pg/ml to minimise the toxic effects (Chambers 2001). Increasing
the interval between doses has the potential to maintain maximal
bactericidal activity, while minimizing the side effects.

Description of the intervention

Several concepts support the benefit of a treatment regime that
administers one dose per day (once a day’ dose) of gentamicin
(Miron 2003).

1. Gentamicin exhibits a concentration-dependent
bactericidal effect in which a positive linear relationship exists
between the peak minimum inhibitory concentration (MIC)
ratio and bactericidal response.

2. Gentamicin exhibits the post-antibiotic effect (PAE). The
PAE is a period during which the antibiotic continues to suppress
bacterial growth despite serum concentrations below the MIC
(Kahlmeter 1984; Chambers 2001). A prolonged PAE requires
high peak concentrations and is associated with better clinical
response. Because a "once a day’ dose produces higher peak drug
concentrations, it results in a prolonged PAE (Craig 1995).

3. One of the first steps in the uptake of aminoglycoside into
sites of toxicity is their binding to the brush borders of renal cells
and to the cochlea and vestibular membranes. Uptake by these
tissues is more efficient with low sustained concentrations
compared to high intermittent levels. Animal models suggest
that uptake of gentamicin in the renal cortex and perilymph is a
saturable process that is relatively unaffected by drug
concentration; transient high peak levels do not lead to excessive
drug accumulation (Giuliano 1986; Verpooten 1989; Beaubien
1991). ’Once a day’ dosing of aminoglycoside has been shown to
be less toxic and more efficacious than more frequent dosing in
animal models and observational studies in human neonates

(Craig 1995; Darmstadt 2007; Darmstadt 2008; Thingvoll
2008; Begg 2009; Hagen 2009).

4. Adaptive resistance is thought to occur after continuous
exposure of bacteria to antibiotic concentrations that are less
than the MIC (Lacy 1998). ’Once a day’ dosing may help to
avoid the development of resistance by achieving a higher
bacterial kill initially, thereby decreasing the length of time viable
bacteria are in contact with the drug.

5. Neonates, especially sick infants, have low glomerular
filtration rate (Aperia 1981; Vanpée 1993; Sonntag 1996; Gallini
2000), which leads to slower clearance and higher volume of
distribution of drugs like gentamicin (Nielsen 2009). ’Once a
day’ dosing, by providing more time for clearance, may avoid the
toxic effects of gentamicin due to slower clearance (Begg 2009).

6. Pharmacokinetics of drugs in neonates are unique and
greatly influenced by gestational age and birth weight, postnatal
age, postconceptional age and renal function (Nielsen 2009;
Pacifici 2009; Serane 2009). It may be ideal to use customised
dosing for infants based on the gentamicin pharmacokinetics in
each infant (Touw 2009). However, this involves frequent
measurement of serum gentamicin levels and rewriting of the
medication orders with the potential for prescription errors. The
majority of the use of gentamicin in the neonatal population is
for the treatment of infants with risk factors for sepsis pending
culture results for a short period of 48 to 72 hours. If a "once a
day’ regimen attains adequate peak levels while avoiding toxic
trough levels, then frequent measurement of serum gentamicin
levels may not be necessary in these short (72 hour) ’rule out
sepsis’ courses. This would significantly reduce the hospital cost
associated with gentamicin therapy (Nicolau 1996; Hite 1997;
Thureen 1999).

How the intervention might work

Meta analyses of studies in adults have consistently shown that
once-daily dosing of aminoglycoside including gentamicin is as
effective as multiple daily dosing, with similar or lesser risk of
nephrotoxicity and ototoxicity (Barza 1996; Munckhof 1996; Ali
1997; Bailey 1997; Hatala 1997).

A systematic review of similar studies in children and infants con-
cluded that a ’once a day’ regimen is more efficacious and has
no higher toxicity compared with multiple daily dosing (Miron
2001). A meta-analysis of extended interval aminoglycoside dos-
ing (the dose is higher and administered less frequently than in a
traditional dosing regime) in children reported that an extended-
dose aminoglycoside regimen provided similar or potentially im-
proved efficacy and safety, compared to a ‘multiple doses a day’
regimen (Contopoulos-Ioannidis 2004). A total of 24 studies in
paediatric populations up to 20 years of age, including six stud-
ies in neonatal populations, were included in their review. Five
neonatal studies used gentamicin and one study used amikacin.
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Some reports suggest that a ‘multiple doses a day’ regimen results
in subtherapeutic levels and the new practice of extended dosage
schedules achieved safe and adequate levels (Bajaj 2004; Darmstadt
2008; Begg 2009; Hagen 2009). It has also been suggested that
a dose interval of more than 24 hours is less likely to produce
toxic trough levels in preterm neonates (Langlass 1999; Gonzalez
Santacruz M 2008; Thingvoll 2008).

Why it is important to do this review

Despite this information, the appropriate dose interval for gen-
tamicin in neonates is still a matter of debate. Caution has been
expressed against the use of a "once a day’ dose of gentamicin in
neonatal infections (Chambers 2001). This approach has yet to
become standard practice in most paediatric hospitals (Knoderer
2003). A random survey of acute care hospitals in the USA in
1993 found that extended interval aminoglycoside dosing was not
practised in neonates, whereas, in 1998, 11.3% of the hospitals
were using extended interval dosing (Chuck 2000).

In this review, we compared “one dose per day’ versus ‘multiple
doses per day’ of gentamicin in neonates with suspected or proven

sepsis.

OBJECTIVES

To compare the efficacy and safety of one dose per day to multi-
ple doses per day of gentamicin in suspected or proven sepsis in
neonates.

Subgroup analysis was performed according to:

1. gestation: less than 32 weeks and 32 weeks or more;
2. suspected or proven sepsis;
3. intramuscular or intravenous administration;

4. use of loading dose.

METHODS

Criteria for considering studies for this review

Types of studies

Randomised and quasi-randomised controlled trials.

Types of participants

Newborn infants (< 28 days after birth) with suspected or proven
sepsis commenced on gentamicin. Suspected sepsis was defined
as any condition in the neonate which led to the commencement
of antibiotics. Proven sepsis was defined as a clinical condition
necessitating use of antibiotics and presence of positive blood/
body fluid or tissue cultures.

Types of interventions

One dose per day (once a day’) compared to multiple doses per
day (multiple doses a day’) of gentamicin.

Studies comparing extended dose regimens such as dosing once in
36 to 48 hours versus "once a day’ dosing were not included.
Studies comparing regimens with or without loading dosage were
not included. If a trial used a loading dose of gentamicin in both
groups, it was included.

Since gentamicin is almost always used along with a second antibi-
otic, studies which used the same second antibiotic in both groups
were included.

Studies using gentamicin either intramuscularly or intravenously
were included provided both study and control groups were ad-
ministered gentamicin by the same route.

If a study used a different second antibiotic along with gentamicin
in the study and control groups, it was excluded.

A difference of up to 25% while calculating the total daily dose was
allowed between once a day’ and ‘multiple doses a day’ regimens.

Types of outcome measures

Primary outcomes

1. Clinical efficacy: clearance of proven sepsis defined as
negative blood or other body fluid cultures without the need for
a change in antibiotics.

2. Pharmacokinetic efficacy:

i) Failure to reach adequate peak levels of at least 5 pg/
ml. Peak level was defined as the level measured 0.5 to one hour
after administration of any dose of gentamicin on any day during
the study period.

i) Failure to avoid toxic trough levels of > 2 pg/ml. The
trough level was defined as the level measured within one hour
prior to the administration of gentamicin on any day during the
study period (except the initial dose).

Secondary outcomes

1. Ototoxicity (examination could be performed at the end of
the study period or before discharge with or without baseline
testing):

i) Auditory: defined as abnormality in pure tone
audiometry or brain-stem evoked auditory response or
otoacoustic emission or any other validated hearing test.

One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates (Review) 6
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ii) Vestibular: defined as abnormality in
electronystagmography or any other validated vestibular function
test.

2. Nephrotoxicity (examination could be performed at the
end of the study period or before discharge with or without
baseline testing):

i) Primary: any increase in serum creatinine levels or
decrease in creatinine clearance, with thresholds as defined in
each study.

ii) Secondary: urinary excretion of proteins (retinal
binding protein, beta-2 microglobulin, Clara cell protein,
microalbumin, N-Acetyl-Beta-D-glucosaminidase, alkaline
phosphatase, alanine aminopeptidase, or gamma-glutamyl
transferase, cystatin C) or phospholipids.

3. Treatment failure: persistent positive blood/body fluid or
tissue cultures which lead to any modification of the assigned
antibiotic dosing or addition of new antibiotic.

4. Actual peak levels (mean and SD) attained (pg/ml): peak
levels were defined as levels measured at 0.5 to 1 hour after a
dose of gentamicin.

5. Actual trough levels (mean and SD) attained (pg/ml):
trough levels were defined as levels measured within one hour

prior to giving any dose of gentamicin (except the initial dose).

Search methods for identification of studies

Electronic searches

We used the standard search strategy of the Cochrane Neonatal
Review Group. This included electronic searches of the Cochrane
Central Register of Controlled Trials (CENTRAL; 2016, Issue
3) in the Cochrane Library (searched 8 April 2016), MEDLINE
(1966 to 8 April 2016), Embase (1980 to 8 April 2016) and
CINAHL (1982 to 8 April 2016) and previous reviews including
cross-references. Abstracts of Pediatric Academic Societies meet-
ings (1995 to 2016) were also searched. MEDLINE and Embase
were searched for relevantarticles using the following MeSH terms
or text words: (Gentamicin/OR aminoglycoside) AND (sepsis OR
septicaemia OR septicemia) AND (infant, newborn/OR infant,
low birth weight/OR infant, very low birth weight/OR infant, pre-
mature/OR Infant, Premature, Diseases) OR (neonate: OR pre-
matur®: OR newborn) AND (clinical trial OR Randomised Con-
trolled Trials). Reference lists of published narrative and systematic

reviews were also reviewed. No language restrictions were applied.

Searching other resources

We searched clinical trials registries for ongoing or recently com-
pleted trials (clinicaltrials.gov; controlled-trials.com; and who.int/
ictrp). We also searched reference lists of identified articles.

Data collection and analysis

‘We used the standard methods of the Cochrane Neonatal Review
Group.

Selection of studies

Two review authors independently assessed the eligibility of studies
for inclusion.

Data extraction and management

We used a data collection form to aid extraction of relevant infor-
mation and data from each included study. Two review authors
extracted the data separately, compared data, and resolved differ-
ences by consensus. Any disagreements were resolved by consul-
tation with the third review author.

We contacted the authors of all studies to clarify reported data
or provide additional data and information including details of
methodology. They were sent a standardised table and asked to
provide missing data not included in their article if it was available.
Skopnik 1992, Krishnan 1997, de Alba Romero 1998, Thureen
1999, Chotigeat 2001, Hagan 2002, Miron 2003 and Kosalaraksa
2004 provided additional information, clarified existing data and
also clarified methodology of studies. Hayani 1997, Solomon
1999 and Agarwal 2002 were contacted initially by e-mail and
subsequently by post four weeks later, but did not respond.

Assessment of risk of bias in included studies

The criteria and standard methods of the Cochrane Neonatal Re-
view Group were used to assess the methodological quality of the
included trials. Risk of bias of the included trials was evaluated in
terms of adequacy of sequence generation, allocation concealment,
blinding of parents or caregivers and assessors to intervention, and
completeness of follow-up in all randomised individuals. This was
defined as ’yes, 'no’ or 'not clear’ for each category. Differences in
opinion were resolved after discussion among all three reviewers.

See Appendix 1 for the complete Risk of bias™ tool.

Measures of treatment effect

Statistical analyses were performed using Review Manager soft-
ware. We analysed categorical data using relative risk (RR), risk
difference (RD) and the number needed to treat for an additional
beneficial outcome (NNTB). Continuous data were compared us-
ing mean difference (MD). We have reported the 95% confidence

interval (CI) on all estimates.

Unit of analysis issues

If available, we planned to combine results from cluster trials with
other trials using generic inverse variance methods.
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Dealing with missing data

If participant dropout led to missing data then we planned to
conduct an intention-to-treat analysis. We endeavoured to obtain
missing data from the trial authors.

Assessment of heterogeneity

Statistical heterogeneity was assessed using the 2 statistic. As per
the Cochrane guidelines, the I2 statistic was interpreted as follows:
e 0% to 40%: might not be important
e 30% to 60%: may represent moderate heterogeneity
e 50% to 90%: may represent substantial heterogeneity
e 75% to 100%: considerable heterogeneity

Data synthesis
Effect size was expressed as relative risk (RR), risk difference (RD)

and 95% confidence intervals (CIs) for categorical data, and mean
difference (MD) and 95% CI for continuous data. The fixed-effect
model was used for meta-analysis. Change scores of auditory and
vestibular tests and tests for nephrotoxicity were planned to be
meta-analysed separately from the final value scores. For significant
differences NNTB based on 1/RD was calculated.

Quality of evidence

We assessed the quality of evidence for the main comparison at the
outcome level using the GRADE approach (Guyatt 2011a). This
methodological approach considers evidence from randomised
controlled trials as high quality that may be downgraded based on
consideration of any of five areas: design (risk of bias), consistency
across studies, directness of the evidence, precision of estimates
and presence of publication bias (Guyatt 2011a). The GRADE
approach results in an assessment of the quality of a body of evi-
dence in one of four grades: 1) High: We are very confident that
the true effect lies close to that of the estimate of the effect; 2)
Moderate: We are moderately confident in the effect estimate: The
true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different; 3) Low: Our
confidence in the effect estimate is limited: The true effect may
be substantially different from the estimate of the effect; 4) Very
Low: We have very little confidence in the effect estimate: The
true effect is likely to be substantially different from the estimate
of effect (Schiinemann 2013).

The review authors independently assessed the quality of the ev-
idence found for outcomes that were considered as critical for
clinical decision making. These outcomes included: clearance of
proven sepsis, failure to achieve peak level of at least 5 pg/ml,
failure to achieve trough levels of 2 pg/ml or less, ototoxicity and
nephrotoxicity.

In cases where we considered the risk of bias arising from inad-
equate concealment of allocation, randomised assignment, com-
plete follow-up or blinded outcome assessment reduced our con-

fidence in the effect estimates, we downgraded the quality of ev-
idence accordingly (Guyatt 2011b). We evaluated consistency by
similarity of point estimates, extent of overlap of confidence in-
tervals and statistical criteria including measurement of hetero-
geneity (I2). We downgraded the quality of evidence when large
and unexplained inconsistency across studies’ results was present
(i.e. some studies suggest important benefit and others no effect
or harm without a clinical explanation) (Guyatt 2011d). Precision
was assessed based on the width of the 95% confidence interval
(CI) and by calculating the optimal information size (OIS). If the
total number of patients included in the pooled effect estimation
was less than the number of patients generated by a conventional
sample size calculation for a single adequately powered trial, we
considered downrating for imprecision (Guyatt 2011c). When tri-
als were conducted in populations other than the target popula-
tion, we downgraded the quality of evidence because of indirect-
ness (Guyatt 201 1e).

We entered data (i.e. pooled estimates of the effects and corre-
sponding 95% Cls) and explicit judgements for each of the above
aspects assessed into the Guideline Development Tool, the soft-
ware used to create ‘Summary of findings’ tables (GRADEpro).
We explained all judgements involving the assessment of the study
characteristics described above in footnotes or comments in the
‘Summary of findings table.

Subgroup analysis and investigation of heterogeneity

Subgroup analysis was performed according to:
1. gestation: < 32 weeks and > 32 weeks;
2. suspected or proven sepsis;
3. intramuscular or intravenous administration;

4. use of loading dose.

Sensitivity analysis

We planned to conduct sensitivity analyses by excluding studies
where trial participants were of extremely low gestation age because
these infants may require even further extended dosing intervals
for gentamicin (up to 36 to 48 hours).

RESULTS

Description of studies

For a full description of each trial, see the Characteristics of
included studies section.
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Results of the search

Thirty-nine studies were identified as potentially eligible. Twenty-
eight were excluded and 11 studies were included in the review;
(see Figure 1).

One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure |I. Study flow diagram: review update
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Included studies

Eleven studies were included in this review. All of them were single
centre studies. All of the included studies were undertaken since the
early 1990s by investigators attached to perinatal centres in North
America, India, Thailand, Germany, Spain and Australia. A total
of 574 neonates were enrolled in the 11 included trials. Krishnan
1997, Miron 2003 and Solomon 1999 enrolled infants of more
than 32 weeks’ gestation. Chotigeat 2001, Hagan 2002, Hayani
1997, Kosalaraksa 2004 and Thureen 1999 enrolled infants whose
gestation was 34 weeks or more. Agarwal 2002 enrolled infants
whose birth weight was 2500 g or more; and all except three of
the neonates enrolled were above 37 weeks’ gestation in this study.
Skopnik 1992 enrolled only full-term neonates. de Alba Romero
1998 enrolled infants whose birth weight was 1200 g or more and
was the only study to enrol preterm infants less than 32 weeks’
gestational age.

All studies used intravenous infusion of gentamicin except
Krishnan 1997, where gentamicin was given as a bolus over one
minute. Hagan 2002 and Hayani 1997 used gentamicin both in-
travenously and intramuscularly. Of the 574 infants enrolled in
the trial, only 39 infants had proven sepsis (Hayani 1997; de Alba
Romero 1998; Hagan 2002; Miron 2003; Kosalaraksa 2004). The
rest were treated for suspected sepsis. All studies used gentamicin
in the dose of 4 to 5 mg/kg/day either as a single dose or as multiple
divided doses. The main outcomes assessed were peak and trough
levels of gentamicin and renal function. Three studies assessed
hearing prior to discharge (Thureen 1999; Agarwal 2002; Hagan
2002); and one study assessed hearing at one to two months of age
(Miron 2003). One study assessed the cost of therapy (Thureen
1999). The details are described in the table ’Characteristics of

included studies’.

Excluded studies

Skopnik 1995, Davies 1998, Kaspers 1998, Lundergan 1999,
Stickland 2001, Alsaedi 2003, Hansen 2003, Lanao 2004,
Tantiprabha 2007, Thingvoll 2008, Gonzalez Santacruz M 2008,
Serane 2009 and Hagen 2009 were excluded because they were not
randomised or quasi-randomised controlled trials. English 2004
was excluded because a loading dose of 8 mg/kg was used in the
‘once a day’ gentamicin regimen, whereas no loading dose was
used in the 'multiple doses a day’ regimen. Mercado 2004 and
Rastogi 2002 were excluded because they compared a’once a day’
to a’once in 48 hours’ regimen of gentamicin. Isemann 1996 and
Semchuk 1995 were excluded because the regimen of loading dose
was compared to the regimen of no loading dose of gentamicin.
Tiwari 2009 was excluded because relevant data from the neonatal
subgroup could not be obtained from the published article. We
made three attempts to contact the authors but there was no re-
sponse.

Yeung 2000, Hiltron 2010, Hossain 2009, Martinkova 2010,
Alshaikh 2012, Fjalstad 2014, Hoff 2009, Krishnamoorthy 2013
and Low 2015 were also excluded because they were observational
studies comparing once a day’ dosing to different extended dosing
regimens.

The details are listed in the table ’Characteristics of excluded
studies’.

Risk of bias in included studies

The details of risk of bias are described in Figure 2.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Details of the methodological quality of studies are included under
the table *Characteristics of included studies’.

Allocation

Adequacy of sequence generation was accomplished using com-
puter-generated random numbers in Skopnik 1992, Krishnan
1997, Agarwal 2002, Hagan 2002 and Kosalaraksa 2004.
Allocation concealment:

Allocation concealment was accomplished in Krishnan 1997, de
Alba Romero 1998, Chotigeat 2001, Agarwal 2002, Hagan 2002
and Kosalaraksa 2004 using sealed envelopes. It was not clear if
allocation was concealed in Solomon 1999, Skopnik 1992 and
Hayani 1997. Allocation was not concealed in Miron 2003 and
Thureen 1999. Miron 2003 was a quasi-random study with "once
a day’ gentamicin being administered in period one (January to
March 1998) and 'multiple doses a day’ gentamicin being admin-
istered in period two (April to June 1998). Thureen 1999 was
also a quasi-random study (assignment to a particular study group
was dependent on the intensive care site, with monthly rotation

of dosing regimens).

Blinding
Blinding of intervention:
Blinding of intervention was not done in any of the studies.

Blinding of outcome assessment:

Qutcome assessment was blinded in Krishnan 1997, de Alba
Romero 1998, Chotigeat 2001, Hagan 2002, Miron 2003 and
Kosalaraksa 2004. It was not clear whether outcome assessment
was blinded in Hayani 1997, Solomon 1999 and Agarwal 2002.
It was not blinded in Skopnik 1992 and Thureen 1999.

Incomplete outcome data

Skopnik 1992, Krishnan 1997, Solomon 1999, Thureen 1999,
Chotigeat 2001, Agarwal 2002, Miron 2003 and Kosalaraksa 2004
reported complete follow-up. Follow-up was incomplete in the
Hayani 1997, Hagan 2002 and de Alba Romero 1998 trials, in
that more than 10% of enrolled infants did not have outcomes
assessed.

Selective reporting

Agarwal 2002, Chotigeat 2001, Hagan 2002, Hayani 1997, Miron
2003, Skopnik 1992, Solomon 1999 and Thureen 1999 reported
predetermined outcome measures completely. In Kosalaraksa
2004, the statistical method to compare serum creatinine on day
0, 3 and 7 was not pre-specified. They have not defined mea-
sures to evaluate clinical response within 72 hours of treatment. In

Krishnan 1997, there was no pre-specified analysis method to mea-
sure nephrotoxicity but it was reported that there was no nephro-
toxicity in either group at the end of therapy. In de Alba Romero
1998, outcome measures to determine clinical efficacy were not

described.

Other potential sources of bias

All studies appeared to be free of other bias.

Effects of interventions

See: Summary of findings for the main comparison

Eleven studies fulfilled our selection criteria and were included in
this review (Skopnik 1992; Krishnan 1997; Hayani 1997; de Alba
Romero 1998; Solomon 1999; Thureen 1999; Chotigeat 2001;
Agarwal 2002; Hagan 2002; Miron 2003; Kosalaraksa 2004).
These studies included a total of 574 infants. There was no dis-
agreement regarding inclusion/exclusion of studies, quality assess-
ment or data extraction. Available data were pooled and analysed
as listed below.

Primary outcome measures

Clinical efficacy:

All studies comparing ’once a day’ versus ‘multiple doses a
day’ regimen (Comparison 1)

Clearance of proven sepsis (Outcome 1.1)

Clearance of proven sepsis was defined as negative blood or other
body fluid cultures without the need for changing antibiotic (
Figure 3). In the de Alba Romero 1998 study, both ’once aday’ and
‘multiple doses a day’ regimens achieved clearance of sepsis in all
the 29 neonates with proven sepsis. There were two Gram-positive
bacterial infections in the Kosalaraksa 2004 trial: we excluded them
from analysis. Only one infant had proven sepsis in the study by
Hayani 1997; its outcome was not reported. Hagan 2002 reported
that all five infants with proven bacteriological sepsis in the ’once
a day’ gentamicin group responded by clearance of sepsis; and
there were no cases of proven sepsis in the ‘multiple doses a day’
gentamicin group. Miron 2003 had one infant in each group with
proven sepsis; both infants had clearance of sepsis after institution
of antibiotic therapy. Meta-analysis of all studies did not show
significant difference between the two groups (typical RR 1.00,
95% CI 0.84 to 1.19; typical RD 0.00, 95% CI —0.19 to 0.19;
3 trials; N = 37).
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Figure 3. Forest plot of comparison: | All studies comparing ’once a day’ versus 'multiple doses a day’

regimen, outcome: |.l Clearance of proven sepsis.

Onceaday  Multiple doses a day Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
de Alba Romero 1998 14 14 14 15 84.5% 0.00[0.1Z,0132]
Hagan 2002 ] 5 1 1 9.7%  0.00 [0.64, 0.64]
Miron 2003 1 1 1 1 5.8%  0.00[0.85, 0.85]
Total (95% CI) 20 17 100.0% 0.00 [-0.19,0.19]
Total events 20 17 f

Heterogeneity: Chi®=0.00, df=2 (F=1.00), F=0%
Test for overall effect: 2= 0.00 (P =1.00)

Pharmacokinetic efficacy:

Failure to attain peak levels of at least 5 pg/ml (Outcome 1.2)

Peak levels of at least 5 pg/ml were considered to be essential to
declare that a particular dosing regimen was pharmacologically
effective (Figure 4). Skopnik 1992, Hayani 1997, de Alba Romero
1998, Thureen 1999, Chotigeat 2001, Agarwal 2002, Hagan

- 0.5 0 04 1
Favours treatment Favours control

2002, Miron 2003 and Kosalaraksa 2004 reported this outcome.
Only Miron 2003 reported a statistically significant difference that
favoured ’once a day’ gentamicin compared to ‘multiple doses a
day’ gentamicin. However, meta-analysis of all the studies showed
a statistically significant difference indicating that a "once a day’
regimen is associated with less failures than a ‘multiple doses a
day’ regimen (typical RR 0.22, 95% CI 0.11 to 0.47; typical RD
—0.13, 95% CI —0.19 to —0.08; number needed to treat for an
additional beneficial outcome (NNTB) = 8; 9 trials; N = 422).

Figure 4. Forest plot of comparison: | All studies comparing ’once a day’ versus 'multiple doses a day’

regimen, outcome: 1.2 Failure to achieve peak levels of at least 5 microgram/ml.

Once a day Multiple doses a day Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Agarwal 2002 1] 20 1 M 4.0% 0.35[0.02,8.10]
Chotigeat 2001 1] a7 7 27 206% gorpon 1] ————— 7
de Albha Romero 19938 1] 33 7 32 M0% 0.06[0.00,1.09 —————— &7
Hagan 2002 1 32 4 33 108% 0.26[0.03,2.18] —_— T
Hayani 1997 0 11 2 15 5.49% 0.27 [0.01, 5.06]
Kosalaraksa 2004 2 il 1 30 28% 1.841[0.18,2024] —
diran 2003 2 17 11 18 294% 0.191[0.04, 0.74] e —
Skopnik 1952 0 10 ] 10 Mot estimahble
Thureen 1999 1 27 2 28 5.4% 0.52 [0.04, 5.39] — 1
Total (95% CIy 208 214 100.0% 0.22 [0.11, 0.47] ’
Total events G 35
Heterogeneity: Ghi®= 5.35, df= 7 (P = 0.62); F= 0% n’uus 051 1’0 20’0

Testfor overall effect: £=4.01 (P = 0.0001)

Failure to achieve trough levels of < 2 pg/ml (Outcome 1.3)

Trough levels of 2 pg/ml or less were considered to be essential to
declare thata particular dosing regimen was pharmacologically safe
(Figure 5). All studies reported this outcome measure. Krishnan

Favours DD Favours MDD

1997, Thureen 1999, Miron 2003 and Kosalaraksa 2004 reported
a statistically significant difference favouring ’once a day’ gentam-
icin compared to ‘'multiple doses a day’ gentamicin. Meta-analysis
of all studies showed a statistically significant difference indicating
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that ’once a day’ gentamicin groups are associated with fewer fail-
ures than ‘multiple doses a day’ regimens (typical RR 0.38, 95%
CI 0.27 to 0.55; typical RD —0.22, 95% CI —0.29 to —0.15;

NNTB = 4; 11 trials; N = 503).

Figure 5. Forest plot of comparison: | All studies comparing ’once a day’ versus 'multiple doses a day’
regimen, outcome: 1.3 Failure to achieve trough levels of < 2 microgram/ml.

Once a day Multiple doses a day Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aganval 2002 0 i 4 21 4.8% 0.12[0.01,2.03] *
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Miron 2003 3 17 10 18 108% 0.32[0.11, 0.98] s —
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Solomon 1999 B ar 10 I 11.4% 0.58 [0.24,1.44] I
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Secondary outcome measures

Ototoxicity (Outcome |.4)

e Auditory: defined as changes in pure tone audiometry or
brain-stem evoked auditory responses or otoacoustic emissions
or any other validated hearing tests.

e Vestibular: defined as changes in electronystagmography or
any other validated vestibular function test.

Four studies assessed auditory toxicity (Analysis 1.4) (de Alba
Romero 1998; Thureen 1999; Agarwal 2002; Hagan 2002).
Thureen 1999 replied that all infants in both the "once a day’ and
‘multiple doses a day’ gentamicin groups passed hearing screening
tests. Hagan 2002 used otoacoustic emission tests both prior to the
first dose and after the third dose of gentamicin and did not find
evidence of ototoxicity in either group. Agarwal 2002 performed
hearing screening tests prior to discharge; none of their study in-
fants failed hearing tests. de Alba Romero 1998 reported two cases
of ototoxicity out of 13 in the ’once a day’ group compared to
one out of 11 in the 'multiple doses a day’ regimen. Chotigeat
2001 performed the tests for ototoxicity but did not report the
results. Meta-analysis of all the studies showed no statistically sig-
nificant differences in ototoxicity between the two groups (typical

Favours ODD Favours MDD

RR 1.69, 95% CI 0.18 to 16.25; typical RD 0.01, 95% CI —0.04
to 0.05; 5 trials; N = 214).
Vestibular toxicity was not tested by any of the studies.

Nephrotoxicity (Outcome 1.5)

e Primary: any increase in serum creatinine levels or decrease
in creatinine clearance, with thresholds as defined in each study.
e Secondary: urinary excretion of proteins (retinal binding
protein, beta-2 microglobulin, Clara cell protein, microalbumin,
N-Acetyl-Beta-D-glucosaminidase, alkaline phosphatase, alanine

aminopeptidase, or gamma-glutamyl transferase) or

phospholipids.

Skopnik 1992, Hayani 1997, Krishnan 1997, de Alba Romero
1998, Chotigeat 2001, Agarwal 2002, Hagan 2002, Miron 2003
and Kosalaraksa 2004 reported this outcome (Figure 6). Agarwal
2002 monitored renal functions by measuring 24-hour urine out-
put on days one, two and three of therapy. Serum electrolytes,
blood urea nitrogen and serum creatinine were measured on days
two and three of the study. Creatinine clearance and FENa were
measured on days two and three of therapy. There were no sig-
nificant differences between the two groups in all the outcomes
measured. Chotigeat 2001 measured serum creatinine before the
beginning of treatment and on the third day and the last day
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of therapy; there was no significant difference between the two
dosage regimens. Hagan 2002 measured serum creatinine levels
before the beginning of study and subsequently on a daily basis till
the completion of treatment; there was no significant difference
between the two dosage regimens. Hayani 1997 measured serum
creatinine and GFR before therapy and on day two or three of
therapy. They also measured urinary beta-2 microglobulin levels
before and after completion of therapy. There was no significant
difference between the two regimens. Kosalaraksa 2004 measured
serum creatinine on day zero, three and seven or the last day of
therapy; there was no nephrotoxicity in either group. Krishnan
1997 measured serum creatinine before and at the end of therapy
and found no significant difference in creatinine levels between the
two groups. There was no nephrotoxicity in either group. Miron
2003 measured serum and urine creatinine and sodium concen-

trations, urinary lysozyme excretion, glomerular filtration rate and
fractional excretion of sodium at 72 to 96 hours of therapy. The
values were not significantly different between the two groups;
and none of the babies in either group developed nephrotoxic-
ity. de Alba Romero 1998 measured the N-Acetyl-Beta-D-glu-
cosaminidase:creatinine ratio as a sensitive indicator of gentam-
icin-induced nephrotoxicity. First-morning urine within the first
two days and on the seventh day of treatment was analyzed. The
enzyme levels increased in urine in both groups, more so in the
‘multiple doses a day’ gentamicin group; however, there was no
significant difference. Skopnik 1992 measured urinary aminopep-
tidase levels as a marker of nephrotoxicity and found that it was
increased in both groups in the same pattern during and after dis-
continuation of gentamicin therapy.

Figure 6. Forest plot of comparison: | All studies comparing ’once a day’ versus 'multiple doses a day’
regimen, outcome: 1.5 Nephrotoxicity.

Onceaday  Multiple doses a day

Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Agarwal 2002 1] 20 1] 21 Mot estimahble
Chotigeat 2001 0 27 0 27 Mot estimahle
Hagan 2002 0 46 0 47 Mot estimahle
Hayani 19497 0 11 0 15 Mot estimahle
kosalaraksa 2004 1] 33 1] )| Mot estimahle
Krishnan 1997 1] ] 1] ] Mot estimahble
Miron 2003 1} 16 1} 16 Mot estimahble
Skopnik 1992 0 10 0 10 Mot estimahle
Total (95% Cl) 172 176 Not estimable
Tatal events 1] 1]

Heterogeneity: Not applicable
Test for overall effect: Mot applicable

Treatment failure (Outcome 1.6)

Treatment failure was defined as persistent positive blood/body
fluid or tissue cultures which led to addition of new antibiotic
(Analysis 1.6). de Alba Romero 1998, Hagan 2002 and Miron
2003 reported in total 36 infants with proven sepsis. There were
no treatment failures in either the ’once a day’ or the ‘multiple
doses a day’ regimens (typical RR 0.0, 95% CI 0.0 to 0.0; typical
RD 0.00, 95% CI —0.19 to 0.19; 3 trials; N = 36).

Actual peak levels (mean and SD) attained (ug/ml)
(Outcome 1.7)

Peak levels were defined as levels measured at 0.5 to 1 hour after
a dose of gentamicin (Analysis 1.7). All studies except Solomon
1999 reported this outcome. All studies except Krishnan 1997

0.01 0.1 10 100
Favours ODD  Favours MDD

reported a statistically significant difference with higher peak levels
attained in the ’once a day’ gentamicin regimen. Meta-analysis of
the 10 studies involving a total of 440 infants showed a statistically
significant difference between the "once a day’ and the ‘multiple
doses a day’ gentamicin regimens with higher peak levels attained
in the ’once a day’ regimens (MD 2.58, 95% CI 2.26 to 2.89;
10 trials; N = 440). Analysis showed significant heterogeneity and
hence should be interpreted with caution.

Actual trough levels (mean and SD) attained (ug/ml)
(Outcome 1.8)

Trough levels are defined as levels measured prior to within one
hour of giving any dose of gentamicin (except the initial dose)
(Analysis 1.8). All studies except Solomon 1999 reported this out-
come. All studies except Hagan 2002 and Hayani 1997 showed
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statistically significant lower trough levels in the *once a day’ com-
pared to the 'multiple doses a day’ gentamicin regimens. Meta-
analysis of all the studies showed statistically significant lower
trough levels in the once a day’ regimen versus the ‘multiple doses
aday’ gentamicin regimen (MD —0.57, 95% CI —0.69 to —0.44;
10 trials; N = 440). Analysis showed significant heterogeneity and
hence should be interpreted with caution.

Subgroup analysis of intramuscular gentamicin

Hayani 1997 and Hagan 2002 used gentamicin intramuscularly
in some of their study infants. Separate data for the intramuscu-
lar gentamicin was not available from Hagan 2002. Hayani 1997
reported the outcomes on four infants with "once a day’ gentam-
icin, but combined the data for intramuscular and intravenous
gentamicin in the ‘multiple doses a day’ regimen because there
was no significant difference in the pharmacokinetic parameters
between these groups. The peak gentamicin levels in the ’once a
day’ group were significantly higher (P < 0.05) than the ‘multiple
doses a day’ group (11.2 £ 2.0 pg/ml versus 6.6 = 1.3 pg/ml). The
trough levels were significantly lower (P < 0.05) in the ’once a day’
group compared to the ‘multiple doses a day’ group (1.1 £ 0.3 pg/
ml versus 1.7 + 0.5 pg/ml).

Subgroup analysis of infants with proven sepsis

As previously noted, very few infants had proven sepsis in the
included studies. In the de Alba Romero 1998 study, 14 infants
(42%) in the ’once a day’ group and 15 infants (47%) in the ‘mul-
tiple doses a day’ group had bacteriological sepsis. All infants had
clearance of sepsis in both groups. Only one infant had proven
sepsis in the study by Hayani 1997; the outcome of this infant
was not reported. Two infants had proven Gram-positive sepsis in
the study by Kosalaraksa 2004, one in each group of the ‘once a
day’ and the ‘multiple doses a day’ regimen; however, they were ex-
cluded from analysis. Hagan 2002’s study reported that all five in-
fants with proven bacteriological sepsis in the *once a day’ gentam-
icin group responded by clearance of sepsis. There were no cases
of proven sepsis in the ‘multiple doses a day’ gentamicin group.
Miron 2003 had one infant in each group with proven sepsis; both
infants had clearance of sepsis after institution of antibiotic ther-
apy. Meta-analysis of all the studies did not show significant dif-
ference between the two groups (typical RD 0.00, 95% CI —0.19
t0 0.19); 3 trials, N = 36). Other outcomes were not reported for
this subgroup of infants.

Subgroup analysis of infants less than 32 weeks’ gestation

de Alba Romero 1998 had seven infants with gestational age less
than 32 weeks; all were treated for suspected sepsis. All infants in
both groups achieved peak levels of more than 5 pg/ml. Three out
of five infants in the ’once a day’ group had toxic trough levels
of more than 2 pg/ml. Both infants in the ‘multiple doses a day’

regimen had toxic trough levels of more than 2 pg/ml. No other
study enrolled infants of less than 32 weeks’ gestation.

Subgroup analysis of infants in whom loading dose was used
in both ’once a day’ and 'multiple doses a day’ regimen

None of the studies used a loading dose of gentamicin in both the
study and control regimens.

Sensitivity analysis by excluding studies where trial participants
were of extremely low gestational age could not be done because
no studies included such infants.

DISCUSSION

Summary of main results

The outcome of 574 neonates from 11 RCTs comparing "once a
day’ versus ‘multiple doses a day’ gentamicin have been reported
in this review. For the primary outcome of ’Clearance of proven
sepsis’, there was no statistically significant difference between the
‘once a day’ and ’'multiple doses a day’ regimens of gentamicin.
Both treatment regimes were successful at treating infants with
proven sepsis. However, the numbers were too small to arrive at
definite conclusions. This is as expected because only a very small
percentage of neonates with suspected sepsis have a culture-pos-
itive infection (Stoll 1996a; Stoll 1996b). For the primary out-
comes of ’Failure to attain peak levels of at least 5 pg/ml’, and "Fail-
ure to achieve trough levels of < 2 pg/ml’, meta-analysis showed
a statistically significant difference favouring the ’once a day’ gen-
tamicin group. ’Once a day’ gentamicin was associated with lower
pharmacokinetic failure rates than the ‘multiple doses a day’ regi-
men.

For the secondary outcomes of ’Actual peak levels' and ’Actual
trough levels’ attained, meta-analysis showed that a ’once a day’
regimen achieved higher peak levels and lower trough levels com-
pared to a ‘'multiple doses a day’ regimen. However significant het-
erogeneity was noticed for these two outcomes and therefore these
results need to be interpreted with caution. Heterogeneity was ex-
plored by re-checking entered data and by excluding individual
studies one at a time. Individual trials were studied in detail to
explore the cause of heterogeneity. Krishnan 1997, Solomon 1999
and Miron 2003 enrolled infants of more than 32 weeks’ gestation.
Hayani 1997, Thureen 1999, Chotigeat 2001, Hagan 2002 and
Kosalaraksa 2004 enrolled infants of more than 34 weeks gesta-
tion. Agarwal 2002 enrolled infants whose birth weight was 2500
g or above regardless of gestation age. Skopnik 1992 enrolled only
full-term neonates. de Alba Romero 1998 enrolled infants with
birth weight of 1200 g or above. These differences in gestational
age and birth weight might have contributed to heterogeneity. All
studies used a similar dose of gentamicin (4 to 5 mg/kg/day). Tim-
ing of collection of the blood samples for trough levels was the
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same in all the studies (within 30 minutes of administration of the
next dose). Samples for peak levels were collected between 30 to
60 minutes after administration of the dose. The day of therapy on
which samples were collected varied between day one to day five;
this variation in the day and time of collection of the samples may
also have led to heterogeneity. Hagan 2002 and Hayani 1997 used
gentamicin both intramuscularly and intravenously; however, sig-
nificant heterogeneity still remained even when these two studies
were excluded from the meta-analysis. Results remained the same
when data were re-analysed using a random-effects model instead
of a fixed-effect model.

de Alba Romero 1998 reported less nephrotoxicity in the "once a
day’ gentamicin regimen compared to the ‘multiple doses a day’
regimen. They measured urinary levels of N-Acetyl-Beta-D-glu-
cosaminidase as the marker of nephrotoxicity. All other seven stud-
ies found no difference in the risk of nephrotoxicity between "once
aday’ and 'multiple doses a day’ gentamicin regimens. In a prospec-
tive study, Nielsen 2009 evaluated the use of cystatin C along
with serum creatinine as a marker of gentamicin clearance and
concluded that neither of them correlated with gentamicin clear-
ance. They also concluded that serum creatinine and cystatin C
were not predictive markers of renal function in their population
set (Nielsen 2009). Coscia 2008 evaluated the nephrotoxic effects
of ’once a day’ netilmicin with multiple doses a day in preterm
neonates (GA < 37 weeks). The ’once a day’ regimen had the same
low rates of nephrotoxicity as multiple doses a day, suggesting
the possible advantages of the "once a day’ regimen. An RCT in
adults measured urinary alanine aminopeptidase (AAP) and N-
Acetyl-Beta-D-glucosaminidase (NAG) as markers of nephrotox-
icity and found that ’once a day’ tobramycin was less nephro-
toxic than a ‘multiple doses a day’ regimen (Olsen 2004). Accu-
rately evaluating nephrotoxicity within a neonatal population re-
mains challenging as renal function undergoes rapid maturation
in the early weeks after birth and preterm neonates have an ini-
tial rise in creatinine (Blackburn 1994; Kent 2014). The GFR
increases rapidly at birth and doubles during the first few weeks
after birth (Blackburn 1994). Therefore, using creatinine or GFR
to determine aminoglycoside-induced nephrotoxicity may be sub-
optimal in neonates. As proximal tubule toxicity is the primary
mechanism of aminoglycoside nephrotoxicity, urinary biomark-
ers have been used to measure nephrotoxicity. However, the clin-
ical significance of raised urinary levels associated with normal
plasma creatinine levels and normal urine output is unknown
(Kent 2014). McWilliams 2012 studied urinary kidney injury
molecule 1 (KIM-1) and other biomarkers in neonates receiving
gentamicin therapy. Although univariate analysis indicated sig-
nificant association between aminoglycoside toxicity and urinary
KIM-1, urinary N-Acetyl-Beta-D-glycosaminidase, and urinary
neutrophil gelatinase-associated lipocalin, in multivariate analy-
sis only urinary KIM-1 elevation was significantly correlated with
aminoglycoside treatment, whereas other urinary biomarkers fell
out of significance.

Only five studies assessed, and four studies reported, auditory tox-
icity. No difference was noted between the two groups. Vestibu-
lar toxicity was not assessed in any of the studies possibly due
to difficulties assessing vestibular function in neonates. Our re-
sults are similar to the findings of the systematic review by Kent
2014, (gentamicin (n) = 577) that found no clear association be-
tween peak or trough levels and ototoxicity in neonates. In that
review, 22 children (3.8%) were identified as having gentamicin
ototoxicity but the authors hypothesized the possibility of a poten-
tial overestimation as no repeat tests were performed for verifica-
tions following an initial failed hearing screen. Setiabudy 2013 as-
sessed hearing function in neonates with sepsis receiving 24 to 48
hourly aminoglycides using an otoacoustic emission instrument
and found no relationship between trough levels and ototoxoc-
ity. Similary, El-Barbary 2015 compared NICU neonates receiv-
ing ’once a day’ gentamicin to no gentamicin and found that the
incidence of hearing loss is comparable in each arm; and longer
duration (> 5 days) had no impact on their findings. While these
findings are reassuring, it is important to exercise caution and use
gentamicin only for the minimum duration possible in neonates.
In children, the chances of gentamicin ototoxicity is reported to be
greater in those who receive the drug for a longer duration (Kent
2014). The limitations of the included studies in our review were
lack of long-term follow-up testing and failure to take into account
other potential risk factors such as concomitant use of ototoxic
agents.

A’once a day’ gentamicin regimen requires less pharmacy prepa-
ration time and less nursing administration time. Thureen 1999
evaluated the cost-effectiveness analysis of once a day’ gentamicin
among neonates and found that a ’once a day’ gentamicin regimen
was more cost effective than a ‘multiple doses a day’ regimen. Indi-
vidualized dosing regimens may be ideal, but are more expensive
as they require more frequent measurement of gentamicin levels.
Measurement of gentamicin levels is the major contributor to the
expense of administering this relatively inexpensive drug (Thureen
1999; Bajaj 2004). As the great majority of infants treated with
gentamicin are treated only for a short time (48 to 72 hours) until
deep infection is excluded, this would increase the cost and com-
plexity of their care with no clinical benefit. Therefore, the use of
a reliable dosage regimen which then ensures maximum pharma-
cokinetic efficacy would be beneficial. Although our review was
unable to demonstrate superior clinical efficacy of ’once a day’
gentamicin, the superiority of "once a day’ gentamicin in achieving
less pharmacokinetic failures suggested therapeutic drug monitor-
ing may not be required if gentamicin is used for a short time.
Five out of seven infants of less than 32 weeks’ gestation developed
toxic trough levels of more than 2 pg/ml. This occurred in both
‘once a day’ and ‘multiple doses a day’ regimens indicating that
even a’once a day’ regimen may also be toxic in preterm neonates.
The possible explanation is that very preterm infants have lower
glomerular filtration rates and hence clear gentamicin more slowly
than the more mature infants. In a recent retrospective study of
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993 newborn infants, more than 20% in a group of preterm in-
fants born between 28 and 31 weeks of gestation receiving ’once
a day’ gentamicin had an elevated trough level of more than 2
pg/ml; while infants born at less than 28 weeks and more than
35 weeks of gestation who received 36-hourly and 24-hourly gen-
tamicin respectively had very low rates of elevated trough levels.
Furthermore, indomethacin co-administration resulted in a sig-
nificantly higher median gentamicin level compared to infants of
similar gestation who did not receive indomethacin (Kénig 2015).
There are several studies evaluating factors influencing gentam-
icin pharmacokinetics in neonates. Fuchs 2014, an observational
study including 3039 neonates, found that body weight and age
are the most important factors affecting gentamicin dosage. An-
other recent population pharmacokinetics study described gen-
tamicin pharmacokinetics in the newborn and, finding creatinine
clearance a more important predictor of elimination of gentamicin
in preterm infants, proposed 48-hourly dosing for those neonates
less than 32 weeks of gestational age (Garcia 2006). Evidence is
accumulating that an extended dosing regimen of once in 36 to 48
hours may be more suitable for very preterm infants (less than 32
weeks gestation) (Rastogi 2002; Hansen 2003; Mercado 2004;
Thingvoll 2008; Garcfa 2006; Konig 2015; Lulic-Botica 2013;
Valitalo 2015; Fullas 2011).

Overall completeness and applicability of
evidence

There is some evidence to support the use of ’once a day’ dosing
of gentamicin in neonates.

Quality of the evidence

Overall, the quality of evidence was considered to be moderate
on GRADE analysis, given the small sample size and unclear/high
risk of bias in some of the domains in a few of the included studies.

Potential biases in the review process

None to our knowledge.

Agreements and disagreements with other
studies or reviews

The findings of this review are similar to the meta-analysis in
neonates, older children and adults in that ’once a day’ gentamicin
appears to be comparable in its clinical efficacy, nephrotoxicity
and ototoxicity to that of ‘multiple doses a day’ (Barza 1996;

Contopoulos-loannidis 2004; Bailey 1997; Ali 1997; Munckhof
1996; Nestaas 2005).

AUTHORS’ CONCLUSIONS

Implications for practice

There is insufficient evidence from the currently available RCTs
to conclude whether a ’once a day’ or a ‘multiple doses a day’ reg-
imen of gentamicin is superior in treating bacteriologically con-
firmed neonatal sepsis. However, the pharmacokinetic properties
of a ’once a day’ gentamicin regimen are superior to ‘multiple
doses a day’ gentamicin in that it achieves higher peak levels while
avoiding toxic trough levels. There appear to be no differences in
nephrotoxicity or auditory toxicity. Hence a ’once a day’ regimen
may be superior in treating neonatal sepsis in neonates of more
than 32 weeks’ gestation.

Implications for research

Studies comparing the 'multiple doses per day’ and ’one dose
per day’ regimens for microbiologically confirmed sepsis requiring
prolonged antibiotic therapy need to be done to confirm if the
pharmacokinetic benefits translate into clinical efficacy and safety.
It is also important to follow such neonates long term to find out
the effects on hearing and speech.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Agarwal 2002
Methods Randomised controlled trial; single centre; USA
Participants N = 44. Infants with BW > 2500 g, age < 7 days, Apgar scores of > 5 at 5 minutes,
suspected systemic or focal bacterial infection. Exclusion criteria were history of perinatal
asphyxia, shock or cardiorespiratory arrest, seizures, anomalies of the kidney or major
congenital anomalies incompatible with life and evidence of neuromuscular disorder.
’Once a day’ gentamicin: N = 20.
’Multiple doses a day’ gentamicin: N = 21.
3 infants excluded after enrolment. Mean BW 3302 + 674 g in 'once a day’ vs 3387 =
526 g in ’Multiple doses a day’ gentamicin group. All infants were enrolled within the
first 24 h after birth
Interventions ’Once a day’ gentamicin group were given gentamicin at 4 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h.
Gentamicin was infused over a period of 30 min with a metered syringe pump using
micropore tubing.
All infants were treated concomitantly with ampicillin.
Outcomes Blood for peak serum gentamicin was drawn 30 min after completion of the gentamicin
infusion; and for trough concentration, 30 min prior to the start of gentamicin infusion.
Trough and peak SGCs drawn with the dose at 48 h were considered to reflect steady
state. Other outcomes that were measured were urine output, serum creatinine, creatinine
clearance and hearing screen test prior to discharge
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer generated numbers
bias)
Allocation concealment (selection bias) Low risk Using sealed envelopes
Blinding (performance bias and detection Low risk Measurement of peak and trough level are

bias)

All outcomes

unaffected by knowledge of types of dosing

regimen
Incomplete outcome data (attrition bias) ~ Low risk Only three infants were excluded after en-
All outcomes rolment
Selective reporting (reporting bias) Low risk Predetermined outcome measures reported
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Agarwal 2002  (Continued)

Other bias

Low risk Appear to be free of other source of biases

Chotigeat 2001

Methods

Randomised controlled trial; single centre; Thailand

Participants

N = 54. Infants with BW > 2000 g, age < 7 days, gestational age > 34 weeks, Apgar scores
> 4 at 1 min and 6 at 5 min, suspected or proven bacterial infection. Exclusion criteria
were allergy to aminoglycoside, congenital anomalies, renal failure and neuromuscular
disorder. ’Once a day’ gentamicin: N = 27.

’Multiple doses a day’ gentamicin: N = 27. Mean gestational age in "once a day’ group
was 38.44 + 2.12 weeks vs 38.37 + 2.12 weeks in ‘multiple doses a day’ gentamicin
group. Mean BW 2924 + 597 g in ’once a day’ vs 2987 + 656 g in ‘multiple doses a day’
gentamicin group. Postnatal age in ’once a day’ group was 0.94 + 1.22 days vs 1.43 + 1.
25 days in ‘multiple doses a day’ gentamicin group

Interventions

’Once a day’ gentamicin group were given gentamicin at 4 to 5 mg/kg/dose once every
24 h. ’Multiple doses a day’ gentamicin group were given gentamicin at 2 to 2.5 mg/kg/
dose every 12 h.

Gentamicin was given as a intravenous infusion over 30 min.

Outcomes

In’once a day’ gentamicin group blood was drawn for peak serum concentration within
30 min after completion of 3rd dose; and the trough blood sample was drawn within
30 min prior to the 3rd dose. In ’multiple doses a day’ gentamicin group blood was
drawn for peak serum concentration within 30 minutes after completion of 5th dose;
and the trough level blood sample was drawn within 30 min prior to the 5th dose. Other
measured outcomes were serum creatinine level on day 1, day 3 and on the day when

gentamicin was discontinued

Notes

Additional information and methodology were clarified by the authors

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Insufficient information about the se-
quence generation process

Allocation concealment (selection bias) Low risk Using sealed envelopes
Blinding (performance bias and detection Low risk Outcome assessors were blinded to the in-
bias) tervention
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk All 54 eligible infants were included in the
All outcomes analysis
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Chotigeat 2001  (Continued)

Selective reporting (reporting bias)

Low risk Included all prespecified outcomes

Other bias

Low risk Appears to be free of other sources of bias

de Alba Romero 1998

Methods

Randomised controlled trial; single centre; Spain

Participants

N = 80. Inclusion criteria were BW > 1200 g, with suspected sepsis. Exclusion criteria
were known renal impairment (serum creatinine > 1.2 mg/dl), severe neonatal asphyxia
and unavailability of blood samples. ’Once a day’ gentamicin: N = 33.

’Multiple doses a day’ gentamicin: N = 32. Mean gestational age in "once aday’ gentamicin
group was 35.5 £ 3.4 weeks vs 36.2 £ 2.9 weeks in ‘multiple doses a day’ group. Mean
BW in ’once a day’ group was 2407 + 757 g vs 2525 + 730 g in ‘multiple doses a day’

group

Interventions

’Once a day’ gentamicin group were given gentamicin at 5 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h. Gentamicin was given as intravenous infusion over 60 min. All patients received
ampicillin concomitantly

Outcomes

The peak serum gentamicin level was measured 60 min after completion of the infusion
on the 4th day of treatment. Trough levels were measured immediately before the ad-
ministration of the dose on 4th day of treatment. Other outcomes that were measured
were urinary N-Acetyl-Beta-D-glucosaminidase:creatinine ratio within the first 2 days
and on the 7th day of treatment, serum creatinine on the 4th day of treatment

Notes

Additional information and methodology were clarified by the authors

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Neonates were randomized to treatment
with gentamicin Smg/kg either once daily,
or in twice divided doses.”

The sequence generation process not de-

scribed.

Allocation concealment (selection bias) Low risk Using sealed envelopes.

Blinding (performance bias and detection Low risk Outcome assessors were blinded to the in-
bias) tervention.

All outcomes

Incomplete outcome data (attrition bias) ~ High risk Only 65 out of the 80 completed the study.
All outcomes
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de Alba Romero 1998 (Continued)

Selective reporting (reporting bias)

Unclear risk “Clinical efficacy was determined in both
groups by clinical evaluation by customary
evaluations” It is unclear how this was done

Other bias Low risk Appears to be free of other biases.
Hagan 2002
Methods Randomised controlled trial; single centre; Australia
Participants N = 100. Infants of gestational age more than 33 weeks, age < 7 days and presumed
sepsis. Exclusion criteria were BW < 2000 g, history of significant asphyxia, congenital
malformation and antenatal diagnosis of renal tract abnormalities. ’Once a day’ gentam-
icin: N = 46.
’Multiple doses a day’ gentamicin : N = 50. Median gestational age in "once a day’ group
was 38 (36 to 40 ) weeks vs 39 (35 to 40) weeks in ‘multiple doses a day’ gentamicin
group. Median BW in ’once a day gentamicin’ group was 3400 (2614, 3720) g vs 3130
(2560, 3750) g in ‘multiple doses a day’ gentamicin group. Postnatal age in "once a day’
gentamicin group was 0 (0, 1) vs 1 (1, 2) days in ‘multiple doses a day’ gentamicin group
Interventions ’Once a day’ gentamicin group were given gentamicin at 5 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
18 h. Gentamicin was given either intravenously or intramuscularly
Outcomes In’once a day’ gentamicin group blood was drawn for peak serum concentration within
30 minutes after completion of 3rd dose; and the trough blood sample was drawn within
30 minutes prior to the 3rd dose. In ‘multiple doses a day’ gentamicin group blood was
drawn for peak serum concentration within 30 minutes after completion of 3rd dose; and
the trough level blood sample was drawn within 30 minutes prior to the 3rd dose. Other
outcomes that were measured were daily serum creatinine estimation and otoacoustic
emission tests 12 h before the first dose and after the third dose of gentamicin
Notes Additional information and methodology were clarified by the authors
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated numbers
bias)
Allocation concealment (selection bias) Low risk Using sealed envelopes
Blinding (performance bias and detection Low risk Lab personnel and the people performing

bias)

All outcomes

hearing tests were blinded to the allocations
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Hagan 2002  (Continued)

Incomplete outcome data (attrition bias)
All outcomes

High risk Gentamicin levels were done in only 65 out
of 100 infants. Otoacoustic emission test
was done in only 59 infants. Serum crea-
tinine levels were measured in 93 infants.
Four infants were excluded because of with-

drawal of parental consent

Selective reporting (reporting bias)

Unclear risk Information available only in abstract

form.
Other bias Unclear risk Information available only in abstract
form.

Hayani 1997

Methods Randomised controlled trial; single centre, USA

Participants N = 31. Infants of gestational age > 34 weeks, age < 24 h with suspected sepsis or focal
bacterial infection, BW > 2000 g and Apgar score of 7 or more at 5 min. Exclusion
criteria were history of cardiopulmonary arrest, shock, seizures, congenital malformation
incompatible with life anomalies of kidney or ear, or presence of neuromuscular disorder.
’Once a day’ gentamicin: N = 11.
’Multiple doses a day’ gentamicin: N = 15. Overall mean gestational age was 39.1 (35
to 41) weeks. Mean BW was 3200 (2100 to 4500) g

Interventions ’Once a day’ gentamicin group were given gentamicin at 5 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h. Gentamicin was given either intravenously or intramuscularly

Outcomes Serum gentamicin levels were measured on day 3 of life. Peak serum gentamicin levels
were obtained 30 minutes after the end of intravenous dose or 60 minutes after an intra-
muscular dose. Trough levels were obtained 30 minutes before the dose. Other outcomes
measured were urine output, serum creatinine, serum electrolytes, blood urea nitrogen,
urine sodium, urine creatinine, urine beta-2 microglobulin levels and glomerular filtra-
tion rate

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “subjects were randomly assigned by clin-
) W £ ¥
ical pharmacist investigators™; insufficient

information about the sequence generation

Allocation concealment (selection bias)

Method of concealment has not been de-

scribed.

Unclear risk
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Hayani 1997  (Continued)

Blinding (performance bias and detection Low risk Outcomes measures such as peak/trough

bias)

All outcomes

serum gentamicin levels and creatinine lev-
els are not influenced by blinding

Incomplete outcome data (attrition bias)
All outcomes

High risk 5 patients treated intravenously didn’t com-
plete study. 4 infants were discharged home
before gentamicin concentration was due
for measurement. 1 infant developed hy-
potension and shock and was excluded

Selective reporting (reporting bias) Low risk All expected outcomes have been reported.
Other bias Low risk Appears to be free of other sources of bias.
Kosalaraksa 2004

Methods Randomised controlled trial; single centre; Thailand.

Participants N = 64. Inclusion criteria were BW > 2000 g, age < 7 days, Apgar score of > 6 at 5

min and suspected sepsis. Exclusion criteria were history of perinatal asphyxia, shock,
cardiopulmonary arrest, seizure, neuromuscular disorder or anomalies of kidney or ear.
’Once a day’ gentamicin: N = 33.
’Multiple doses a day’ gentamicin: N = 31. Mean gestational age in ’once a day’ gentamicin
group was 38.4 + 1.8 weeks vs 38.6 + 2.1 weeks in ‘multiple doses a day’ group. Mean
BW in ’once a day’ group was 3044 + 475 g vs 3036 + 497 g in ‘multiple doses a day’
group

Interventions ’Once a day’ gentamicin group were given gentamicin at 5 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h. Gentamicin was given as intravenous infusion over 60 min

Outcomes The peak serum gentamicin level was measured 30 min after infusion (after the 3rd dose
in’once a day’ group and the 6th dose in the ‘multiple doses a day’ group. Trough levels
were measured immediately before the 4th dose in "once a day’ group and the 7th dose in
the ‘multiple doses a day’ group. Other outcomes that were measured were urine output,
serum creatinine on day 0, 3 and 7 or on the discontinuation day

Notes Additional information and methodology were clarified by the authors

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated random numbers.

bias)

Allocation concealment (selection bias) Low risk Sealed envelopes.
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Kosalaraksa 2004  (Continued)

Blinding (performance bias and detection Low risk Outcome assessors were blinded.

bias)

All outcomes

Incomplete outcome data (attrition bias)

All outcomes

Low risk Only 3 out of the 64 study infants did not
have blood levels of gentamicin measured

Selective reporting (reporting bias)

High risk ”serum creatinine was measured on days 0,
3 and 7 or discontinuation day*: statistical
method to compare was not pre-specified
"The authors evaluated the clinical re-
sponse using inclusion point of “improve-
ment within 72 hours of treatment”:
method to define “improvement within 72
hour of treatment” not pre-defined

Other bias

Low risk Appears to be free of other sources of bias.

Krishnan 1997

Methods Randomised controlled trial; single centre; India

Participants N = 18. Inclusion criteria were neonates requiring gentamicin therapy as per unit pro-
tocol, 32 to 36 weeks’ gestation, < 96 h of age, and serum creatinine < 1 mg/dl. ’Once a
day’ gentamicin: N = 9.
Multiple doses a day’ gentamicin: N = 9. Mean gestational age was 34.1 = 1.5 weeks
in ’once a day’ gentamicin group and 34.0 + 1.9 weeks in ‘multiple doses a day’ group.
Mean BW in ’once a day’ group was 1940 + 510 g and 1739 + 527 g in 'multiple doses
a day’ group

Interventions ’Once a day’ gentamicin group were given gentamicin at 4 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h. Gentamicin was given as 1-min bolus intravenously followed by normal saline
flush of 0.5 ml

Outcomes Peak levels were collected 1 hour after the first dose and the dose given at 48 h. Trough
levels were collected just prior to the dose of gentamicin due at 48 h after the start of the
therapy. Other outcomes measured were serum creatinine

Notes Additional information and methodology were clarified by the authors

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated random numbers.

bias)
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Krishnan 1997  (Continued)

Allocation concealment (selection bias) Low risk Sealed envelopes

Blinding (performance bias and detection Low risk Outcome assessors were blinded.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk All 18 neonates were included in the results.

All outcomes

Selective reporting (reporting bias) High risk “There was no nephrotoxicity in either

groups at the end of therapy.” There was
no pre-specified analysis method to mea-
sure nephrotoxicity in the methodology

Other bias Low risk Appears to be free of other sources of bias.

Miron 2003

Methods Quasi-randomised controlled trial; single centre; Israel.

Participants N = 35. Inclusion criteria were BW > 1500 g, age < 24 h, gestational age 32 to 37 weeks
and suspected sepsis. Exclusion criteria were shock, impaired renal function and known
kidney, ear or heart malformations and metabolic disease. ’Once a day’ gentamicin: N =
17.

’Multiple doses a day’ gentamicin: N = 18.

Interventions ’Once a day’ gentamicin group were given gentamicin at 5 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12h

Outcomes The serum gentamicin levels were measured at 72 h to 96 h of therapy. The peak serum
gentamicin level was measured 30 minutes after infusion. Trough levels were measured
30 min before the next dose. Other outcomes that were measured were serum and urine
creatinine and sodium concentrations, urinary lysozyme excretion, glomerular filtration
rate and fractional excretion of sodium at 72 h to 96 h of therapy. Pure tone audiometric
evaluation was performed at 1 to 2 months of age. Brainstem-evoked response audiometry
was performed if there was suspicion on pure tone audiometry

Notes Additional information and methodology were clarified by the authors

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection High risk

Allocation based on the month of the year:

bias) single dose a day in January to March 1998;
multiple doses a day in April/May1998
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Miron 2003  (Continued)

Allocation concealment (selection bias)

High risk Allocation concealment was not achieved.

Blinding (performance bias and detection
bias)

All outcomes

Low risk Lab personnel and statisticians were
blinded to the intervention

Incomplete outcome data (attrition bias) ~ Low risk No missing outcome data.
All outcomes
Selective reporting (reporting bias) Low risk All prespecified outcomes reported.
Other bias Unclear risk Appears to be free of other sources of bias
Skopnik 1992
Methods Randomised controlled trial; single centre; Germany
Participants N = 20. Inclusion criteria were neonates with pneumonia, meconium aspiration, sus-
pected bacterial sepsis, and premature rupture of membranes > 36 h before delivery.
Exclusion criteria were gestational age < 37 weeks, BW < 2500 g, Apgar score of < 4 at
1 minute and < 6 at 5 minutes, serum creatinine > 85 micromol/l and those requiring
diuretics during the course of treatment and those who were exposed to aminoglycoside
prenatally. ’Once a day’ gentamicin: N = 10.
’Multiple doses a day’ gentamicin: N = 10. Mean gestational age in "once aday’ gentamicin
group was 39.5 £ 1.4 weeks vs 40.3 + 0.8 weeks in ‘multiple doses a day’ group. Mean
BW in ’once a day’ group was 3300 + 600 g vs 3800 + 600 g in 'multiple doses a day’
group
Interventions ’Once a day’ gentamicin group were given gentamicin at 4 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2 mg/kg/dose every
12 h. Gentamicin was given as intravenous infusion over 30 min. All infants were treated
with ampicillin concomitantly
Outcomes The pharmacokinetic profile of gentamicin was determined on the fourth day of treat-
ment. Outcomes measured were peak levels, trough levels and area under the concen-
tration time curves, urinary excretion of alanine aminopeptidase as a marker of nephro-
toxicity
Notes Additional information and methodology were clarified by the authors
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated random numbers.
bias)
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Skopnik 1992 (Continued)

Allocation concealment (selection bias)

Unclear risk Insufficient information to allow a definite

judgement.
Blinding (performance bias and detection Low risk Outcome measures unlikely to influence
bias) outcome measures.
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk No missing outcome data.
All outcomes
Selective reporting (reporting bias) Low risk All prespecified outcomes reported.
Other bias Low risk Appears to be free of other biases.

Solomon 1999

Methods

Randomised controlled trial; single centre; India

Participants

N = 73. Inclusion criteria were gestational age > 32 weeks, with suspected or confirmed
sepsis. 48 term and 25 preterm infants were included. ’Once a day’ gentamicin: N = 37.
’Multiple doses a day’ gentamicin: N = 36. Among preterm infants, the mean gestational
age in once a day’ gentamicin group was 34.2 + 1.1 weeks vs 33.0 £ 0.7 weeks in ‘multiple
doses a day’ group. Mean BW in “once a day’ group was 1919 + 255 gvs 1830 + 184 ¢
in ‘multiple doses a day’ group. Among term infants, the mean gestational age in ’once
a day’ group was 39.2 = 1.4 weeks vs 39 = 1.3 weeks in ‘multiple doses a day’ group.
Mean BW in ’once a day’ group was 2935 + 552 g vs 2968 + 613 g in ‘'multiple doses a
day’ group

Interventions

’Once a day’ gentamicin group were given gentamicin at 4 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h. Gentamicin was given as intravenous infusion over 30 min followed by normal
saline flush

Outcomes

The peak serum gentamicin level was measured 60 min after completion of the infusion
of the 2nd dose of gentamicin. Trough levels were measured 30 min before the admin-
istration of the 2nd dose of gentamicin

Notes

Risk: of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Babies in each groups were randomly as-

signed to receive injection gentamicin at a
dose of...”

Allocation concealment (selection bias)

Unclear risk No method of concealment described.
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Solomon 1999  (Continued)

Blinding (performance bias and detection Low risk Outcome measurements unlikely to be ef-

bias) fected by blinding.

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk All 73 patients analysed.

All outcomes

Selective reporting (reporting bias) Low risk Pre-specified primary outcomes have been
reported.

Other bias Low risk Appears to be free of other biases.

Thureen 1999

Methods

Quasi-randomised controlled trial; single centre; USA. Dose schedules were rotated on
a monthly basis

Participants

N = 55. Inclusion criteria were gestational age > 34 weeks, postnatal age < 7 days, Apgar
scores of > 4 at 1 minute and > 6 at 5 minutes respectively, urine output > 0.5 ml/kg/
hour in the first 24 h of life or > 1 ml/kg/h in the second 24 h of life and absence of
inotropic support. ’Once a day’ gentamicin: N = 27.

’Multiple doses a day’ gentamicin: N = 28. Mean gestational age in ’once a day’ gentamicin
group was 37.8 + 2.1 weeks vs 36.9 + 2.6 weeks in ‘multiple doses a day’ group. Mean
BW in ’once a day’ group was 2831 + 613 g vs 2795 + 714 g in ‘multiple doses a day’

group

Interventions

’Once a day’ gentamicin group were given gentamicin at 4 mg/kg/dose once every 24 h.
’Multiple doses a day’ gentamicin group were given gentamicin at 2.5 mg/kg/dose every
12 h . Gentamicin was given as intravenous infusion over 30 min. All patients received
ampicillin concomitantly

Outcomes

The peak serum gentamicin level was measured 30 min after completion of the infusion
on day three of therapy (fifth dose of ‘multiple doses a day’ and third dose of *once a day’
gentamicin group). Trough levels were measured immediately before the administration
of the dose on day three of therapy (fifth dose of ‘multiple doses a day’ and third dose of

“once a day’ gentamicin group). Other outcome measured was cost of therapy

Notes

Additional information and methodology were clarified by the authors

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Quasi-randomised trial; dose schedules

were rotated on a monthly basis
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Thureen 1999  (Continued)

Allocation concealment (selection bias) High risk Allocation to a particular study group was

open to investigators

Blinding (performance bias and detection Low risk “Cost of labor was determined by time-

bias)

All outcomes

in motion observations of gentamicin-as-
sociated tasks”. Lack of blinding may have
influenced cost-effectiveness analyses. But
serum gentamicin concentration measure-
ment unaffected by blinding

Incomplete outcome data (attrition bias) ~ Low risk All 55 patients analysed.

All outcomes

Selective reporting (reporting bias) Low risk All prespecified primary outcomes re-
ported.
Other bias Low risk Appears to be free of other biases.

BW = birth weight
h = hour
min = minute

VS§ = versus

Characteristics of excluded studies /[ordered by study ID]

Study

Reason for exclusion

Alsaedi 2003

Not an RCT. The controls were historical. ’Multiple doses a day’ regimen was practised between
November 1999 to October 2000 and "once a day’ gentamicin regimen was used between November
2000 and October 2002. Information from the first period was gathered from retrospective chart
reviews

Alshaikh 2012

Not an RCT. This was an Observational study comparing extended interval dosing to historical data
of multiple dosing control group

Davies 1998

Not an RCT. It was a retrospective study of neonates born in the last half of 1995 who received

gentamicin
English 2004 RCT. Loading dose of 8 mg/kg was used in "once a day’ gentamicin regimen whereas no loading dose
was used in ‘multiple doses a day’ regimen
Fjalstad 2014 Not an RCT. This was an observational study comparing 24 hourly, 36 hourly and 48 hourly dosing
intervals
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(Continued)

Gonzalez Santacruz M 2008

Notan RCT. This was a retrospective study comparing the outcomes prior to and after implementation
of the change in protocol to ’once a day’ regimen

Hagen 2009

Not an RCT. This was a retrospective comparative study of two periods involving change in regimen

Hansen 2003

Not an RCT. It was an audit of use of once-daily gentamicin for preterm and term infants for the

period 31 March 1999 and 31 December 2000

Hiltron 2010

Not an RCT. This was a retrospective observational study.

Hoff 2009

Not an RCT. This was a retrospective study comparing 24-hourly gentamicin to 48-hourly dose of

gentamicin

Hossain 2009

Not an RCT. This was an observational study comparing 24-hourly and 48-hourly dosing intervals

Isemann 1996

RCT. Compared the peak and trough concentrations of gentamicin in neonates after a standard dose
or a loading dose on the first day of life

Kaspers 1998

Not an RCT. It was a retrospective and subsequently prospective descriptive study. Newborn infants
were administered gentamicin twice a day in the year 1995 and their results were analysed retrospec-
tively. Infants were administered gentamicin once a day in the year 1996

Krishnamoorthy 2013 Not an RCT. This was a retrospective study comparing 24-hourly to 36-hourly dosing intervals
Lanao 2004 Not an RCT. Retrospective study
Low 2015 Not an RCT. Observational study comparing 24-hourly to 36-houtrly dosing intervals

Lundergan 1999

Not an RCT. Information from controls were derived from retrospective chart review

Martinkova 2010

Not an RCT. This was an observational study comparing 48-houtrly , 36-hourly and 24-hourly dosing

intervals

Mercado 2004

RCT. Compared ’once a day’ to ’extended interval dosing of once in 48 hours’ regimen of gentamicin

Rastogi 2002

RCT. ’Once a day’ gentamicin regimen was compared to "once in 48 hours’ regimen of gentamicin

Semchuk 1995

RCT. Use of loading dose was compared to the regimen of no loading dose of gentamicin

Serane 2009

Not an RCT. Only patients who received "once a day’ dosage were studied. There was no comparison
group

Skopnik 1995

Not an RCT. It was an audit.

Stickland 2001 Not an RCT. It was an audit of the use of extended interval dosing method for gentamicin in neonates
Tantiprabha 2007 Not an RCT. Only patients who received ’once a day’ dosage were studied
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(Continued)

Thingvoll 2008 Not an RCT. This was an observational study. Participants were less than 28 weeks of gestation

Tiwari 2009 Data from 0 to 12 year age group were published. Relevant data from neonatal population could not
be derived from the published article. We made 3 attempts to obtain relevant data from the authors,
but authors did not respond

Yeung 2000 Notan RCT. This was an observational study including once a day’ dosing with no comparison group
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DATA AND ANALYSES

Comparison 1. All studies comparing ’once a day’ versus 'multiple doses a day’ regimen

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Clearance of proven sepsis 3 37 Risk Difference (M-H, Fixed, 95% CI) 0.0 [-0.19, 0.19]

2 Failure to achieve peak levels of 9 422 Risk Ratio (M-H, Fixed, 95% CI) 0.22 [0.11, 0.47]
at least 5 microgram/ml

3 Failure to achieve trough levels 11 503 Risk Ratio (M-H, Fixed, 95% CI) 0.38 [0.27, 0.55]
of <= 2 microgram/ml

4 Orotoxicity 5 214 Risk Ratio (M-H, Fixed, 95% CI) 1.69 [0.18, 16.25]

5 Nephrotoxicity 8 348 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Treatment failure 3 37 Risk Difference (M-H, Fixed, 95% CI) 0.0 [-0.19, 0.19]

7 Actual peak levels (pg/ml) 10 440 Mean Difference (IV, Fixed, 95% CI) 2.58 [2.26, 2.89]

8 Actual trough levels (pg/ml). 10 440 Mean Difference (IV, Fixed, 95% CI) -0.57 [-0.69, -0.44]

Analysis 1.1. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome | Clearance of proven sepsis.

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates
Comparison: | All studies comparing 'once a day’ versus 'multiple doses a day’ regimen

Outcome: | Clearance of proven sepsis

Study or subgroup Once a day Multiple doses a day Differeiicsg Weight DiﬁereF:\icS:
n/N n/N M-HFixed,95% ClI M-HFixed,95% Cl

de Alba Romero 1998 14/14 15/15 ‘ 84.5 % 00[-0.12,0.12]
Hagan 2002 5/5 171 I E— 9.7 % 0.0 [-0.64, 0.64 ]
Miron 2003 171 171 S 58 % 0.0 [-0.85,085]
Total (95% CI) 20 17 - 100.0 % 0.0 [-0.19,0.19]

Total events: 20 (Once a day), |7 (Multiple doses a day)
Heterogeneity: Chi? = 0.0, df = 2 (P = 1.00); I> =0.0%
Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 |

Favours treatment Favours control
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Analysis 1.2. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates

Outcome 2 Failure to achieve peak levels of at least 5 microgram/ml.

Comparison: | All studies comparing 'once a day’ versus ‘'multiple doses a day’ regimen

Outcome: 2 Failure to achieve peak levels of at least 5 microgram/ml

Study or subgroup Once a day Multiple doses a day Risk Ratio Weight Risk Ratio
n/N n/N M-HFixed,95% Cl M-H Fixed,95% Cl

Agarwal 2002 0/20 1721 7 40 % 035002 8.10]
Chotigeat 2001 0727 7127 = [ 206 % 007000, I.11]
de Alba Romero 1998 0/33 7132 D 210 % 0.06[0.00, 1.09]
Hagan 2002 1132 4/33 I 10.8 % 026003, 218]
Hayani 1997 o/11 2/15 - 1 59 % 027[001,506]
Kosalaraksa 2004 2/31 1/30 ] 28 % 1.94[0.19,2024 ]
Miron 2003 217 11718 —— 294 % 0.197005,0.74]
Skopnik 1992 0/10 0/10 Not estimable
Thureen 1999 1127 2/28 - 54 % 0521005 539]

Total (95% CI) 208 214 - 100.0 % 0.22 [ 0.11, 0.47 ]

Total events: 6 (Once a day), 35 (Multiple doses a day)

Heterogeneity: Chi? = 5.35, df = 7 (P = 0.62); > =0.0%

Test for overall effect: Z = 4.01 (P = 0.000061)

Test for subgroup differences: Not applicable

0.005 0.1 | 10 200
Favours ODD Favours MDD
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Analysis 1.3. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome 3 Failure to achieve trough levels of <= 2 microgram/ml.

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates
Comparison: | All studies comparing 'once a day’ versus 'multiple doses a day’ regimen

Outcome: 3 Failure to achieve trough levels of <= 2 microgram/ml

Study or subgroup Once a day Multiple doses a day Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% ClI

Agarwal 2002 0/20 4/21 T 49 % 0.12[001,203]
Chotigeat 2001 0/27 2/27 7 28% 020[001,398]
de Alba Romero 1998 8/33 13/32 ™7 14.8 % 060029, 1.24]
Hagan 2002 7132 4/33 T 44 % 1.80 [ 0.58, 5.58 ]
Hayani 1997 1711 6/15 T 57 % 023003, 1.63]
Kosalaraksa 2004 6/21 20/30 = 185 % 043[021,088]
Krishnan 1997 0/9 919 D — 10.7 % 0.05[0.00, 0.79 ]
Miron 2003 3/17 10/18 ] 109 % 0.32[0.11,096]
Skopnik 1992 0/10 0/10 Not estimable
Solomon 1999 6/37 10/36 T I14% 058024, 1.44]
Thureen 1999 0/27 14/28 D E— 160 % 0.04 [ 0.00, 0.57 ]

Total (95% CI) 244 259 * 100.0 % 0.38 [ 0.27, 0.55 ]

Total events: 31 (Once a day), 92 (Multiple doses a day)

Heterogeneity: Chi? = 15,67, df = 9 (P = 0.07); I> =43%

Test for overall effect: Z = 532 (P < 0.00001)

Test for subgroup differences: Not applicable

001 0.1 | 10 100
Favours ODD Favours MDD
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Analysis 1.4. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome 4 Ototoxicity.

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates

Comparison: | All studies comparing 'once a day’ versus ‘'multiple doses a day’ regimen

Outcome: 4 Ototoxicity

Study or subgroup Once a day Multiple doses a day Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% ClI
Agarwal 2002 0/20 0/21 Not estimable
de Alba Romero 1998 213 1711 — 100.0 % 169 [0.18, 1625 ]
Hagan 2002 0/26 0/33 Not estimable
Miron 2003 o/17 0/18 Not estimable
Thureen 1999 0727 0/28 Not estimable
Total (95% CI) 103 111 e —— 100.0 % 1.69 [ 0.18, 16.25 |
Total events: 2 (Once a day), | (Multiple doses a day)
Heterogeneity: not applicable
Test for overall effect: Z = 0.46 (P = 0.65)
Test for subgroup differences: Not applicable
0l 02 05 | 2 5 10

Favours ODD

Favours MDD
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Analysis 1.5. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome 5 Nephrotoxicity.

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates

Comparison: | All studies comparing 'once a day’ versus ‘'multiple doses a day’ regimen

Outcome: 5 Nephrotoxicity

Study or subgroup Once a day Multiple doses a day Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-H Fixed,95% ClI
Agarwal 2002 0/20 0/21 Not estimable
Chotigeat 2001 0/27 0/27 Not estimable
Hagan 2002 0/46 0/47 Not estimable
Hayani 1997 o1l 0/15 Not estimable
Kosalaraksa 2004 0/33 0/31 Not estimable
Krishnan 1997 0/9 0/9 Not estimable
Miron 2003 o/1é o/16 Not estimable
Skopnik 1992 0/10 0/10 Not estimable
Total (95% CI) 172 176 Not estimable
Total events: 0 (Once a day), 0 (Multiple doses a day)
Heterogeneity: not applicable
Test for overall effect: not applicable
Test for subgroup differences: Not applicable
0.0l 0.1 | 10 100
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Analysis 1.6. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome 6 Treatment failure.

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates
Comparison: | All studies comparing 'once a day’ versus ‘'multiple doses a day’ regimen

Outcome: 6 Treatment failure

Study or subgroup Once a day Multiple doses a day D\ffereFr?cS: Weight Diﬁerei‘cs‘;
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI

de Alba Romero 1998 0/14 0/15 * 84.5 % 00[-0.12,0.12]
Hagan 2002 0/5 0/1 - 1 97 % 00 [-0.64,0.64 ]
Miron 2003 0/1 0/1 - 58 % 00[-0.85085]
Total (95% CI) 20 17 - 100.0 % 0.0 [-0.19,0.19 ]

Total events: 0 (Once a day), 0 (Multiple doses a day)
Heterogeneity: Chi?2 = 0.0, df = 2 (P = 1.00); I> =0.0%
Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable

-1 -05 0 05 |
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Analysis 1.7. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome 7 Actual peak levels (ug/ml).

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates

Comparison: | All studies comparing 'once a day’ versus ‘'multiple doses a day’ regimen

Outcome: 7 Actual peak levels (- g/ml)

Mean Mean
Study or subgroup Once a day Multiple doses a day Difference Weight Difference
N Mean(SD) N Mean(SD) IV Fixed,95% ClI IV Fixed,95% ClI
Agarwal 2002 20 8.9 (1.5) 21 68 (1.1) —E— 152 % 2.10[129,291]
Chotigeat 2001 27 892(1.59) 27 594 (1.57) - 139 % 298[2.14,382]
de Alba Romero 1998 33 9.5 (1.7) 32 64 (1.6) = 154 % 3.10[230,390]
Hagan 2002 32 114 22) 33 7.1 (%) - 4.1 % 4.30[274,586]
Hayani 1997 I 107 (2.1) 15 6.6 (1.3) - 50% 4.10[270,550]
Kosalaraksa 2004 31 10.1 (3) 30 78 (2) - 6.1 % 230[1.02,358]
Krishnan 1997 9 656 (1.66) 9 545 (1.67) T 42 % [.11[-043,265]
Miron 2003 17 99 (4.6) 18 59 (1.9) - 1.8 9% 400 [ .64, 636]
Skopnik 1992 10 8.3 (1) 10 5.1 (08) —E— 157 % 320[241,399]
Thureen 1999 27 79 (1.6) 28 6.7 (1.1) = 187 % 120047, 1.93]
Total (95% CI) 217 223 * 100.0 % 2.58 [ 2.26, 2.89 ]
Heterogeneity: Chi2 = 34.21, df = 9 (P = 0.00008); I* =74%
Test for overall effect: Z = 16,04 (P < 0.00001)
Test for subgroup differences: Not applicable
0 2 4
Favours MDD Favours ODD
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Analysis 1.8. Comparison | All studies comparing ’once a day’ versus 'multiple doses a day’ regimen,
Outcome 8 Actual trough levels (ug/ml)..

Review:  One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates

Comparison:

Outcome:

8 Actual trough levels (- g/ml).

| All studies comparing 'once a day’ versus ‘'multiple doses a day’ regimen

Mean Mean
Study or subgroup Once a day Multiple doses a day Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI
Agarwal 2002 20 09 (03) 21 1.6 (0.6) —®— 177 % -0.70[-099,-041 ]
Chotigeat 2001 27 09 (0.35) 27 144 (049) & 285 % -054[-0.77,-0.31 ]
de Alba Romero 1998 33 1.4 (0.7) 32 22(1) = 83 % -080[-1.22,-0.38 ]
Hagan 2002 32 1.8 (1.4) 33 1.4 (09) - 45 % 040[-0.17,097]
Hayani 1997 I 1.7 (0) 15 1.7 (0) Not estimable
Kosalaraksa 2004 31 1.6 (1.1) 30 26 (12) —— 44 % -1.00 [-1.58,-042 ]
Krishnan 1997 9 1.96 (0.6) 9 276 (0.7) 4.1 % -0.80 [ -1.40,-0.20 ]
Miron 2003 17 1.55(0.55) 18 24(09) 6.1% -0.85[-1.34,-036 ]
Skopnik 1992 10 08 (02) 10 I (04) T 192% -020[-0.48,0.08 ]
Thureen 1999 27 I (05) 28 2. (1.1) 7.3% -1.00 [-1.45,-0.55]
Total (95% CI) 217 223 100.0 % -0.57 [ -0.69, -0.44 ]
Heterogeneity: Chi? = 27.26, df = 8 (P = 0.00064); > =71%
Test for overall effect: Z = 9.15 (P < 0.00001)
Test for subgroup differences: Not applicable
-0.5 0 0.5 |
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APPENDICES

Appendix |. Risk of Bias tool

The following items were entered into the 'Risk of bias™ table:

(1) Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we categorized the method used to generate the allocation sequence as:

- adequate (low risk of bias) (any truly random process e.g. random number table; computer random number generator);

- inadequate (high risk of bias) (any non random process e.g. odd or even date of birth; hospital or clinic record number);

- unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we categorized the method used to conceal the allocation sequence as:

- adequate (low risk of bias) (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

- inadequate (high risk of bias) (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth);

- unclear risk of bias.

(3) Blinding (checking for possible performance bias). Was knowledge of the allocated intervention adequately prevented during the
study? At study entry? At the time of outcome assessment?

For each included study, we categorized the methods used to blind study participants and personnel from knowledge of which
intervention a participant received. Blinding was assessed separately for different outcomes or classes of outcomes. We categorized the
methods as:

- adequate (low risk of bias), inadequate (high risk of bias) or unclear risk of bias for participants;

- adequate (low risk of bias), inadequate (high risk of bias) or unclear risk of bias for personnel;

- adequate (low risk of bias), inadequate (high risk of bias) or unclear risk of bias for outcome assessors.

In some situations there may be partial blinding e.g. where outcomes are self-reported by unblinded participants but they are recorded
by blinded personnel without knowledge of group assignment. Where needed “partial” was added to the list of options for assessing
quality of blinding.

(4) Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were incomplete
outcome data adequately addressed?

For each included study and for each outcome, we described the completeness of data including attrition and exclusions from the
analysis. We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with
the total randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across
groups or were related to outcomes. Where sufficient information was reported or supplied by the trial authors, we re-included missing
data in the analyses. We categorized the methods as:

- adequate (low risk of bias) (< 20% missing data);

- inadequate (high risk of bias) (> 20% missing data):

- unclear risk of bias.

(5) Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. We
assessed the methods as:

- adequate (where it is clear that all of the study’s pre-specified outcomes and all expected outcomes of interest to the review have been
reported);

- inadequate (where not all the study’s pre-specified outcomes have been reported; one or more reported primary outcomes were not
pre-specified; outcomes of interest are reported incompletely and so cannot be used; study fails to include results of a key outcome that
would have been expected to have been reported);

- unclear risk of bias.

(6) Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (for example, whether there
was a potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent
process). We assessed whether each study was free of other problems that could put it at risk of bias as:

- yes; no; or unclear.

If needed, we planned to explore the impact of the level of bias through undertaking sensitivity analyses.
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WHAT’S NEW

Last assessed as up-to-date: 29 April 2016.

Date Event Description
6 February 2017 Amended Added external source of support
HISTORY

Protocol first published: Issue 1, 2005

Review first published: Issue 1, 2006

Date

Event

Description

29 April 2016

New search has been performed

Search updated in April 2016. There were no new tri-
als that were eligible for inclusion. New excluded trials

added

29 April 2016

New citation required but conclusions have not changed

No change to conclusions of the review.

1 May 2015

New search has been performed

Ms Kwi Moon was added to the authorship of this review

29 June 2011

New search has been performed

This updates the review “One dose per day compared
to multiple doses per day of gentamicin for treatment of
suspected or proven sepsis in neonates” published in the
Cochrane Database of Systematic Reviews (Rao 2006).
Search updated April 2011. No new included trials. New
excluded trials added

No change to conclusion of review.

29 June 2011

New citation required but conclusions have not changed

Dr. Ravisha Srinivasjois added to the authorship of this

review

7 October 2009

New search has been performed

Converted to new review format.

One dose per day compared to multiple doses per day of gentamicin for treatment of suspected or proven sepsis in neonates (Review)

48

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



CONTRIBUTIONS OF AUTHORS
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trials, updated the table of excluded studies, and updated the risk of bias figures, the ’Summary of findings’ table and the discussion.

Shripada Rao (SR) conducted an independent literature search, assessed the potential studies for inclusion/exclusion (all subsequently
excluded) and edited the new version of the review.

Ravisha Srinivasjois (RS) conducted an independent literature search, assessed the potential studies for inclusion/exclusion (all subse-

quently excluded) and reviewed the new version of the review.
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responsible for all the above activities for the updated review.

Mohamed Ahmed (MA) was involved in data entry and analysis.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We added the methodology and plan for ’Summary of findings’ tables and GRADE recommendations, which were not included in the
original protocol or in the original review.
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