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ABSTRACT
Neonatal sepsis remains a major cause of newborn morbidity and mortalityin resource-
Keywords: limited settings, where gentamicin is widely used as empirical therapy. In Tanzania,

once-daily gentamicin (4-5 mg/kg) is recommended, but the 5 mg/kg regimen is
commonly used without routine therapeutic drug monitoring (TDM), raising concerns
about nephrotoxicity and ototoxicity. Although the 4 mg/kg once-daily regimen has
generally been associated with a lower risk of aminoglycoside-related toxicity than
higher-dose regimens, its use in Tanzania remains limited, with the 5 mg/kg regimen
more commonly employed. This variation between international evidence and local
prescribing practice highlights the importance of evaluating whether the lower-dose
regimen may offer a safer therapeutic option for Tanzanian neonates. The growing
recognition of medication-related kidney injury in children further highlights the need for
safer antimicrobial strategies. However, local evidence comparing the 5 mg/kg and 4
mg/kg regimens remains limited. This study compared the renal and auditory safety of
these regimens in term neonates. This prospective observational cohort study included
375 term neonates receivinggentamicin 5 mg/kg (n=125), gentamicin 4 mg/kg (n=125), or
ceftriaxone/cefotaxime (n=125). Renal function was assessed using serum creatinine
and urinary kidney injury molecule-1 (uKIM-1), while auditory function was evaluated
using automated auditory brainstem response (AABR). Nephrotoxicity was defined using
kidney disease: Improving Global Outcomes (KDIGO) criteria and ototoxicity as 220 dB
AABR threshold increase from baseline. Acute kidney injury (AKIl) was more frequent and
severe in the 5 mg/kg group, with stage |, I, and Il AKI occurring in 35.2%, 14.4%, and
1.6%, respectively. The 4 mg/kg group had 2.4% stage | AKI with no stage ll/1ll cases, while
no AKI occurred in the comparison group (p<0.001). Ototoxicity occurred in 4.0%
receiving 5 mg/kg, with no cases in other groups (p<0.05). The 5 mg/kg regimen was
associated with greater renal and auditory toxicity than 4 mg/kg, supporting lower-dose
strategies where TDM is unavailable.

Gentamicin, Nephrotoxicity,
Acute Kidney Injury,
Ototoxicity, Term Neonates

Introduction

Between 1990 and 2021, there has been a significant global reduction in neonatal mortality, decreasing from 38to 17 per
1,000 live births. However, sepsis continuesto be a prominent challenge, accountingfor 30-50% of neonataldeaths[1, 2].
In Tanzania, sepsis still contributes to 29% of neonatal fatalities, emphasizing the critical need for improved early -onset
sepsis management [3]. Currently, the main initial treatment for sepsis in newborns is intravenous administration of
antibiotics that target both Gram-negative and Gram-positive bacteria [4]. The World Health Organization recommends
gentamicinin combinationwith a beta-lactam such asampicillin [4]. While gentamicinremainswidely effective, providing
strong coverage against Gram-negative bacteria, ithas a narrow therapeuticindexand thus carries a risk of nephrotoxicity
and ototoxicity, particularly whentreatment extends beyond 48 hours and therapeuticdrug monitoring (TDM) is unavailable
[5, 6].In suchsituations, up to8% of exposed neonates may experience subclinicalorovert acute kidney injury (AKI), which
could lead to chronic kidney disease and/or irreversible hearing loss [7].

In Tanzania, national guidelines recommend a once-daily gentamicin regimen of 4 to 5 mg/kg in combination with
Ampicillin-Cloxacillin [8]. The 5 mg/kg dosing strategy is designed to achieve sufficient bactericidal peak concentrations
while avoiding high trough concentrations, which are associated with a high risk of nephrotoxicity and ototoxicity [9].
Traditionally, however, gentamicin has been administered at a dose of 4 mg/kg once daily. The 5 mg/kg dose is supported
by evidence from pharmacokinetic modeling, extended-interval dosing (individualized dosing intervals tailored to
gestational age and renalfunction) studies, and cohort comparisons of the 5 mg/kg and 4 mg/kg doses, showing thatthe 5
mg/kg dose achieves better peak concentrations without increasing toxicity.
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Aminoglycoside antibiotics like gentamicinexhibitconcentration-dependent killing and a post-antibiotic effect; thus, higher
peaks associated with a large once-daily dose are more effective than lower peaksachieved with smaller repeated doses.
However, some studies havereported that 5 mg/kg once-daily dosing resultsin high trough concentrations, increasingthe
likelihood of toxicity, particularly whentherapeutic drug monitoringis unavailable [10-12].Historically, the 4 mg/kgregimen
was considered safer due tolower systemic exposure; however, concerns have beenraised that this lower dose mayfail to
achieve optimal peak concentrations required for severe neonatal infections. In response to these efficacy concerns,
clinicians in many settings prefer the higher 5 mg/kg dose to the 4mg/kg dose in order to ensure adequate bactericidal
activity. Conversely, morerecent evidence suggeststhataonce-daily 4 mg/kg regimen can maintainboth peakand trough
concentrations within accepted therapeutic ranges, potentially reducing the risk of gentamicin-associated toxicity while
preserving efficacy [13-16]. Despite these findings, the lower-dose regimen remains underutilized in many local settings,
and robust comparative safety data in real-world neonatal populations remain limited.

In resource-limited settings, therapeutic drug monitoring is not routinely available, and monitoring renal function during
treatment is often challenging. Nevertheless, the 5 mg/kg once-daily dose regimenis recommended and widely used in
clinical practice. However, thisregimenhasbeen shown to be associated with high trough concentrationsin some studies,
suggesting an increased risk of nephrotoxicity and/or ototoxicity. Indeed, we have observed high peak and trough
concentrations, and associated AKl among term neonates treated with gentamicin using this approach (James et al) [10].
Although used less frequently than the 5 mg/kg regimen, the 4 mg/kg once-daily dose is also part of routine clinical
prescribing practices in some settings, typically depending on clinician judgment and patient-specific considerations.
However, comparative safety data between these dosing strategies remain limited, particularly in real-world neonatal
populations, warranting further investigation.

Therefore, this study aimed to determine theincidence of nephrotoxicity, characterized by renaltubularinjury (increasein
urinary Kidney Injury Molecule-1 concentration) or renal function decline (change in serum creatinine concentration
following gentamicinexposure), and the incidence of ototoxicity, characterized by inner-earinjury (high-frequency hearing
loss and/or balance dysfunction), amongtermneonatesreceivingonce-daily intravenous gentamicinat 4 mg/kgor 5 mg/kg.
By generating local safety data, the findings contribute to the choice of an evidence-based optimal dosing strategy,
especially inresource-limited settings.

Methods

Study design, and setting

This was a three-group prospective observational cohort study involving term neonates admitted to Mwananyamala
Regional Referral Hospital (MRRH) in Dar es Salaam with suspected sepsis, from January to March 2025. MRRH admits
approximately 400 neonates per month and is staffed by qualified and experienced healthcare providers, including
pediatricians. The facility is supported by a clinical laboratory capable of performing essential hematological and clinical
chemistry analyses, including serum creatinine measurement.

Eligible participantsreceived antibiotic therapy aspart of routine clinical care and were subsequently classified into three
groups: gentamicin5 mg/kgonce daily or gentamicin4 mg/kgonce daily plus Ampiclox (ampicillin 50 mg/kg plus cloxacillin
50 mg/kg); or a comparisongroup:receiving ceftriaxone 50 mg/kg once daily (for suspected meningitis without jaundice) or
cefotaxime 50 mg/kgtwice daily (in cases with jaundice). Following baseline assessment, all participants were followed up
for 7 days, with renaltubularinjury test (uKIM-1) performed atbaseline (and on day 2; renalfunctiontest (serum creatinine)
and ototoxicity at baseline and onday 7.

Study population and sample size estimation

The study enrolled term-neonates (gestationalage 237 weeks), as determined by last menstrualperiod, who had a clinical
diagnosis of neonatal sepsis on admission, aged 1 to 28 days, and forwhom a writteninformed consent from the mother or
care taker was obtained. Term-neonates who were severely ill in decompensated statesincluding respiratory distress,
lethargy, coma, shock, and those with hyperbilirubinemia, or requiring calcium-containing IV fluids were excluded. Also
excluded, were term-neonates with severe congenitalmalformations, exposuretonephrotoxic or ototoxic medications (for
example, vancomycin, furosemide, acyclovir, amphotericin B, and ibuprofen) or drugs with potential pharmacokinetic
interactions with gentamicin (such as phenobarbital, erythromycin, phenytoin) within 72 hours prior to admission, and
those with elevated serum creatinine or evidence of hearing loss at baseline or prior gentamicintherapywithinthe past72
hours preceding study enrollment.

Because of the lack of data on the incidence of gentamicin-induced acute kidney injury (AKI) or ototoxicity stratified by
specific gentamicin doses (5 mg/kg vs 4 mg/kg), the single-proportion formula (Fisher and Leslie method) was used to
estimatetherequiredsample size for each study group individually, assuminga cumulative incidence (risk) of 8% [7] and a
desired marginof error of 5%. Adjustingfora 10% dropout rate, the minimumsample size for each group was calculated to
be 125.
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Recruitment and drug administration

Eligible neonates were consecutively enrolled upon admission and categorized according to the antibiotic regimen they
weretoreceive as partofroutine clinical care. Treatment decisions, includingthe choice of antibiotic and gentamicindose
(5 mg/kg once daily or 4 mg/kg once daily), were made solely by the attending clinicians in accordance with standard
hospital prescribing practices, without any investigator influence or assignment.

Each participant was assigned a unique study identification number, which was used throughout the study for data
collection, analysis, and reporting to ensure confidentiality.

Gentamicin (5 mg/kg or 4 mg/kg) was administered once daily as an intravenous bolus injection. Ampiclox (ampicillin 50
mg/kg plus cloxacillin 50 mg/kg) was administered twice daily as an intravenous bolus injection. Ceftriaxone was
administeredat 50 mg/kgevery 24 hoursas aslow intravenousinjectionwhereas Cefotaxime was administered at 50 mg/kg
every 12 hours as a short intravenous infusion, according to standard neonatal dosing schedules.

Serum creatinine and urinary kidney injury molecule-1 measurement

Blood samplesfor serum creatinine measurement (0.5mL)were collected viaheelprickfrom eachparticipant at baseline,
priortoinitiation of antibiotic therapy, and onday 7 of treatment. Sampleswere collected into sterile serum separator tubes
and labeled with participant identifiers, including study number, study group, date and time of collection, and mother’s
initials, and immediately transferred to the MRRH laboratory for processing and analysis.

At the laboratory, serumwastransferred intoeppendorf microcentrifuge tubes and centrifuged at 3,000 x g for 10 minutes
to separate serum from cellular components. Serum creatinine was subsequently measured using a fully automated Erba
XL-100 clinical chemistry analyzer (Erba Mannheim, Mannheim, Germany) in accordance with standard laboratory
protocols.

Urine samples (2 mL) were collected from all participantsto measure urinary Kidney Injury Molecule-1 (uKIM-1), which
serves as a sensitive biomarker for proximaltubularinjury. Baseline urine was obtained either prior to antibioticinitiation,
if the neonate had voided into the diaper, or withinfour hours after the first antibiotic dose. Subsequent urine samplingwas
performed onday2accordingtotreatmentregimen. Inneonatesreceivinggentamicin (5 mg/kgand 4 mg/kgonce daily) and
in thosereceivingonce-daily ceftriaxone, sampleswere collected 2 hours afterthe third dose. In neonatesreceivingtwice-
daily cefotaxime, sampleswere collected 2 hours after the fifth dose. Cotton wool balls placed in the perinealregion were
used for urine collection, ensuring that fecal contaminationwas avoided. Once collected, urine was gently expressed into
sterile containers, labeled, and transferred to the laboratory immediately. The samples were then centrifuged at 2000 x g
for 10 minutes, aliquoted into 0.5 mL portions, and stored at —80°C until analysis in batches. Levels of uKIM-1 were
quantified using a validated sandwich enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN,
USA) in pre-defined batches every three days toreduce inter-assay variability and uphold analytical consistency.

Assessment of ototoxicity using automated auditory brainstem response (AABR)

Inner ear injury was assessed using Automated Auditory Brainstem Response (AABR) testing at baseline and on day 7 from
start of treatment. Automated hearingthreshold estimationwas performed under standardized conditionsin the neonatal
unit at MRRH by a trained care provider using the Sentiero Advanced system (PATH MEDICAL GmbH, Germany). Hearing
threshold shift of 220 dB from baseline was considered indicative of ototoxicity, consistent with the American Speech-
Language-Hearing Association (ASHA) ototoxicity monitoring criteria.

Data Collection

Data were collected by trained research assistants and nurses at the neonatal unit using specially designed, pretested,
case reportforms (CRF)underthe supervision of MJ. All clinical study specific datawere recorded on the CRF at the point
of collection or measurement. Data were entered into a secure electronic database using a double-entry process to
minimize transcription errors, and MJ conducted weekly random audits of a sample of CRFs to verify accuracy.

Data analysis

Data were analyzed using IBM SPSS Statistics version 27.0. Descriptive statistics were used to summarize the socio-
demographic and clinical characteristics of study participants. Categoricalvariables were presented as frequencies and
percentages, while continuousvariableswere summarized usingmedianand interquartile range (IQR), asthe datawere not
normally distributed. Baseline covariate distributions across study groups were compared using the Chi-square test or
Fisher’sexacttestfor categoricalvariables and the Kruskal-Wallistest for continuousvariables. The Wilcoxon signed-rank
testwasused tocompare pre-and post-treatment measurements withinthe same participantsfor serum creatinine, uKIM-
1 concentrations, and AABR thresholds, while the Mann-Whitney U test was used to compare nhon-normally distributed
continuousvariablesbetweentwo independent study groups, where applicable. A Generalized Estimating Equation (GEE)
linear regression modelwas used to evaluate the association between study groups and automated auditory brainstem
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response (AABR) thresholds while accounting for within-subject correlations due to repeated measurements. Statistical
significance was determined using a two-sided p-value of <0.05.

Results

A total of 493 neonates were screened for eligibility. Of these, 118 (23.9%) were excluded for various reasons, most
commonly because they had received gentamicin within three days prior to admission. Three hundred and seventy-five
neonates (76.1%) met allinclusion criteriaand none of the exclusion criteriaand were enrolled in the study, 125 on each of
the three groups of the study (Figure 1). No participants withdrew consent, died or were lost to follow-up. All participants
provided blood and urine samples at baseline and after gentamicin therapy. All participants were treated to completion
with the initially prescribed gentamicindose, with no requirement for dose escalation, treatment switching, or addition of
other antibiotics.

Screened (n =493)

Ineligible (n = 118)
- 28 premature
- 4 decompensate state
- 84 prior gentamicin treatment
- 1 on prohibited medication
- 1 had anencephaly

v

Eligible (n = 375)

b v A 4

5 mg/kg group (n = 125) 4 mg/kg group (n=125) | | Comparison group (n=125)

-ZOZo T PUDtISITe . 1 U 2020 521


https://doi.org/10.69667/amj.26336

2026;3(3):518-527

Attahadi Medical Journal

https://doi.org/10.69667/amj.26336

OPEN

ACCESS

Figure 1: Participants’ screening, eligibility and recruitment.

Baseline social demographic and clinical data
Most participants had normal birth weight and normal weight at enrolment, with no statistically significant differences
observed across the three study groups. Age distribution and APGAR scores were also comparable between groups.
However, the proportion of participants with diarrheawas significantly higherin the 5 mg/kg group compared withthe other
two study groups, while the proportionof participantswithvomitingdid not differ significantly across groups. The majority
of participantsin all three study groups were able to suck, and there was no significant difference in the proportion of
participants unable to suck. Overall, participants across the three study groups were comparable in other baseline
characteristics, including the absence of evidence of nephrotoxicity and inner-ear hearing loss, which were part of the

inclusion criteria (Table 1).

Table 1. Baseline characteristics of the study participants

Study group
Variable 5mg/kg (n=125) 4mg/kg (n=125) Comparison group p —value
Median age (IQR) (days) 8(6,11) 8(6,11) 8(6,9) 0.378
Sex, n (%)

Male 78 (62.4) 72 (57.6) 54 (43.2) 0.007

Female 47 (37.6) 53(42.4) 71 (56.8)
Median gestational age (weeks) (IQR) 38 (37, 38) 38(37, 38) 38 (37, 38) 0.962
Median birth weight in Kg (IQR) 3.0(2.8, 3.5) 3.0(2.6, 3.4) 3.0(2.6, 3.4) 0.427
Median weight at enrolment in Kg (IQR) 3.10(2.4, 3.2) 3.04 (2.4, 3.6) 3.07 (2.3, 3.8) 0.49

Weight at enrolment category, n (%)

Normal (= 2.5 kg) 100 (80.0) 96 (76.8) 101 (80.8) 0.712

Low (< 2.5kg) 25(20.0) 29(23.2) 24(19.2)
Median height in cm (IQR) 50.0(48.5, 52.0) 50.0(48.0, 52.3) 50.0(48.0, 52.8) 0.696
Median Apgar score (IQR) 8.0(7.0,9.0) 8.0(7.0, 8.5) 8.0(7.0, 8.5) 0.222

Diarrhea, n (%)

Yes 24 (19.2) 11(8.8) 7 (5.6) 0.002

No 101 (80.8) 114 (91.2) 118(94.4)

Vomiting, n (%)

Yes 27 (21.6) 24 (19.2) 26 (20.8) 0.892

No 98 (78.4) 101 (80.8) 99(79.2)

Unable to suck, n (%)

Yes 10(8.0) 14(11.2) 15(12.0) 0.548

No 115(92.0) 111 (88.8) 110(88.0)
Median creatinine (umoU/L) (IQR) 79.0(56.9, 99.1) 80.0(60.0, 100) 78.5(62.9, 100) 0.819
Median urinary KIM-1 (ng/mL) (IQR) 0.38(0.28, 0.51) 0.39(0.29, 0.50) 0.39(0.30, 0.45) 0.594
Median AABR threshold (dB) (IQR) 7.0(5.0,9.0) 7.0(4.0,9.0) 6.0(4.5,9.0) 0.389
Median baseline eGFR (IQR) 25.9(20.2, 34.5) 24.4(19.9, 33.1) 25.6(20.7, 33.3) 0.854

Tubularinjury and renal function decline (nephrotoxicity)
In the 4 mg/kg group, median (IQR) serum creatinine increased from 80.0 (60.0-100.0) umol/L at baseline to 89.0 (66.0—
120.0) pmol/L after treatment (p <0.001). Similarly, in the 5 mg/kg group, median (IQR) serum creatinine increased from
79.0 (56.9-99.1) umol/L at baseline to 127.0 (67.0-140.0) pmol/L after treatment (p <0.001). In contrast, the comparison
group showed a decrease in median (IQR) serum creatinine from 78.5 (62.9-100) pumol/L at baseline to 75 (61.0-90.0)
pmol/L after treatment (p = 0.003) (Figure 2).
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Figure 2: Changes in serum creatinine before and after treatment across study groups

Consistentwiththesefindings, elevated urinary KIM-1 levels were observed in 52.8% of neonatesinthe 5 mg/kg group, 4.0%
in the4 mg/kggroup, and none inthe comparisongroup, indicatinga higher occurrence of early renaltubularinjury among
neonates receiving the higher gentamicin dose. Similarly, elevated serum creatinine levels were observed in 51.2% of
neonates in the 5 mg/kg group, compared with 2.4% in the 4 mg/kg group and none in the comparison group (Table 2),
suggesting a dose-related effect of gentamicin on renalfunction.

Consistent with these findings, a significantly higher proportion of participants in the 5 mg/kg group developed
nephrotoxicity compared withthe 4 mg/kg group, while no participantsinthe comparisongroup developed nephrotoxicity.
Inthe 5 mg/kg group, 1.6% of participantsdeveloped subclinicalnephrotoxicity (elevated uKIM-1without a corresponding
rise in serum creatinine), whereas 51.2% developed overt nephrotoxicity (elevationsin both uKIM-1 and serum creatinine).
In contrast, inthe 4 mg/kg group, similarly, 1.6% of participants developed subclinical nephrotoxicity, whereas only 2.4%
developed overt nephrotoxicity (Table 2).

Table 2: The relationship between study group and the development of nephrotoxicity

Nephrotoxicity status
Variable None (%) Subclinical (%) Overt (%) p -value
Study group
5mg/kg 59 (47.2) 2(1.6) 64 (51.2)
amg/kg 120 (96) 2(1.6) 3(2.4) <0.001
Comparison 125(100.0) 0(0.0) 0(0.0)
The incidence of AKI

Accordingto KDIGO criteria, AKl occurred more frequently inthe 5 mg/kg group thanin the 4 mg/kg group. In the 5 mg/kg
group, 44 participants (35.2%) developed stage | AKI (1.5-1.99-fold increase in serum creatinine), 18 (14.4%) developed
stage Il (2.0-2.99-fold increase), and 2 (1.6%) developed stage lll (>3-fold increase). In contrast, only 3 participants (2.4%)
in the 4 mg/kg group developed stage | AKI, with no participantsdevelopingstagell or lll. On the other hand, no participant
developed AKlin the comparison group. All participants meeting KDIGO criteria for AKl also had elevated urinary kidney
injury molecule-1 (uKIM-1>1 ng/mL), supporting the presence of overt nephrotoxicity characterized by both tubular injury
and renal functionimpairment (Table 3). With a substantially higher incidence of AKI observed inthe 5 mg/kg group, our
findings demonstrate a clear dose-dependentincrease in gentamicin-associated nephrotoxicity in neonates exposed to
gentamicin.

Table 3: The relationship between study group and development of AKI
Acute Kidney Injury (AKI)
Variable NoAKI(%) | Stage1(%) | Stage2(%) | Stage3 (%) p-value
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Study group

5mg/kg 61 (48.8) 44 (35.2) 18(14.4) 2(1.6)

4 mg/kg 122 (97.6) 3(2.4) 0(0.0) 0(0.0) <0.001
Comparison 125(100.0) 0(0.0) 0(0.0) 0(0.0)

Changes in Automated Auditory Brainstem Response (ototoxicity)

At baseline, all study groups had low AABR thresholds consistent with normal hearing sensitivity (<25 dB). In the GEE
analysis, both gentamicin groups had slightly lower baseline AABR thresholds compared with the comparison group (5
mg/kg: cB=-2.18,95% Cl: -3.46t0-0.91, p <0.001; 4 mg/kg: cf=-1.01,95% ClI: -1.94t0-0.08, p =0.034) (Table 4).

There was a significant interaction between study group and follow-up time, indicating that changes in AABR thresholds
overtimediffered across groups. Comparedwiththe comparisongroup, participantsreceiving5 mg/kg gentamicin showed
an average increase of 2.46 unitsin AABR thresholds over time (95% CI: 1.52 to 3.39, p < 0.001), while those receiving 4
mg/kg gentamicin showed an increase of 0.98 units (95% CI: 0.67 to 1.30, p < 0.001). In contrast, AABR thresholds
decreased over timeinthe comparison group.Overall, while allgroups had normalhearingthresholds at baseline, neonates
receivinggentamicindemonstratedincreasesin AABRthresholdsovertime, indicatingreduced hearing sensitivity, whereas
the comparison group showed improvement. Notably, only neonates in the 5 mg/kg group experienced threshold shifts
greater than 20 dB from baseline, consistent with ASHA-defined ototoxicity.

Table 4: Association between study group and AABR thresholds from GEE analysis

Variable cB 95% ClI p -value
Time of follow up -0.64 -0.94--0.34 <0.001
Study group
5 mg/kg -2.18 -3.46--0.91 <0.001
4mg/kg -1.01 -1.94--0.08 0.034
Comparison Ref
Study group * Time of follow up
5mg/kg 2.46 1.52-3.39 <0.001
4mg/kg 0.98 0.67-1.30 <0.001
Comparison Ref

Key: cB = Beta coefficient; Cl = confidence interval; Ref = reference category

Note: Coefficients represent differences in AABR thresholds (dB). The comparison group was used as the reference category. The study
group coefficients reflect baseline differences relative to the comparison group. The interaction term (study group x time of follow-up)
represents differences in the change of AABR thresholds over time between groups. Positive coefficients indicate an increase in AABR
thresholds (worsening hearing sensitivity), while negative coefficients indicate lower thresholds (better hearing sensitivity). Statistical
significance was set at p < 0.05.

The incidence of Ototoxicity

Following treatment, 5/125 (4.0%) of neonates in the 5 mg/kg group exhibited elevated AABR thresholds consistent with
ASHA-defined ototoxic change, whereas all participants in the 4 mg/kg group and the comparison group remained within
normal limits. These findings suggest a possible dose-related effect of gentamicinon ototoxicity, withthe 5 mg/kgregimen
associated with a higher observed risk.

Discussion

Guideline recommended dosing of gentamicin in neonates is between 4mg/kg and 5mg/kg once daily. There is
pharmacokinetic evidence tosuggestthatthe5mg/kg dose resultsinto high peak concentrationsthatare criticalfor efficacy
while maintainingtrough concentrationsthat are not high enoughto causetoxicity. These are considered to be advantages
of this dosage regimen over the traditional4mg/kg, which is thought not to guarantee high enough peaks for efficacy.
Experience in Tanzania show that the 5mg/kgis preferred and prescribed more often than the 4mg/kg. However, in some
studiesthe 5mg/kgdose has been shown toresultsintotroughconcentrationsin the toxicity range associated with AKI[10-
12].

Despitethis, directcomparative evidenceremains limited. This study addressesthisgap by providinga head -to-head safety
evaluation of the two dosing strategies in a real-world neonatal population where nephrotoxicity and ototoxicity risk
associated with once-daily intravenous gentamicin administered at 5 mg/kg and 4 mg/kg alongside a comparison group
receivingnon-nephrotoxic antibiotics has beenassessed. Although available evidence favors the 5mg/kg daily dose as the
effective and safe approach, data from our study show that this may not apply in every setting. We have observed a
significantly higher risk of renal tubularinjury and renalfunctiondecline in the 5mg/kgthanin the 4mg/kgdose. Similarly, a
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higher proportion of neonates receiving the 5 mg/kgdose developed increasesin serum creatinine consistent with KDIGO
stage | AKI compared with those receiving 4 mg/kg.

These findings align with previous reports linking elevated gentamicin trough concentrations (>2 pg/mL) to nephrotoxicity
in neonates, particularly when therapy extends beyond 48 hours and the dosing not tailored to serum creatinine or
therapeutic drug monitoring [5, 7]. The mechanistic basis for this toxicity is well established: gentamicin undergoes
glomerular filtration and accumulates within proximal tubular epithelial cells through receptor-mediated endocytosis,
where it triggers oxidative stress, lysosomal rupture, and apoptotic or necrotic tubular cell death [17, 18]. The dose-
dependent pattern of nephrotoxicity observedinthis study mirrors prior clinicalobservationsbyJameset al. [10] and Hayani
etal.[11],underscoringthe need for looking into an optimalextended-intervaldosing strategy for resource-limited settings.
In contrast, neonates who received 4 mg/kg gentamicin exhibited a modest, but statistically significant, serum creatinine
increase, with only 2.4% meetingthe KIDGO Stage | AKI criteria. This markedly lower incidence compared withthe 5mg/kg
dose, demonstrates a safer renal profile at the reduced dose, consistent with pharmacokinetic evidence highlighted by
Krishnan and George [13], Shabujet al. [14], Serane et al. [15] and Saad [16], supporting 4 mg/kg regimens to balance
antimicrobial efficacy and toxicity risk.

However, reliance onserum creatinine alone may underestimate early renalinjury in neonates, giventheir low muscle mass
and the confounding influence of maternalcreatinine transfer [19]. To address this limitation, uKIM-1 was concurrently
measured. Followingtreatment, about51% of neonatesinthe 5 mg/kg group showed early proximaltubularinjury preceding
or accompanying renalfunction decline. In the 4 mg/kg group, only about 2 % of the neonates had early proximal tubular
injury supporting better renal safety of the lower dosing regimen. While serum creatinine reflects functional impairment,
uKIM-1detectsstructuraltubularinjury atanearlier stage, potentially providingan opportunity for timely intervention before
irreversible damage occurs [20].

None of the neonates in the comparisongroup developed early proximaltubularinjury, suggestingthat the observed renal
impairment in the gentamicin-treated groups was most likely gentamicin-induced rather than attributable to systemic
illness or supportive neonatal care. This stability supports an association between gentamicin exposure and renalinjury.
In conclusion, these findings confirm thatin some settingsthe 5 mg/kg dosing may carry morerisk for nephrotoxicity, while
4 mg/kg dosing offers a saferrenal profile. This meansthatin the setting of limited therapeutic drug monitoring, the 4mg/kg
daily doseis the safer option, and when the 5mg/kg dose is chosen, the dosing intervalshould be tailored to gestationalage
and baseline serum creatinine clearance (with extended-intervaldosingin mind, 36 to 48 hoursin some circumstances)in
order to lower the overall exposure of the kidneys and inner ear to the drug.

This study also evaluated potential ototoxic effects of once-daily intravenous gentamicin using individual level AABR
threshold changes (ASHA) following gentamicin exposure. While the neonates in the comparison group showed
improvementin AABR threshold after treatment, 4% of the neonates on gentamicin 5mg/kg dose showed ototoxicity, and
in all of the participantsonthe gentamicin4mg/kg dose, AABR threshold remained withinnormallimit and thus, developed
no ototoxicity. Alsothis confirms a dose-dependent ototoxicity associated with gentamicinexposure. Withthisregard, the
4mg/kg dose also appears to be safer than the 5mg/kg dose.

Our findings are consistent with prior studies by Naeimi et al. [21] and Vella-Brincat et al. [22], which reported increased
hearing impairment in neonates receiving gentamicin doses exceeding 4 mg/kg daily, as measured by auditory evoked
potentials. Similarly, El-barbary et al. [23] demonstrated that ototoxicity risk increases with higher cumulative gentamicin
exposure and elevated serum peak and trough concentrations. Conversely, studies supporting 4 mg/kg dosing regimens,
including those by Baggio et al. [24] and Rameshsankar et al. [25], found minimal or no significant auditory effects,
consistent with the safer profile observed in the 4mg/kg group in this study.

The slight improvement in AABR thresholds observed in the comparison group likely reflects normal auditory pathway
maturation or the resolution of transient conductive conditions rather than drug effects. This further underscores that
gentamicin-associated ototoxicity is a specific pharmacologic effect, not a general consequence of systemicillness or
intravenous antibiotic use.

Clinically, our data suggest that 4 mg/kg gentamicindosing may offer a more favorable ototoxicity profile compared with5
mg/kg. However, inter-individual pharmacokinetic variabilitycan stillresult in elevated drug exposure, even at lower doses.
Therefore, carefuldosing and, where feasible, therapeutic drugmonitoring should be prioritized to minimize ototoxic risk.

Study strengths and Limitations

A major strength of thisstudy isits prospective design, relatively large sample size, and direct comparison of two commonly
used gentamicindosing regimens. Unlike many previous studiesthat have focused mainly on pharmacokinetic outcomes
or assessed toxicity without direct dose comparisons, this study provides real-world evidence on the renal and auditory
safety of different gentamicindosing strategies. These findings are particularlyrelevantinresource-limited settingswhere
therapeutic drug monitoringis not routinely available and clinicians must balance effective bacterial killing with the risk of
toxicity when selecting gentamicin regimens.
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However, some limitations should be considered. First, the 7-day follow-up period may not have captured delayed or
cumulative gentamicin-associated nephrotoxicity and ototoxicity, as some patients may develop adverse effects after a
longer observation period, including up to 14 days following exposure. Second, the single-center design may limit the
generalizability of the findings to other neonatal populations with different demographic and clinical characteristics.

Conclusion

Administration of gentamicinat 5 mg/kgonce dailyintermneonatesis associated withincreasedrenaland auditory toxicity.
In contrast, the 4 mg/kg regimen may have a more favorable safety profile, with lower risk of gentamicin-induced
nephrotoxicity and ototoxicity than the 5mg/kg regimen. These findings support a dose-dependent pattern of gentamicin-
associated nephrotoxicity and ototoxicity in neonates and highlight the need for individualized dosing guided by serum
creatinine monitoring and, where available, therapeutic drug monitoring to optimize efficacy and safety.
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