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Abstract

Objective: Aminoglycosides are used as first-line defense antibiotics in the Neonatal Intensive Care Unit (NICU) for the treatment of sepsis, meningitis,
neonatal pneumonia, and endocarditis. However, they pose negative side effects such as ototoxicity, and nephrotoxicity, and the neuromuscular blockade
effect is resulting from acetylcholine inhibition. In contrast to other antibiotics (such as vancomycin or meropenem), delayed weaning and weaning failure
from artificial ventilation may be linked to neuromuscular blocking in neonates treated with aminoglycosides. However, the used dosing regimen and
therapeutic guideline of aminoglycosides may provide optimal clinical outcomes. Methods: Data were obtained for 582 NICU patients with sepsis, birth
asphyxia, respiratory distress syndrome, birth defects, infections or others, and who needed artificial ventilation. Included patients were divided into four
groups: A, treated with amikacin; B, treated with gentamicin; C, treated with meropenem; and D, treated with vancomycin. The weaning duration, weaning
failure rate, mortality rate, and length of hospital stay were compared. Results: Gentamicin showed the most positive effects in reducing the length of
hospital stay and ventilation period of neonates with improved health conditions. In addition, the mortality rate was lowest in neonates treated with
gentamicin as compared to other treatments. Conclusion: Our data elucidated that aminoglycosides, particularly gentamicin, with guidance was effective
in improving the neonatal mortality and morbidity through reducing length of hospital stay and ventilation period without producing neuromuscular
blocking action.
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INTRODUCTION

A closely related class of bactericidal antibiotics known
as aminoglycosides is made up of an aminocyclitol ring
that is joined to amino sugars by glycosidic linkage. They
are derived from gram-positive bacteria belonging to the
general Micromonospora (gentamicin) and Streptomyces
(tobramycin)!. As broad-spectrum antimicrobial agents,
aminoglycosides are effective against gram-negative aerobic

bacteria and Staphylococcus aureus?. Despite the development
of third- and fourth generation cephalosporins and other
such new antibiotics, older aminoglycosides such as gentamicin,
tobramycin, and amikacin are stillimportant for treating serious
neonatal infections®*. Indeed, gentamicin is both the most
common aminoglycoside in the UK and the most commonly
used antibiotic in neonatal units®. As a first-line treatment,
gentamicin is often used when treating serious bacterial
infections in neonates, and as an experimental treatment, it is
usually employed in combination with another antibiotic, such
as penicillin’. In pediatric medicine, gentamicin is used for a
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variety of indicators, including septicemia, meningitis, urinary
tract infections, gastrointestinal tract infections, respiratory
tract infections, bone infections, skin infections, eye infections,
subcutaneous tissue infections or peritonitis of peritoneal
dialysis®.

Despite their widespread use, aminoglycosides are not highly
safe; in particular, studies have demonstrated these antibiotics
to have high rates of renal toxicity®!?, and the potential to
induce irreversible hearing loss®. At the molecular level, both
the antibacterial and toxic effects of aminoglycosides are
attributable to hyperactivation of cellular respiration, which
results in oxidative stress, and perturbation of the translation
machinery, which produces mistranslated and misfolded
proteins'®. There is evidence that structural modification
of aminoglycoside antibiotics can reduce their detrimental
effects’®; however, the pharmaceutical industry has not made
significant advancements in this direction. Pediatric studies

1

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/
https://doi.org/0000-0001-9831-7572
https://doi.org/0009-0000-6523-6143
https://doi.org/0000-0002-4263-3610
https://doi.org/0000-0003-2382-5892

Lujain K K, Walid A Al-Q, Shakir D A, Fawaz A. Morbidity and mortality rates in premature infants treated with aminoglycosides in
neonatal intensive care units: A comparative study. Pharmacy Practice. 2025 Oct-Dec;23(4):3342.

https://doi.org/10.18549/PharmPract.2025.4.3342

have indicated that lowering dose frequency and increasing
dose amount may reduce toxicity!®. In the absence of safer
drug development, it is necessary to comprehensively characterize
the adverse effects of aminoglycosides and determine approaches
for reducing the risk of those effects. However, adhering to the
therapeutic guideline and appropriate dosing regimens can play
major role in reducing the occurrence of toxicity and effects
significantly in neonates. Here we report clinical evidence of
aminoglycoside efficacy in neonates, including mortality and
morbidity rates, along with differences between amikacin and
gentamicin.

Acute kidney injury (AKI) can also be linked to antibiotic
therapy, particularly higher vancomycin trough concentrations;
although this risk is generally low, the incidence of AKI in
neonates treated with vancomycin is 2.7%'®¢. Amikacin does
not significantly impact kidney function as measured by
serum creatinine level, but it does cause a temporary rise in
urinary N-acetyl-B-D-glucosaminidase, indicative of minor
and reversible tubular damage!®?°. Meanwhile, gentamicin
treatment leads to higher serum creatinine, which is in turn
associated with increased urine biomarkers KIM-1, GSTA1-
1, and GSTP1-1; hence, these markers could help in early
detection of AKl in neonates in the NICU%. No link between the
nephrotoxicity or chronic kidney disease and meropenem use
has been documented.

Although meropenem has no reported association with hearing
and kidney injury, Cohen-Wolkowiez et al. (2012) found that
among 200 infants who received intravenous meropenem, 10
(5%) experienced seizures??. However, electroencephalography
conducted on 6 of these subjects confirmed only one seizure?2.
Furthermore, one subject who had a seizure was not in fact on
the study drug that day?. Interestingly, the average predicted
Cmax of meropenem was similar in infants both with and
without seizures: 57.18 mg/L (¥13.50) vs. 53.12 mg/L (+5.08),
with a P-value of 0.24%2, Gentamicin may have a neuromuscular
blocking effect, as a case report by Mitali Sahni et al. (2015)
found that using gentamicin alongside vecuronium enhances
neuromuscular blockade (NMB) 2. This study reported that
the toxic concentrations of the serum gentamicin was reached
(peak: 9.8 pg/mL, trough: 2.2 ug/mL). They also suggested that
in patients with renal failure, prolonged use of vecuronium
in combination with gentamicin and steroids could lead to
extended and persistent NMBZ.

In addition, with amikacin, neuromuscular blockade can be
occurred. However, amikacin is usually used in infants when
no alternative is available because they have a larger volume
of distribution, leading to prolonged systemic circulation of
the drug®*. However, amikacin was used for the treatment of
early and late onset neonatal sepsis?>%. A case series by Varia
et al. (2017) documented a night dose of amikacin sulfate to be
followed by severe adverse reactions in five preterm low-birth-
weight newborns, including lethargy and bluish discoloration
of the body, which might be attributed to neuromuscular
blockade effects of amikacin?’. However, this study highlighted
that it is impossible to determine the precise cause of these
adverse events because it only involved a single episode of

incidents and there was no clarification for drug preparation or
administration. Amikacin was found to induce less potential of
neuromuscular blockade compared to other aminoglycosides?.
Gentamicin can cause neuromuscular blockade at high and
accumulative doses?. Like gentamicin, vancomycin is also
reported to enhance the effects of neuromuscular-blocking
agents, while meropenem has not been associated with
neuromuscular blockade.

Recent years have seen significant improvement in the survival
of newborns, especially premature babies, on account of
advances in the prevention of preterm poisoning. However,
while fewer children now die due to respiratory failure, infection
has become an increasing cause of mortality and morbidity. In
particular, infection due to gram-negative bacteria accounts for
up to 25% of all sepsis episodes in neonatal units and often
affects the smallest and most premature babies®. Our clinical
study was conducted to explore the effects of aminoglycosides
on improving the morbidity and mortality through decreasing
the weaning duration as compared to meropenem or
vancomycin in neonates. Our hypothesis is to evaluate the
risk against benefit of using aminoglycoside in neonatal-
associated infection in the Neonatal Intensive Care Unit (NICU)
with artificial ventilation when compared with other antibiotic
groups commonly used in neonates according to type and
severity of infection and hospital antibiogram, through
evolution of mortality, morbidity rate, weaning duration, and
weaning failure rate to evaluate the neuromuscular blocking
exert clinical toxicology and manifestation on the respiratory
system of neonates treated with the aminoglycoside.

MATERIALS AND METHODS
Setting and study population

A retrospective cohort study was conducted at the NICU of
the Maternity and Children Hospital in Mecca, Kingdom of
Saudi Arabia, covering the period of 2018-2024. In total, the
study enrolled 582 patients at gestational age of 6-8 months
diagnosed with sepsis, meningitis, and respiratory distress
syndrome who were put on artificial ventilation and treated
with intravenous (1V) aminoglycoside (gentamicin or amikacin)
or non-aminoglycoside (meropenem) antibiotics. Compliance
with the treatment regimen was ensured via medication
administration sheet, nurse endorsement, physician order, and
the HIS system.

Ethical consideration

Institutional Review Board (IRB) of the Local Committee for
Research Ethics at the Health Sector of Makkah Al-Mukarramah
Region in Saudi Arabia issued its approval to the current study
(H-02-K-076-0724-1145). The research study complies with the
IRB Committee’s criteria as well as the Declaration of Helsinki
of 1975 and later amendments. IRB committee waived the
requirement for obtaining informed consents. The committee
approved that this study is qualified for exemption meaning
that it has no more than minimal risk.
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Inclusion criteria

Neonate with artificial ventilation, treated with aminoglycoside
(amikacin or gentamicin) or non -aminoglycoside antibiotics
(vancomycin or meropenem) following the therapeutic
guideline, no disorder affecting the neuromuscular system
(such as Duchenne muscular dystrophy), no metabolic
syndrome, and not treated with a neuromuscular blocking
agent. Propofol was used in some cases for general anesthesia.

Exclusion criteria

All neonates without artificial ventilation, diagnosed with a
genetic disorder affecting the neuromuscular or metabolic
system, having a monitoring or administration medication
error for the rational use of aminoglycoside, lacking trough
aminoglycoside levels in their file, or who experienced renal
or liver impairments. The kidney and liver functions tests,
including creatinine, alanine aminotransferase and aspartate
aminotransferase levels in infants were within normal range.

Groups classification

A retrospective study was performed, and parameters of
interest were collected and analyzed. The clinical study was
designed as follows: Group A: 151 patients treated with
amikacin and ampicillin, with amikacin target trough level (less
than 5 mg/L) checked every 3-4 days. Group B: 150 patients
treated with gentamicin and ampicillin, with gentamicin
target trough level (less than 1 mg/L) checked every 3-4 days.
Group C: 130 patients treated with antibiotics other than
aminoglycosides (meropenem and a cephalosporin agent
except ceftriaxone) No trough level or peak are required.
Group D: 151 patients treated with antibiotics other than
aminoglycosides (vancomycin and other cephalosporin except
ceftriaxone) No trough level obtained before the fourth dose
by 30 minutes. All groups were treated with ampicillin and
gentamicin for 24-48 hours till the outcome of the culture and
antibiotic changed according to the recommended guideline
by the MOH and culture sensitivity, where gentamicin is used
as the first line therapy. Mortality rates, weaning failure time,
length of stay, and the number of ventilation techniques
applied were determined and compared between the studied
four groups. A flowchart revealing the recruitment process of
participants for analysis is illustrated in figure 1.

Statistical analysis

SPSS version 26 was used to perform statistical analyses for
continuous and categorical variables. Continuous variables were
presented as medians and 25-75 percentiles, while categorical
variables were presented as frequencies and percentages. The
normality of length of the stay and length of ventilation were
assessed by examining Q-Q plots, and as the data was not
normally distributed, nonparametric tests were conducted and
two quantile regression analyses were carried out to assess
the association between these two variables and various
variables including gender, primary diagnosis and medications
(Amikacin, Gentamicin, Meropenem and Vancomycin). A Binary
logistic regression was performed to assess the association of
the predictors (gender, primary diagnosis and medications)
with improvement vs. mortality. Multicollinearity between the
different predictors were evaluated by computing VIF values
and all the values were less than 3. Kruskal-Wallis followed by
Dunn’s multiple comparison test was used to further assess the
significance of premature infants’ weight and hospitalization
stay as well as ventilation lengths and failure rates between
groups in combination or separation of improved and dead
infants. The significance level was set at a threshold of p < 0.05.
The appropriate target participants were calculated based on
the population size with 95% confidence interval of each group
in the hospital as follow; amikacin (n= 145), gentamicin (n =
149), meropenem (n= 113) and vancomycin (n= 116).

RESULTS
Socio-demographic characters

Table 1. depicts the Socio-demographic characters for the
582 premature infant patients (55.4% males). Amikacin,
Gentamicin, Meropenem and Vancomycin were given to 151,
150, 130 and 151 neonates respectively. The median length
of ventilation was 12 (3-33) days, while the median length of
stay was 23.26 (10.8-41.76) days. Moreover, (65.6%) of the
premature infants’ conditions improved. We also investigated
the significant differences of the baseline of the body weight
between the four groups. The statistical analysis did not reveal
any significant changes in the body weight between the groups
(Figure 2).

Table 1. Sociodemographic characteristics of premature infants.
Medication Total Participants
Amikacin Gentamicin Meropenem Vancomycin N=582
N=151 N=150 N=130 N=151
Count (%) or Median (25-75 percentiles)

Female 64 (42.4%) 69 (46.0%) 60 (46.2%) 66 (44%) 259 (44.6%)
Gender Male 87 (57.6%) 81 (54.0%) 70 (53.8%) 84 (56%) 322 (55.4%)

0 110 (72.8%) 110 (73.3%) 64 (55.2%) 135 (89.4%) 419 (73.8%)

1 29 (19.2%) 38 (25.3%) 32 (27.6%) 11 (7.3%) 110 (19.4%)
Weaning failure

2 10 (6.6%) 1(0.7%) 12 (10.3%) 5 (3.3%) 28 (4.9%)

3 2 (1.3%) 1(0.7%) 8 (6.9%) 0 (0%) 11 (1.9%)
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Dama 6 (4%) 6 (4%) 3(2.3%) 8 (5.3%) 23 (4%)
Deceased 39 (25.8%) 29 (19.3%) 48 (36.9%) 43 (28.5%) 159 (27.3%)
Morbidity and mortality Improved 105 (69.5%) 115 (76.7%) 66 (50.8%) 96 (63.6%) 382 (65.6%)

Transferred to another

Primary diagnosis

hospital 1(0.7%) 0 (0%) 3(2.3%) 4(2.6%) 8 (1.4%)

ﬁ:gc‘;gghyx'a and 12 (7.9%) 14 (9.3%) 5 (3.9%) 8 (5.3%) 39 (6.7%)
Birth defects and 25 (16.6%) 18 (12%) 18 (14.2%) 31 (20.5%) 92 (15.9%)
infection

Infections 10 (6.6%) 7 (4.7%) 5 (3.9%) 2 (1.3%) 24 (4.1%)

Respiratory distress

()
syndrome and infection 55 (36.4%)

83 (55.3%) 72 (56.7%) 81 (53.6%) 291 (50.3%)

Sepsis 27 (17.9%) 13 (8.7%) 12 (9.4%) 15 (9.9%) 67 (11.6%)

Others 22 (14.6%) 15 (10%) 15 (11.8%) 14 (9.3%) 66 (11.4%)
length of ventilation (days) 18 (7-37) 3 (2-15) 17 (7-21) 15 (2-35) 12 (3-33)
length of stay (days) 28.35(14.24-44.59) | 9.22 (4.99-22.10) | 30.86 (18.62-46.42) 27 (14-46) 23.26 (10.8-41.76)

Identifying the variables significantly associated with
premature infants’ hospitalization and ventilation lengths

Two quantile regression models were applied to identify the
variables significantly associated with premature infants’
hospitalization and ventilation lengths (Table 2). The results
showed that premature infants who had been given gentamicin
had a significantly shorter length of stay (Coefficient =-15.730,
95%Cl (-21.132,-10.328), p<0.001), and shorter length of
ventilation (Coefficient =-13.000, 95%Cl| (-18.007, -7.993),
p<0.001) when compared with those who had been given
vancomycin. Moreover, infants who had respiratory distress
syndrome had significantly longer length of stay when
compared to patients with sepsis (Coefficient =7.400, 95%Cl

(1.042-13.758), p=0.023.

We further compared the premature infants’ hospitalization
and ventilation lengths as well as number of ventilation failures
between the four treatment groups using Kruskal-Wallis
test. The statistical analysis showed significant differences
in premature infants’ hospitalization lengths in total (p<
0.0001), improved (p< 0.0001), and dead infants (p< 0.001).
Dunn’s multiple comparison revealed that gentamicin treated
infants had significant reduction in hospitalization lengths as
compared to other three treatment groups (Figure 3A). In
addition, similar results were observed in improved infants,
moreover, meropenem group had higher length of stay
compared to amikacin group (Figure 3B). However, in dead

Table 2. Quantile regression of various sociodemographic factors and duration of stay and ventilation.
Length of stay Length of ventilation
95% Confidence 95% Confidence
Interval Interval
Parameter Coefficient p-value
Lower Upper - g Lower Upper
Bound Bound Coefficient p-value Bound Bound

(Intercept) 22.6 <0.001 15.691 29.509 16 <0.001 9.569 22.431

Female 0.4 0.842 -3.534 4334 0 1 -3.666 3.666
Gender

Male Reference

Amikacin 2.94 0.287 -2.479 8.359 2 0.436 -3.043 7.043

Gentamicin -15.73 <0.001 -21.132 -10.328 -13 <0.001 -18.007 -7.993
Medications

Meropenem 3.23 0.266 -2.474 8.934 1 0.715 -4.372 6.372

Vancomycin Oc Oc

Birth asphyxia -3.11 0.515 -12.493 6.273 -1 0.824 -9.803 7.803

Birth defects 4 0.298 -3.542 11.542 0 1 -7.015 7.015
Primary Infections -2.6 0.644 -13.652 8.452 -1 0.851 -11.442 9.442
diagnosis Other 0.02 0.996 -8.05 8.09 0 1 -7.481 7.481

Respiratory distress syndrome 7.4 0.023 1.042 13.758 0 1 -5.918 5.918

Sepsis Reference
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Figure 1. A flowchart revealing the recruitment process of participants for analysis. DAMA, discharge against medical advice
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Figure 2. Infants’ body weight in kilogram (Kg). Amikacin, n= 94, Gentamicin, n=84, Merpenem, n= 92 and vancomycin, n= 105. Data is
shown as median with interquartile range.

Figure 3. Effects of amikacin, gentamicin, meropenem and vancomycin on infants’ hospitalization lengths. *P< 0.05; ***P< 0.001;
#P< 0.0001. Data is shown as median with interquartile range.
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infants, the length of hospitalization was only significantly
higher in amikacin treated infants as compared to gentamicin
treated infants (Figure 3C).

Kruskal-Wallis test showed significant differences in premature
infants’ ventilation lengths in total (p< 0.0001), improved
(p< 0.0001), and dead infants (p< 0.0001). Dunn’s multiple
comparison revealed that gentamicin treated infants had
significant reduction in ventilation lengths as compared to other
three treatment groups (Figure 4A). In addition, similar results
were observed in improved infants (Figure 4B). However, in
dead infants, the length of ventilation was significantly higher
in amikacin treated infants as compared to gentamicin or
meropenem treated infants, and the length of ventilation was
higher in vancomycin group compared to gentamicin group
(Figure 4C).

Kruskal-Wallis test showed significant differences in premature
infants’ ventilation failures in total (p< 0.0001), improved (p<
0.0001), and dead infants (p< 0.05). Dunn’s multiple comparison
revealed that gentamicin, vancomycin and amikacin treated
infants had significant lower in number of ventilation failures as
compared to meropenem group, moreover, vancomycin group
had also lower ventilation failures compared to amikacin and
gentamicin groups (Figure 5A). In addition, in improved infants,
meropenem had higher ventilation failures than the other
three treatment groups (Figure 5B). However, in dead infants,
the number of ventilation failures were significantly higher in

meropenem treated infants as compared to infants treated
with vancomycin (Figure 5C).

Identifying the variables significantly associated with patient
improvement

A binary regression model was applied to identify the variables
significantly associated with patient improvement (displayed
in Table 3). The results showed that the premature infants
who received been Amikacin. Gentamicin or Vancomycin had
significantly higher odds of being in the improvement group
when compared with those who had been given Meropenem
(OR =2.869, 95%CI (1.582-5.203), p=0.001; OR =2.356, 95% CI
(1.309-4.240); p=0.004, and OR =2.237, 95% Cl (1.258-3.980),
p=0.006 respectively.). Moreover, patients with birth asphyxia
had significantly higher odds of improvement than infants with
sepsis (OR =3.595, 95%Cl (1.099-11.755), p=0.034). Finaly,
longer length of ventilation was associated with declined odds
of improvement (OR =0.974, 95%Cl (0.965-0.983), p<0.001).

DISCUSSION

Inthis study of 582 neonates who received antibiotics (amikacin,
gentamicin, vancomycin or meropenem). These neonates were
investigated for mortality and hospital stay as well as ventilation
duration and failures. Concerning the mortality outcomes of
participants, treatment with gentamicin demonstrated a good
rate of improved health. Among patients receiving amikacin,

Figure 4. Effects of amikacin, gentamicin, meropenem and vancomycin on infants’ ventilation lengths. *P< 0.05; ***P< 0.001;

#P< 0.0001. Data is shown as median with interquartile range.
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Figure 5. Effects of amikacin, gentamicin, meropenem and vancomycin on number of ventilation failures. *P< 0.05; **P< 0.01;
***p< 0.001; #P< 0.0001. Data is shown as median with interquartile range.

Table 3. Binary regression of the variables associated with patient’s improvement (improved vs. deceased).
95% C.l. for OR
OR p-value
Lower Upper
Gender Female versus male 1.021 0.92 0.678 1.537
Amikacin 2.869 0.001 1.582 5.203
Gentamicin 2.356 0.004 1.309 4.24
Medications
Vancomycin 2.237 0.006 1.258 3.98
Meropenem Reference
Birth asphyxia 3.595 0.034 1.099 11.755
Birth defects 1.027 0.942 0.501 2.103
Infections 2.897 0.123 0.75 11.196
Primary diagnosis
Other 1.12 0.774 0.518 242
Respiratory distress syndrome 2.179 0.013 1.176 4.038
Sepsis Reference
Length of ventilation 0.974 <0.001 0.965 0.983

improvement was seen slightly less than with gentamicin. Of
those treated with meropenem, improvement was the lowest
rate among the tested antibiotics; at the same time, the
number of deceased patients was highest. Vancomycin had
the highest rate of discharge against medical advice (DAMA).
Regarding weaning failure in relation to antibiotic treatment,
the lowest rate was observed for vancomycin. The groups

receiving gentamicin and amikacin exhibited moderate rates of
failure, and did not differ significantly from one another. Those
receiving meropenem had the highest failure rate. Regarding
length of ventilation, patients who received gentamicin had the
shortest median duration of ventilation, while those treated
with amikacin had the longest. When considering hospital
stay, the shortest median stay was observed for patients
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treated with gentamicin, while the highest was observed in
meropenem group.

It is well-established in the literature that different antibiotics
have distinct potential repercussions when applied to
the treatment of infants and neonates®®32. A prior study
investigating the morbidity associated with commonly-used
antibiotics in neonates found that vancomycin use in neonates
was associated with ototoxicity, as evidenced by a 22%
otoacoustic emissions (OAE) failure rate in patients receiving
vancomycin without gentamicin3. Conversely, gentamicin use
did not correlate with increased risk of ototoxicity but was
rather associated with a statistically significant decrease in
OAE failure rate, with the lowest rate of 4% observed in those
receiving gentamicin alone®, however gentamicin was found
to cause ototoxicity in other cases. Meanwhile, amikacin
trough concentrations of 10 pg/mL or higher in low-birth-
weight infants significantly elevate the risk of ototoxicity?,
although in 35 neonates treated with amikacin, only one
case of mild hearing loss was reported, which could not be
definitively linked to the treatment?®. More studies are needed
to further confirm the link of these antibiotics exposure and
the ototoxicity occurrence and severity.

Another perennial concern of antibiotic use is resistance. A
study of 253 neonates found 101 (39.9%) to be colonized with
vancomycin-resistant enterococci (VRE). Of these, 59 new cases
were detected during the first nine weeks of the study period,
among which molecular analysis revealed one predominant
clone34. By weeks 10-12, no new cases of VRE colonization were
found; however, a second wave erupted at week 13, resulting
in 42 new cases and multiple clones®. In that study, 33 (40.2%)
babies also became colonized with VRE, but the colonization
rate decreased following implementation of infection control
measures®, Similarly, a study involving 1,320 infants discharged
from the NICU found 9% (119 infants) to be colonized with
antimicrobial-resistant gram-negative bacteria (GNB)**. This
included the 3.5% of cases with gentamicin resistance and the
1.7% with merpenem resistance®. Prolonged treatment with
broad-spectrum antibiotics, specifically 210 days of treatment
with third- or fourth-generation cephalosporins or meropenem,
has been linked to colonization with gentamicin-resistant
GNB*, Similarly, treatment with meropenem for =10 days is
associated with colonization of carbapenem-resistant GNB®®.
That study also reported female sex and extended treatment
with meropenem as related to presence of carbapenem-
resistant GNB in infants. However, it was found most infants
who received prolonged (210 day) gentamicin or broad-
spectrum antibiotic treatment to not show positive culture
results, with only 16% (14 out of 87) developing healthcare-
associated infections resistant GNB®>.

Another case reports study reviewed cultures positive for
Escherichia coli isolated in neonatal sepsis and found a 12.9%
incidence of gentamicin resistance3®. Resistance rates vary by
situation, but gentamicin-resistant E. coli is generally a rare
cause of neonatal sepsis; nonetheless, it should be considered
for patients whose condition worsens despite receiving empiric
antibiotics®®. The bacterial resistance plays a significant role in

drugs choice for either treatment or prophylaxis of bacterial
infections®. In the current study, the distributions of infections
or sepsis treatment as a primary diagnosis indicate that
amikacin is more widely applicable to a variety of infections.
However, concerning resistance to amikacin, switching to
amikacin in a neonatal unit was seen to trigger an outbreak of
amikacin-resistant Serratia species, although these remained
susceptible to gentamicin®®. In the year following the switch,
the frequency of amikacin resistance in nosocomial gram-
negative infections rose significantly from 7.6% to 27.7% (P <
0.001), while the frequency of gentamicin resistance slightly
decreased from 71.2% to 60.2% (P = 0.07) (38). Additionally,
the rise in amikacin resistance among other gram-negative
bacilli continued for over a year after amikacin became the only
aminoglycoside used.

Previous studies have shown amikacin to be effective against
gram-negative bacteria, particularly resistant strains such
as carbapenem-resistant Klebsiella pneumoniae (CRKP) 3°4°,
However, its use in CRKP infections has also been associated
with higher mortality rates, especially when the minimum
inhibitory concentration (MIC) is elevated (P = 0.019)*%. Studies
further support that in patients with severe infections, usage
of aminoglycosides was more prevalent in the mortality
group (86.4%) compared to the survival group (61.1%),
underscoring its potential risks**. Amikacin is also commonly
used in combination therapies to treat meningitis caused by
gram-negative bacteria like Klebsiella and E. coli, in which cases
mortality rates range between 20 and 30%32. Therapeutic drug
monitoring (TDM) has proven crucial in optimizing amikacin
therapy, as improvement of TDM practices was found to lead
to significant reduction in subtherapeutic peak levels and toxic
trough levels*>*®, This improvement was reflected in reduced
neonatal sepsis mortality rates, which dropped from 45% in
1998 to 35% in 2000%. Nonetheless, the association of amikacin
with severe outcomes in certain infections highlights the
importance of careful dosing and patient selection particularly
in neonate populations®.

Compared to amikacin, gentamicin exhibits a more favorable
safety profile. Gentamicin is frequently combined with
ampicillin, particularly in treating neonatal infections, where
it has been shown to reduce mortality compared to other
regimens®. This study reported that elevated MIC values was
found to reduce its effectiveness, but no significant association
with mortality was reported (P = 0.168). Much as with
amikacin, however, TDM has played a critical role in improving
the safety and efficacy of gentamicin. Significant reductions
in subtherapeutic and toxic levels were observed in 1999 and
2000 compared to 1998 (P < 0.05 for 1999, P < 0.001 for 2000),
and this optimization likely contributed to decreased neonatal
sepsis mortality rates*?. Gentamicin is not without potential
adverse effects, however, as it has been linked to increased
incidence of neonatal necrotising enterocolitis, particularly
when used in combination with vancomycin®. However, the
combination of gentamicin with ampicillin demonstrated a
lower mortality risk compared to ampicillin with cefotaxime
in neonates®. Our data suggest that patients who received
gentamicin had the shortest median duration of ventilation,
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while those treated with amikacin had the longest, and the
use of these two medications was associated with highest
improved health conditions and lowest mortality rates in
infants as compared to the other two antibiotics.

When treating gram-positive infections, vancomycin is a
cornerstone antibiotic, including for resistant pathogens
like methicillin-resistant Staphylococcus aureus, however,
vancomycin resistant Enterococci was also well reported*’4.
Even with this widespread use, especially in co-infections with
CRKP, no statistically significant association of vancomycin
with mortality has been observed (P = 0.178)*. However,
toxic trough levels have become an increasing concern, rising
from 25% in 1998 to 39% in 2000*. These findings highlight
the need for enhanced TDM practices to ensure optimal
dose and minimize toxicity*. In pediatric with gram-positive
bacteria, vancomycin at trough of 10-15 mg/L demonstrates
good efficacy, with low mortality rates®; however, its utility
against gram-negative pathogens remains limited. In addition,
as mentioned above, its combination with gentamicin
has been associated with increased risk of enterocolitis.
Meropenem stands out as the most effective option among the
antibiotics discussed, particularly for gram-negative infections.
Additionally, its effectiveness is well-documented in neonatal
meningitis caused by resistant gram-negative pathogens such
as extended-spectrum [B-lactamase-producing Escherichia
coli in infants®’. While elevated MIC values are associated
with increased mortality, appropriate use ensures superior
outcomes compared to other regimens*. As best we are able
to determine, specific TDM data is not currently available
for meropenem in our study. The therapeutic management
guidelines suggest the use of aminoglycosides for treatments
and prevention of variety types of infections particularly in
infants’ cases without complications such as resistance, which
explain the effectiveness of gentamicin in improving the health
status of infants via measuring the mortality and hospital
length of stay and ventilation duration.

CONCLUSION

In cases without drug resistance, gentamicin was found to be
effective and yields favorable outcomes as compared to other
antibiotics. Most patients in thegentamicin group experienced
weaning failure for only one day or none, whereas meropenem
group, for example, struggled with weaning for multiple days.
Additionally, patients who received gentamicin had both the
shortest median ventilation period and the shortest median
length of hospital stay. Regarding mortality, gentamicin
was associated with the lowest death rate. Together, these
observations suggest that gentamicin is the most effective
option for enhancing patient outcomes, and hence a preferable
treatment choice. For complicated cases, optimal treatment

depends on the specific diagnosis as well as the presence of
resistant strains of bacteria or any additional complications
that may arise.

Amikacin was used for the treatment of sepsis, infections,
and other conditions, and as prophylaxis for birth defects and
asphyxia. Vancomycin was used mainly as prophylaxis in birth
defects and respiratory distress syndrome. Meropenem should
be reserved for cases involving gram-negative multi-resistant
bacteria, as it exhibited the highest weaning failure rate as
well as the longest length of hospital stay. We recommend that
gentamicin be the first choice for treating mild to moderate
cases of infection and for preventing the occurrence of
infections in neonates. Our study indicated that for infections
involving resistant bacteria, alternative therapies such as
amikacin, vancomycin, or meropenem may be considered on
a case-by-case basis. Future pharmaceutical industry research
should focus on the physiochemical properties of gentamicin
to innovate new compounds that offer better clinical outcomes
alongside optimal safety and pharmacokinetic profiles.

This study was limited by the lack of certain data, such as
gestational neonatal age, and assessment of infection severity,
which is crucial for some illnesses such as sepsis. Additionally,
the study did not report the type of organism, nor type of
birth malformation such as patent ductus arteriosus. However,
the culture sensitivity testing was the major factor classify
the participants into four groups. Therefore, we believe that
the data can be considered by health policy and therapeutic
guidelines makers.
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