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Introduction
Aminoglycosides, a class of bactericidal antibiotics, 
constitute a cornerstone in treating gram-negative 
infections, especially in severe sepsis or septic shock. 
Combining aminoglycosides with other antibiotics, 
particularly broad-spectrum β-lactam antibiotics, is a 
common therapeutic approach, leveraging synergistic 
bactericidal effects and broadening the spectrum of 
activity. Critically ill patients with sepsis often exhibit 
altered pharmacokinetics, necessitating higher doses of 
amikacin (AMK) to optimize therapeutic outcomes in 
patients with severe sepsis or septic shock.1 However, 
the potential for renal toxicity poses a significant clinical 
concern with aminoglycoside usage, especially with high 

aminoglycoside doses. The incidence of nephrotoxicity 
associated with aminoglycosides ranges from 10% to 
25% in critically ill patients, with higher rates reported in 
those with pre-existing renal impairment or prolonged 
treatment durations. Notably, nephrotoxicity may occur 
in up to 30% of patients receiving aminoglycosides for 
extended periods or at high doses.2

Thus, reasonable administration guided by therapeutic 
drug monitoring becomes imperative to balance efficacy 
and minimize adverse effects.3,4 Despite concerns, 
aminoglycosides, including AMK, remain pivotal in the 
empiric treatment of gram-negative bacterial infections, 
particularly against strains resistant to other antibiotics.5,6

The variable nature of renal dysfunction in critically 
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ARTICLE INFO Abstract
Background: Aminoglycosides are potent bactericidal antibiotics primarily employed for 
gram-negative infections. However, they face limitations due to potential renal toxicity when 
administered at high doses. This study aimed to assess the nephrotoxicity of amikacin (AMK) 
at two distinct dosage levels over seven days in critically ill patients, utilizing renal-specific 
biomarkers.
Methods: Critically ill patients with sepsis, severe sepsis, or septic shock were randomly 
assigned to two treatment groups receiving AMK in combination with a broad-spectrum 
β-lactam antibiotic according to antibiogram results. Disease severity was assessed using the 
Acute Physiology and Chronic Health Evaluation II (APACHE II) and Sequential Organ Failure 
Assessment (SOFA) scores. Renal function was monitored through serum creatinine (SCr) and 
kidney injury biomarkers (NGAL and IL-18) measurements.
Results: Among the 40 patients completing the study, the two groups had no significant 
differences in APACHE II (P = 0.39) and SOFA scores (P = 0.30). Baseline plasma creatinine 
levels exhibited no significant within-group differences. While NGAL levels in group 1(high 
dose AMK) significantly increased on day 3, no significant differences were observed between 
the groups in all four measurements (P = 0.03). Urinary IL-18 levels within groups demonstrated 
a significant increase peaking on day 3, with no significant within-group differences over the 
7-day follow-up.
Conclusion: The findings suggest that higher doses of AMK may be administered with a similar 
effect of low-dose AMK on renal function, as assessed by the RIFLE criteria (Risk, Injury, Failure, 
Loss, and End-stage kidney disease), a classification system used to evaluate acute kidney injury 
(AKI) severity in critically ill patients with sepsis.

https://doi.org/10.34172/PS.025.41026
https://ps.tbzmed.ac.ir/
https://orcid.org/0000-0003-3866-8519
https://orcid.org/0000-0003-2160-9301
mailto:mojtahed@tums.ac.ir
http://creativecommons. org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.34172/PS.025.41026&domain=pdf&date_stamp=2025-07-03


Mahmoudi et al

Pharmaceutical Sciences. 2025;31(3) 331

ill septic patients is influenced by multiple factors, 3 
which underscores the importance of timely detection 
of acute kidney injury (AKI). Specific renal biomarkers 
offer valuable insights for early intervention.7,8 The 
RIFLE (Risk, Injury, Failure, Loss of kidney function, 
and End-stage kidney disease) classification provides a 
comprehensive framework for scoring and categorizing 
AKI severity, relying on assessment of serum creatinine 
(SCr) levels, glomerular filtration rates (GFR), or urine 
output.9 Recognizing limitations in SCr’s predictive value, 
novel kidney-specific biomarkers such as interleukin-18 
(IL-18) and neutrophil gelatinase-associated lipocalin 
(NGAL) have emerged for early AKI detection.10,11 
These biomarkers can identify kidney damage events 
24-48 hours earlier than SCr with acceptable sensitivity. 
NGAL, a 25 kDa protein, exhibits a rapid release within 2 
hours of kidney epithelial cell damage, aiding in the early 
identification of ischemic and nephrotoxic AKI.11-15 IL-18, 
a pro-inflammatory cytokine, elevates during instances of 
innate inflammation and in patients experiencing AKI. 
Research has revealed that the levels of this dependable 
biomarker tend to rise 24-48 hours before the noticeable 
increase in SCr levels, offering a valuable lead time for 
intervention. AMK primarily induces nephrotoxicity 
by accumulating in the proximal tubular epithelial cells, 
leading to oxidative stress, mitochondrial dysfunction, 
and tubular cell apoptosis. NGAL is an early and sensitive 
biomarker of tubular damage, as it is rapidly upregulated 
in response to kidney injury, particularly in cases of 
ischemic and nephrotoxic AKI. Similarly, IL-18 is a pro-
inflammatory cytokine released from proximal tubules 
in response to injury, providing a reliable marker of 
inflammatory damage associated with aminoglycoside 
nephrotoxicity. These biomarkers allow for earlier 
detection of kidney injury compared to traditional 
markers like SCr, thereby enhancing the ability to monitor 
nephrotoxicity in critically ill patients.8,12-18

Despite the importance of AMK, limited research has 
explored doses exceeding 25 mg/kg.1,19 Notably, the renal 
effects of high-dose AMK, particularly those surpassing 
25 mg/kg, remain unexplored. 

This study addresses this gap, aiming to evaluate 
nephrotoxicity associated with high-dose AMK regimen 
compared to the conventional doses in critically ill 
patients with sepsis. In addition to SCr, this investigation 
incorporates NGAL and IL-18 as direct markers of tubular 
injury, providing a comprehensive understanding of renal 
function in this clinical context.

Methods
Study design
This double-blind randomized trial was conducted within 
a general intensive care unit (ICU), serving as a tertiary 
referral center for trauma patients in Tehran, the capital 
city of Iran, between April 2016 and May 2017. 

Sampling and patient blinding
The sample size, calculated with a significance level (α) of 
0.05 and power (1-β) of 80%, determined that 20 patients 
per group were required. Patients meeting eligibility 
criteria were allocated to intervention groups using 
blocked randomization in a 1:1 ratio. To ensure unbiased 
results, both patients and investigators remained 
blinded to specific antibiotic regimens throughout the 
experiment.

Exclusion and inclusion criteria
To be eligible for participation in the study, patients 
were required to have sepsis necessitating combination 
antibiotic therapy, including AMK, and expected to 
require antibacterial therapy for longer than 7 days. Male 
and female patients aged 18 to 65, with a body mass 
index (BMI) < 30 kg/m2, and normal SrCr level ( ≤ 1.2 
mg/dL), and eGFR ≥ 60 mL/min/1.73 m² were included. 
A BMI threshold of < 30 kg/m² was chosen to minimize 
the impact of altered aminoglycoside pharmacokinetics 
in obese patients, as increased adipose tissue can affect 
drug distribution and clearance. Criteria for severe sepsis 
and septic shock followed Surviving Sepsis Campaign 
guidelines.20 Exclusion criteria encompassed conditions 
such as rapidly progressive AKI within the initial 72 
hours, major baseline comorbidities, extreme body 
weights (BMI > 35 or < 18.5), age below 18 or over 65, 
and anticipated survival less than the study period, major 
cardiac, pulmonary, hepatic disorders, neuromuscular 
diseases, and pregnancy.

Intervention
The patients were divided randomly into two treatment 
groups with different doses of AMK 25 mg/kg/d (Group 
1) and a conventional dose of 15 mg/kg/d (Group 2). The 
initial dose of AMK was determined based on the total 
body weight of patients with a BMI below 30 kg/m2. 
Finally, 2 groups of selected patients were compared for 
the occurrence of nephrotoxicity.

Patients were assigned to treatment groups receiving 
AMK in combination with a broad-spectrum β-lactam 
antibiotic. Two groups received different doses: Group 1 
(25 mg/kg/d) and group 2 (standard 15 mg/kg/d), based 
on adjusted body weight. Dosages were categorized as high 
or low based on desired maximum concentration (Cmax) 
goals. All individuals received standard treatments and 
care by the decisions made by the medical staff. 

Measurements and study outcomes
Upon admission, patient characteristics and medical 
history were documented, with disease severity assessed 
using Acute Physiology and Chronic Health Evaluation 
(APACHE) II21 and Sequential Organ Failure Assessment 
(SOFA) scores.22 The study compared nephrotoxicity 
profiles over a 7-day course, focusing on AKI and 
SOFA scores. Renal function was evaluated using RIFLE 
criteria.9 During the ICU stay, daily SOFA scores, AKI 
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assessments, and documentation of renal replacement 
therapy and nephrotoxic drug administration (such as 
glycopeptides and diuretics) were conducted. 

Renal function assay
Serum and urine levels of IL-18 and NGAL were 
measured using commercially available enzyme-
linked immunosorbent assay (ELISA) kits. The lower 
limit of detection for IL-18 was 3.5 pg/mL, with intra-
assay and inter-assay coefficients of variation (CVs) of 
approximately 5.0% and 7.5%, respectively. For NGAL, 
the assay sensitivity was 0.012 pg/mL, with intra-assay 
and inter-assay CVs of 4.0% and 6.5%. All samples were 
aliquoted and stored at -80 °C prior to analysis to prevent 
degradation. Repeated freeze-thaw cycles were avoided 
to maintain assay integrity.23 Urine and blood samples (5 
mL) were taken before AMK (baseline) as well as on days 
1, 3, 5 and 7 after AMK administration. Following blood 
centrifugation, serum and urine samples were stored at 
-80 °C. SCr, NGAL, and IL-18 were measured on days 1, 
3, 5 and 7 after starting AMK.

NGAL assay
Diluted samples were added to each well. Microtitre plates 
were then incubated for 1 hour at room temperature and 
then washed out with buffer. The plates were incubated 
with biotinylated anti-human NGAL monoclonal 
antibody, followed by treatment with avidin-conjugated 
horseradish peroxidase for 1 hour. Tetra methyl benzidine 
substrate was added to each well in the dark chamber 
for 10 minutes, then read using an ELISA reader at a 
wavelength of 450 nm with a reference filter of 620 nm.

IL-18
The measurement of human IL-18 levels in urine was 
conducted using a commercially available assay kit, 
specifically the Human IL-18 ELISA Kit from Bender 
Med Systems GmbH in Vienna, Austria, according to the 
manufacturer’s instructions.

Adverse effects 
Drug safety assessments included side effects other than 
renal complications, including laboratory findings, and 
physical examinations. These side effects were defined 
as drug-related outcomes that started during or after the 
first dose of the study drug.

Adverse event monitoring
Patients were monitored daily for potential adverse 
events throughout the 7-day study period. Laboratory 
parameters including SCr, NGAL, and IL-18 were 
measured at baseline and on days 3, 5, and 7 to detect 
signs of nephrotoxicity or AKI. Adverse renal events were 
classified based on the RIFLE criteria. Non-renal adverse 
events (e.g., ototoxicity, vestibular symptoms) were 
assessed clinically and documented if reported.

Statistical analysis
Statistical analyses were conducted using SPSS 16.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Descriptive 
statistics were calculated for all variables included in 
the study. To ensure the normality of the distribution of 
continuous variables, a Kolmogorov-Smirnov test was 
employed, and histograms and normal quantile plots were 
examined. Discrete variables were presented as counts 
(percentage), while continuous variables were expressed 
as mean ± standard deviation (SD). The demographic 
and clinical differences between the study groups were 
assessed using appropriate statistical tests such as the 
χ2 test, Fisher’s exact test, student’s t-test, or the Mann-
Whitney U test, based on the nature of the variables being 
compared. This pilot study achieved 80% power (β = 0.2) 
at alpha = 0.05 to detect differences. 

Results
Patients’ characteristics 
Out of 307 patients admitted to the ICU of Sina Hospital 
between April 2016 and May 2017, 80 (26.06%) received 
AMK for severe sepsis or septic shock based on antibiotic 
sensitivity results. Among them, 40 met the inclusion 
criteria and completed the study (Figure 1).

Table 1 summarizes the patient characteristics on ICU 
admission. No significant differences were observed in 
APACHE II score (Group 1: 18.45 ± 5.54, Group 2: 15 ± 5; 
P = 0.39) or SOFA scores on days 1 (Group 1: 10 ± 3, 
Group 2: 11 ± 3; P = 0.30) between the two groups. The 
mean maximum (Cmax) and minimum (Cmin) serum 
concentrations of AMK were measured. In group 1, Cmax 
was 32.30 ± 13.11 μg/mL, and Cmin was 4.15 ± 2.09 μg/
mL. In group 2, the mean Cmax was 49.17 ± 16.35 μg/mL, 
and the mean Cmin was 4.95 ± 2.56 μg/mL.

Renal function assessment
Table 2 presents SCr levels on days 1, 3, 5, and 7. Baseline 
SCr levels on day 1 were comparable between group 1 
(1.15 ± 0.89 mg/dL) and group 2 (1.10 ± 1.10 mg/dL) with 
no significant difference (P = 0.95). Moreover, SCr levels 
on days 3, 5, and 7 showed no significant differences 
between the two groups throughout the 7-day follow-
up (P = 0.87). Within-group changes in SCr levels over 
time were also evaluated, but no significant trends were 
observed in either group.

NGAL levels in group 1 showed a significant increase on 
day 3 compared to baseline (P = 0.03). Still, no significant 
difference was observed between the groups across all 
time points (P = 0.76, Table 3). In group 2, NGAL levels 
did not show significant variation during the study period 
(P = 0.53).

The urinary levels of IL-18 significantly increased 
within each group on day 3 (P = 0.045 in group 1, P = 0.028 
in group 2), peaking on day 3. However, there was no 
significant difference in IL-18 levels between the two 
groups during the 7-day follow-up (P = 0.38, Table 4). 

In this study, AKI was evaluated according to the RIFLE 
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criteria. AKI was defined as an increase in SCr by ≥ 0.3 mg/
dL or a 50% increase from baseline. A total of 5 patients 
(25%) in group 1 (25 mg/kg/d) met the RIFLE criteria for 
AKI during the follow-up period. The majority of these 
patients experienced a mild increase in SCr. No patients 
in this group progressed to the higher categories of AKI. 
In group 2 (15 mg/kg/d), 4 patients (20%) developed AKI, 
with most cases falling under the risk category. Similar to 
group 1, no patients in group 2 progressed to the injury or 
failure categories.

Adverse Events 
Among the patients in group 1, one exhibited eosinophilia, 
and in each group, one patient developed a skin rash. These 
adverse events did not require discontinuation of AMK 
treatment for any participant. Due to the limited number 
of patients with AKI (n = 9), statistical comparisons 
between AKI and non-AKI groups for biomarker levels 
were presented descriptively without formal subgroup 
analysis (Table 5).

Discussion
Despite the potential benefits of higher doses of 
aminoglycosides in achieving therapeutic targets, a key 
concern associated with aminoglycosides, including 

AMK, is the increased risk of nephrotoxicity. The 
incidence of nephrotoxicity with aminoglycosides in 
critically ill patients ranges from 10% to 25%, with 
higher rates observed in those with pre-existing renal 
impairment or prolonged treatment durations. This 
variation in nephrotoxicity rates highlights the challenge 
in assessing the true risk of kidney injury associated with 
aminoglycosides. In our present study, the primary aim 
was to investigate the correlation between the severity 
of renal injury and the administration of two distinct 
loading doses of AMK: the conventional 15 mg/kg and a 
higher dose of 25 mg/kg/d. We evaluated this relationship 
by measuring renal biomarkers IL-18 and NGAL, both 
known for their high specificity and sensitivity in the 
early detection of renal damage in critically ill patients. 
This finding suggests the potential to utilize the higher 
dose of AMK to achieve a higher Cmax while maintaining 
a comparable level of nephrotoxicity, as seen with 
the conventional dose. Critically ill patients exhibit 
considerable heterogeneity due to variations in underlying 
diseases, disease severity, and organ dysfunction.1 Dosing 
regimens in ICUs are often extrapolated from clinical 
trials involving non-ICU patients or healthy individuals, 
assuming comparable pharmacokinetic variables between 
these groups. However, septic patients may require 

Figure 1. The Study flow diagram of all patients screened and excluded patients
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higher doses of aminoglycosides due to physiological 
changes resulting from sepsis, stress, and the impact of 
hemodynamic and medical interventions.1 The potential 
nephrotoxicity of AMK, particularly at higher doses, 
remains a concern for sepsis treatment in ICU patients.24

To assess nephrotoxicity in this study, we chose IL-18 
and NGAL as biomarkers due to their ability to detect 
renal injury earlier than traditional markers like SCr. 
AMK-induced nephrotoxicity primarily occurs via 
accumulation in proximal tubular epithelial cells, leading 
to oxidative stress, mitochondrial dysfunction, and tubular 

cell apoptosis. NGAL is rapidly upregulated in response 
to kidney injury, especially in cases of ischemic and 
nephrotoxic AKI. Similarly, IL-18 is a pro-inflammatory 
cytokine released from proximal tubules following injury, 
serving as a reliable marker for the inflammatory damage 
associated with aminoglycoside nephrotoxicity.9-11 Our 
findings show that administration of 25 mg/kg of AMK, 
compared to 15 mg/kg, did not result in an increased 
incidence of acute renal injury when assessed based on 
SCr levels according to the RIFLE criteria. However, 
urinary NGAL levels showed a significant increase 
on day 3 (P = 0.03) in group 1, with no significant 
differences observed between the two groups in all other 
measurements. These results, in conjunction with the lack 
of significant difference in SCr levels, suggest that both 
doses of AMK exert a similar renal impact. Notably, in 
cases without a significant increase in SCr, an elevation in 
NGAL on day 3 may serve as an early predictor of AMK’s 
renal effects, similar to findings in premature neonates 
during gentamicin treatment, where significant elevations 
in NGAL were observed even without a significant rise in 
SCr.24,25

In an animal study, plasma and urine concentrations 
of NGAL increased 4- to 38-fold following AMK 
infusion.26 Further studies, such as those investigating 
serum NGAL in high-dose methotrexate-induced AKI, 

Table 1. Included patients’ characteristics 

Parameter
Group 1 

(25 mg/kg/d)
Group 2 

(15 mg/kg/d)
P value

Patient demographics

Number of patients 20 20

Age (years) 43.55 + 8.51  49.11 ± 9.49 0.072

Sex (male)/(female) 12/8 14/6 0.69

Weight (kg) 69.65 + 8.97 65.03 ± 10.21 0.14

No. of patients on 
mechanical ventilation

18 16 0.66

Urine output (mL/24 h) 3887.50 + 1131.47 3540 + 1520 0.42

Isolated pathogen (%)

Pseudomonas aeruginosa 58 53 0.44

Acinetobacter baumannii 13 11 0.36

Escherichia coli 15 17 0.40

Others gram-negative 
bacteria

14 19 0.33

Monitoring data

APACHE II score 18.45 ±5.54 15 ± 5 0.39

SOFA score day 1 10 ± 3 11 ± 3 0.30

SOFA score day 3 9 ±3 10 ±3 0.30

SOFA score day 5 8 ±3 7 ±3 0.50

SOFA score day 7 6 ±2 7 ±1520 0.12

Inotrope/vasopressor 
support (%)

12 (60%) 10 (50%) 0.44

Sites of infection (%) 0.98

Pulmonary 9 (45%) 8 (40%)

Catheter 4 (20%) 5 (25%)

Urinary tract 4 (20%) 4 (20%)

Bacteraemia 3 (15%) 3(15%)

APACHE, Acute Physiology, and Chronic Health Evaluation; SOFA, 
Sequential Organ Failure Assessment.

Table 2. Serum creatinine (SCr) in two study groups, follow-up for 7 days

Creatinine (mg/dL)
Group 1 

(25 mg/kg/d)
Group 2 

(15 mg/kg/d)
P value*

Day 1(admission) 1.15 ± 0.89 1.10 ± 1.10 0.95

Day 3 1.6 + 0.75 1.6 ± 0.65 0.15

Day 5 1.7 ± 0.97 1.55 ± 0.72 1

Day 7 (admission) 1.87 ± 1.14 1.89 ± 1.19 0.87

P value** 0.58 0.83

Test: Repeated measures ANOVA.
* Comparison between groups 1 and 2; ** Within each group.

Table 3. Neutrophil gelatinase-associated lipocalin (NGAL) in two study 
groups, follow-up for 7 days

NGAL (ng/mL)
Group 1 

(25 mg/kg/d)
Group 2 

(15 mg/kg/d)
P value*

Day 1 (admission) 156.16 ± 120.60 148.15 ± 58.19 0.4

Day 3 180.96 ± 135.69 161.91 ± 122.72 0.76

Day 5 160.90 ± 120.60 156.52 ± 75.80 0.07

Day 7 168.05 ± 106.48 153.94 ± 81.70 0.3

P value** 0.03 0.53

Test: Repeated measures ANOVA.
* Comparison between groups 1 and 2; ** Within each group.

Table 4. Interleukin 18 (IL-18) in two study groups, follow-up for 7 days

IL-18 (pg/mL)
Group 1 

(25 mg/kg/d)
Group 2 

(15 mg/kg/d)
P value*

Day 1 (admission) 449.53 ± 253.41 304.93 ± 166.22 0.04

Day 3 687.74 ± 335.43 682.46 + 511.46 0.97

Day 5 656.21 ± 424.26 674.23 ± 455.20 0.90

Day 7 620.74 ± 463.81 448.99 ± 282.52 0.38

P value** 0.045 0.028

Test: Repeated measures ANOVA.
* Comparison between groups 1 and 2; ** Within each group.

Table 5. Comparison of NGAL and IL-18 in patients with and without AKI 
on Day 3

Biomarker AKI (n = 9) Non-AKI (n = 31) P value*

NGAL (ng/mL) 195.0 ± 140.0 160.0 ± 120.0 0.25*

IL-18 (pg/mL) 710.0 ± 330.0 660.0 ± 400.0 0.40*

Test: Repeated measures ANOVA
* Comparison between groups 1 and 2.
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have concluded that NGAL is an effective marker for 
identifying direct tubular damage caused by nephrotoxic 
agents.27 Regarding IL-18, urinary levels showed a 
significant increase (P = 0.045 and 0.028 in groups 1 and 
2, respectively) on day 3. Despite this, no significant 
difference was observed between the two groups over 
the 7-day follow-up (P = 0.38). These results indicate that 
both doses of AMK had a similar renal impact. However, 
the elevation in IL-18 levels on day 3 may reflect the 
presence of AKI that could manifest in the subsequent 
days, as SCr levels remained within the normal range. 
The increase in IL-18 levels suggests enhanced toxicity 
associated with both doses of AMK, consistent with 
findings from other studies that have linked IL-18 to early 
kidney injury, such as in pediatric chemotherapy patients 
and after cardiopulmonary bypass surgery.28-30 Although 
these findings are valuable, we must interpret them with 
caution, as no difference in toxicity was observed based 
on SCr and NGAL biomarkers. It should be noted that 
there are very few studies on the renal effects of high-dose 
AMK in ICU patients, which limits the ability to compare 
our findings directly with existing literature. However, a 
study by Bartal et al. demonstrated that standard doses 
of AMK did not result in significant differences in renal 
biomarker levels between patients with renal dysfunction 
and those with normal renal function.31

In previous studies, patients with severe sepsis have 
been recommended doses of AMK exceeding 25 mg/
kg for individuals with a suspected increased volume 
of distribution (Vd), such as ICU patients.1,26 Peak 
AMK levels below 40 μg/mL are associated with worse 
outcomes,32 aligning with reports that suggest higher 
doses (e.g., 25-30 mg/kg) are necessary to achieve target 
levels effective against more resistant bacteria in ICU 
settings.33,34 In our study, almost all patients receiving 15 
mg/kg/d of AMK had a peak level (Cmax) below 40 μg/mL, 
while the 25 mg/kg/d dose helped achieve this threshold. 
This is unsurprising, given that Vd in critically ill patients 
is significantly increased compared to the general 
population, influencing serum AMK levels.1 Notably, 
no impairment in renal function was observed with the 
higher dose, likely because the minimum concentration 
(Cmin) in both groups was below the threshold of toxicity 
(5 μg/mL).35

In summary, our study suggests that the higher 
dose of AMK (25 mg/kg per day) could be considered 
a viable option for achieving the desired therapeutic 
levels in critically ill patients, with renal injury outcomes 
comparable to those observed with the conventional dose. 
This insight may inform AMK dosing strategies in ICU 
settings, where combating more resistant bacteria is a 
critical concern. Furthermore, our data indicate that AKI 
biomarkers, particularly IL-18 and NGAL, may increase 
during AMK treatment even before changes in SCr are 
observed, suggesting their potential as early predictors 
of renal failure. However, further studies are needed to 
confirm this hypothesis. Several limitations should be 

acknowledged. First, the relatively small sample size may 
limit the generalizability of our findings to a broader 
patient population. Second, the seven-day follow-
up period may not capture long-term effects of AMK 
treatment, especially given that treatments beyond 10 days 
are known to carry a higher risk of nephrotoxicity. Third, 
this study was not designed to assess the pharmacokinetic 
parameters associated with AMK dosing. Lastly, as 
previously mentioned, the variability in nephrotoxicity 
incidence across different studies highlights the need for 
a larger cohort to detect the true incidence and pattern of 
nephrotoxicity biomarkers in our population.

Conclusion
In conclusion, our study suggests that high-dose AMK 
(25 mg/kg/d) may not result in significantly higher 
nephrotoxicity compared to the conventional dose in 
critically ill patients. However, careful monitoring of 
kidney function, including biomarkers like IL-18 and 
NGAL, is essential when using high doses of AMK. 
Further research with larger sample sizes is necessary to 
fully understand the safety and efficacy of higher doses in 
this patient population.
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