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Aim: This study was conducted to optimize gentamicin (genta) use in paediatrics incorporating 

the estimation of serum drug concentrations and customized pharmacokinetic (PK) simulations. 

Method: 66 patients (age 1-144 month) were enrolled in the study. They received gentamicin 2-

2.5 mg/kg every 8 hr. (TID regimen). Serum genta concentrations within one dosing interval of 

dose 3 and dose 4 were determined using an immunoassay; blood samples were collected at 30 

minutes after the end of infusion while a trough level sample was collected just before the next 

dose. Customized PK simulation analysis was based on the following assumptions: Single-

compartment model, first-order elimination, and repeated short time IV infusion. PK parameters 

and simulation of genta peak/trough levels after various regimens were estimated and compared 

statistically. Results: About 65% of the patients showed subtherapeutic peak genta levels (less 

than 6 ug/ml) during the dosing intervals. Potentially toxic trough levels (>1 ug/ml) were 

observed in two patients. Neonates (1-12 months) showed a relatively higher mean genta volume 

of distribution (Vd), 0.51±0.18 L/Kg, vs 0.37±0.13 (p<0.05) in children (>1-12 y). Half-life in 

both groups was comparable (about 3 h). Simulation suggests BID regimens will provide the best 

theoretically overall peak/trough targets. Discussion: In children, a higher volume of 

distribution of genta could be associated with the lower serum peak levels due to the 

conventional dosing regimen (TID). Conclusion: Optimal dosing regimen in pediatric patients 

can be designed to achieve target high peak, low trough levels based on simplified customized 

PK simulations. 

 

 

INTRODUCTION 

 

Aminoglycosides (AG) are bactericidal 

antibiotics, of which genta is frequently used 

for the management of many serious gram-

negative infections in adults, children, and 

neonates. However, it needs to be emphasized 

that their use is associated with the dilemma of 

nephrotoxicity and ototoxicity
1
. Distinctly, this 

is surmounted to a great extent by, therapeutic 

drug monitoring (TDM) to ensure efficacy and 

minimize toxicities
2-5

. Interestingly; AG 

significantly revealed concentration-dependent 

efficacy, the post-antibiotic effect that supports 

adopting once daily (OD) dosing in adults
6
. 

Nevertheless, a considerable dispute has been 

expressed regarding the effectiveness of once-

daily dosing of AG in children. A cohort study 

has revealed a higher incidence of ototoxicity 

following the OD regimen of AG in children 

associated with risk factors7. The analogous 

finding was convincingly reported in other 

studies utilizing AG in critically ill paediatrics
8
 

and those suffering from cystic fibrosis
9
. The 

present work aimed to provide a simple 

approach to optimize the dosing of genta in 

children with normal renal function.  

 

METHODS 

 

The present prospective study was 

implemented at the pediatric department, King 

Abdulaziz University Hospital (KAUH), 

Jeddah, KSA. The study protocol was approved 

by the Research Ethics Committee of the 

Faculty of Medicine, KAUH.  
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Inclusion Criteria 

Neonates aged 1-12 m, children 13-144 m 

who received genta as an empirical treatment 

for gram-negative infections, were included in 

the study. Monitoring of genta level was a part 

of routine clinical care at KAUH. The 

guidelines for genta dosing allow a range of 

doses given the diversity of pathogens, severity 

of infections and patients characteristics
10

. The 

dosing regimen is the sole responsibility of the 

clinician in charge. 

According to the FDA guidance (1998), 

the pediatric population are classified as: 

neonates (birth to 1 month), infants (1 month to 

2 years), developing children (2-12 years), and 

adolescents (12-16 years)
11

. The present study 

focusses on, developing children, we will use 

the term (Children) throughout this article. 

 

The exclusion criteria  

Those patients who had missing peak or 

trough levels; and those who received drugs 

that impair renal function or have congenital 

anomalies. Furthermore, relevant demographic, 

renal function test, co-medications, dosing 

regimen, and sampling time of genta, were 

retrieved from patients’ files.  

In the present study, the TID regimen (2-

2.5 mg/kg; every 8 hr.) was implemented.  

 Samples for the peak (Cmax) genta level 

were taken after the 3
rd

 dose; 30 minutes after 

the end of infusion (post-distribution phase) 

and the samples for trough level (Cmin) were 

taken 10-15 min before the fourth dose.  

Also, the genta level was analyzed by a 

fully-automated immunoassay procedure using 

a homogenous particle enhanced turbidimetric 

inhibitory immunoassay technique (PETUNIA) 

with Dimension Clinical Chemistry System 

(Stream lab – Dad Behring). Calibration and 

analysis were performed as specified by the 

reagent manufacturer. All specimens were 

tested within a few hours. Accuracy of analysis 

was assured by the daily running of three levels 

of quality control samples (QC). The 

coefficient of variation was less than 5%. 

 

PK analysis 

An Excel-based program was developed 

(Excel 2016 and visual basic) to estimate the 

volume of distribution (Vd), elimination rate 

constant (k), and half-life. The estimated PK 

parameters were used for simulation of 

concentration vs time profile of assumed 

dosing regimen and minimum inhibitory 

concentration (MIC) of 1 ug/ml. 

(supplementary material). The simulation aims 

to visually demonstrate achievement of the 

therapeutic peak; defined as 8-10 times MIC, 

therapeutic trough <1 ug/ml. The low or 

undetectable level should not exceed 8 hrs (the 

acceptable time of the post-antibiotic effect of 

gentamicin)12. 

The principles of estimation assumed that; 

genta distribution follows a one-compartment 

model and it was eliminated by the 1st order 

kinetic process (equations 1-5)7&13.  

 

Estimation of elimination rate constant (K)  
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C1= peak level (0.5 hr. after the end of 

infusion), C2= pre-dose or trough level, (t2 - t1) 

= Time difference between the two samples.  

 

For practical purposes Css was assumed to 

be attained after 3 doses, i.e., in our study, the 

samples were taken after the 3rd dose & before 

the 4
th
 dose).  
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D= Dose of genta (mg/kg); ti = infusion time 

(0.5 hr.), e= base for Ln.; t2= time of the 2nd 

sample (trough).  
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 tx: sampling time for C2, (x hr. post-dose).  
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Statistical analysis  

Statistical analysis was performed using a 

statistical package program (SPSS, version 22). 

Pharmacokinetic parameters are presented as 

the means ± standard deviation (M±SD) 

independent sample t-test two-tailed, was used 

to compare mean PK values, p< 0.05 was 

considered as significant.  

 

 

RESULTS AND DISCUSSION 

 

Results  

In this study, sixty-six pediatric patients 

were enrolled prospectively. Demographic and 

relevant clinical data are summarized in tables 

1&2. Notably, chest infection represented a 

major reason for treatment with genta followed 

by the post-surgical procedure.  

 

 

Table 1: Demographics; genta dose and 

baseline serum creatinine of pediatric 

patients (n= 66). 

  Children Infants 

Mean 53 1.9 

SD 39.7 1.7 

 

Age (month) 

 Range 13-144 1-6 

Mean 15.7 4.1 

SD 13 0.58 Weight (Kg) 

Range 6.2-60 2-3.2 

Mean 2.2 2.47 

SD 0.46 1.1 
Dose 

mg/kg/8 hr. 
Range 1-2.9 2-3.2 

Mean 34.7 33.5 

SD 5.7 10.4 

Basle serum 

creatinine 

Mmol/L Range 28-45 24-43 

 

Table 2: Indication of genta and concomitant 

antibiotics in pediatric patients (n= 66). 

  
No of 

patients 
% 

Chest infection 52 78.8 

Post-surgical 

procedure 
6 9.1 

Sepsis 2 3.0 

Urinary tract 

infection 
4 6.1 

Endocarditis 1 1.5 

Disease 

Otitis media 1 1.5 

Penicillin 42 63.6 Concomitant 

antibiotics Cephalosporin 24 36.4 

 

Furthermore, all patients received IV 

penicillin or cephalosporin in addition to genta. 

Renal function was monitored by measuring 

serum creatinine, (S. Cr) & blood urea nitrogen 

(BUN). Although reporting adverse effects 

were beyond the scope of this study, no 

mortality, or serious adverse effects to genta 

were documented. Few patients showed mild 

elevation of S. Cr (within 10% of baseline 

level) although they have a therapeutic genta 

level.  

Subsequently, the patients are further 

subdivided into two groups according to their 

ages, for pharmacokinetic analysis. Group 1: 

infants (1-12 months) & group 2: children (13-

144 months). 

Data of determining (actual) peak and 

trough genta levels and the estimated PK 

parameters are presented in tables 3&4, 

respectively. Only 35% of the patients showed 

a peak genta level within the reference range 

(6-12 ug/ml). The incidence of low peak genta 

level was higher in infants compared to 

children. The mean trough genta level in both 

groups is potentially toxic (>1 ug/ ml.).

 

 

Table 3: Genta plasma level in pediatric patients, TID regimen (n= 66). 

  Level ug/ml No % 

Within range 6-12 23 34.8 
Peak 

Subtherapeutic <6 43 65.2 

Within range <1 64 97.0 
Trough 

Potentially toxic >1 2 3.0 

* Ref range for multiple daily dosing: peak 6-12 ug/ml L, Trough <1 ug/ml 
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Table 4: Estimated PK parameters of genta in pediatric patients (Mean± SD).  

Peak level (ug/ml) 

t1/2 (hr.) 
Vd 

L/Kg 

Trough 

ug/ml 
Sub-

therapeutic 
Therapeutic 

Dose 

mg/kg 
 

2.8±0.6 0.51*±0.18 1.7±0.84 56% 10.8±2.99 2.47±1.1 Infants: (1-12 m, n= 24) 

2.6±0.8 0.37±0.13 1.29±.93 38% 12.02±2.53 2.2±0.46 Children:(13-144, m., n= 42,) 

a: Reference range (ug/ ml) for gentamicin, TID regimen the peak 6-12, trough <1 

*Significantly higher, t-test, p< 0.05. 

 

 

It was observed that Vd (L/Kg) is 

relatively higher in infants (0.51 ± 0.18) 

compared to children (0.37±0.13) (p< 0.05). 

Figure 1 shows the simulation of genta level 

assuming BID, TID, OD regimen in children. It 

is noteworthy that the BID regimen is likely to 

provide higher peak & lower trough levels 

compared to the TID regimen. In contrast, 

once-daily dosing provided a higher peak level 

(about 20 ug/ml), but prolonged very low 

trough level (<1 ug/ml; more than 8 hr.) i.e., 

exceeds the time for the post-antibiotic effect 

of gentamicin14. 

 

Discussion 

TDM and clinical PK are valuable tools to 

optimize the use of genta in clinical settings
15

. 

Taking into account (PK) and 

pharmacodynamic (PD) properties of genta, the 

achievement of high peak (8-10 times MIC) 

and very low trough (6-8 hr.) is an empirical 

guide for its optimal dosing16. 

The approach of using high dose and long 

dosing interval of AG was based on two 

fundamental PD characteristics of this class of 

antibiotics: The 1st is the post-antibiotic 

effect (PAE) which practically means 

continued bactericidal effect regardless of 

undetectable serum drug level for the specified 

time (about 3-8 hrs.). 

PAE is restricted to certain strains of 

bacteria (gram-negative bacilli) and requires a 

normal immune system of the patient. In this 

context, for example, the duration of the PAE 

is reduced in the absence of 

polymorphonuclear leukocytes (PMNs). The 

2
nd 

PD characteristic of AG is the 

concentration-dependent efficacy, i.e. 

achievement of high serum peak concentrations 

(8-10 higher relative to the organism's MIC) 

likely to be associated with higher antibacterial 

efficacy (more rapid, and a higher percentage 

of bactericidal effect)14. 

Interestingly, a PK/PD modelling study 

based on retrospective data of genta suggested 

that once-daily dosing of 5-6 mg/kg/dose is 

adequate only to treat infections with gram-

negative organisms having minimal inhibitory 

concentration less than 1 µg/mL but highlights 

the need to assess the safety of higher doses of 

genta in paediatrics
17

. Dose guidelines for OD 

aminoglycoside for pediatric patients without 

cystic fibrosis have been suggested given age 

as follows: 3 months to less than 2 years, 9.5  

mg/kg; 2 years to less than 8 years, 8.5 

mg/kg; and 8-18 years, 7 mg/kg18. 

However, the OD regimen in paediatrics 

was not adopted as a universal concept and 

some queries need to be answered. The 

available evidence demonstrates that efficacy, 

and probable nephrotoxicity are at least 

equivalent between OD and multiple daily-

dosing regimens. More importantly, however, it 

identifies gaps in our knowledge about (1) the 

incidence of ototoxicity, (2) the appropriate 

dose (which varied from 4 to 7.5 mg/kg per 24 

hours in the included trials)
7
.  

Furthermore, A wide inter-patient 

variation in genta elimination and Vd has been 

recognized. Several patient-specific variables 

are related to elimination and therapy influence 

serum level. These include renal function, age, 

fever, lean body weight, and route of 

administration
19-23

. Pediatric patients showed 

higher Vd which implies that a high 

aminoglycoside dose is required to attain 

adequate peak levels
24&25

. A comprehensive 

review of studies relevant to PK of genta in 

paediatrics indicated that the mean estimated 

genta Vd for newborns, infants, and children 

are 0.475, 0.35, and 0.33 L/kg, respectively. 

Although body composition and kidney 

maturation are identified as the main variables 

affecting the PK of genta in paediatrics. The 

authors emphasize to study the impact of other 

covariates, such as lean body weight, 
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concomitant medication, fever, and critical 

illness on aminoglycoside PK
24

. 

In the present study, the TID regimen 

(namely 2-2.5 mg/kg/8 hrs. slow IV infusion 30 

min, rate = dose mg/kg/infusion time), 

automated infusion pump was utilized for 

pediatric patients enrolled in the study. 

Pediatric patients are known to have a higher 

ratio of body water relative to adults. About 

70% of the bodyweight of term infants is water 

compared to 65% or 60% in children, and 

adolescents respectively
26

. Genta is a very 

polar drug, and its distribution is confined to 

extracellular fluids27. Given this low peak, 

genta levels are expected in a traditional dosing 

regimen 2.5 mg/kg/8 hrs. In the present study, 

there was an obvious relationship between high 

Vd and the high incidence of the low peak 

genta level. Patients with low peak levels of 

genta are common in clinical practice28&29. 

Genta is mainly eliminated by renal clearance 

so that it has a shorter half-life in children with 

normal renal function27. In the present study, 

the mean half-life of genta is about 3 hr. and 

not affected by the age of patients.  

Many programs that use PK and 

simulations are of paramount importance to 

adjust the therapeutic regimen for drugs with a 

narrow therapeutic range. For example, AG, 

optimal software guide optimal dosing on an  

individual basis based on an integration 

between the patient’s profile (renal function, 

age, etc.); PD (e.g., post-antibiotic effect), and 

PK [e.g. Vd, k]. Moreover, it allows r 

estimation of individual PK parameters based 

on the measured drug levels. These data 

support design of optimal dosing regimen on an 

individual basis, i.e to achieve a target peak 

and trough AG levels30. 

In the present study, we used a simple 

Excel-based program to simulate various 

regimens given a pilot sample of pediatric 

patients who received genta but do not suffer 

other chronic diseases or renal impairment 

(supplementarily material). 

Given the present results of high Vd and 

short half-life, PK simulation suggests 3.5-4 

mg/kg BID. instead of 2-2.5 mg TID. (Fig 1). 

OD regimen provided a higher genta peak but 

prolonged a very low trough level.  

 

 

 

 
Fig. 1: Simulation of genta level at steady state after repeated IV infusion in Children (>1-12 y) in view of mean 

volume of distribution: 0.37 L/kg, half-life: 2.6 hr.), 2.5 mg/ kg, TID, 3.5 mg/kg BID and OD 7 mg/kg. 

The minimal inhibitory concentration of genta-sensitive bacteria (MIC) was supposed to be 1 ug/ml, 

optimal efficacy peak 10 times MIC. Recall the time of trough level < MIC, should not excessed 8-10 hr. 

(post-antibiotic effect). [see discussion for details]. 
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The incidence of acute kidney injury 

(AKI) induced by AG in children was reported 

as 20-33%31. In the present study, 

nephrotoxicity due to genta was not 

documented and no clear association between 

genta serum levels and S. Cr levels was 

observed. Ali et al., documented that S. Cr is a 

poor biomarker to follow the renal function in 

preterm neonates administer genta
32

. Marked 

elevation of S. Cr above its normal values is 

not significantly noticed until about 25-50% of 

kidney function has deteriorated. Therefore, 

using this biomarker alone to monitor kidney 

function means that the detection of 

nephrotoxicity may be late and may 

underestimate drug-induced nephro-

toxicity33&34. Therefore, a more accurate renal 

function biomarker was suggested as a better 

early marker of drug-induced renal injury e.g., 

serum cystatin C; and β2-microglobulin35. 

Kidney injury molecule-1 was suggested as an 

early biomarker to identify AG-induced 

proximal tubular injury with promising results 

in clinical studies36. Cochlear toxicity of AG is 

less common in neonates and children 

compared to adults, the reported incidence was 

about 2% in neonates37. 

 

Conclusion 

Given the PK parameters in the present 

study, the TID of 2-2.5 mg/kg is not likely to 

provide an adequate peak level in most 

pediatric patients with normal renal function. 

BID (e.g., 3.5-4 mg/kg) is more convenient and 

supposed to produce therapeutic gent levels. 

The Excel sheet was provided in the 

supplementary material to allow predication of 

other dosing regimens.  
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