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Abstract 

Amikacin is still a recommended option in emergency surgery. Current guidelines have 

suggested an amikacin dose of 15-20 mg/kg/24 h for intra-abdominal infections (IAI). Our 

objectives were to analyse amikacin pharmacokinetics (PK) and dosage requirements in 

patients who underwent emergency surgery, and to identify an optimal dosing approach. 

We performed a retrospective data analysis of patients who received amikacin for 

emergency surgery over 2.5 years, with measurement of both peak (Cmax) and trough (Cmin) 

concentration after the first dose. The BestDose software was used to analyse amikacin 

concentrations and simulate various alternative dosage regimens in each patient. We 

compared concentration estimates with target values: Cmax > 64 mg/L and Cmin < 2.5 mg/L at 

24 h. Classification and regression tree analysis was used to identify determinants of Cmax 

target attainment (TA) and optimal dose. 

Data from 84 patients, including 62 with IAI, were analysed. Despite a median initial dose of 

25 mg/kg, 32% of patients did not achieve the Cmax target. An amikacin dose ≤ 21.5 mg/kg 

was the primary predictor of failure to achieve the target. A dose of 30 mg per kg of total or 

corrected body weight, as well as a fixed dose of 2500 mg would result in the highest TA. The 

primary determinants of the optimal dose were ideal body weight, age, and renal function. 

To conclude, recommended dosages of amikacin in emergency surgery are not optimal. A 

fixed initial dose of 2500 mg could simplify and optimise dosing in this setting. 
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Introduction 

Aminoglycoside agents are recommended for antimicrobial prophylaxis in surgery, especially 

in patients with a beta-lactam allergy [1]. For example, they may be used as antimicrobial 

prophylaxis for urological procedures [2]. Amikacin is a recommended option for empirical 

therapy of healthcare-associated intra-abdominal infections (IAI) in both non-critically ill and 

critically ill patients, those being common surgical emergencies [3, 4]. Current guidelines 

suggest a dosage of 15-20 mg/kg every 24 h (q24) for amikacin in this indication [4].  

Aminoglycosides are concentration-dependent antimicrobial agents. 

Pharmacokinetic/Pharmacodynamic (PK/PD) indices of efficacy are the ratio of the maximal 

concentration (Cmax) over the bacterial Minimum Inhibitory Concentration (MIC, and Cmax 

/MIC ratio), and the ratio of the area under the concentration-time curve (AUC) over the MIC 

(AUC/MIC) [5, 6]. Target values of 8 to 10 and 80-100 have been suggested for amikacin Cmax 

/MIC and AUC/MIC, respectively [7]. In addition, the trough concentration (Cmin) is 

considered as a predictor of nephrotoxicity, with a target value < 2.5 mg/L for amikacin [7].  

Achieving the PK/PD targets of efficacy with the first aminoglycoside dose is desirable in 

emergency surgery. However, there is little information about the ability of recommended 

dosage (15-20 mg/kg every 24 h) to achieve PK/PD targets in this setting, and alternatives to 

weight-based dosing have not been thoroughly investigated. 

The objectives of the present study were to describe the pharmacokinetics (PK) and dosage 

requirements of amikacin in emergency surgery patients and to identify an optimal dosing 

approach. 

 



 

1. Patients and methods 

1.1. Data collection 

We performed a retrospective data analysis of patients who received amikacin for 

emergency surgery and had Therapeutic Drug Monitoring (TDM) with measurement of both 

peak (Cmax) and trough (Cmin) concentration after the first amikacin dose. Antibiotic therapy 

was initiated as prophylaxis and/or probabilistic therapy during surgery, according to clinical 

guidelines. It could be discontinued after surgery when infection was not confirmed. The 

study was conducted in a 1000-bed hospital in France. Data were collected from December 

2013 to June 2016. This was a non-interventional study and TDM was performed as part of 

routine patient care. In accordance with French laws, no informed consent nor ethics 

approval was required for conducting this analysis [8].  

Data collected and used for PK analysis included drug doses, drug administration times, 

intravenous infusion times, blood sampling times, measured drug concentrations, as well as 

patients’ sex, age, weight, serum creatinine and creatinine clearance. Microbiology data 

were also collected including site of infection and identified pathogen. Sampling for 

microbiology analysis was performed during and/or after surgery on various types of 

samples including urine, blood, and peritoneal fluid. Other demographic and clinical data 

were examined as potential predictors of amikacin optimal dose (see below). 

 

 

 



1.2. PK analysis 

All patients received amikacin administered as a 30-min intravenous (IV) infusion. Blood 

sampling for determination of amikacin Cmax and Cmin was done at approximately 30 min and 

24 h after the end of the first infusion. Times were precisely recorded in each patient. 

Amikacin concentrations were determined by particle enhanced turbidimetric inhibition 

immunoassay (PETINIA) on a Siemens analyser. The limit of quantification of the method was 

0.52 mg/litre. Maximum inter-day variability was 1.50% at mean concentrations of 4.62, 

15.5, and 30.71 mg/litre. 

We compared measured Cmax and Cmin to target values recommended. The conventional 

amikacin Cmax target is 8-10 x MIC [7]. Considering a MIC breakpoint of 8 mg/L for 

Enterobacterales as defined by EUCAST 

(https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0

_Breakpoint_Tables.pdf ), this translates into a Cmax target of 64-80 mg/L for initial dosing. 

Amikacin Cmin target somewhat varies in the literature. We considered a target Cmin < 2.5 

mg/L in accordance with French and international guidelines [7, 9]. 

The BestDose software [10] was used to analyse amikacin concentrations in each individual 

patient. We performed Bayesian fitting of patients’ data by using the amikacin model 

implemented in BestDose. This two-compartment model was based on a large population PK 

study conducted in 634 adult patients who received amikacin by intravenous or 

intramuscular route [11]. Individual Bayesian posterior PK parameters of amikacin and PK 

profile were estimated in each patient. Because the Cmax and Cmin samples were not obtained 

at the same exact time in all patients, the model was used to estimate amikacin Cmax at 30 

min post-dose and Cmin at 24 h exactly. We also compared those Cmax and Cmin estimates to 

target values [7, 9].  



Then, we used the BestDose software to calculate the optimal dose of amikacin that would 

have been required to achieve a target Cmax of 64 mg/L, 30 min after a 30 min-infusion, in 

each patient. We also simulated various amikacin doses and assess their ability to achieve 

the target Cmax of 64 mg/L. The dosages tested were 20, 25 and 30 mg per kg of total body 

weight (TBW), as well as 20, 25 and 30 mg per kg of corrected bodyweight (CBW). CBW 

definition was based on ideal body weight (IBW) and TBW. CBW was equal to IBW (IBW) 

when TBW was less than or equal to 20% of IBW. When TBW was greater than 20% of IBW, 

CBW was defined as follows: CBW = (IBW + 0.4*(TBW-IBW)), which is also known as adjusted 

body weight. This weight-based algorithm for aminoglycoside dosing is recommended by the 

State of Queensland, Australia [12]. IBW was estimated by the Devine’s equation [13]. A 

fixed amikacin dose of 2500 mg was also evaluated, as suggested by White et al. [14]. 

 

1.3. Determinants of target attainment and optimal dose 

We performed exploratory regression tree analysis to identify determinants of the optimal 

dose of amikacin as computed by PK modelling. The Statistica software was used for this 

analysis (version 13.3, Tibco software, Palo Alto, CA, California). The following variables were 

evaluated as potential predictors of the optimal amikacin dose: age, sex, height, TBW, IBW, 

ratio of TBW over IBW, body mass index, body surface area (BSA), serum creatinine, 

creatinine clearance estimated by the Cockcroft-Gault equation (CLCR), blood urea nitrogen 

(BUN), ASA (American Society of Anesthesiologists) score, cardiac index, chronic renal 

failure, liver cirrhosis, diabetes, outpatient status, transfer from ICU to surgery, transfer to 

ICU after surgery, second surgery, digestive site of infection, volume of IV fluid administered 

during surgery, volume of blood loss and volume of other fluid loss. In order to prevent 



overfitting, we set the minimal number of observations per node to 10 and performed a 5-

fold cross validation of the final tree.  

We also performed classification tree analysis to identify determinants of Cmax target 

attainment (≥ 64mg/L) coded as a binary variable. The independent variables and settings 

were similar to those used in the regression tree analysis of optimal dose. 

 

2. Results 

Data from 84 patients were available for the analysis. Characteristics of the study population 

are shown in Table 1. Suspected infection of the abdomen or digestive tract was the most 

common indication (n = 62). Nine patients were transferred from the ICU to the surgery unit, 

and 34 patients were transferred to the ICU after surgery. Microbiology data were available 

in 70 patients. In those patients, the pathogens identified were as follows: polymicrobial 

including Gram negative (n = 25), Gram negative only (n=14), polymicrobial without Gram 

negative (n = 5), Gram positive only (n = 4), anaerobes only (n = 2). No pathogen was 

identified in 20 patients.  

Ten-fold variability was observed in measured Cmax (range, 15.9 to 160.2 mg/L). Cmin 

estimated at 24 h was also highly variable (range, 0 to 46.7 mg/L). Despite a median dose of 

25 mg/kg, 32% of patients did not achieve the Cmax target of 64 mg/L at 30 min post-dose. 

Amikacin Cmin at 24 h was higher than the target (2.5 mg/L) in 54% of patients.  

The amikacin population model fitted the data (n = 168 concentrations) well, as shown in the 

supplementary material. The median prediction error was -0.38 mg/L, and the median 

absolute prediction error was 11.5%. The equation of the regression line of predicted versus 



observed amikacin concentrations was as follows: y = 0.89x + 1.62, with R² = 0.93. Very large 

variability was observed in PK parameter values, as shown in Table 1. Coefficients of 

variation of amikacin central volume of distribution (V1), clearance (CL) and half-life (T1/2) 

were 38%, 94%, and 63%, respectively. 

The distribution of the individual optimal doses of amikacin calculated with the BestDose 

software is shown in Figure 1. The median optimal dose was 1450 mg, but varied widely 

between patients, ranging from 770 mg to 4800 mg. Figure 2 shows the achievement of Cmax 

(≥ 64 mg/L) and Cmin (< 2.5 mg/L) targets for various simulated doses. A dose of 30 mg per kg 

of TBW or CBW was necessary to achieve the Cmax target in more than 90% of patients. 

Interestingly, the fixed dose of 2500 mg was associated with target attainment rate 

comparable to that of those high weight-based doses. As expected, achievement of the Cmin 

target decreased with increasing doses, but differences were small between dosages. The 

optimal doses provided the best compromise between Cmax and Cmin target attainment.  

Figure 3 summarises the determinants of the optimal dose identified by the regression tree 

algorithm. The correlation between optimal doses predicted by the tree and optimal doses 

computed by BestDose was moderate (R² = 0.53). The primary predictor was IBW. The 

highest amikacin dose was identified in patients with IBW > 71.2 kg and age < 63 years, age 

being a secondary predictor. In patients with IBW ≤ 71.2 kg, CLCR was a secondary predictor. 

In patients with augmented renal clearance (CLCR> 129 ml/min), the optimal dose was larger. 

BSA was a third predictor in patients with CLCR ≤ 129 ml/min. Interestingly, TBW was not 

identified as a predictor of optimal amikacin dose.  

In the classification tree analysis, amikacin dose ≤ 21.5 mg/kg (total body weight) was the 

primary predictor of failure to achieve the Cmax target. The failure rate was 84% (21/25) in 



patients who received a dose ≤ 21.5 mg/kg versus 10% (6/59) in patients who received more 

than 21.5 mg/kg. In this latter group, BUN was as secondary predictor. 

 

3. Discussion 

Optimal dosing of aminoglycosides remains challenging in clinical practice. In critically ill 

patients, several studies have described suboptimal rates of achieving a therapeutic 

amikacin peak concentration, despite the use of recommended dosages of 20 – 30 mg/kg 

[15-18]. In patients with sepsis and septic shock, an initial dose of ≥ 25 mg/kg was suggested 

by Taccone et al. [15]. TDM is recommended to control the exposure and adjust the dosage 

of aminoglycosides [7]. However, TDM cannot be performed to individualise the first dose.  

Emergency surgery is a special situation of antimicrobial use. The treatment is always 

probabilistic, as the pathogen and its susceptibility have not been identified. Achieving 

PK/PD targets up to MIC clinical breakpoints after the first dose is desirable.  

Our results showed large PK variability of amikacin in patients who underwent emergency 

surgery, most of them for IAI. About one-third of patients did not achieve the Cmax target of 

64 mg/L at 30 min post-dose, despite a median dosage of 25 mg/kg. This median dosage was 

higher than recommended, but the individual doses vary widely between patients (10 to 38 

mg/kg). Low dosages (≤ 21.5 mg/kg) were associated with poor target attainment. Overall, 

our results suggest that the dosage recommended in IAI (15-20 mg/kg q24 h [4]) is not 

optimal.  

We explored the ability of various dosages in mg/kg of TBW, as well as alternative dosing 

approach to better achieve the Cmax target. A higher dosage of 30 mg per kg of TBW or CBW 



could improve Cmax target attainment. However, a fixed dose of 2500 mg may be as effective 

and would be simpler in clinical practice, as suggested elsewhere[14].  

This study also confirms that efficacy and safety targets of aminoglycosides are conflicting, 

as 54% of patients showed Cmin > 2.5 mg/L at 24 h in our study. This is in accordance with 

previous studies in critically ill patients [17, 19]. Based on our simulations, higher dosages 

would result in a potentially toxic Cmin that exceeds 2.5 mg/L 24 hours post-administration 

in many patients. The best way to minimise aminoglycoside Cmin is to perform TDM after the 

first dose and consider a dosage interval > 24 h if necessary. 

We identified an initial dose that would have optimised target attainment for both Cmax and 

Cmin. However, this dose was based on TDM results and cannot be precisely determined a 

priori. Several predictors of the individual optimal dose of amikacin were identified, 

including IBW, age, and renal function. Interestingly, total body weight was not a predictor 

of amikacin optimal dose, which supports the need for alternative dosing approaches [20]. 

The determinants identified may be considered in future studies on amikacin personalised 

dosing.  

This study has several limitations. As it was performed as part of routine clinical practice, 

errors may have occurred in data collection. Regarding the classification and regression tree 

analysis of optimal dose and Cmax target attainment, we performed cross-validation because 

of the limited sample size. External validation would be interesting to confirm our findings. 

Of note, the goal of this exploratory CART analysis was to identifiy variables that 

discriminated patients’ subgroups in terms of target attainment and optimal dose, not to 

build a robust predictive model. Also, the determinants identified in the CART analysis are 



not validated for dosage guidance. Finally, the alternative dosing approaches identified are 

based on PK modelling and require further clinical evaluation. 

 

4. Conclusion 

This study suggests that current dosage guidelines for amikacin in emergency surgery are not 

optimal, as they are associated with insufficient Cmax target attainment. An initial amikacin 

dose of 2500 mg could optimise Cmax target attainment and should be further evaluated 

clinically in emergency surgery. A dosage interval of 24 h is too short for achieving target Cmin 

in many patients. TDM remains necessary after the initial dose to individualise both the dose 

amount and the dosage interval if aminoglycoside therapy is still required.  
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Table 1. Characteristics of the study population 

Variable Value 

Number of patients (number of women/men) 84 (36/48) 

Age (years) 64 (17-88) 

Total body weight (kg) 68 (35-120) 

Corrected body weight (kg) 62 (35-95) 

Body Mass Index (kg/m²) 25 (13-44) 

CLCR (mL/min) 79 (6-274) 

Suspected site of infection  

          Abdomen or digestive tract (n) 62 

          Skin and soft tissues (n) 8 

          Urinary tract (n) 8 

          Other (n) 8 

Amikacin initial dose (mg) 1750 (750-3000) 

Amikacin initial dose (mg/kg) 25 (10-38) 

Measured Cmax (mg/L) 77.3 (15.9-160.2) 

Estimated Cmax at 30 min (mg/L) 72 (22-134) 

Estimated Cmax at 30 min ≥ 64 mg/L (%) 68% 

Cmin at 24h (mg/L) 3.3 (0 - 46.7) 

Cmin at 24h < 2.5 mg/L (%) 46% 

Amikacin V1 (L/kg)a 0.24 (0.13 – 0.66) 

Amikacin CL (ml/min)a 46.4 (4.8 – 367.4) 

Amikacin T1/2 (h)a 2.5 (1.7 – 10.3) 

Values are given as median (min-max) unless otherwise stated. 
a Those parameters were estimated by using the pharmacokinetic model (Bayesian posterior 

estimates). 

Abreviation: CL, amikacin clearance; CLcr, creatinine clearance; Cmax, maximal concentration; 

Cmin, trough concentration; T1/2, half-life; V1, central volume of distribution.  

 

  



References 

 

[1] Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG, Bolon MK, et al. Clinical 

practice guidelines for antimicrobial prophylaxis in surgery. Surg Infect (Larchmt) 

2013;14(1):73-156. 

[2] Lightner DJ, Wymer K, Sanchez J, Kavoussi L. Best Practice Statement on Urologic 

Procedures and Antimicrobial Prophylaxis. J Urol 2020;203(2):351-6. 

[3] Montravers P, Dupont H, Leone M, Constantin JM, Mertes PM, Societe francaise 

d'Anesthesie et de Réanimation, et al. Guidelines for management of intra-abdominal 

infections. Anaesth Crit Care Pain Med 2015;34(2):117-30. 

[4] Sartelli M, Chichom-Mefire A, Labricciosa FM, Hardcastle T, Abu-Zidan FM, 

Adesunkanmi AK, et al. The management of intra-abdominal infections from a global 

perspective: 2017 WSES guidelines for management of intra-abdominal infections. 

World J Emerg Surg 2017;12:29. 

[5] Drusano GL, Ambrose PG, Bhavnani SM, Bertino JS, Nafziger AN, Louie A. Back to the 

future: using aminoglycosides again and how to dose them optimally. Clin Infect Dis 

2007;45(6):753-60. 

[6] Bland CM, Pai MP, Lodise TP. Reappraisal of Contemporary Pharmacokinetic and 

Pharmacodynamic Principles for Informing Aminoglycoside Dosing. Pharmacotherapy 

2018;38(12):1229-38. 

[7] Abdul-Aziz MH, Alffenaar JC, Bassetti M, Bracht H, Dimopoulos G, Marriott D, et al. 

Antimicrobial therapeutic drug monitoring in critically ill adult patients: a Position 

Paper. Intensive Care Med 2020;46(6):1127-53. 

[8] Michaud M, Michaud Peyrot C. [French regulation of medical research]. Rev Med 

Interne 2020;41(2):98-105. 

[9] Agence Française de Sécurité Sanitaire des Produits de Santé. Update on good use of 

injectable aminoglycosides, gentamycin, tobramycin, netilmycin, amikacin. 

Pharmacological properties, indications, dosage, and mode of administration, 

treatment monitoring Med Mal Infect 2012;42(7):301-8. 

[10] Neely M, Philippe M, Rushing T, Fu X, van Guilder M, Bayard D, et al. Accurately 

Achieving Target Busulfan Exposure in Children and Adolescents With Very Limited 

Sampling and the BestDose Software. Therapeutic drug monitoring 2016;38(3):332-

42. 

[11] Ducher M, Maire P, Cerutti C, Bourhis Y, Foltz F, Sorensen P, et al. Renal elimination 

of amikacin and the aging process. Clin Pharmacokinet 2001;40(12):947-53. 

[12] State of Queensland DoH. Aminoglycoside Dosing in Adults Available at 

https://wwwhealthqldgovau/clinical-practice/guidelines-

procedures/medicines/safety 2018. 

[13] Devine BJ. Gentamicin therapy. Drug Intell Clin Pharm 1974;8(11):650-5. 

[14] White BP, Lomaestro B, Pai MP. Optimizing the initial amikacin dosage in adults. 

Antimicrob Agents Chemother 2015;59(11):7094-6. 

[15] Taccone FS, Laterre PF, Spapen H, Dugernier T, Delattre I, Layeux B, et al. Revisiting 

the loading dose of amikacin for patients with severe sepsis and septic shock. Crit 

Care 2010;14(2):R53. 



[16] Roger C, Nucci B, Molinari N, Bastide S, Saissi G, Pradel G, et al. Standard dosing of 

amikacin and gentamicin in critically ill patients results in variable and subtherapeutic 

concentrations. Int J Antimicrob Agents 2015;46(1):21-7. 

[17] Boidin C, Bourguignon L, Cohen S, Roger C, Lefrant JY, Roberts JA, et al. Amikacin 

Initial Dose in Critically Ill Patients: a Nonparametric Approach To Optimize A Priori 

Pharmacokinetic/Pharmacodynamic Target Attainments in Individual Patients. 

Antimicrob Agents Chemother 2019;63(11). 

[18] Roger C, Louart B, Elotmani L, Barton G, Escobar L, Koulenti D, et al. An international 

survey on aminoglycoside practices in critically ill patients: the AMINO III study. Ann 

Intensive Care 2021;11(1):49. 

[19] Marsot A, Hraiech S, Cassir N, Daviet F, Parzy G, Blin O, et al. Aminoglycosides in 

critically ill patients: which dosing regimens for which pathogens? Int J Antimicrob 

Agents 2020;56(4):106124. 

[20] Boidin C, Jenck S, Bourguignon L, Torkmani S, Roussey-Jean A, Ledochowski S, et al. 

Determinants of amikacin first peak concentration in critically ill patients. Fundam 

Clin Pharmacol 2018;32(6):669-77. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1: Distribution of optimal amikacin doses estimated by PK modelling  

 

 

Abbreviations: CBW, corrected body weight (see main text); Cmax, maximal concentration, 

Cmin, trough concentration at 24h; TBW, total body weight 

 

Figure 2: Attainment of Cmax (≥ 64 mg/L) and Cmin (< 2.5 mg/L) targets for various simulated 

dosages of amikacin 

 

Abbreviations: CBW, corrected body weight (see main text); Cmax, maximal concentration, 

Cmin, trough concentration at 24h; TBW, total body weight 



Figure 3: Regression tree of determinants of the optimal amikacin dose 

 

Abbreviations: BSA, body surface area; CLCR, creatinine clearance; Dopt, optimal amikacin 

dose; IBW, ideal body weight; y, years 

 




