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SYNOPSIS  21 

Background There is limited information on amikacin pharmacokinetics (PK) and dose 22 

requirements in patients with mycobacterial infections. 23 

Objectives To conduct a population PK analysis of amikacin data from patients with 24 

mycobacterial infections and compare predicted concentrations from standard and 25 

modified dosage guidelines with recommended target ranges. 26 

Methods A population PK model was developed using NONMEM. Cmax, Cmin, C1h post 27 

infusion (C1h) and AUC0-24 using 15 mg/kg daily (OD), the World Health Organisation (WHO) 28 

table, 25 mg/kg thrice weekly (TTW) and modified guidelines were compared using Monte 29 

Carlo simulations of 1000 patients. 30 

Results  Data were available from 124 patients (684 concentrations) aged 16 to 92 years. CL 31 

was 4.64 L/h per 100 mL/min CLCR; V was 0.344 L/kg. With OD regimens, Cmax was 35-45 32 

mg/L in 30-35% of patients and 35-50 mg/L in 46-48%; C1h was 25-40 mg/L in 53-59%. The 33 

WHO table produced high Cmax values in patients <60 kg and low in patients >75 kg. With 34 

TTW dosing, around 30% of Cmax were 65-80 mg/L, 40% were 60-80 mg/L and 48% of C1h 35 

were 45-65 mg/L. Increasing the dosage interval for patients with CLCR <50 mL/min reduced 36 

Cmin values >2 mg/L from 34% to 25% for OD dosing and 18% to 13% for TTW.  In patients 37 

whose Cmin was <2 mg/L, 82% of AUC0-24 were 100-300 mg.h/L. 38 

Conclusions Standard amikacin dosing guidelines achieve low percentages of target 39 

concentrations for mycobacterial infections. Extending the dosing interval in renal 40 

impairment and widening target ranges would reduce the need for dose adjustment. 41 

250 words 42 

  43 



INTRODUCTION 44 

Amikacin is currently used in the management of infections involving multi-drug resistant TB 45 

and non-TB mycobacteria.1-4 However, there is limited evidence to define optimal amikacin 46 

dosage regimens and target concentrations for these indications. In Gram negative sepsis, 47 

recommended once daily (OD) doses range from 9 to 30 mg/kg and target Cmax values from 48 

>40 to >64 mg/L.5-8  OD (or 5 days per week) doses of 15 mg/kg are typically recommended 49 

for patients with mycobacterial infections1,3,9 but three times weekly (TTW) doses of 10-30 50 

mg/kg are also used.2,3,9 Despite similarities in dosage regimens, associated Cmax targets 51 

have been quoted as 20-30,3 25-35,4 35-45,9,10 and 55-65 mg/L11 for OD dosing and are 52 

typically 65-80 mg/L for TTW dosing.4,9 Cmin targets are generally <5 mg/L3,5,7 but range from 53 

undetectable to <10 mg/L.3,10  54 

 55 

High trough concentrations of amikacin have been linked to nephrotoxicity while ototoxicity 56 

has been associated with older age, duration of therapy and cumulative AUC.9,12,13 Patients 57 

with mycobacterial infections are at particular risk of developing ototoxicity since they are 58 

often on prolonged courses of treatment1 and long-term ototoxicity rates ranging from 7% 59 

to 62% have been reported in this patient group.9,11,14-16 Although no clear association 60 

between toxicity and peak or trough concentrations has been identified, van Altena et al.16 61 

found that using therapeutic drug monitoring (TDM) to design dosage regimens that 62 

achieved a Cmax/MIC ratio >20 led to lower doses, lower exposure and a low risk of 63 

ototoxicity with no evidence of treatment failure or relapse.   64 

 65 

A recent review identified several studies describing the population pharmacokinetics 66 

(PopPK) of amikacin in adult patients with sepsis17 but few have examined amikacin PK in 67 



patients with mycobacterial infections.11,18 The aims of the present study were to develop a 68 

PopPK model for amikacin using routine data collected from a large population of patients 69 

with mycobacterial infections then use Monte Carlo simulations to compare the 70 

concentrations achieved by internationally recognised amikacin dosage guidelines with their 71 

recommended target ranges and identify whether modifications to guidelines or target 72 

ranges would be helpful for this patient group. 73 

 74 

METHODS 75 

Patients and data 76 

Retrospective data from patients treated with amikacin for mycobacterial infections (both 77 

TB and non-TB) were obtained from TDM files stored as hard copy or electronically in a MAP 78 

Bayesian package.19 The study protocol was reviewed by the Ethics committee manager and 79 

the Caldicott Guardian. As the data had been generated in the course of routine TDM and 80 

fully anonymised, the study was judged a service evaluation for which patient consent and 81 

formal ethical approval were not required.   82 

 83 

Data were collected between January 2002 and February 2018.  Starting dosage regimens 84 

were initially 7.5 mg/kg twice daily but changed to 15 mg/kg OD and 25 mg/kg TTW in 2006, 85 

in line with the Peloquin guidelines.9  Doses were administered over 30 min and samples for 86 

amikacin analysis were typically withdrawn 1-3 h after the start of the infusion and at the 87 

end of the dosage interval. Concentrations were measured by the local microbiology or 88 

biochemistry laboratory using a Fluorescence Polarisation Immunoassay (TDx, Abbott 89 

Laboratories) or a homogeneous particle-enhanced turbimetric inhibition assay (Architect, 90 

Abbott Laboratories). From 2006, doses were adjusted to achieve end of infusion Cmax values 91 



of 35-45 mg/L (OD) or 65-80 mg/L (TTW) according to the Peloquin guidelines.9 Where 92 

necessary, dosage regimens were adjusted to maintain a Cmin <2 mg/L. 93 

 94 

The following data were extracted from TDM files: age, total body weight (TBW), sex, 95 

height, serum creatinine concentration(s), amikacin dose amounts, times, duration of 96 

infusion and amikacin concentrations and sampling times. Concentrations measured within 97 

60 min of the start of the infusion, and likely to be sampled during distribution, were 98 

excluded. If height was available, ideal body weight (IBW)20, fat free mass (FFM)21 and 99 

adjusted body weight (AJBW = IBW + 0.4 x (TBW-IBW)) were also calculated. CLCR was 100 

estimated using the Cockcroft-Gault equation22 based on TBW, IBW, FFM and AJBW. If 101 

height was not available, TBW was used to estimate CLCR. 102 

 103 

Pharmacokinetic analysis 104 

PopPK parameters were estimated on a Dell® XPS laptop with an Intel® Core™ i7 Processor 105 

using NONMEM 7.4.2 (Icon Development Solutions, Ellicott city, MD, USA) with a GNU 106 

FORTRAN complier 4.6.3 and first order conditional estimation and interaction. Bootstrap 107 

analysis was performed using Perl-Speaks-NONMEM23 and graphical evaluation using Xpose 108 

version 4.3.524 implemented in R version 3.1.0.25 Visual predictive checks were prepared 109 

using Wings for NONMEM version 743.26  110 

 111 

Both one- and two-compartment structural models were explored. Between subject (BSV) 112 

and between occasion (BOV) variabilities in PK parameters were assumed to be log normally 113 

distributed; residual error was described by a combined error model.   Patient age, sex, 114 

TBW, IBW, AJBW, FFM, allometric weight (Weight/70)0.75 and CLCR were evaluated as 115 



covariates. Possible relationships between PK parameters and covariates were explored 116 

graphically and then, individually and in combination, by adding them to the basic model 117 

using a stepwise approach with a decrease in OFV of 3.84 (p<0.05) to identify significant 118 

covariates in the forward selection process and 6.63 (p<0.01) in the backward elimination 119 

process. Models were also compared using goodness of fit plots, visual predictive checks 120 

and by examining changes in BSV of CL and V. A nonparametric bootstrap of the final model 121 

was performed with 1000 replicates and a visual predictive check (VPC) with 1000 122 

simulations. 123 

 124 

Simulations 125 

The final PopPK model was used with NONMEM to run Monte Carlo simulations of 1000 126 

patients sampled from the patient data set to evaluate the Peloquin guidelines9 (15 mg/kg 127 

OD and 25 mg/kg TTW) and the World Health Organisation (WHO) OD table1 128 

(Supplementary table 1). In addition, a modified table of weight banded doses based on the 129 

Peloquin guidelines9 of 15 mg/kg OD and 25 mg/kg TTW was constructed (Table 1). This 130 

included a reduction in dose frequency to 48 hourly (OD) and twice weekly (TTW) for 131 

patients whose estimated CLCR was ≥30 and <50 mL/min. AJBW was used to determine the 132 

dose if TBW was >IBW. Dose administration times were 0, 24 and 48 h for the OD regimen 133 

and 0, 48 and 96 h for the TTW regimen. Infusions were set to run over 30 min and Cmax (end 134 

of infusion), C at 1 h after the end of the infusion (C1h) and Cmin were determined for each 135 

regimen after the first dose and before and after the third dose. AUC0-24 estimates were 136 

calculated from the total weekly dose/(7 x CL). The percentages of Cmax in the ranges 35-45 137 

mg/L (OD), 65-80 mg/L (TTW) and Cmin values <5 mg/L and <2 mg/L were determined using 138 



the standard and modified guidelines.  Typical concentration ranges were identified for C1h 139 

and percentages of concentrations within extended target ranges were also determined.  140 

 141 

RESULTS 142 

Patient data  143 

Data were available from 124 patients (72 male) aged 16 to 92 years (median 49) and 144 

included 1624 amikacin doses and 684 concentrations (1-44 per patient, median 3). Clinical 145 

characteristics are summarised in Table 2. Sample times ranged from 1 to 97 h post infusion 146 

(median 2 h); 48% of samples were taken 1-2 h and 15% more than 12 h post infusion. 147 

Laboratory values for two samples (0.3%) below the limit of quantification were included in 148 

the data set. TBW exceeded IBW in 40 patients (32%) and was >20% above IBW in 22 149 

patients (18%). CLCR ranged from 18 – 184 mL/min (median 84). Severe renal impairment 150 

(CLCR <30 mL/min) was present in 9 patients (7%) and CLCR was <50 mL/min in 21 patients 151 

(17%). In accordance with routine clinical practice designed to avoid excessive estimates of 152 

CLCR,27 some creatinine concentrations ≤60 µmol/L had been fixed to 60 µmol/L. The final 153 

data file contained 170 creatinine concentrations (10%) from 32 patients recorded as 60 154 

µmol/L and 58 concentrations <60 µmol/L (13 patients).   155 

 156 

Pharmacokinetic analysis 157 

Data were adequately described by a one-compartment model. Although a two-158 

compartment model produced a lower OFV, there was no improvement in diagnostic plots, 159 

volume of the peripheral compartment and intercompartmental clearance were poorly 160 

characterised and the bootstrap analysis indicated a lack of stability in these estimates. The 161 

base model had a typical CL of 3.38 L/h (BSV 72%) and a V of 21.0 L (BSV 32%). Addition of 162 



BOV did not improve the fit of the data. In the forward selection process using individual 163 

clinical factors, sex, age, creatinine concentration and all weights influenced CL. Backward 164 

elimination removed sex from the full model but weight, age, and creatinine concentration 165 

remained significant. The lowest OFV values were obtained using FFM (3127) or AJBW 166 

(3129). Models that related CL to estimated CLCR achieved similar fits to these more complex 167 

models. The best overall model (OFV 3132) was: CL (L/h) = 0.0464 x CLCR (mL/min) based on 168 

AJBW; V = 0.344 L/kg AJBW. This resulted in a CL of 4.64 L/h for a patient with a CLCR of 100 169 

mL/min. This model reduced the OFV by 157 points from the base model, BSV in CL fell to 170 

34% and in V to 23%. Using FFM or TBW to estimate CLCR increased the OFV by 1.3 and 22, 171 

respectively. The parameters of the final model and the results of the bootstrap analysis are 172 

presented in Table 3. Differences between the bootstrap medians and PopPK model 173 

estimates were all <5%.  Figure 1 shows the VPC and Supplementary figures 1 and 2 show 174 

additional goodness of fit plots. All indicate that the model described the data well.  175 

 176 

Simulation results 177 

Table 4 shows the percentages of simulated concentrations within the different target 178 

ranges based on the Peloquin9, WHO1 and modified guidelines. With both the Peloquin9 and 179 

modified guidelines, only 35% of Cmax were in the recommended target range of 35-45 mg/L; 180 

this increases to 48% if the upper limit is extended to 50 mg/L. The WHO guidelines1 were 181 

slightly lower at 30% and 46% respectively. In all cases, more than 50% of C1h lay between 182 

25 and 40 mg/L. Figures 2a and 2b show the distributions of Cmax and C1h categorised 183 

according to weight: these demonstrate that, while the Peloquin9 and modified guidelines 184 

achieved similar distributions across all weight ranges, the WHO table1 resulted in higher 185 

concentrations at low weights and lower concentrations at high weights. Figure 3 shows 186 



that the modified guidelines reduce the incidence of high troughs when CLCR is <50 mL/min. 187 

Overall, around 65% of Cmin were <2 mg/L at 24 h with both the Peloquin9 and WHO1 188 

guidelines but this fell to only 18-20% in patients whose CLCR was <50 mL/min. With the 189 

modified guidelines, extending the dosage interval for patients whose CLCR is <50 mL/min 190 

increased the proportion of Cmin  values <2 mg/L to 75%. Although some accumulation was 191 

observed in patients with renal impairment, the Cmax and Cmin values obtained at the third 192 

dose were very similar to those after the first dose (data not shown).  193 

 194 

The median AUC0-24 with the OD Peloquin guidelines9 was 227 mg.h/L (range 30-4423 195 

mg.h/L); 65% were between 100 and 300 mg.h/L and 31% >300 mg.h/L. In patients whose 196 

Cmin was <2 mg/L, the median AUC0-24 was 191 mg.h/L and 82% were between 100 and 300 197 

mg.h/L. The WHO table1 produced similar results with 62% of AUC0-24 within 100-300 mg.h/L 198 

and 35% >300 mg.h/L. With the modified guidelines, 73% and 22% of AUC0-24, estimates 199 

were within these ranges.  200 

 201 

The WHO recommends the Peloquin guidelines of 25 mg/kg for TTW dosing.1,9  With this 202 

dosage regimen, around 30% of Cmax were between 65 and 80 mg/L whereas 40% were 203 

between 60 and 80 mg/L (Table 4). Around half of the C1h predictions were between 45 and 204 

65 mg/L. The modified guidelines achieved similar results.  At 48 h, Cmin was <2 mg/L in 82% 205 

of patients with the Peloquin guidelines9 and 87% with the modified guidelines. In patients 206 

whose CRCL was <50 mL/min, 47% had a Cmin >2 mg/L with the Peloquin guidelines9 and 13% 207 

with the modified guidelines. AUC0-24 estimates for 25 mg/kg TTW had a median of 161 208 

mg.h/L (range 25 to 2936 mg.h/L). Overall, 68% of AUC0-24 estimates were in the range 100–209 

300 mg.h/L with the Peloquin guidelines9 and 77% with the modified guidelines.  210 



 211 

DISCUSSION 212 

This study determined the PopPK of amikacin from TDM data derived from patients with 213 

mycobacterial infections. Simple relationships between CL and CLCR and V and weight 214 

adequately described the data; AJBW provided the best fit for obese patients.  Monte Carlo 215 

simulations were used to examine the distributions of concentrations arising from the 216 

Peloquin,9 WHO1 and modified Peloquin guidelines. Based on these results, slightly modified 217 

doses and target ranges were proposed for back-extrapolated Cmax and C1h and a potential 218 

target AUC0-24 range was identified.   219 

 220 

PK parameters 221 

Although previous studies have described amikacin using a two-compartment model,28-31 a 222 

one-compartment model was adequate to describe the current data set. Both the median 223 

age (49 years) and weight (61 kg) of the population were similar to those reported in other 224 

PopPK studies of amikacin.17,28,29 In common with most other studies, a simple model based 225 

on estimated CLCR provided the best descriptor of CL8,28-31 although a recent study found 226 

that the CKD-EPI and revised Lund-Malmo equations provided a better description of 227 

amikacin CL in a general population.32 The results of the present study are also consistent 228 

with recommendations for amikacin dosing based on AJBW in patients with infections 229 

caused by non-TB mycobacteria.4,10 230 

 231 

At 3.96 L/h, the median estimate of CL was lower than the value of 4.62 L/h reported by 232 

Dijkstra et al.18 in 11 patients with multidrug-resistant TB (MDR-TB). However, their patients 233 

were younger (mean 26 years), which may explain this difference. Delattre et al.30 reported 234 



a typical CL of 2.21 L/h in 88 critically ill, septic patients within their first 24 h of treatment. 235 

Applying the present PopPK model to their median CLCR of 55 mL/min gives 2.55 L/h, which 236 

is consistent with their results.  237 

 238 

Pharmacodynamic relationships 239 

Both Cmax/MIC ratio and AUC0-24/MIC ratio were identified as predictors of amikacin efficacy 240 

in a hollow fiber model of TB.33 The authors found that a Cmax/MIC ratio of 10 provided the 241 

best PK/PD outcome, and proposed a target serum Cmax/MIC ratio of 70-90.33 In clinical 242 

practice, targeting the Cmax/MIC ratio has been found to reduce both the cumulative AUC 243 

and the average dose (to around 6.5 mg/kg).16 While this may prove to be the optimal 244 

approach to maximise efficacy and reduce the risk of toxicity, MIC values are not currently 245 

available in most clinical settings. Consequently, standard dosage regimens and target 246 

concentration ranges are generally applied and in the absence of MIC values, the present 247 

study has focused on these doses and ranges.   248 

 249 

Using the Peloquin guidelines9, the median end of infusion Cmax was 41 mg/L, which is 250 

consistent with the value of 39 mg/L reported by Donald et al.34 after an intramuscular dose 251 

of 15 mg/kg. However, in the present study only 35% of Cmax values were in the range 35-45 252 

mg/L; 13% were 45-50 mg/L.  This trend towards higher peaks is consistent with the 253 

Peloquin study,9 which described a median peak of 46 mg/L with a dose of 15 mg/kg. These 254 

findings, together with the WHO recommendation of doses up to 20 mg/kg1 and the Cmax 255 

target of 55 – 65 mg/L defined by Lee et al.11 for patients with Mycobacterium abscessus, 256 

suggest it might be reasonable to extend the upper limit to 50 mg/L. This would increase the 257 



likelihood of initial doses achieving acceptable concentrations to nearly 50% and 258 

consequently reduce the need for dose modifications.  259 

 260 

It is interesting to note that despite very similar dose recommendations, widely differing 261 

target ranges are recommended for TB and non-TB infections.3,4,9,11,35 The present study has 262 

shown that 15 mg/kg will achieve concentrations well above the target of 25 – 35 mg/L 263 

recommended by the British Thoracic Society in the management of non-TB mycobacterial 264 

pulmonary disease4 but below the Cmax of 67 mg/L identified as predictive of serum 265 

conversion in patients with MDR-TB.35 While different targets may reflect variability in MICs 266 

among different organisms, it would seem appropriate to devise dosage regimens that link 267 

more closely with the recommended target ranges. Nevertheless, whichever values are 268 

used, high inter-patient variability indicates that TDM is necessary to ensure that target 269 

concentrations are achieved. 270 

 271 

A recurring problem in TDM is that duration of infusion and timing of the peak sample may 272 

influence the PK model, PK parameters and interpretation of concentration measurements, 273 

particularly if drug distribution is incomplete.36 Although concentrations measured within 1 274 

h post infusion were removed from the present study, some degree of distribution cannot 275 

be excluded. While a C1h is commonly used as the Cmax target for critically ill and septic 276 

patients,7,8,28 it is commonly recommended for mycobacterial infections to back-extrapolate 277 

from concentrations measured 2 and 6 (or 10) h post dose to determine Cmax at the end of 278 

the 30 min infusion.4,9 This calculation is unlikely to define the true end of infusion 279 

concentration due to distribution and adds a complication that is perhaps unnecessary. The 280 

present study therefore examined both end of infusion and C1h (post infusion) 281 



concentrations. As illustrated in Figures 2a and b, a C1h range of 25 – 40 mg/L is consistent 282 

with a Cmax of 35 – 50 mg/L and could provide an alternative target range for use in clinical 283 

practice. 284 

 285 

In addition to recommending doses of 15-20 mg/kg, the WHO provides a table of weight-286 

related doses (Supplementary Table 1).1 Although these doses achieved similar proportions 287 

of concentrations within the target ranges to the Peloquin9 and modified guidelines, Cmax 288 

was typically above the range in patients <60 kg and below the range in patients >75 kg.  289 

Furthermore, despite being challenged by Peloquin9 in 2004, a maximum daily dose of 1000 290 

mg is still recommended by the WHO, although higher doses may be used.1 The present 291 

results confirm that applying this limit will underdose patients >75 kg: also it is inconsistent 292 

with the recommended dose of 15-20 mg/kg, since 1000 mg represents only 12.5 mg/kg for 293 

a patient weighing 80 kg. The modified guidelines contain a wider range of doses, achieved 294 

Cmax equivalent to the Peloquin guidelines9 and were consistent across the full weight range 295 

of the patient group. 296 

 297 

Renal impairment 298 

In clinical practice, questions often arise around dose adjustment for patients who are 299 

renally impaired.  Guidance around the target Cmin is also variable, ranging from 300 

undetectable to <10 mg/L.3,4,9,10 The current study found that with OD dosing, Cmin were 301 

consistently <2 mg/L in patients with normal renal function. Increasing the dosage interval 302 

to 48 h in patients whose CRCR was 30-50 mL/min and analysing a 48 h trough to determine 303 

the dosage interval for patients whose CRCL was <30 mL/min reduced the percentage of 304 

patients with troughs >2 mg/L from 34% to 25%, and >5 mg/L from 13% to 4%.  This 305 



approach is preferred to the dose reduction suggested by Shula et al.10 since a lower dose 306 

would confound the interpretation of peak concentrations and potentially lead to high 307 

troughs if the dose is increased.  308 

 309 

Modongo et al.35 reported that a threshold Cmax of 67 mg/L and an AUC0-24 of 568 mg.h/L 310 

predicted serum conversion in patients with MDR-TB. This AUC0-24 value seems high for their 311 

median dose of 17.3 mg/kg but their mean CL was only 1.47 L/h. The present study found 312 

that in patients whose troughs were <2 mg/L, the median AUC0-24 achieved with 15 313 

mg/kg/day was 191 mg.h/L, only 6% were <100 mg.h/L and 88% were <300.mg.h/L. These 314 

values are consistent with the median AUC0-24 of 77 mg.h/L associated with 6.7 mg/kg18 and 315 

a range of around 50 – 250 mg.h/L with doses averaging 6.5 mg/kg.16 The present study 316 

therefore suggests that daily AUC0-24 values of 100–300 mg.h/L reflect target peak and 317 

trough concentrations. 318 

 319 

Risk of toxicity 320 

Reducing the frequency of administration to TTW has practical advantages and may reduce 321 

the risk of toxicity.12 The present study found that in contrast to the OD regimen, TTW 322 

tended to achieve peaks lower than the target range, with 43% of concentrations <65 mg/L 323 

with the Peloquin guidelines9 and 36% with the modified guidelines. Extending the range to 324 

60–80 mg/L reduced the incidence of low peaks to 32% and 27%, respectively. Assuming 325 

these values still achieve satisfactory Cmax/MIC ratios, this would reduce the need for dose 326 

adjustments. As previously observed with OD dosing, high troughs mainly occurred in 327 

patients with poor renal function. Reducing the frequency to twice weekly for patients with 328 

CLCR 30-50 mL/min and checking the amikacin concentration in patients with a CLCR <30 329 



mL/min reduced the incidence of Cmin values >2 mg/L from 18% to 13%. As the weekly dose 330 

was lower with TTW dosing, the corresponding AUC0-24 was also lower with a median of 161 331 

mg.h/L overall and 152 mg.h/L in patients whose Cmin was <2 mg/L. The modified guidelines 332 

reduced the incidence of AUC0-24 values >300 mg.h/L from 16% to 7%.  333 

 334 

Study Limitations 335 

This study has some limitations.  The simulations were based on a relatively small number of 336 

patients and the value of including amikacin in the management of mycobacterial disease is 337 

still not clear.1 Furthermore, the study focused on standard dosage guidelines and target 338 

concentrations, which may not be ideal. It has previously been shown that using a Cmax/MIC 339 

target to guide therapy may improve outcome and lower the risk of toxicity.16 However, as 340 

the present study used data generated during routine TDM where MICs are not routinely 341 

measured, Cmax/MIC and AUC0-24/MIC ratios could not be examined and neither efficacy nor 342 

toxicity could be assessed. Furthermore, the data set included patients with both TB and 343 

non-TB mycobacterial infections. While it is unlikely that this would have affected the PK 344 

parameters, it might influence the optimal target concentrations. However, in clinical 345 

practice the same dose guidelines and target concentrations are often used for both 346 

indications.   347 

 348 

Conclusions 349 

A PopPK model with CL based on CLCR calculated using AJBW and V related to AJBW best 350 

described amikacin concentrations in patients with mycobacterial infections.  Simulations 351 

based on this model found that standard guidelines1,9 typically achieved Cmax values of 35-50 352 

mg/L for OD and 60–80 mg/L for TTW dosing and C1h of 25–40 mg/L and 45-65 mg/L, 353 



respectively. The WHO table1 achieved higher concentrations in patients <60 kg and lower 354 

concentrations in patients >75 kg. In contrast, a modified, weight-banded table of doses, 355 

adjusted according to renal function, achieved similar peak concentrations to standard 356 

approaches but reduced the risk of Cmin values >2 mg/L and high AUC0-24 estimates. 357 
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Table 1 Modified, weight banded dosage guidelines based on the Peloquin9 dose recommendations and adjusted for renal function 

Weight 

(kg) 
< 40 40 – 44 45 – 49 50 – 54 55-59 60 – 64 65 – 69 70 – 74 75 – 79 80 – 89 ≥ 90 

Once daily regimen 

Dose  (mg) 550 650 700 800 850 950 1000 1100 1150 1250 1350 

CLCR ≥50 

mL/min 
24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 24 hourly 

CLCR 30-50 

mL/min 
48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 48 hourly 

CLCR <30 

mL/min 
Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Sample at 
48 hours 

Thrice weekly regimen 

Dose (mg) 900 1000 1200 1300 1400 1600 1700 1800 1900 2000 2200 

CLCR ≥50 

mL/min 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

Thrice 

weekly 

CLCR 30-50 

mL/min 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

Twice 

weekly 

CLCR <30 

mL/min 

sample at  

72 hours  

sample at 

72 hours 

sample at 

72 hours 

sample at 

72 hours 

sample at 

72 hours 

sample at  

72 hours 

sample at  

72 hours 

sample at  

72 hours 

sample at  

72 hours 

sample at  

72 hours 

sample at 

72 hours 

Key: CLCR creatinine clearance. If total body weight (TBW) is >ideal body weight (IBW)20, use IBW + 0.4(TBW-IBW) for dose weight and to 

calculate CLCR
22. Administer amikacin as an IV infusion over 30 minutes. 



Table 2 Summary of the demographic and clinical characteristics of the 124 patients 1 

included in the dataset  2 

 3 

Patient characteristic median  range 

Male/Female 72/52  
Age (years) 49 16 - 92 
Weight (kg) 61.0  36.0 – 147.0 
Ideal body weight (kg) 55.1 36.0 – 81.0 
Adjusted body weight (kg) 58.4 36.0 – 92.2 
Height (m) 1.68 1.46 - 1.93* 

BMI (kg/m2) 22.2 14.5 – 55.4* 
Serum creatinine (µmol/L) 68 36 - 355 
Creatinine clearance (mL/min) 84 18 - 184 
 4 

Key: *n = 77, BMI – Body mass index 5 

 6 

  7 



Table 3 Population pharmacokinetic parameter estimates for amikacin in patients with  8 

mycobacterial infections  9 

Parameter Final estimate RSE Bootstrap median  
(5th and 95th percentiles) 

CL 0.0464 3.6% 0.0463 (0.0436 – 0.0495) 

V 0.344 2.9% 0.344 (0.327 – 0.363) 

BSV CL (CV%)  0.108 (33.8%)  15.6% 0.106 (0.0769 – 0.137) 

Shrinkage CL 19.7%   

BSV V (CV%)  0.0501 (22.7%) 19.7% 0.0485 (0.0318 – 0.0683) 

Shrinkage V 26.1%   

RUV – additive error 
(mg/L) 

1.58 10.8% 1.568 (1.047 - 1.981) 

RUV – proportional 
error (CV%) 

16.5% 6.7% 0.165 (0.143 – 0.191) 

Shrinkage RUV 11.0%   

 10 

Key: CL = clearance; V = volume of distribution; BSV = between subject variability; CL = 11 

individual variation in CL, V = individual variation in V, RUV = residual unexplained 12 

variability; CV% = coefficient of variation expressed as a percentage; RSE = relative standard 13 

error. Model CL (L/h) = θCL x CLCR (mL/min) based on the Cockcroft Gault equation22, V (L) = 14 

θV x weight (kg). Adjusted body weight (Ideal body weight + 0.4 x (total body weight – ideal 15 

body weight)) was used in obese patients. 16 

 17 

18 



Table 4 Percentages of simulated amikacin concentrations within target concentration 19 

ranges for once-daily and three times weekly dosage regimens based on the Peloquin9, 20 

WHO1 and modified dosage guidelines. 21 

 22 

Concentration 
range (mg/L) 

Peloquin 
Guidelines9 WHO table1 Modified 

guidelines 

Once daily dosing, end of the infusion (Cmax) 

<35 28 24 27 

35 - 45 35 30 35 

45 – 50  13 16 13 

>50  24 32 24 

Once daily dosing, 1 h after the end of the infusion (C1h) 

<25  17 15 16 

25 - 40  59 53 58 

>40 25 33 26 

Once daily dosing Cmin 

<2  66 65 75 

<5  87 86 96 

Three times weekly dosing, end of the infusion (Cmax) 

<60 32 NA 27 

60-65 11 NA 10 

65-80 29 NA 30 

>80 28 NA 34 

Three times weekly dosing, 1 h after the end of the infusion (C1h) 

<45 24 NA 20 

45-65 49 NA 48 

>65 27 NA 32 

Three times weekly dosing Cmin 

<2 82 NA 87 

<5 96 NA 100 

 23 

 24 

Note: the infusion time was set at 30 minutes. The Peloquin9 target ranges for each 25 

sampling time are highlighted in bold. NA – not applicable 26 



Figure 1 Visual predictive check of the final population model describing amikacin pharmacokinetic in patients with mycobacterial infections. 

 

Key: Red and black lines represent the 5th, 50th and 95th percentiles of the observed data and predicted data, respectively. The shaded areas 

represent 95% CI for the percentiles of the predicted concentrations. 

 



 

Figure 2a Distributions of simulated end of infusion amikacin concentrations based on the 

once daily Peloquin,9 WHO1 and modified dosing guidelines, categorised according to weight  

Key: (a) Peloquin guidelines, (b) WHO guidelines, (c) Modified guidelines 

  
(a) 

(b) 

(c) 



Figure 2b Distributions of simulated 1 hour post infusion amikacin concentrations based on 

the once daily Peloquin,9 WHO1 and modified dosing guidelines, categorised according to 

weight. 

Key: (a) Peloquin guidelines, (b) WHO guidelines, (c) Modified guidelines 

  
(a) 

(b) 

(c) 



Figure 3 Distributions of simulated once daily trough amikacin concentrations based on the 
once daily Peloquin,9 WHO1 and modified dosing guidelines, categorised according to renal 
function. 
Key: (a) Peloquin guidelines, (b) WHO guidelines, (c) Modified guidelines  
Note: the modified guidelines recommend analysing the amikacin concentration before the next 
dose if CLCR is <30 mL/min) 
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