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Clinical relevance of therapeutic drug monitoring
for amikacin and gentamicin

Relevancia clinica do monitoramento terapéutico
de fadrmacos para amicacina e gentamicina

Nadine Arnold Steffens, Rodrigo Redel Petreceli, Roselaine Lima da Vida,
Gabrielle de Lima Corréa, Estevan Sonego Zimmerman, Natalia Brucker

Abstract:

Aminoglycoside antibiotics (AG) are widely prescribed to treat severe bacterial
infections in neonates, elderly, and critically ill patients. Considering the global
increase in antimicrobial resistance, it is necessary to address this problem by
optimizing available resources. Therapeutical drug monitoring (TDM) allows
dose individualization and assists in preventing under or overdosage-related
events. In this sense, the objective of this review was to analyze scientific
evidence in the literature about the clinical importance of TDM for AG,
access available data about its benefits, cover the main topics and provide
an overview of this practice. PubMed and Science Direct databases were
searched for: “therapeutic drug monitoring” and “aminoglycosides,” limiting
the search to articles published between 2015 and 2022. In total, 26 articles
were included in this review. TDM seems to be especially beneficial to elderly,
neonates and critically ill patients, and target concentrations and sampling
times are already well established, with the most recommended target being
Cmax/MIC > 8. However, knowledge and training of the involved staff are
essential to implement and interpret the TDM adequately.

Keywords: aminoglycosides, adverse effects, infection, antibiotics

Resumo:

Antibidticos aminoglicosideos (AG) sdo amplamente prescritos no tratamento
de infeccdes bacterianas graves em pacientes neonatos, idosos e criticos.
Considerando o aumento global na resisténcia a antimicrobianos, é necessario
0 uso de estratégias para evitar este problema, otimizando os recursos
disponiveis. O monitoramento terapéutico de farmacos (MTF) permite a
individualizacao de dose e ajuda a prevenir eventos adversos relacionados a
sub ou sobredosagem. Neste sentido, o objetivo desta revisdo foi analisar as
evidéncias cientificas na literatura sobre a importancia clinica do MTF para
AG, abordando dados quanto aos seus beneficios, abrangendo os principais
pontos relacionados a essa pratica, fornecendo uma visao geral do assunto.
As databases PubMed e Science Direct foram consultadas utilizando para
a busca os termos: “therapeutic drug monitoring” e “aminoglycosides”,
limitando para artigos publicados entre 2015 e 2022. Ao todo, 26 artigos foram
incluidos nesta revisao. O MTF parece beneficiar especialmente os pacientes
idosos, neonatos e criticos, com concentracdes alvo e tempos de coleta bem
estabelecidos, sendo que o alvo terapéutico mais recomendado é o Cméax/CIM
> 8. Porém, o treinamento e conhecimento da equipe envolvida é essencial
para a implementar e interpretar o MTF adequadamente.

Palavras-chave: aminoglicosideos, efeitos adversos, infeccao, antibidticos
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INTRODUCTION

In the face of the growth in antimicrobial resistance and the reduction in the develop-
ment of new antibiotics, the search for optimized antibiotic dosage regimens with better
clinical results has increased in recent years. Therapeutic drug monitoring (TDM) is an
alternative for optimizing adopted dosage regimens. With this practice, it is possible to
adopt the most appropriate dosage, improving the clinical outcome of the treatment and
reducing the probability of adverse events related to drug toxicity' .

Aminoglycosides are bactericidal drugs indicated for the treatment of infections by
gram-negative bacteria. They act on the 30s subunit of the bacterial ribosome, interrup-
ting protein synthesis. Aminoglycosides present low plasma protein binding and predo-
minantly renal elimination®>”. The pharmacokinetic parameters show high interindividual
variability and may differ between patients, particularly in special populations>®&9, Ami-
kacin, gentamicin, tobramycin, and kanamycin are currently available aminoglycosides,
with amikacin and gentamicin being the most prescribed®. These drugs are considered
to have a concentration-dependent effect, the efficacy and toxicity are correlated with
peak and trough blood concentrations, respectively®'. The antimicrobial activity is main-
ly related to the ratio between maximum concentration (peak) and minimum inhibitory
concentration (Cmax/MIC)'3.

Aminoglycosides such as amikacin, in association or not with other antimicrobials, are
among the few available alternatives to treat severe, potentially fatal infections by multi-
-resistant microorganisms®>'2'*, However, these drugs present a significant toxicity poten-
tial, so their dosage regimen requires attention to avoid complications such as ototoxicity
and nephrotoxicity, especially in patients with impaired renal function®". Clinical studies
have described the lack of ideal dosage models for aminoglycosides, mainly in specific
populations such as neonate and elderly patients and critically ill patients with hemody-
namic instability, septicemia, and organ failure®>°,

In addition to the issues related to drug toxicity, the inappropriate use of antibiotics du-
ring the COVID-19 pandemic raises a concern regarding the spread of antimicrobial resistan-
ce in the long term. Therefore, reducing the inefficient use of antimicrobials and optimizing

the therapy, when necessary, should be considered priorities”. In this context, this review
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aimed to analyze the available evidence in the scientific literature on the use and clinical im-
portance of therapeutic drug monitoring of the aminoglycosides amikacin and gentamicin
and how it helps to increase clinical and microbiological outcomes and to decrease possible
adverse effects. Additionally, this study describes some critical aspects of patients, dosage

regimens, and the most adopted pharmacokinetics/pharmacodynamic targets.

METHODS
RESEARCH DESCRIPTION

This article is a narrative review of the available literature about therapeutic drug mo-
nitoring of aminoglycosides amikacin and gentamicin in clinical practice. The search was
carried out according to the Preferred Reporting Items for Systematic Reviews and Meta-
-Analyzes (PRISMA)®, This review is based both on prospective and retrospective studies,
published between January 2015 and May 2022, presenting an overview of the most re-
cent and relevant studies on the topic as well as the current practices, therapeutical tar-

gets and limitations of TDM for aminoglycosides.

IDENTIFICATION

The databases used for the search were PubMed and Science Direct, which are
considered relevant to biomedical research worldwide. The search strategy adopted
was the following: “therapeutic drug monitoring” AND “aminoglycosides”. Articles
published between January 2015 and May 2022, in English or Portuguese were selec-
ted if relevant to the topic. Two reviewers were selected to carry out the systematic

search for articles.

SELECTION AND ELEGIBILITY OF ARTICLES

To better organize and select the articles for this review, an electronic spreadsheet
containing the following information was created in Microsoft Excel 2019: title, publication
year, periodic name and database. The searched articles were subsequently evaluated ba-
sed on their title and abstract. Those who seemed to fit in the objective of this review were

selected for further reading of the full text to assess their eligibility for inclusion.
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Regarding the eligible articles, some inclusion/exclusion criteria were adopted based
on the proposed objectives. The inclusion criteria were: (1) full text available in the data-
base, in English or Portuguese, (2) publication year between 2015 and 2022, (3) articles
addressing the therapeutic drug monitoring of the aminoglycosides amikacin and gen-
tamicin, assessing or not its pharmacokinetics and pharmacodynamics. Exclusion crite-
ria were: (1) development and validation of analytical methodologies, (2) development of
new formulations for antimicrobial drugs, (3) focus in resistance mechanism and/or drug
mechanism of action, (4) focus in the treatment of tuberculosis or cystic fibrosis without
TDM, (5) studies focused only in the development of pharmacokinetic models, (6) studies
conducted in animals or in vitro, (7) reviews and case reports, (8) research based on ques-

tionnaires, paid articles, duplicated articles among databases, dissertations and theses.

RESULTS

The search in the selected databases resulted in 897 articles published between Janu-
ary 2015 and May 2022. After the exclusion of duplicates and analysis of remaining articles
based on the established inclusion and exclusion criteria, a total of 26 were included in this

review, as described in Figure 1.

4 Saude (Santa Maria). 2023, v. 49, n. 2: €74576
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\___ Total: 857
Studies removed due to duplicity:
= 26
=
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@ Excluded articles:
Literature review: 263
- Paid articles: 23
Pre-selected articles: 871
— [ re-selected articles ] Development of analytical
— ) methodology: 70
New formulation development: 48
TOM from other drugs: 79
Case reports: 24
= Studies in vitro/with animals: 55
E Studies about
o reistance/mechanism of action: 79
""' Campletely reviewed
articles: 230
Complete articles also excluded:
Evaluation through
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PK/PD model building only: 1%
H Tuberculosis/Cystic
] fibrosis/Oncology: 103
] Excluded after complete review:
- Studies included in the 14
. review: 26

Figure 1. Flowchart PRISMA for identification and selection of the articles that compose this review.

The selected articles are presented and characterized in Table 1, which describes the
study type, analytical methodology, dosage and adopted target values for plasmatic con-
centration. Of the 26 selected studies, 46.15% focused on amikacin TDM, 23.08% on gen-
tamicin TDM, and 30.77% assessed TDM for both aminoglycosides. Regarding the patient
population, pediatric patients were evaluated in 26.92% of the articles, most of which fo-
cused on neonates. Adult patients, critically ill or not, were evaluated in 65.38% of the stu-

dies, and only 2 (7.69%) of the reviewed articles focused on elderly patients.
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*Number of patients.

Abbreviations: ICU, intensive care unit; TDM, Therapeutic drug monitoring; Cmax/MIC, Maximum concen-
tration over minimal inhibitory concentration; Cmin, minimal concentration; Cmax, maximum concentra-
tion; FPIA, Fluorescence polarization immunoassay; PK/PD, pharmacokinetic/pharmacodynamic; CRRT,
Continuous renal replacement therapy; mg/L, milligrams per liter; 3x/week, three times a week; AUC24,
area under curve from 24 hours; PETINIA, Particle-enhanced turbidimetric inhibition immunoassay; KIMS
Kinetic interaction of microparticles in solution; EMIT, Enzyme multiplied Immunoassay; q24h, every 24
hours; ITA, Immunoturbidimetric assay; TINIA, Turbidimetric inhibition immunoassay; CMIA, Chemilumi-
nescent microparticle immunoassay; AMK, amikacin; AUCO - 24, area under curve form O to 24 hours;
QMS, Quantitative microsphere system; HPLC-tandem MS, High-performance liquid chromatography
tandem mass spectrometry; HPLC-UV, High-performance liquid chromatography with ultraviolet detec-
tor.

Of the reviewed articles, 84.61% described the adopted sampling time. Regarding
peak plasmatic concentrations, all studies that presented this data used sample collec-
tion times up to two hours after infusion. Most studies used 30 minutes (42.31%) or 60 mi-
nutes (23.08%) after infusion. Only 2 (7.69%) articles used samples collected more than 60
minutes after infusion. The sampling time for trough concentrations was more heteroge-
nic than for peak concentrations. Of 20 studies, 65% utilized samples collected between
0 and 1 hour before the next dose, with 50% proceeding with sampling 30 minutes or im-
mediately before the start of the next dose infusion. Alternatively, 25% measured plasma-
tic concentrations 2 hours or more after the dose administration to estimate de Cmin. The
analytical methodology for aminoglycosides quantification varied between the selected
studies, with immunoassays being the most frequently used technique. Of the 18 articles
that presented the analytical methodology, the most common techniques were: kinetic
interaction of microparticles in solution (KIMS), enzyme-multiplied immunoassay (EMIT),
and Immunoturbidimetric assay (ITA). Liquid chromatography methods were used in only
two of the included articles.

For amikacin, dosage regimens ranged from 5 to 24 mg/Kg, with administration inter-
vals ranging from every 8 hours (g8h) to 3 times a week. The most reported dose was 15
mMg/Kg per day. Furthermore, there were reports of higher dose usage, ranging from 30 to
40 mg/Kg in critically ill patients*6819-22. Regarding gentamicin, doses ranged from 2 to 7.4
mMg/Kg every 8 to 48 hours'e2324,

Of the 26 selected articles, 23 (88.46%) reported the used therapeutic target. In these,
the targets adopted were Cmax, Cmin, Cmax/minimum inhibitory concentration (Cmax/
MIC) ratio, area under the concentration-time curve from 0 to 24h/MIC(AUC(0-24)/MIC) ra-

tio, and AUC (0-24). In the selected studies evaluating amikacin, Cmin was adopted in 70%
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of the articles, with target concentrations ranging from <1 to 10 mg/L. Most of these articles
used a target Cmin of 4 mg/L or less. Cmax was evaluated in 11 studies (55%), with concen-
trations ranging from 15 to 80 mg/L. The Cmax/MIC ratio was used by 35% of the studies,
with Cmax/MIC=>8 ratio being the most adopted. The AUC (0-24)/MIC ratio was considered
in only 2 studies (10%), with ratios greater than 75 being used as the target in both.

The subject of 14 selected studies was gentamicin. Cmin was the evaluated target
in 71.43% of the studies, with the most adopted target of 1 mg/L or less. Cmax was used
by 8 articles (5714%), with target concentrations ranging from 5 to 40 mg/L. Cmax/MIC
was considered in 14.28% of the studies, with ratios above 8 defined as the target. Lastly,
14.28% of the articles used the AUC (0-24) value as a therapeutic target for gentamicin

TDM, considering concentrations of 70-90 mg/L and 70-100 mg/L.

DISCUSSION

Therapeutic drug monitoring stands out as a tool for dosage individualization, allowing
for an adequate dose and better exposure to antimicrobials, favoring their therapeutic suc-
cess"s. Aminoglycosides have a low therapeutic index and wide intra and interindividual
pharmacokinetic variability. Together with the relationship between plasma concentration
and therapeutic or toxic effect, TDM is recommended for these drugs®?>2’. For a proper
execution and interpretation of TDM, it is necessary to consider the right moment for blood
sample collection, which should be performed after the steady state. These samples are
usually collected at peak, the moment of maximum concentration (Cmax), which is attai-
ned after dose administration and generally related to treatment efficacy, and trough, cor-
responding to the minimum concentration (Cmin) and used in the evaluation of toxicity
risk?°28, The most appropriate sampling time for a given drug depends on factors such as its
elimination half-life and administration route. For aminoglycosides, it is recommended 30
minutes after the end of infusion for Cmax and 30 minutes before the next dose for Cmin'.

Al Za'abi et al. (2015) observed that, in general, 71.5% of the samples for TDM were
collected at inadequate times, with amikacin being the drug with the most inadequate
samples (77.3% of samples). It was also mentioned that 59.2% of gentamicin samples were
not collected at proper times, with a higher percentage of inadequate sample times in

patients younger than 18 years. It is crucial to correctly record drug administration and
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sample collection times, given that the proper interpretation of TDM results depends on
this information. Errors in sample timing can lead to inadequate dose adjustments, poten-
tially exposing patients to drug toxicity or therapeutic failure?®.

Aminoglycosides can be administered in multiple-daily dosing regimens, with 8 to
12 hours intervals, or every 24 to 72 hours in extended-interval regimens'®3°-2, Recent in-
ternational guidelines recommmend amikacin doses of 3 mg/Kg every 72 hours up to 30
mMg/Kg every 24 hours, mainly considering the patient’s creatinine clearance*:. The initial
dose of 3 mg/Kg/day, divided into three administrations, has increased over the years, the
European Committee on Antimicrobial susceptibility Testing (EUCAST) currently recom-
mends a dose of 6 to 7 mg/Kg/day in a single dose®**. Concerning special populations, dose
adjustments for neonates are usually performed based on gestational age®**. Critically ill
patients may require higher doses to achieve established targets, with dose adjustments
based on renal function in Most cases?>*°.

According to a 2020 review and recommendations for TDM, target concentrations
advised for amikacin peak values were related to efficacy, Cmax/MIC = 8-10. On the other
hand, Cmin values > 5 mg/L were related to toxicity, therefore, Cmin concentrations should
be <2.5 mg/L. For gentamicin, a Cmax/MIC = 8-10 or AUC (0-24)/MIC =110 are recommen-
ded, with target Cmin being < 0.5 mg/L since Cmin >1mg/L were related to toxicity'. Ami-
noglycosides pharmacokinetic variability is directly linked to changes in hemodynamic
status, renal function, and fluid balance in these patients, impacting the volume of dis-
tribution (Vd) and clearance (Cl). Among the groups that present greater plasmatic levels
variability for amikacin and gentamicin are neonates and critically ill patients with sepsis,
septic shock, and/or burns®2123237,

Neonates were the study population in 7 articles®"192338-40 Neonate dosage regimens
are generally derived from those used in adults through extrapolations based on body
weight”. In this sense, Cmin values greater than 1.5 mg/L for gentamicin are associated
with toxicity in neonates. The retrospective study by Gonzalez et al. (2016) observed that
the probability of raised gentamicin Cmin is higher for neonates with low postmenstrual
age (PMA) and that none of the maternal characteristics analyzed is related to this proba-

bility*?. In the study by Van Maarseveen et al. (2016), doses of 5 mg/kg every 36h with TDM
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targeting Cmax >8 mg/L and estimated Cmin <0.5 mg/L in patients with early neonatal
sepsis were evaluated. Of the 184 patients, 90% achieved Cmax and Cmin targets, indica-
ting that this extended-interval dose regimen effectively achieved the therapeutic target.
Significant associations were also observed between gestational age (GA) and body wei-
ght with Cmax and Cmin values, with gestational age being a predictor of underexpo-
sure, suggesting that patients with a lower gestational age need a higher dose to reach
Cmax >8 mg/L9. The results of Gonzales et al. (2016) and Van Maarseveen et al. (2016) are
contrasting because of the age differences of the populations addressed by the authors.
Gonzales evaluated patients with a PMA range of 24 to 45 weeks, while Maarseveen did
not evaluate patients with less than 32 weeks GA.

The TDM of amikacin was analyzed in three studies in neonates™?4°, Although gentami-
cin is the most used in neonatal ICU, amikacin has increased due to bacterial resistance“°.
However, there is still discussion regarding dosage, especially considering the variation in
the volume of distribution and renal function of neonates®“°. When comparing two dosing
regimens for amikacin in neonatal ICU (NICU) patients, one based on literature data and the
other based on local pharmacokinetic data, Hughes et al. (2017) observed that the group
with dosing based on local pharmacokinetic data had mean Cmax (28.5 mg/L versus 37.7
mg/L) and percentage of patients with supratherapeutic levels (12% versus 65%) significantly
lower than the other group. Furthermore, the dose based on local data showed a significant
increase in patients with concentrations within the therapeutic target (84% versus 34%)4°.

In another study, Endo et al. (2019) evaluated 20 NICU patients receiving once-daily
doses of 15 mg/Kg of amikacin. A trend towards high Cmin and ototoxicity was observed in
patients with lower body weight, lower GA, and higher serum creatinine levels, indicating
that these should be considered during TDM and dose adjustment’®. Smits and collea-
gues (2015) obtained a high percentage of target attainment from TDM (90.5% of patients
reached optimal Cmax) in their prospective evaluation of amikacin dosing in neonates ba-
sed on the pharmacokinetic modelll. TDM associated to popPK modeling favors the im-
provement of the dosage regimen, particularly for special populations, such as neonates.

In a prospective observational study with 29 obstetrics and gynecology patients receiving

the standard local dose of 240 mg of gentamicin every 24h, only 31% reached the target Cmax
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above 15 mg/L. These patients presented high disparity in body weight, and most received
doses below the 5-7 mg/Kg recommended, indicating that the fixed-dose used is insufficient
and that a dose adjusted by body weight would be a better alternative for this population.

Several authors emphasize the indication of amikacin and gentamicin TDM for adult
patients, especially those in critical condition, such as severe sepsis or septic shock®2°. This
recommendation may be related to the pathophysiological changes that impact the phar-
macokinetics and pharmacodynamics of these antimicrobials. Furthermore, several stu-
dies have been conducted to help establish the best dosage regimens for these patients.

According to the literature, the main factors related to failure to reach pharmacokine-
tic-pharmacodynamic (PK/PD) targets for aminoglycosides in adult patients have been
renal function, assessed by creatinine clearance (CrCl) or elevated serum creatinine con-
centrations, and the hemodynamic imbalances resulting from septic conditions®?°. In one
study by Boyer et al. (2021), adult, critically ill, septic patients on continuous renal replace-
ment therapy who received amikacin or gentamicin once daily were evaluated to deter-
mine the best interval between doses. The authors concluded that the adequate dose
interval would be approximately 30 hours, depending on the initial dose administered?®®.
These findings are similar to those described by other studies*43,

When evaluating amikacin therapy in critically ill, elderly patients, Sadeghi et al. (2018)
found that the standard dose of 15 mg/Kg/day generated peak amikacin concentrations
lower than 40 pg/mL, which were related to worse outcomes, more frequently. This fin-
ding corroborates White et al. (2015), who associated an amikacin dose of 15 mg/Kg/day
with undesirable low concentrations®??, It was also found that administering high doses of
amikacin (at least 25 mg/Kg) to these patients is necessary to achieve a Cmax > 64 ug/mL
and, consequently, the desired Cmax/MIC value > 8. However, to reduce toxicity, the inter-
val between doses should be increased®. Boyer et al. (2021) also reported that the higher
the intended pharmacodynamic target, the greater the dose and the interval between its
administration, favoring treatment effectiveness and decreasing the risk of toxicity. Howe-
ver, it was stated that this approach needs to be prospectively studied?®.

In a study involving 15 elderly patients, Kato et al. (2021) observed that the achievement

of a PK/PD target of Cmax/MIC = 8 is directly related to renal function in these patients. A
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decrease in physiological renal function is directly related to age and leads to a decrease
in clearance and an increase in the volume of drug distribution. The authors suggested
that for the elderly population, the dose regimen should be based on the CrCl and that a
dosing regimen of 1800 mg every 48 or 72 hours, according to the renal function, is the
most appropriate for Cmax/MIC > 8 target®”.

Aminoglycosides elimination is directly affected by renal clearance?°. Rommdhane et al
(2019) analyzed CrCl values associated with higher risks of amikacin or gentamicin toxicity
though a ROC curve, obtaining a CrCl < 41.66 mL/min as the threshold®. Other authors have
also reported a correlation between aminoglycoside Cmin and serum creatinine and/or CrCl%2°

Nephrotoxicity and ototoxicity are the main reasons for aminoglycosides TDM indica-
tion". In the study with 20 NICU patients, Endo et al. (2019) did not observe nephrotoxicity,
although ototoxicity was reported in 20% of the patients treated with amikacin with Cmin
>10 mg/L®. In another study, Van Altena et al. (2017) retrospectively addressed nephroto-
xicity and ototoxicity in 54 patients receiving TDM-guided amikacin therapy. Nephrotoxi-
city was reported in 22.9% of patients, while ototoxicity was observed in 9.1% of patients.
However, the only significant correlation was between dosage during a daily regimen and
hearing loss in 8,000 Hz frequency’. Sabur and colleagues (2021) evaluated amikacin tre-
atment in 49 patients and observed that only 12.2% presented hearing loss, although not
severe. Regarding nephrotoxicity, it was observed in 23% of patients. Coadministration
with nephrotoxic drugs increased the risk for serum creatinine elevation and decreased
the probability of recuperation of renal function before the end of treatment. However, the
authors stressed that these findings were based on a small number of patients*“. Fuchs et
al. (2016) retrospectively evaluated hearing loss during the first five years of life in children
exposed to gentamicin, observing that it occurred in 25 out of 1582 children. However, they
found no correlation between gentamicin exposure and hearing loss in the multivariate
analysis. Most children were exposed to low doses and short treatment courses, indicating
that, despite the risk, ototoxicity can be minimized with adequate dosing and TDM?8,

The impact of TDM on patients receiving a once-daily dose regimen with amikacin and
gentamicin was accessed by Romdhane and colleagues (2019), 324 patients were inclu-

ded and separated into two groups, one group with patients who received TDM-guided
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dosing (intervention) and another group with patients who did not (control). TDM-guided
dose adjustments led to 75% of the patients archiving target Cmin in the intervention
group versus 31% in the control group. It was also noted that patients with CrCl <41.66 mL/
min had a significantly higher risk of toxic Cmin levels. Although the study focused on
Cmin, the importance of TDM-guided dose adjustment for maintaining therapeutic con-
centrations and preventing toxicity is evident®. In another study, after evaluating amikacin
TDM in 63 patients, Namazi et al. (2016) reported that nephrotoxicity was observed in 19%
of the included patients. Therefore, it was recormmended that data on plasmatic concen-
tration and drug pharmacokinetics should be considered during dose selection and that
TDM should be performed for this drug?'.

INn a retrospective study with 4523 patients receiving extended interval gentamicin
therapy, Plajer and colleagues (2015), observed that 6.6% of the patients experienced an
increase in serum creatinine during a 7 to 14 days interval after the beginning of the tre-
atment, but only 0.5% had irreversible damage. It was estimated that the risk for irrever-
sible nephrotoxicity was 0.5 to 1.5% of the cases. It was also indicated that CrCl should be
considered when choosing an administration interval, with an initial interval of 24h when
patient CrCl > 60 mL/min, 36h when CrCl is between 40 and 59 mL/min, and 48h when
CrCl between 20 and 39 mL/min?.

In another study, Bialkowski et al. (2016) accessed gentamicin pharmacokinetics in 69
pediatric patients with febrile neutropenia, finding that a 7.4 mg/Kg dose was not ideal
since it resulted in subtherapeutic AUC(0-24) in 62% of the measures. Also, a higher clea-
rance was observed in patients younger than 10 years, which can be related to failure in
attaining therapeutic levels. It was estimated that doses of 10.8 mg/Kg (age <10 years) and
6.4 mg/Kg (age >10 years) would be needed to attain a target AUC of 80 mg/h*L, allowing
for a better therapeutic efficacy?:.

Jayakumar and colleagues (2020) studied possible associations between amikacin
pharmacokinetic parameters and healing time in patients with urinary tract infections.
They found that patients who reached a PK/PD target of Cmax/MIC > 8 had a lower mean
time to heal than those who did not reach the target. Additionally, it was reported that

Cmin could be used to predict nephrotoxicity, where higher serum creatinine was related
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to higher Cmin?°, This finding corroborates other reports in the literature being related to
the decrease in renal clearance, which reduces drug elimination®82224374145

Critically and non-critically ill adult patients were compared in a study by Kovacevic
et al. (2016). They evaluated a small group of patients, finding that gentamicin peak con-
centrations were higher in critically ill patients. A similar trend was observed with amika-
cin, and the results were not statistically significant. Nevertheless, the number of patients
with therapeutic levels was similar in both groups and drugs. Different from other studies,
the authors concluded that TDM was unnecessary for these drugs since the local dosing
protocol proved effective and secure for susceptible microorganisms®.

When implementing TDM in the hospital routine, attention should be given to uti-
lizing the results to optimize treatment effectively. Du Toit et al. (2019) reported that re-
sults are often underutilized due to a lack of concrete TDM guidelines, with a tendency
for wrong or unreported sampling times#*®. This observation is reinforced by Namazi et
al. (2016), which describe staff unawareness of TDM function in therapy improvement, in
addition to the lack of attention to relevant microbiological data in the adequate pres-
cription of aminoglycosides?. Other studies have also evaluated the effectiveness of TDM
implementation. Al Za'bi et al. (2015) accessed TDM practice for several drugs in a school
hospital. Sampling time was inadequate for 77.3% and 59.2% of amikacin and gentamicin
samples, respectively. Subtherapeutic levels were observed in 66.7% and 49.1% of amika-
cin and gentamicin samples. It was also noted that intervention occurred in only 24.2% of
the subtherapeutic levels cases against 76.9% of the supratherapeutic levels cases, indica-
ting a greater concern of physicians with toxic levels?. Likewise, Muller et al. (2016) obser-
ved a predominance of lower than recommended doses corresponding to 40.3% of the
included patients treated with aminoglycosides?®. Ryan and colleagues (2021) also repor-
ted using lower than recommended doses, inadequate dose adjustments, and incorrect
sampling time. Toxicity concern was considered the cause of the lower doses*’.

Administration of adequate doses is fundamental for treatment effectiveness and
prevention of antimicrobial resistance. This pattern of below the ideal doses must be as-
sociated with toxicity concerns?®. However, due to the increased risk of therapeutic failure,

subtherapeutic levels should receive as much attention as supratherapeutic levels?®®. Thus,
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improvements in routine TDM practice are recommended, such as the implementation of
standard local guidelines and staff qualification to properly optimize the treatment?4é,
The TDM interpretation by a pharmacist using a pharmacokinetics software im-
proved the attainment of therapeutic levels for aminoglycosides in both Cmax and Cmin
when compared to physician interpretation alone (70 and 76% versus 54 and 63%)48, while
the training of the clinical pharmacy staff resulted in a significant increase in optimal initial
doses (60 to 91%)%°. Showing the importance of multidisciplinary discussion in the adequa-
te therapeutical management of routine TDM patients. Based on the studies evaluated
in this review, 64.28% recommend, in one way or another, the improvement of aminogly-
coside therapy through the implementation of routine TDM with standardized guidelines

and qualified professionals in order to optimize treatment appropriately?'46->0,

CONCLUSION

Although not yet routine in many locations, therapeutic drug monitoring of amikacin
and gentamicin has been proven relevant. Given that elevated plasmatic concentrations
and prolonged courses are related to adverse effects resulting from their toxicity. In this
sense, TDM has been beneficial and recommended by groups of experts. However, it is
necessary to train the involved team to know its usefulness and the appropriate manage-
ment necessary for its application. Few studies could correlate the attainment of PK/PD
targets with microbiological data, often due to empirical treatment. Nevertheless, clinical
results were positive in those who did archive the established targets. Neonatal and criti-
cally ill patients benefit most from this practice, especially since they are the populations

with the most significant interindividual pharmacokinetic variability.
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