P . 7
university of :7’%//4
groningen ?',,g’z,, University Medical Center Groningen

i

University of Groningen

Gentamicin Administration in Dialysis Patients
Grit, Geeske F; Toren-Wielema, Marlous L; Colin, Pieter J; Touw, Daan J

Published in:
Therapeutic Drug Monitoring

DOI:
10.1097/FTD.0000000000001058

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Final author's version (accepted by publisher, after peer review)

Publication date:
2023

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

Grit, G. F., Toren-Wielema, M. L., Colin, P. J., & Touw, D. J. (2023). Gentamicin Administration in Dialysis
Patients: Before or After Hemodialysis? Therapeutic Drug Monitoring, 45(5), 697-701.
https://doi.org/10.1097/FTD.0000000000001058

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 05-12-2023


https://doi.org/10.1097/FTD.0000000000001058
https://research.rug.nl/en/publications/fa58c28f-92a0-4441-bda7-9803698cbcf3
https://doi.org/10.1097/FTD.0000000000001058

Therapeutic Drug Monitoring Publish Ahead of Print
DOI: 10.1097/FT D.0000000000001058

Gentamicin Administration in Dialysis Patients: Bef or After Hemodialysis?

Geeske F Grit, BScMarlous L Toren-Wielema, MScPieter J. Colin, Phf) Daan J Touw,
PhD!

'Department of Clinical Pharmacy and Pharmacologyyéfsity Medical Center Groningen,

University of Groningen, Groningen, the Netherlgnds

’Department of Anesthesiology, University Medicah@e Groningen, University of

Groningen, Groningen, the Netherlands.

Correspondence: Daan J Touw, University Medicalt€e@roningen, Department of Clinical
Pharmacy and Pharmacology, P.O. Box 30.001 (intposicode AP50), 9700
RB Groningen, the Netherlands, Phone: +31 - 50481 Fax: +31 - 50 361 4087 (e-mail:

d.j.touw@umcg.nl).

Conflicts of Interest and Source of Funding: Thihats declare no conflicts of interest. No

funding sources were used for this study.

Acknowledgments:
The authors would like to thank Dr. Robert AG Himst Veld for his valuable comments on

the manuscript.



Abstract

Background: Gentamicin is used to treat severe infections asdahsmall therapeutic
window. This study aimed to optimize the dosing strateggesftamicin in intermittently
hemodialyzed patients by simulating concentratiow@tprofiles during pre- and post-dialysis
dosing, based on a published pharmacokinetic model.

Methods: Pharmacokinetic simulations were performed wittual patients, including septic
patients, who were treated with gentamicin andivedeweekly hemodialysis with an interval
of 48h-48h-72h. The following dosing regimens waraulated: for non-septic patients, 5
mg/kg gentamicin was given 1h/2h before dialysisa starting dose of 2.5 mg/kg and a
maintenance dose of 1.5 mg/kg immediately aftdysiis; for septic patients, 6 mg/kg
gentamicin was given 1h/2h before dialysis, oragtistg dose of 3 mg/kg and a maintenance
dose of 1.8 mg/kg immediately after dialysis. Theam G,.x, AUC.4, and target attainment
(TA) of pharmacodynamic targets were calculated@mrdpared. The following targets were
adopted from literature: £x>8 mg/L and <20 mg/L and AUG,>70 mg-h/L and <120

mg- h/L.

Results: In non-septic patients, postdialysis dosing resuih a TA of 35% for Gax>8 mg/L,
100% for <20 mg/L and AU£,>70 mg-h/L, and 45% for <120 mg-h/L. Dosing 2h ipt@o
dialysis resulted in-a TA of 100% for&e> 8 mg/L, 40% for <20 mg/L, 65% for AUG,>70
mg-h/L, and 77% for <120 mg-h/L. Simulations ofteepatients resulted in comparable
outcomes with higher TAs forGx<20 mg/L (96%), AUG4,>70 mg-h/L (90%), and <120
mg- h/L (53%) for dosing 1h prior to dialysis.

Conclusions: Postdialysis dosing resulted in a low TA gf£>8 mg/L; however, predialysis
dosing ensured a high TA of&>8 mg/L and acceptable TA of&x<20 mg/L, AUG4,>70
mg-h/L, and <120 mg-h/L, which could increase fhieaey of gentamicin. Therefore,

clinicians should consider predialysis dosing aftgenicin in patients undergoing intermittent



hemodialysis.
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| ntroduction

Patients with renal failure require renal replacettkerapy; one option is to undergo
intermittent dialysis. However, infections are gaon&ause of mortality in those who undergo
hemodialysig. Gentamicin is an aminoglycoside that plays an irgu role in the treatment
of severe infections caused by aerobic gram-negiacterid. It is a concentration-
dependent antibiotic, such that increasing its eatration results in more rapid bacterial
killing.® The minimal inhibitory concentration (MIC) refexsthe minimal concentration of
an antibiotic that prevents the growth of microarigens. The maximum concentration
(Cma/MIC and area under the curve (AUC)/MIC are impaott
pharmacokinetic/pharmacodynamic (PK/PD) indices aeal the efficacy of
aminoglycoside&®

Side effects of aminoglycosides include nephrotibkiototoxicity, and
vestibulotoxicity® " 8 The uptake of aminoglycosides in the kidney amebirear is saturable
at relatively low concentratiorfs’ °

Current recommendations for patients who undertgynmttent hemodialysis include
the administration of approximately 1-1.7 mg/kggehtamicin after each hemodialysis
session (postdialysis dosing}® **However, several reports suggest that prediatiesing
(off-label) is more favorable than postdialysisidgs” ® ***4Nevertheless, there are no
existing studies that have directly compared tlieady of pre- and post-dialysis dosing of

aminoglycosides.



Thus, this simulation study aimed to determinedp&mal dosing regimen of
gentamicin and whether the predialysis dosing ahaglycosides is preferable to
postdialysis dosing. This study included hemodiadiypatients who underwent a 4-hour
session of high-flow dialysis thrice weekly. Sirtbe volume of distribution (\VVd) of septic

patients is highefa distinction was made between patients with aitidowt sepsis:

Materialsand Methods
PHARMACOKINETIC SIMULATIONS

To determine the optimal gentamicin dosage regirpearmacokinetic simulations
were performed for non-septic and septic patiestsgithe following programs: Rcpp,
tidyverse, magrittr, lubridate, RxODE, shiny, theimaand mvtnorm for R (version 4.0.5; see

text, Supplemental Digital Content 1, http:/lifkay.com/TDM/A632, which elaborates R

code). Concentration-time graphs were generateiio® simulated subjects for each dosing
regimen. The one-compartment pharmacokinetic mivdei Jelliffe et al. was used? For the
simulations, an average hemodialysis patient witlsepsis had the following gentamicin
characteristics: weight = 70 kg; height = 175 cneatinine clearance (CL) = 2 mL/min/1.73
mM?; CLnon-diaysi= 0.2462 L/h; Vd = 17.50 Lyb= 49.28h" In contrast, an average
hemodialysis patient with sepsis had the followgegtamicin characteristics: weight = 70 kg;
height = 175 cm; creatinine clearance = 2 mL/m#8InT; CLnon-diaysi= 0.4787 L/h; Vd =
35.00 L; f/, = 50.68h"> Since Vd is known to increase in cases of sépsie used the worst-
case scenario by doubling the Vd to 0.5 L/kg. Thaifysis rate of gentamicin was set at 150
mL/min. This value is based on the plasma flowhef dialyzer, since the gentamicin
clearance is almost identical to the plasma flassth@ serum protein binding of gentamicin is
almost zerd!" *®This is in line with the findings of Vossenal.*® who recently studied the

clearance of gentamicin from different dialyzersvakiance of 25% for Clen-diaiysis CLdialysis



and Vd was usetf.In addition, several scenarios were simulatedéwige a complete
picture of target attainment in different patiemtsfels. Simulations of septic patients were

also performed using the model PK parameters afdkret al.,?°

who performed a similar
study. Moreover, individual variants were simulat€lgiaysis Which is the variation within
membranes? measuring 90 ml/min and 188 ml/min and obese petieeighing 90, 110, and
130 kg.

Different dosing regimens were simulated, includlingand 2h predialysis dosing and
dosing immediately after dialysis. The 1h and 2dmlysis dosing regimens were chosen
because adaptive resistance starts within 1-2 laftesaminoglycoside administration and
this interval has been frequently used in othedies?” " ****The dosing regimens for non-
septic patients and septic patients were as follows
Non-septic patients:

1: 5 mg/kg 1h prior to-dialysis

2: 5 mg/kg 2h prior to dialysis

3: Starting dose of 2.5 mg/kg, maintenance dodesmg/kg postdialysis

Septic patients:

4: 6 mg/kg 1h prior to dialysis

5: 6 mg/kg 2h prior to dialysis

6: Starting dose of 3 mg/kg, maintenance dose®frig/kg postdialysis

Gentamicin was administered with an infusion tirh8@minutes. A dialysis interval of 48h-
48h-72h was used, with each dialysis session ta&hin4 hours.

The mean AUGun(mg-h/L), mean Gax (Mg/L), and target attainment of the PD
targets after each administration were calculaféd.mean of the first four doses was used to
calculate the mean AUGh, Chax and target attainment. Additionally, the predicte

concentration-time graphs were plotted.

t°al



PHARMACODYNAMIC TARGETS

The following PD targets were used for efficacy;@MIC >8 and AUG4/MIC
>702 21 22T0 avoid nephrotoxicity, AUG, must be below 120 mg-h#?° The desired Gax
value is<20 mg/L because this is the maximum concentratiahis regarded as s&fé°
Therefore, this value was also targeted (targatrattent).

An MIC of 1 mg/L was used for analyzing target iataent since this was used in
most studies.®In addition, the target attainment for an MIC ah@/L has also been
simulated, since this is the epidemiological cdtvalue (ECOFF ) foEnterobacterales and

Saphylococci.?’

Results

The simulation results are presented able 1 andFigure 1. Predialysis dosing of
non-septic patients (regimens 1 and 2) achieve®bhéargets Gax>8 mg/L and AUG4;
<120 mg-h/L in 100% and £80% of simulated patielois,G,2x<20 mg/L and AUG4,>70
mg- h/L target attainment was low (£42% and +60%peetively). This is due to the low
AUC 4 relative to Gax and inter-individual variability. Dosing 1h befdnemodialysis had a
slightly lower AUC than dosing 2h before hemodiaysegimen 1 vs. 2). Postdialysis dosing
(regimen 3) achieved target attainment @f,20 mg/L and AUG4,>70 mg-h/L in 100% of
simulated patients but demonstrated low targeiratt@nt of G,,x>8 mg/L and AUG4,<120
mg- h/L (35% and 45%, respectively). This is duthtohigh AUG4, relative to Gax
compared to the predialysis dosing.

Predialysis dosing in septic patients achievedgetattainment of Gax>8 mg/L in
+99%, Ghax<20 mg/L in £97%, and AU&x>70 mg-h/L in £91%, but only £52% achieved

AUC,4,<120 mg-h/L (regimens 4 and 5). In septic patiantis predialysis dosing, a higher
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AUC relative to Gaxwas achieved than that in non-septic patientsgchvigsulted in higher
target attainment. Postdialysis dosing (regimeaddjeved a PD target of,&<20 mg/L,
AUC24,>70 mg-h/L, and AU&»,<120 mg-h/L (100%, 93%, and 91%, respectively);
however, only 3% achieved,&>8 mg/L.

The results of target attainments of simulationth whe PK parameters of Franek

al.?° are provided irBupplemental Digital Content 2http:/links.lww.com/TDM/A632; the

results of patients with a Ghysis 0f 90 ml/min and 188 ml/min iBupplemental Digital

Content 3http://links.lww.com/TDM/A632; target attainmentsgatients weighing 90 kg,

110 kg, and 130 kg are shownSapplemental Digital Content

4http://links.lww.com/TDM/A632 and target attainments for MIC = 2 mg/L are incllide

Supplemental Digital Content 5http://links.lww.com/TDM/A632

Discussion

This study provides a complete picture of the teag@inment of predialysis versus
postdialysis dosing in patients undergoing intetenit hemodialysis, since different scenarios
have been simulated, including non-septic vs. sgatiients and variations in weight,
CLudiaysis MIC, and model PK parameters. A good insight thi optimal efficacy and low

risk of toxicity was provided by choosing PD tagfar both Gaxand AUGh

PHARMACODYNAMIC TARGETS

CnaXMIC >8 and AUG4/MIC >70 were chosen as PD targets for efficacyedam
several studies that measured the relationshipdegtithe PK/PD indices of aminoglycosides
and clinical response. Zelenitsityal. concluded that a90% chance of clinical cure was
associated with G/MIC >8 and AUG4/MIC >70° Kashubaet al. concluded that 290%

probability of temperature resolution on day 7 wasociated with Gs,/MIC >10 and AUG.



L4/MIC >1507 Mooreet al. measured a significantly higher,&/MIC (6.6 vs 4.6) in patients
with clinical response vs no respori&eller et al. found a significantly higher Gy in

patients receiving hemodialysis who survived coregavith patients who expired (8.2 vs 5.9
mg/L).?? Zhuanget al. found that G.a/MIC and AUG4/MIC were significantly related to
bacterial response in patients who received herhitad Cna/MIC >8 could prevent the
development of resistance and, therefore, bacterigbwth! Cra/MIC is probably a better
PD target than AU&/MIC, as Zelenitskyet al. concluded that only ga,/MIC was an
independent variable related to clinical ctidoreover, once-daily dosing results in slightly
better clinical outcomes than multiple daily dosofghe same dose, arguing that an adequate
Cmaxis more important than AU ? Therefore, G.,/MIC should be considered the major
PD target for efficacy.

An AUC,4,<120 mg-h/L was chosen as the PD target for sadstgeveral
pharmacokinetic studies adopted this target togretoxicity™* **However, this AUC was
only based on standard dosing in patients with mbremal functiort> >* Therefore, there is
uncertainty regarding which AUC results in an ised risk of nephrotoxicity. Nevertheless,
it is plausible that nephrotoxicity is related taege AUC and not high peak levéfsCrax
<20 mg/L was chosen as the desired value becaissis the currently accepted safe upper

threshold® 2°

PHARMACOKINETIC SIMULATIONS

In our simulations, the Giaysis(150mL/min) was higher than that in other studies
(80—-134 mL/miny® ** 3% 3hecause these studies were published betweena®@0B013;
currently, higher dialyzer blood flows are usedd2@00 ml/min)-® **Therefore, our

simulations better reflect the modern dialysis teghe which favors a high blood flow



through the dialyzer. In our study, an average dhlibmwv of 250 ml/min was calculated for
plasma flow using a hematocrit of 0.4.

A recent study by Frandi al.,?° where popPK values were derived from patients on
dialysis, is in line with our study; however, irethstudy, only Ga/MIC >8 and G,in<1
mg/L targets were provided, whereas our study t@iggeted AUG4nvaluedor efficacy and
toxicity. This provides a better insight since &dC,4, is a better predictor of the risk for
toxicity than G,n<1 mg/L. Moreover, our study provides a more congpiesight into the

effect of individual variance on target attainment.

DOSING REGIMEN IN NON-SEPTIC PATIENTS

Administering gentamicin before dialysis could ie&se efficacy and decrease toxicity
based on more favorable drug levels than postdsatiesing. Postdialysis dosing results in a
very high AUG4n relative to Gax Therefore, efficacious postdialysis treatmentwit
Cmad{MIC >8 would have an increased risk of toxicityngoared with predialysis dosing.

Nevertheless, caution should be exercised for phgsis dosing. Predialysis dosing
resulted in a low mean AU, (regimens 1 and 2) because most of the gentamicin
concentration is eliminated by dialysis. Simulati@mow that dosing 2h prior is more
favorable than 1h before hemodialysis to obtairghdr AUG4, Moreover, it is not known if
gentamicin is still effective when low drug levelersist for a long period (between 1-2 mg/L
for 42h or 66h between dialysis). A higher dosel@¢de administered to achieve a higher
AUC.4, however, strict therapeutic drug monitoring iguiged because fax and AUG4h
could be far above the target values. Dosing lotigan 2h before dialysis to increase the
AUC4,is not advisable, because adaptive resistancearam within 1-2h after dosin(g.

Teigenet al. and Dang and Duffull also concluded that predialgesing results in

better target attainment than postdialysis do&int§However, Zhuangt al. concluded that



postdialysis dosing results in the same bactezsdonse as predialysis dosing based on a
PK/PD model and advised postdialysis dosing withtgeicin®

Clinicians should be aware of the variations ig¢aattainment due to individual
variations. Nevertheless, target attainment fodiatgsis dosing is more favorable in all
scenarios than for postdialysis dosing. A highegigykis resulted in significantly lower values
for AUC,4, andvice versa. Furthermore, similar target attainment was foumdbese patients
(>90 kg) compared to that in patients with a healtleyght (70 kg). However, AU& is
higher in obese patients; therefore, TDM is recomhed. Patients infected with
microorganisms displaying an MIC of 2 mg/L wouldju@e an AUG4, of 140 mg- h/L for
effective treatment, which is higher than the maxamof 120 mg- h/L established as the PD
target for safety. Therefore, the benefits of gemtan treatment should be weighed against

the potentially higher risk of toxicity.

DOSING REGIMEN IN SEPTIC PATIENTS

Septic patients receiving predialysis dosing hadjaer AUG4h relative to Gax than
non-septic patients. This is a result of the lowsdraction of gentamicin by the dialyzer due
to a higher volume of distribution. Thus, dosinglHHfore dialysis is considered the optimal

dosing regimen (regimen 4).

LIMITATIONS

The selected PD targets were primarily based deratwith normal renal function.
Therefore, it cannot be concluded with certaingt these PD targets are valid in patients
with renal dysfunction. Furthermore, gentamicimasmally used in combination with other
antibacterial drugs such as beta-lactams; howéweinfluence of the combination therapy

on PD targets was not considered because publRDextudies are based on gentamicin
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monotherapy. However, we hypothesize that an opéchgentamicin dosing scheme will
result in optimized combination therapy.

Dosing 1-2 hours before dialysis is logisticallgonvenient for patients who are not
hospitalized especially since hemodialysis is alyemtime-consuming treatment. Therefore,
whether the benefit of predialysis dosing is wahé& extended time in the hospital should be
discussed with the patient so that an informedsil@tican be made.

Another limitation is that several other dialysisdhalities were not discussed in this
study €.g., sustained low-efficiency (daily) dialysis, pental dialysis, and continuous renal

replacement therapy).

Conclusions

Currently, gentamicin is recommended for intermitteemodialysis. Based on our
simulations, we conclude that the target attainnf@nine PK/PD indices of predialysis
dosing is preferred compared to that of postdialgsising. However, caution is needed
because there is some uncertainty about the PBtsamged, and there are no clinical studies
to prove the benefit of predialysis dosing. Cliaits should consider predialysis dosing of
gentamicin in combination with strict monitoring @éntamicin levels and adherence to
targets to attain the desired PK/PD index. It @omremended to keep updating the
pharmacokinetic profile of gentamicin in hemodi&ygatients, as clearance by dialysis is
improving with advances in dialysis technology.

Further research must be conducted to concludeasitiainty the benefits of
predialysis dosing in patients undergoing interemtthemodialysis. The ideal design would
be a randomized, double-blind study that comparesagnd post-dialysis dosing of
aminoglycosides with clinical endpoints. Due to lihdited number of patients treated with

gentamicin, this randomized, double-blind study ldoequire a multicenter approach. An

11



international organizatiore@. the International Association of Therapeutic DMignitoring
and Clinical Toxicology) could play a coordinatirae.
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Table 1 Simulated mean maximal concentrationg{{; area under the curve over 24 h

(AUC.4p), and target attainment of the pharmacodynamgetarfor the different dosing

regimens of both non-septic and septic patients D00 subjects).

TARGET ATTAINMENT

Mean Mean Cmax ICmax<2 IAUC 4> |AUC <1
Cmax |AUC2n 8 0 70 20
Regimen [Time Dose (mg/L)|(mg-h/L) mg/L mg/L |mg-h/L  |mg-h/L  |All
1 1 hprior |5 mg/kg 21 80 100% 44%| 57% 80% 18%
2 2 h prior |5 mg/kg 21 87 100% 40%| 65% 7% 18%
3 post start 2.51g/kg,7 129 35% | 100% | 100% | 45% 4%
then 1.5 mg/kd
SEPTIC PATIENTS:
4 1 h prior 6 mg/kg 14 126 99% 96%| 90% 53% 39%
5 2 h prior |6 mg/kg 14 129 98% 97%| 91% 51% 39%
6 post start 3 mg/kg,5 94 3% | 100% | 93% 91% 1%
then 1.8 mg/kg
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Figure Legend

Figure 1 Predicted gentamicin concentration-time curvesifééient dosing regimens of non-
septic (regimens 1-3) and septic patients (regiMef¥ based on the simulations (n = 1,000
subjects). Black area: dialysis session of 4 lgvargentamicin administration; grey: 90%

prediction interval; black line: median concentati
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