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INTRODUCTION

Facing challenges of appropriate antimicrobial dosing during Continuous Renal Replacement Therapy
(CRRT), Li et al. recently published a review to optimize efficacy and to limit toxicity (Li et al., 2020).
Although it is helpful for clinician at patient bedside to choose dosing in the absence of pharmacokinetic
individual data, some limitations should be highlighted. One dose does not fit all and antimicrobial
optimization in critically ill patients requires a holistic approach applying different pharmacokinetic-
pharmacodynamic (PK-PD) principles not only based on CRRT modalities.
CONSIDER INTER AND INTRA-INDIVIDUAL VARIABILITY

Existing literature presents many limitations. As noticed by Li et al., CRRT practices are heterogeneous
leading to subsequent diversity in antimicrobial dosing (Churchwell and Mueller, 2009; Lewis and
Mueller, 2014). Other authors demonstrated low quality of CRRT pharmacokinetic studies and lack of key
information in the literature needed to define dosing regimens, particularly the delivered CRRT dose (Li
et al., 2009; Vaara et al., 2012). The studies often only include a few patients, unrepresentative of the
population with single or multi-compartmental models. Critical care populations variety may jeopardize
the extrapolation of the pharmacokinetic results (Ulldemolins et al., 2014). Pathophysiology of the
diseases and patients severity are different leading to wide pharmacokinetics variations, as described in the
Abbreviations: CRRT, Continuous Renal Replacement Therapy; ICU, Intensive Care Unit; PK-PD, Pharmacokinetic-
Pharmacodynamic; TDM, Therapeutic Drug Monitoring.
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DALI study reporting that beta-lactams concentrations could vary by
a factor of 100 from patient to patient in Intensive Care Unit (ICU)
(Roberts et al., 2014). Therefore, pharmacokinetic parameters of
healthy volunteers cannot be used.

Extreme inter/intra-individual pharmacokinetic variability in ICU
and potential PK-PD uncertainties necessitate dosing simulations in
different clinical contexts to suggest appropriate dosing regimens at
individual level (Dhaese et al., 2019). As noticed by Li, his
recommendations may be not sufficient for patients with residual
renal function. Dynamic change of patient’s clinical status with
subsequent modifications of pharmacokinetics should be
considered for dosing adaptation (Choi et al., 2009; Guilhaumou
et al., 2019). Underdosing is over-prevalent during the initial septic
phase and antimicrobial initial doses should consider the increase of
volume of distribution (De Waele and Carlier, 2014; Wong et al.,
2015). However, this requires sophisticated PK-PD models
integrating patients and population data. Subsequent doses should
be decided according to total clearance. Therefore, fixed doses do not
appear appropriate during CRRT.
CONSIDER ALL PHARMACOKINETIC
CHANGES TO DEFINE DOSE
ADJUSTMENT

As noted by Li, drug clearance depends on CRRT modalities.
Potential drug infusion incompatibilities and interactions with
the whole circuit should also be consider, including tubing,
especially when polyvinylchloride (PVC) is used (Preston et al.,
2007; Shekar et al., 2015). Lack of CRRT standardization leads to
high pharmacokinetics differences requiring in vitro data to
study the impact of CRRT modalities.

Other pharmacokinetic modifications than CRRT may impact
antimicrobial concentrations, as fluid balance variability, protein
binding modifications and hepatic function. This may impact the
PK-PD target attainment (Ulldemolins et al., 2011; Lewis and
Mueller, 2014; Vanstraelen et al., 2014; Kurland et al., 2019). Some
studies consider total antimicrobial concentration instead of active
unbound concentration without possible interpretation of the
target attainment (Roberts et al., 2013). Precaution should
therefore be taken to define dosing regimens.
CONSIDER PK-PD TARGETS AND
INFUSION MODE

Li did not clearly describe PK-PD targets selected to define
antimicrobial dosing. Lack of consensus for some antimicrobials as
beta-lactams leads to different dosing regimens recommendations, as
reported for meropenem (PK-PD target from 40% T > MIC to 5 x
100% T > MIC) (Kawano et al., 2015; Ulldemolins et al., 2015). PK-
PD targets and subsequent dosing depend on bacteria sensibility and
should be consider for all antimicrobials.

Infusion mode is crucial to guide dosing regimens, optimizing
the probability of PK-PD target attainment, limiting potential
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toxicity and the emergence of bacterial resistance. The randomized
controlled BLISS study demonstrated higher clinical cure rates in
septic patients with continuous infusions of beta-lactams than with
intermittent infusions for the same daily dose, and higher PK-PD
target attainment rates at 100% fT > MIC (Abdul-Aziz et al., 2016).
However, extended and continuous infusions should not be used
without protocolization to assure stability, especially for carbapenems
and amoxicillin+/-clavulanic acid. Continuous/extended infusions
including a loading dose were therefore recommended for beta-
lactams in some clinically contexts or in case of severity
(Guilhaumou et al., 2019). Moreover, the same intermittent
infusions dosing cannot be applied to continuous and extended
infusions to obtain a defined target concentration. When PK-PD
target is attained, continuous/extended infusions also allow a daily
dose reduction permitting to limit toxicity (Guilhaumou et al., 2019).
CONSIDER THERAPEUTIC DRUG
MONITORING (TDM) AND PK-PD MODELS

Regarding inter/intra-individual variability, individualized PK-PD
targets and dosing are required (Goldstein and Nolin, 2014; Roberts
and Roberts, 2014; Shaw et al., 2016). Some European learnt
societies recommended TDM as a standard of care for most
antimicrobials in ICU, especially for patients treated by CRRT,
and Li suggested it to optimize therapy (Guilhaumou et al., 2019;
Abdul-Aziz et al., 2020). TDM allows a higher probability of PK-PD
target attainment and to limit over and underdosing, especially
when Monte Carlo simulations are not available in the population
of interest. To assure better accuracy of dose adaptations, a
modeling population pharmacokinetic approach should be used,
permitting to consider inter/intraindividual variations (Fuchs, 2015;
Penetrat-Roger, 2018). Bayesian approach, established on
conditional probabilities, permits to predict individual antibiotic
concentrations integrating data from population models and
individual pharmacokinetic parameters, bacterial ecology and
previous concentrations observed.

Many factors are required to determine appropriated dosing
regimens for patients treated by CRRT. Dosing data from the
literature can be applied under the strict similar conditions of the
studies (Choi et al., 2009). Facing pharmacokinetic variability in
critically ill patients, CRRT practices heterogeneity and the bacterial
local ecology, TDM and Bayesian modelling represent the best
options to optimize antimicrobial dosing and their development
should be a priority to individualize dosing. However, in the absence
of sophisticated pharmacokinetic tools, Li’s recommendations
contribute to give an order of magnitude of CRRT impact and
may help to avoid underdoses/overdoses on the basis of the available
data, with a possible integration in an antibiotic stewardship
program considering other PK-PD considerations.
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et al. (2015). Meropenem population pharmacokinetics in critically ill patients
with septic shock and continuous renal replacement therapy: influence of residual
diuresis on dose requirements. Antimicrob. Agents Chemother. 59 (9), 5520−8.
doi: 10.1128/AAC.00712-15

Vaara, S., Pettila, V., and Kaukonen, K.-M. (2012). Quality of pharmacokinetic
studies in critically ill patients receiving continuous renal replacement therapy.
Acta Anaesthesiol. Scand. 56 (2), 147−57. doi: 10.1111/j.1399-6576.
2011.02571.x

Vanstraelen, K., Wauters, J., Vercammen, I., De Loor, H., Maertens, J., Lagrou, K.,
et al. (2014). Impact of hypoalbuminemia on voriconazole pharmacokinetics in
critically ill adult patients. Antimicrob. Agents Chemother. 58 (11), 6782–6789.
doi: 10.1128/AAC.03641-14

Wong, W., Choi, G., Gomersall, C. D., and Lipman, J. (2015). To increase or
decrease dosage of antimicrobials in septic patients during continuous renal
replacement therapy: the eternal doubt. Curr. Opin. Pharmacol. 24, 68−78.
doi: 10.1016/j.coph.2015.07.003

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Matusik. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
September 2020 | Volume 11 | Article 580163

https://doi.org/10.1007/s00134-015-4188-0
https://doi.org/10.1007/s00134-020-06050-1
https://doi.org/10.1097/CCM.0b013e3181aab3d0
https://doi.org/10.1111/j.1525-139X.2008.00541.x
https://doi.org/10.1111/j.1525-139X.2008.00541.x
https://doi.org/10.1186/cc13945
https://doi.org/10.1093/jac/dky434
https://serval.unil.ch/resource/serval:BIB_5A2ED1C8C297.P001/REF.pdf
https://serval.unil.ch/resource/serval:BIB_5A2ED1C8C297.P001/REF.pdf
https://doi.org/10.1038/clpt.2014.102
https://doi.org/10.1186/s13054-019-2378-9
https://doi.org/10.1016/j.jiac.2015.02.011
https://doi.org/10.1128/AAC.02466-18
https://doi.org/10.1128/AAC.02466-18
https://doi.org/10.1111/sdi.12203
https://doi.org/10.1093/jac/dkp302
https://doi.org/10.1093/jac/dkp302
https://doi.org/10.3389/fphar.2020.00786
https://tel.archives-ouvertes.fr/tel-01690753/document
https://tel.archives-ouvertes.fr/tel-01690753/document
https://doi.org/10.1186/cc13939
https://doi.org/10.1007/s40262-012-0018-5
https://doi.org/10.1007/s40262-012-0018-5
https://doi.org/10.1093/cid/ciu027
https://doi.org/10.1111/sdi.12496
https://doi.org/10.1111/sdi.12496
https://doi.org/10.1186/s13054-015-0891-z
https://doi.org/10.2165/11539220-000000000-00000
https://doi.org/10.2165/11539220-000000000-00000
https://doi.org/10.1186/cc13938
https://doi.org/10.1186/cc13938
https://doi.org/10.1128/AAC.00712-15
https://doi.org/10.1111/j.1399-6576.2011.02571.x
https://doi.org/10.1111/j.1399-6576.2011.02571.x
https://doi.org/10.1128/AAC.03641-14
https://doi.org/10.1016/j.coph.2015.07.003
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Commentary: Recommendation of Antimicrobial Dosing Optimization During Continuous Renal Replacement Therapy
	Introduction
	Consider Inter and Intra-Individual Variability
	Consider All Pharmacokinetic Changes to Define Dose Adjustment
	Consider PK-PD Targets and Infusion Mode
	Consider Therapeutic Drug Monitoring (TDM) and PK-PD Models
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


