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Lékové faktory

I. Lipofilni vs hydrofilni charakter
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of distribution
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mother 2011; 66 Suppl 2: 25131

Rozdéleni ATB dle velikosti Vd

Vd na Urovni ECT Vd vysSinez ECT

= Betalaktamy = Chinolony
= Aminoglykosidy = Ostatni makrolidy
= Roxithromycin = Rifampicin

= Linezolid

= Tigacyclin

van Dalen R, Vree TB: Pharmacokinetics of antibiotics in critically ill patients.

Intensive Care Med, 1990, 16, s. 235-238




Il. Vazba na bilkoviny

Giindamycin
Tolcoplanin

Moxifloxacin
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Table 2 inetif dn}pl antibiotics for 70 kg patient receiving CVVH 35 mi/kg per hour
Drug AT Clu (mlimin) Fre (%) e mifmin) Clews (mifmin) Fronn
Acyclovir [ 15 069 405 75 101 35 026
Amikacin / <10 027 91 98 2 39 095
Amphotericin [ o0 | o7 35 25 31 4 012
Amoxicillin 18 0.21 180 86 25 34 057
Celowime [ 20 50 120 % 017
Ceftazidime 21 023 125 84 20 32 0.62
Ceftriaxone ’ 90-95 | o018 17 46 9 4 0.31
Cefuroxime 33 | o019 110 96 4 27 0.87
Cilastatin ' 30 | 024 230 98 3 29 091
Ciprofloxacin 40 18 420 65 147 25 0.14
Clavulanic acid 9 0.21 252 43 143 37 0.21
Clindamycin 93 11 329 13 286 3 0.01
Erythromicin 84 0.78 637 12 75 7 0.01
Fuconazole 12 0.7 21 75 5 36 0.87
Gancyclovir <6 06 300 %0 20 39 056
Gentamycin <10 025 95 90 4 37 080
Imipenem 10 0.31 245 52 116 37 0.24
froconazole 9% 11 300 <1 300 04 0
Linezolid [19] 30 08 123 35 80 29 027
Meropenem 2 2-03 280 065-0.8 77 40 034
Metronidazole 10 0.74 91 1 82 37 031
Ofloxacin 10 2 250 86 35 37 051
Penicillin 80 03 205 85 30 16 0.35
Piperacillin 16 | 018 180 7 52 34 0.40
Rifampicin 89 | 097 245 7 228 5 0.02
Sulfamethoxazole 62 [ 021 22 14 19 16 0.45
Teicoplanin 920 08 18 66 6 4 0.41
Tobramen | < | o3 % -5 § v 080
Trimethoprim 44 | 18 154 69 48 23 032
Vancomyein | 30 | o3, 95 80 19 2 060
" |

. Cloyws, CVVH dlearance; Cy oy total body
dlearance; CVVH, continous veno-yfenous hemofitration; Fr, fraction unchanged by the kidney; Frovwes, fractional CWH clearance; PB, protein
binding; Vs, volume of disgrbution.

lll. Vychozi zplisob eliminace

Table 3: Pharmacokinetic and pharmacodynamic parameters of antimicrobial agents®>%
Drug Concontration Vd (Uig) PBC ffta) T, for  Target Comments
),
o

elimiNation normal renal  trough
function () _level (mg)*
Gptimal C_/MIC 2610

i
dopendant rout
Gentaryen  Concentraton 0203 <3p Renal

Tobramycin  Concentraton 0203

Pacientské faktory

myr
L. Viiv kritického stavu Bty
T !r

Zvyseni distribuéniho objemu
= Retence tekutin
= Snizena hladina albuminu
Zvyseni clearence - Augmented (Renal) Clearence
= Zvy$eni srde€niho vydeje
= ZvySeny prutok krev jatry a ledvinami
= Snizena hladina albuminu, zvy$eni volné frakce
= CRRT (non-rendlini indikace)
Snizeni clearence
= Stupen organové dysfunkce

@
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Il. Disledky akutniho selhani ledvin

= ZvySeni distribuéniho objemu
= Retence tekutin, ztraty, compartmentalizace...

® Snizeni rendlni clearence

» Uprava davkovani lékd eliminovanych pfevazné renalné
= ZvySeni non-renalni clearence

= Adaptace v ¢ase (CHRI)

= Interindividudlini variabilita

&
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Lipophilic i

CRITICALLY ILL PATIENTS

e
VARIATIONS

Hydrophilic antibiotics

General PK parameters

General PK parameters

ow Vd « High Vd
FLUID EXTRAVASATION Predominant renal CL « Pradominant hepatic CL
-Sepsic /s Low intracellular penatration = Good intracellular penetration
|| Trauma INCREASED CLEARANCE
o INCREASED OL = = = =
Zviseni o LU -Acute leukemia .
bE “Reduced cardinc output “Hyperdynamic sepsis phase | Uprava
uvodni intervalu - Tvd, e Vd
davky REDUCED CLEARANCE «Tor L in CL (dependent on " +Tor L inCL (depandent on
L[ FLum Loss sRenal faillie renal function), hepatic function)
~Post surgical drainage -Age >75 yr » | ininterstitial penetration « «sinterstitial penetration
~Bums (carly phase)
=T Examples: Example:
ﬁg?gﬁﬁmﬂgﬁwwm * Aminoglycoside « Fluoroquinolones
-Pleural effusion o p-lactams * Macrolides
-Ascites « Carbapenoms « Lincosamides
-Mediastinitis » Linezolid = Tigecycline
= Glycopeptides « Clindamycin
« Colistin

Daptomycin G Opin Crit Caro 5012, 18480-471

Zmény Vd u nemocnych s
AKI na CRRT Pk/Pd

Table 1 | Volume of distribution data from pharmacokinetic studies in adults

Antibiotic Healthy volunteers (I/kg) Patients with AKI Killing ; target
receiving RRT (I/kg)
—— B-Lactams time dependent 40-100% of dosing interval >MIC or 40-100% of dosing interval >5 times MIC [47]
Lipophilic drugs
Aminoglycosides concentration dependent  C,,,,:MIC 8-10 [53]
7o 74 g5
OpeieEEn i3 LB A3 Fluoroquinolones  concentration dependent/  Copg:MIC 6-8, AUC,¢MIC 100-125 (Gram-negatives), 34 (S. pneumoniac) [87,91]
Levofloxacin 0.96,°1.13% LR LG time dependent
Hydrophilic drugs Vancomycin concentration dependent  AUC,:MIC 2400 (vs. Staphylococcus aureus) [77]
Linezolid concentration dependent  AUC,2MIC 50 (S. preumoniae), AUC,:MIC 82 (S. aureus) [92] 200 (Emcmkoky)
Amikacin 0.18% 0.44%
Daptomycin 0.10% 0.23% Macrolides, azalides, concentration dependent  probably AUC,:MIC (drug concentration at target site). Relevance of plasma
Ketolides concentrations doubtful given the fact that drugs are concentrated in tissue [90]
Meropenem QAT LT O WS OEE O
! 4 z Metronidazole concentration dependent  not established
Piperacillin 0.15% 0.14,%0.18%
s 91 0,63% 9% 0,659
Vancomycin 0.39,%30.59,* 0.63 0.57,% 0.65 Blood Purif 2010:30:195-212

Abbreviations: AKI, acute Kidney injury; RRT, renal replacement therapy. DOI: 10.1159/000321488

&
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Farmakodynamicka charakteristika Optimalni PD
Pk/Pd Il antibakterialniho Gcinku antibiotik parametr
‘Aminoglykosidy Vrcholova koncentrace v séru ChadMIC
Table 1. Antibiotic killing characteristics and pha rmacakinetic/phormocodynamic karget Metroniiazo) >8-10
Fluorochinolony
[ E— Debiniion of PK/PD target PE/TD worger o
Concentctan deperdert Rako of the panh arv ook Aminoghyconide: Coe/MIC 8:10 [13),
;:m“mz::zmm%d wﬂ'f;;&i'ufo“ﬁ!ul? Fluorechinolony  Vrcholova koncentrace v plasmé + ¢as po AUC,,/MIC
. = - S— ,1 - Acitromyein ktery je sérova hladina vyssi nez MIC >100-125
- ercerge of $me during dosng Plocom: 5 —
i e WAL e ol o 24 ) etracykiiny 5400
concenwation ol the ormbuotc ik 40-80% Moae | Glykopeptidy
oy re et Linezolid
Concmrafion depandent Roto of the omo under the Furoroquincionm: Coun/MIC 10, Kofistin
it g AUCy 34/ MIC 125 [Grom nagetives)
during @ 24 pariod o the MIC [18,19]. Glycopepiden: AUC, 5./MIC
of the pothogen (AUCo.2/MIQ :&0: ‘A"E’”.‘i’:‘:‘ﬁ"“h Beta-laktamy €as po ktery je plasmaticka koncentrace T>MIC
- ¥ Karbapenemy S&i mad
(Provdomonan asragraoad [21] §8i nez MIC
Ungzota i 100%T>MIC
105 s By st TV P G nmn iy e of S s Ergtromysin 100%T>4-5x MIC
“Cyroomsd Kiaritromyein
Vom cwyan Curt O ot Car 2013, 10:460-470 s
@ @ Chytra I, CSARIM 2015
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Optimization of the treatment with beta- @
lactam antibiotics in critically ill -
patients—guidelines from the French

Society of Pharmacology and Therapeutics
(Société Francaise de Pharmacologie et
Thérapeutique—SFPT) and the French

Society of Anaesthesia and Intensive Care
Medicine (Société Francaise d’Anesthésie et
Réanimation—SFAR)

e fenabouc, Yosse

R2.2. We suggest targeting a free plasma beta-
lactam concentration between four and eight times
the MIC of the causative bacteria for 100% of the
dosing interval (fT > 4-8 x MIC = 100%) to
maximize bacteriological and clinical response in
critical care patients.

Guihaumou et ol Gitical Core _ (2019)23:104
hitps/doiong/10.1186/413054-019-2376.5

Vliv eliminaéni metody
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Vliv zplisobu provadéné CRRT

® Princip zvolené metody CRRT
Dialyza vs hemofiltrace
= Vlastni nastaveni pouzité metody
= Material filtru, velikost filtru
= Doba provadéni metody/24h
® Vlastnosti farmaka (velikost molekuly, vazba na
bilkoviny, Vd, vazba na membranu)
= Dalsi faktory

Faktory ovliviujici eliminaci
farmak v pribéhu CRRT

Odhadnutelné Variabilni

Viastnosti litky Distribuéni objem Vazba na bilkoviny
(interakee s bilirubinem,
dalsimi latkami, vliv zmén
pH

Tzv. sieving koeficient

(cut-off, vazebni Srazeni krve ve filtru
Precipitace bilkovin na
ost povrchu membrané

Vlastnosti filtru

itu Zilni pristup (sriZeni krve,
recirkulace krve)

Vliv metody itok filtratwdialy

It

(P
(Prutok krve)

postdiluce)
Trvani prerudeni metody

Rrueger WA, Schroeder 1 H, Hansen M: Pharmacokmetics of antibiohies during
continuous renal replacement therapy. In: Vincent JL (ed) Yearbook of intensive c:
@ and emergency medicine 2005. Springer Verlag, Berlin, 2005, s. 349-359.
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Drug Dosing During Continuous Renal Replacement
Therapy

Mariann D. Churchwell* and Bruce A. Muellert

“Department of Phamacy Practice, University of Toledo, College of Pharmacy, Toledo, Ohio, and
tDepariment of Clinical. Social and Administiative Sclences, Universty of Michigan College of Pharmacy.
Ann Atbor, Michigan

= Orientacni kalkulace clearence na zakladé sieving
koeficientu a souctu dializatu a ultrafiltratu

® Clearence CVVH > CVVHDF > CVVHD, rozdil
narusta s velikosti molekuly

= High flux membrany maji vétsi clearence u latek s
molekulovou hmotnosti nad 1500 daltonu (vanko,
daptomycin)

= Vliv mebrany (adsorpce)

= Vliv stafi filtru

Seminars in Dilysis—Vol 22, No 2 (March-Apri) 2009
£o. 185-183
DO 10.1111/].1525-139X.2008.00541.x
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ANTIMICROBIAL AGENTS AND CHEMOTHERAP) 2008, p. 10091013 Vol. 52, No. 3

0066-4804/08/S08.00+0 _dioi:10.1 128/ AAC.00855-07
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Adsorption of Amikacin, a Significant Mechanism of Elimination
by Hemofiltration”
Qi Tian," Charles D. Gomersall." Margaret Ip? Perpetua E. Tan,'
Gavin M. Joynt," and Gordon Y. S. Choi

Department of Anaesthesia and Intensive Care, The Chinese University of Hong Kong, Prince of Wales Hospital,
Shatin, N.T., Hong Kong," and Department of Microbiology, The Chinese University of Hong Kong,
Prince of Wales Hospital, Shatin, N.T., Hong Kong®
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We used an in vitro model of conti

adsorption by pol nitrile (PAN) and pnl\aumle filt

was pumped from a reservoir through a hemofil

also returned to the ir. The level of adsorp A

tration. The dose and th concentration of amikacin were v

and the The reversibility of &
d. a

adsorption. In
t least 546.9 m;

ikac S was assocTated wih the dese and the hemonlier material but nor
the hemofilter surface area. Close monitoring of peak amikacin levels should be considered for patients
receiving CVVH with PAN hemofilters.
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Jak postupovat prakticky? »renal drugbook*

® Tabulka davkovani Iékd na pracovisti

= Unifikace metody . ;

- Unifikace davky
= Literarni/webové zdroje

= Prehledové

= Farmakokinetické studie — metoda, davka, filtr, ...
= TDM ve vybranych pfipadech

= Vankomycin oo

nuf,,,:rcmm Jowmaican over G Roncs

= Aminoglykosidy Ao 20,2019, o
= Dalsi (linzeololid, batalactamy, colistin, ..) mmm——

Division of Nephrology & Hypertension

We are committed to delivering exceptional care by integrating medicine, research and
education
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Effects of continuous renal replacement
therapy on linezolid pharmacokinetic/
pharmacodynamics: a systematic review

#' Paola Di Maggio', A. Raffaele De Gaudio', Andrea Novell, Riccardo Anto
nd Chizra Ademori'

Bm% * £ 2 0@

Gianluca Villa
Enrico Fiaccadori

Results: Among 68 potentially relevant articles, only 9 were considered eligible for the analysis. Across these, 53
treatments were identified among the 49 patients included (46 treated with high-flux and 3 with high cut-off
membranes). Continuous veno-venous hemofiltration (CVVH) was the most frequent treatment performed amongst
the studies. The extracorporeal dearance values of linezolid across the different modalities were 1.2-23 L/h for CWH,
09-22 L/h for 1 and 23 L/h for and large variability in PK/PD parameters was reported.
[ The optimal area under the curve/minimum inhibitory concentration (AUC/MIC) ratio was reached for pathogens with

an MIC of 4 mg/L in one study only.

@ Vil et . Critical Care (2016) 20:374
DOI 10:1186/513054-016-15517

500 Py 1233657
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Continuous Renal Replacement Therapy-Rel

Variability of linezolid concentrations after Strategiesto Avoid Colistin Toxicity: A Clinically
standard dosing in critically ill patients: a e Chieolited Review
Colistin B O

prospective observational study
Willem Boer’  Elisabeth De Waele® Viola Van Gorp® Jouke De Regt*
', Dorothea Nagel’, Vincent Collin® Hzrhler\D Spapen® v e

Danel Teupser

tina Neugebauer', Gund,
!, Béatrice Grabeir’, Lore

= Hydrofilni

T w— = Dominantné non-renalni eliminace
= e i i.ﬁé‘ = 5 :"w o = GF do primarni mogi, z 80% reabsorbovan, jen
sas 200 e 7e5 i mala ¢ast je vylou¢ena modi
R o 2w = Uginek je zavisly na dosazené koncentraci,
o B nejlépe reprezentuje AUC, ,,/MIC
i oerns=s 20 A = Viysoka Gvodni davka je predpokladem
ol e = baktericidniho G&inku

Blood Purif 201437:291-205

@ DOL 10.1156/000363495

Zoller e al. Grtcal Care 2014, 18148
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Challenge for higher colistin dosage in critically ill patients receiving
continuous venovenous haemodiafiltration

Ilias Karaiskos **, Lena E. Friberg ®, Lambrini Galani ¢, Konstantinos loannidis ¢,
Emmanouela Katsouda ¢, Zoe Athanassa ¢, Harris Paskalis ¢, Helen Giamarellou ?
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International Journal of Antimicrobial Agents 48 (2016) 337-341

®
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Modified Colistin Regimen for Critically IlI
Patients with Acute Renal Impairment and
Continuous Renal Replacement Therapy

Pierantonio Menna® Emanuela Salvatorelli® Alessia Mattei® Dario Cappiello®
Giorgio Minotti*®  Massimiliano Carassiti®

= Uvodni davka 9 mil. j./30 min

Ultraflux AV 1000,

—

= Udrzovaci davka 3 mil, j. a
8h, zahajena 12 h po uvodni
davce

= CVVHDF, BF 200 ml/min,
Dialyzat 2500 mi/h, UF 600-
900 mi/h

P »
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O @ @ hitpsy/clincale.com/colistin,

Colistin base activity (CBA)
30 mg = 1 mil j = 80 mg CMS

Colistin Calculator

Parenteral colistimethate sodium (CMS)
pharmacokinetic tool

& ClinCalc.com » Infectious Disease » Colistin Calculator

Patient Parameters

EX | BWnebo ABW,

je-li nizsi
Therapeutic Goal b

Cumtagete 25 m Obvykle 2mg/l

a1 328494 PUID @ Advanced Setings

PAN 69, CVVHDF

Renal Function

Continuous renal replacement - Hegnt

aronzk SM, LS Thamikikul V, o i Populaion pharmacokinetics of cosin mehanssufonate
n
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Continuous Renal Replacement Therapy-Related
Strategies to Avoid Colistin Toxicity: A Clinically
Orientated Review

Patrick M. Honoré? Rita Jacobs® Olivier Joannes-Boyau?  Stijn Lochy?

L ] Konvekce VS adsorpce AN69 ST (acrylonitrile 69 surface treated)

= Uvodni davka 9 - 12 mil j.
= 4.5 mil. j. 3x denné

@ Blood Purf 201437:291-205
DO 10.1159/000363495
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Table 3._Losk-up” Tableof Datly Deses o Clisimethte for 5 Do

o)
forNarraw Windows of Gt Clearance. MAJOR ARTICLE

Dosing Guidance for Intravenous Colistin in Critically Il
Patients

Tablo2 Targot colistin €, of 2ol
Category o
Dese Crrcaly i Ptent Dosing Suggestons”
Losting dose Eaquation T =C_.., ot ol
ToachernaC,, of 2mal Tog
> n
niaer
Deiydose®  Notrecsveg ART  Equston 2 Dol doso of CBA mai =C,,,, target(mail) x 10°%

3 lockup" taol)for the daly S5se o ts1gat 2 pasma colsr
creatnine clearace.
Rocaiing RRT o 2mal

See e

12 mglL depariing o the

eceptof T is 10% o the bassine dose per 1 hof ART.

ntermtant o,

nemodalyss Supclement 54d 30% o 40% to baseine day dose s s 5 or 4
Should cecur towsrd the nd of & colistmethats dosing e

o1 2 L i coy
ey The cayss sesson
the supplrment o the beseine nondia-

sien 10% per 1 ac, for s
ecenings 12,

piing 10%

=
& e

RESULTS

[ Recommended Dosing | Equations ]

The maximum daily dosage recommended in the product labeling is 300 me CBA (about 5 me/ke) for
either loading or maintenance doses.' There is limited clinical experience administering doses
above this limit and caution is suggested.

Loading dose Maintenance dose

300 mg CBA IV 130 mg CBA IV Q8hr

or 190 mg CBA IV Q12hr
9000 m.j. uvodni davka
5 700 m.j. é 12 h *» Initiate maintenance regimen 24 hours.
following the start of loading dose
administration
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Literarni zdroje (cave stari)

for selected

Table 3 | Dosing

Drug *Aronoft ot al.

Amikacin 7.5ma/kg every.
24-72h

Ciprofioxacin  400mg every 24h

Daptomycin

Levofloxacin
Meropenem
Piperacillin-

tazobactam

Vancomycin

8ma/kg every 48h
500mg every 48h

1-2¢ every 12h

4.5g every8h

1g every 24-96h

*Trotman o al."

10mg/g LD, then 7.5 ma/kg
every 24-48h

200-400mg every 12h
Ame/kg or Gme/kg every 48h
500mg LD, then 250mg every
20

1g every 12h
2.25-3.375g every 6h

15-20mg/kg LD, then 1g every
2an

SHeintz ot al.*

10m@/kg LD then 7.5ma/ke
every 24-48h

400mg every 12-24h
4mg/kg or 6ma/kg every 48h

500-750mg LD, then
250-500mg every 24h

1.LD then 0.5-1¢ every
s-12n
2.25-3.375g every 6h

15-25me/ke LD, then
10-15me/ke every 24h

n patients on continuous RRT

liSanford Guide'**
7.5me/g every 24h

200-400mg every 24h
No recommendation

00mg every 48h
1g every 120

2.25g every 61

500me every 24-48h

ate of 20,

Avonoff, G. R. et al. Drug prescribing in renal failure: dosing guidelines for adults and children 5th edn (American
College of Physicians, Philadelphia, 2007).
Trotman, R. L., Williamson, J. C.

Gilbert, D. N

, Shoemaker, D. M. & Salzer, W. L. Antibiotic dosing in critically il adult patients

receiving continuous renal replacement therapy. Clin. Infect. Dis. 41, 1159-1166 (2008).

Heintz, B. H., Matzke, G. R. & Dager, W. E. Antimicrobial dosing concepts and recommendations for critically ill
‘adult patients receiving continuous renal replacement therapy or intermittent hemodialysis.
Pharmacotherapy 29, 562-577 (2009).

(Ed.) The Sanford Guide to Antimicrobial Therapy 40th edn (Sanford, Sperryville, 2010).
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Recommended B-lactam regimens are inadequate
in septic patients treated with continuous renal
replacement therapy

Lucie Seyler', Frédér

and Fré

rique Jacobs'™

otton’,

Fabio Silvio Ta

Seyler et al.

aniel De Backer’, Pascale Macours’, Jean-Louis Vin

Critical Care 2011, 15R137

Table 3 Probability of time the concentration is four times MIC attainment for Pseudomonas spp

Antibiotic, daily dose (number of patients)

Time period (number of series)

PI/PD target attainment (number of series (%)

MEW T g

Antibiotic Kinetics Lite
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Recommended f-lactam regimens are inadequate
in septic patients treated with continuous renal
replacement therapy

Lucie S
and Frédér

n-Louis Vincent’

', Frédéric Cotton”, Fabio Silvio Taccone’, Daniel De Backer’, Pascale Macours”, J
e Jacobs'

Table 2 parameters of the four antibiotics

Antibiotic Va(kg)  Cnax (/M) Coin (Hg/mI)  AUC (mg/hour/mi)  CL (ml/minutelkg)  ti/2 (hours)

four times daly (

FEP 2 g twice dally (n = 11

A7 2 g twice daly (0 = 15)

(410118 (51046) (258 t0 906)

Seyler et al. Critical Care 2011, 15:R137
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Individualizace
= Dostupnost méfeni hladin
= Komer¢&ni programy pro TMD
= Java PK for Desktop

= Android/iOS

&
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Dékuji za pozornost.

pavel.dostal@fnhk.cz
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