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Obecne:

B-laktamy - nejvice predepisovana ATB na ICU
Sirokospektra, baktericidni, empiricka ATB, cilend terapie, profylaxe
Rozdilné populace, rozdilné indikace
Velmi ,citlive® k alteraci PK/PD u kriticky nemocnych
Rozdil mezi guidelines a denni rutinni praxi

TDM studie selhavaji v redukci mortality




Obecne 2:

VVzestup poctu pripadu sepse!
> 25% spojeno s mortalitou

Fyz. zmény: ARC, alterace vazby na krevni bilkoviny a Vd,
organova dysfunkce

Standardni rezimy davkovani selhavaji v dosazeni PK/PD
Bakterialni puvodci infekci - vyssi MIC!
Casnd a adekatni ATB terapie: az 50% redukce mortality




IMMUNE SYSTEM
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PK crucial parameters:
o Vd

O Clearance

O Tissue penetration

Determined by:

binding, electric charge,
hydrophilicity, lipophilicity,
elimination pathways,
transporters’,...

7
" Antibiotic

\

PK: Time course of drug concentration in the body

D: Drug concentration-effect relationship
K/PD: Dose - effect relationship

Antibiotic dosing optimization in critically ill

patients
/ Despoina Koulenti'?'®, Claire Roger? and Jeffrey Lipman?3*




General PK

Altered ICU PK

Examples
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Hydrophilic antibiotics

- Low Vd

- Predominant renal CL

- Low intracellular penetration
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_1 vd

- CL ] or | dependent on
renal function

—

- B-lactams

- Aminogyclosides
- Glycopeptides

- Linezolid

— D

Lipophilic antibiotics

- High Vd

- Predominant hepatic CL

- Good intracellular penetration
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- Vd largely unchanged

- CL 7 or | dependent on
hepatic function

<

- Fluoroquinolones

- Macrolides
- Lincosamides

- Tigecycline
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Pharmacokinetic issues for antibiotics in the critically ill patient

Jason A. Roberts, B Pharm (Hons); Jeffrey Lipman, FJFICM, MD




Pharmacokinetic issues for antibiotics in the critically ill patient

Jason A. Roberts, B Pharm (Hons); Jeffrey Lipman, FJFICM, MD
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CRITICAL ILLNESS
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Challenges and Potential Solutions — Individualised Antibiotic
Dosing at the Bedside for Critically Ill Patients: a structured




Starsi pacient na ICU @

Snizena renalni clearance a prodlouzeni polo¢asu —> riziko akumulace.

Zménény distribuéni objem (Vd): Starnuti snizuje celkovy obsah télesné vody o 10-15

% a zvySuje obsah tuku 0 20-38 % — —> snizeni Vd hydrofilnich beta-laktamu a zvySeni
maximalni plazmatické koncentrace x zvySenim Vd v dusledku kapilarni leak a presuny
tekutin.

ZvysSena koncentrace volné frakce: Vazba na plazmatické bilkoviny se s vékem snizuje
v dusledku snizenych hladin plazmatickych bilkovin - zvySeni koncentrace volného
(aktivniho) Iéku a potencialné se zvySuje jak ucinnost, ale i toxicita.

Farmakodynamické aspekty: Beta-laktamy (% fT > MIC) — —> standardni davkovani
casto k nepredvidatelné a vysoce variabilnim koncentrace beta-laktamu,

Klinické dusledky: 1/3 dosahne cilového terapeutického rozmezi pri standardnim
davkovani. Riziko neurotoxicity x selhani lecby a rozvoj rezistence.




Obézni pacient &

Vysoka variabilita sérovych koncentraci: koeficienty variace v rozmezi od 50 % do 92 % u
riznych Iéku.

Subterapeutické a supraterapeutické hladiny: Standardni davkovani beta-laktamu —->

nedostateCnym sérovym koncentracim - 32 % a predavkovanym koncentracim u priblizné 25 %.
T

NizSi sérové koncentrace nékterych Iéku: bezita mize snizuje expozici Iéku u nékterych beta-
laktam@ (ABW x IBW vs. AdjBW)

Uloha zvy$ené renalni clearance: vy3si eliminace

\"AA VW 4 y 4

Klinicky dopad: Obézni pacienti [eé€eni beta-laktamy maji vyssi miru selhani klinicke lécby

Farmakokinetické zmény: Obezita mirné zvysuje distribucni objem beta-laktamu a mize
ovlivnit clearance, ale dukazy nepodporuiji rutinni zvySovani davky pouze na zakladé obezity.




Fraction of unbound cefazolin
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Decreased production

- Acute phase (stress,
injury, SIRS)

- Hepatic disease

- Malnutrition

- Aging

- Malignancies
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Capillary leakage from
serum to tissues

- Burns

- SIRS

- Pregnancy

- Diabetes mellitus

- Pulmonary oedema

Increased elimination

- Nephrotic syndrome

- Burns (wound loss)

- latrogenic binding to
starch

Vazba na plasmaticke proteiny

Normal albumin

l
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Deplacement by

endogen molecules

- Bilirubin

- Urea

- Other waste products
(e.g. hippuric acid)

- Free fatty acids

- Hormones

Deplacement/modification

by exogen molecules

(drugs)

- Highly bound antibacterials

- Other drugs (e.g. aspirin,
frusemide)




Antibiotic exposure at the site of infection: principles and assessment of tissue
penetration

Nynke G. L. Jager®®, Reinier M. van Hest®, Jeffrey Lipman®<, Jason A. Roberts ©*<4 and Menino O. Cotta*“
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~Standardni davkovani“?

Antibiotics Quick
Workbook Guide

Review [opics
Quick workguide to MOA, Lipophilic vs Hydrophilic,
Antibiotic Spectrum Chart, and Dose Optimization!

Created by Code PharmD LLC.

e ¢ Farmakoterapie béznych infekci u pacientd s chronickgm onemocnénim ledvin podle
The Renal Drug Handbook*

SANFORD GUIDE

Antimicrobial
Therapy

Bézna davka Gk G5 HD
V-penicilin 500-1000 mgpo6h Bezezmén Beze zmén Beze zmén
G;T/?Jﬁcri]lg:j/ék%selina sIni podani* 12gpo8h Beze zmén Beze zmén Beze zmén
peroralni podani

Ampicilin* 250-1000mgpo &h Bezezmén Beze zmén Beze zmén
Azitromgcin' 500 mg po 24 h3dny Beze zmén Beze zmeén Beze zmén
Klaritromycin' 500 mgpo12h Beze zmén Beze zmén Beze zmén
Klindamgcin 150-450mgpo b h Beze zmén Beze zmén Beze zmén
Cefaclor 250mgpo8h Beze zmén Beze zmén Beze zmén
tefuroxim 500mgpo12h Beze zmén Beze zmén Beze zmén

Podle typu dialgzy
Ciprofloxacin’ 250-750mgpo12h  50-100 % dévky 50 % davky es0mapo8-12h

Levofloxacin?

Sulfametoxazol/trimetoprim
(co-trimoxazol)®

Doxycuklin

Nitrofurantoin

Fosfornycin

Flukonazal

Aciklovir

250-500 mg
po 12-2Lh

800/160mgpo 12 h
(mocove a respiracni
infekce)

200 mg - nasycovaci

Zahajit davkou 250-500 mg,

nasledné 125-250 mg
po 12-24 h (GFR
20-50 ml/min/1,73 m?)
nebo po 12-48 h (GFR
10-20 ml/min/1,73 m?)

Redukce na 50 %

davka, nasledné 100 mg Beze zmén

denné
50-100 mgpo 6 h
3 g jednorazove

50-400 (800) mg
denné

HSV: 200-400 mg
5x denne

7 dni

K

Beze zmén

50-100 % davky

HSV: 200 mg 3-4x denné
VZV: 800 mg 5x denné VZV: 800 mg 2x denné

Zahajit 250-500 mg,
nasledné 125-250 mg
po 24-L8h

(GFR < 10 ml/min/
/1,73 m?)

Redukce na 50 %,
pouzit jen v pfipadeé
dostupnosti HD
(krustalurie)

Beze zmén

Kl
Kl (per 0s)

50 % davky

HSV: 200 mg 2x denné
VZV: £00-800 mg
2x denné

GFR - glomeruiarni filtrace; HD — hemaodialyza; HSV — herpes simplex virus; Kl — kontraindikace; VZV — varicella zoster virus
* Piati pouze pro p.o. podavani, pro iv. podavani jsou doporu€ovany upravy davek na12g a 12 h pro CKD G4 a G5.

' CAVE: Riziko Iekovych interakci (cuklosporin, takrolimus)
* Podle doporuceni EMA by neméla byt terapie fluorochinolony zahajovana, pokud je dostupna bezpefngjsi varianta z divodu potencialnich zavaznuch
ireverzibilnich nezadoucich ucinkd (poskozeni $lach, neurotaxicita atd ) °

* Co-frimaxazol mize reverzibiliné zvysovat koncentraci kreatininu o 10-20 %2

nebo 250-500 mg
pol2h

Zahgjit davkou
250-500 mg,
nasledné 125-250 mg
po 24-48 h

(GFR < 10 ml/min/
/1,73 m?)

800 mg/160 mg
3x tydné

Beze zmén

K
Kl (per os)

50 % davky denng,
nebo 100 % 3x tgdne

HSV: 200 mg 2x denné
(po HD)

VZV: 400-800 mg

2x denné (po HD)




Rationalizing antimicrobial therapy in the
ICU: a narrative review

Jean-Francois Timsit'”"®, Matteo Bassetti®, Olaf Cremer*, George Daikos®, Jan de Waele®, Andre Kallil’,

L/

=) Patient features

=» Type of infection

=% Antimicrobial selection pressure

= Colonization status

=P | ocal epidemiology
=P Infection prevention measures

Co-morbid illness/immunosuppression/recent hospital and/or ICU stay

Prior antibiotics*/antifungals
Previously documented colonization with MDRB

Poor hygiene practices in hospital

Hospital-acquired > healthcare-associated > community-acquired

Fpidemiology of MDRB in community/hospital/areas recently traveled to

|CU-acquired > others

Antibiotics*/antifungals in the ICU

n-ICU acquisition of MDRB
_ocal epidemiology of MDRB in the ICU

Poor hygiene practices in the ICU

Higher severity of acute illness/Invasive
interventions

Beta-lactams

Dally dose Daily dose
PD index of choice First dose (ARC — normal
. . (AKI)
kidney function)
N ™ .
Increased (up to Reduced dose

T > MIC Continuous infusion

double dose)

.

(except first 24h)

Daily dose
(CRRT)

/

Unadjusted dose




Impact of attaining aggressive vs.
conservative PK/PD target on the clinical
efficacy of beta-lactams for the treatment

of Gram-negative infections in the critically ill
patients: a systematic review and meta-analysis

i"?", Pier Giorgio Cojutti"? and Federico Pea'?

Individualizace,
profilovani,
agresivni PK/
PD rezim -
Klinicky efekt a
redukce vzniku
rezistentnich
kmenu - hlavné
prvnich 72h od
zahajeni [écby!




Drug Concentration

Area Under Curve

Time above MIC

e All Tubes with 10% bacteria
* Incubated 38°C for 12 hrs

(Antibiotic: 0 1 2 3 4
(ng/ml) MIC = 3 pg/ml

MIC

Time (hours)



120

100

Traditional/intermittent
Prolonged

-===== CONtinuous
= . V]| C

International consensus recommendations for the use of
prolonged-infusion beta-lactam antibiotics: Endorsed by the
American College of Clinical Pharmacy, British Society for
Antimicrobial Chemotherapy, Cystic Fibrosis Foundation,
European Society of Clinical Microbiology and Infectious
Diseases, Infectious Diseases Society of America, Society of
Critical Care Medicine, and Society of Infectious Diseases
Pharmacists

10
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in ICU patients
Anna-Karin Smekal'?**, Mia Furebring?, Erik Eliasson* & Miklos Lipcsey'>

A. Percentage achieving 100%T>MIC

All antibiotics

Cefotaxime Piperacillin Meropenem

1 2 3 1 2 3 1 2 3

Treatment day

100%

80% |

60% r

40%

20% |

0%

Low attainment to PK/PD-targets
for 3-lactams in a multi-center
study on the first 72 h of treatment

. Percentage achieving 50%T>4xMIC
All antibiotics Cefotaxime Piperacillin Meropenem
1 2 1 2 3 1 2 3 1 2 3

Treatment day

Figure 2. (A) Percentage achieved 100% T > MIC. (B) Percentage achieved 50% T > 4xMIC.

ACCIS - 45 % pacientu nedosahlo cilové hodnoty 100 % fT > MIC.



Short, extended and continuous infusion of g-lactams: predicted impact
on target attainment and risk for toxicity in an ICU patient cohort

Anna-Karin Smekal?*t, Maria Swartling3t, Mia Furebring®, Christian G. Giske?”, Siv Jonsson?, Miklos Lipcsey'-®
and Elisabet I. Nielsen @ 3
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TDM jiz v den 1 muze byt nastrojem k identifikaci pacientu s rizikem nedostatecné nebo nadmérné Iécby.







Nedostatecna aplikace az 20% ATB pacient realné nedostane!



Jak odhadnout horsi ren.fce na ICU?

Hromadéni tekutiny, a to jak na JIP, tak pred
prijetim na JIP, vede k zredénému kreatininu, a
tim k falesné zvysené eGFR.

Prijeti na JIP podporuje ¢asnou a rychlou
ztratu priblizné 2 % svalové hmoty denné.

Atrofie z nepouzivani prispiva ke ztraté svalové
hmoty na JIP.

Uzivani glukokortikoidu a svalovych relaxancii
na JIP prispiva k ubytku svalové hmoty na JIP.

Hypoxie pfispiva k Ubytku tuku i svalu.

Ubytek svalové hmoty vede k progresivnimu
poklesu séroveho kreatininu, ktery se dale
zrychluje u pacientl s multiorganovou, spiSe
nez jednoorganovou dysfunkci.




Jak odhadnout ren.funkce na ICU?

Creatinine clearance uncorrected

24-hours creatinine clearance = mL/minute

Urine creatmine mg/dL (U)

X

Urine volume in mL (V)

Serum creatinine mg/dL (S)

X

Collection time (minutes) T

Calculation for 24 hours = 24 x 60 = 1440 minutes
Calculation for 2 hours =2 x 60 = 120 minutes

labpedia.net

T
i N

24 je prilis dlouhy interval

4, 6, 8 hodin




ED, PIRRT, TPE, HA (DPMAS)

proces

1. Phipojte rozsifovaci soupravu k pfidavné
odbérové lince.

2. Oteviete svorku piidavné odbérove linky
2 naphite tuto linku | rozSifovaci
soupravu.
.3 Zaviete svorku ma odbérove lince.
. Pliote ozsifovaci soupravu ke vstupu

I Ke vstupu do zatizent pro plazmu
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Drug _
properties Consider dose

“Drug - “Patient-
cen*ced” cetbigs centred”
arproach & approach

- PK
alterations

REAL-TIME TDM OF NOVEL
ANTIBIOTICS NOT AVAILABLE

Antimicrobial Dose Reduction in Continuous Renal Replacement
Therapy: Myth or Real Need? A Practical Approach for Guiding Dose
Optimization of Novel Antibiotics

Milo Gatti'2® - Federico Pea'2®



ECMO

PK/PD cil Efekt ECMO Riziko Doporuceni
. Pouzivat doporucené
. strategie jako u kriticky
. Az 1 ientu nemocnych bez ECMO.
60-70 % fT>MIC ECMO samo o sobe AN d £

(cefalosporiny)
50 % (peniciliny)
40 % (karbapenemy)

. vyrazné nemeni dosazeni ;

: cile, ale zvySuje variabilitu} = .., 117 |
= Vyssi riziko selhani lecby u |

PK (v&tsi Vd, nizsi CL).

Zvazit vyssi davky/
prodlouzené infuze u
Pseudomonas,
Acinetobacter.
Pravidelné hodnoceni
davkovani pomoci TDM.

nedosahne cilovych
hladin !!!

patogenu s vysSi MIC.




Table 3 Characteristics of 100 ICU patients receiving intravenous (IV) cefepime

Cefepime neurotoxicity Rest of cohort P value
n=15 n=2385
Age, years, mean 69 66 0.16
Male gender, n (%) 11 (73) 50 (59) 0.39
Acute kidney injury, n (%) 13 (87) 64 (75) 0.57
Chronic kidney disease, n (%) 10 (67) 30 (35) 0.042
Hemodialysis, n %) 4 (27) 28 (33) 0.77
Peak creatinine, median (IQR) 2.8 (1.7-3.1)* 2.3 (1.5-3) 0.36
Nadir eGFR, median (IQR) 22.5 (20.8-34.3) 27.5 (18-45) 0.53
Mean daily cefepime dose, g, median (IQR) 2.5 (1.7-4)* 2.5 (2-3.5) 0.66
Cefepime duration, days, median (IQR) 5(4.8-7.3)* 7 (4-10) 0.26
Appropriate ose rdci for renl utio, n (%) 4 (29)* 64 (75) 0.001
*Data available for 14 of the 15 cases of cefepime neurotoxicity. IQR, interquartile range; g, grams.
4 N\
olmpaired clearance of drug Onset O.]theurOtOXiC KoSymptom improvement or \
secondary to acute or- SLCES clinical resolution of
chronic renal dysfunction symptoms is achieved with a
lead to drug accumulation . . median onset of 2 days after
eTypical presentation includes q . : )
. rug discontinuation.
. altered mental status with
-Inflam_matlon |mpo.sed by reduced consciousness
acute |IIness'may o.llsrupt appearing with a median eEmergent dialysis reduced
.normaI_BBB Integrity, onset of 4 days after time to clinical improvement
increasing concentrations in cefepime initiation. by one day.
the CNS.
Elevated CNS .EX;T;ET;T; ?:dy/z:osirszigg Clinical Improvement
Concentrations of without intervention or of Neurotoxic
Cefepime \ discontinuation. / Symptoms
Fig. 2 Timeline of clinical course. BBB, blood-brain barrier; CNS, central nervous system
N\ /

_|Cefepime neurotoxicity in the intensive care unit: a
‘|cause of severe, underappreciated encephalopathy

Jennifer E Fugate', Ejaaz A Kalimullah?, Sara E Hocker', Sarah L Clark®, Eelco FM Wijdicks' and Alejandro A Rabinstein'”
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Figure 1 EEG findings in cefepime neurotoxicity. Electroencephalogram (longitudinal bipolar montage) of a patient receiving intravenous (V)

cefepime shows diffuse slowing of the background, atypical triphasic waves, and multifocal sharp waves.
& J

Cefepime-induced neurotoxicity: a
systematic review

Lauren E. Payne' @, David J. Gagnon?, Richard R. Riker’, David B. Seder’, Elizabeth K. Glisic?, Jane G. Morris®
and Gilles L. Fraser’

GABA, receptor




TDM v kritickych stavech 7?77
Pro¢ je dulezité monitorovat hladinu
betalaktamu z pohledu intenzivisty?




zZaver:

Velka farmakokineticka variabilita u kriticky nemocnych

U pacientl v intenzivni péci dochazi ¢asto k vyraznym zménam objemu distribuce, perfuze tkani, kapacité ledvin (ARC, AKI/CKD),
zménam proteinové vazby — to vSe zpusobuje, ze standardni davkovani nemusi vést k oekavanym koncentracim.

Cilovy farmakodynamicky parametr p-laktamu: ¢as nad MIC (f T > MIC)

B-laktamy patfi mezi antibiotika, u kterych je klicové, jak dlouho volna (ne vazana) koncentrace prekro¢i minimalni inhibiéni
koncentraci (MIC) bakterie. Optimalizace tohoto parametru je dllezita pro dosazeni Ucinku.

Bez monitoringu tedy nemate jistotu, ze dany pacient dosahne pozadovanéeho cile (napf. 100 % ¢asu nad MIC, nebo dokonce 100 %

¢asu nad 4x MIC) béhem intervalu podavani.
Pokud MIC neznate — —> orientuj se EUCAST breakpointem !!!

Riziko podexpozice (hedostatecna koncentrace) — selhani terapie, rezistence
Pokud antibiotikum nedosahne dostate¢né koncentrace
— —-> REZISTENCE + riziko relapsu infekce !




Zaver 2:

Riziko toxickych uc¢inku pfi nadmérné expozici

Predavkovani - vedlejsi u€inky — zejména neurotoxicita (napr. u cefepimu), podle konkrétniho (3-
laktamu.
TDM umoznuje ,nastrelit® mezi rizikem poddavkovani a rizikem toxického efektu.

Moznost véasné korekce davky

Pokud mate mérenou hladinu, Ize antibiotikum v prubéhu terapie upravit — navysit davku, zménit
frekvenci podani, prodlouzit infuzi, ¢i snizit davku, kdyz je koncentrace priliS vysoka.

V¢asna uprava (Casne TDM) je spojena s vysSi pravdepodobnosti klinickeho vyléceni.



Prakticky ramec (TDM)

: do 24-48 h od zahajeni — po kazdé uprave davky / zmeéné renalnich funkci /
startu RRT/ECMO.

minimalné 100 % fT > MIC, u zavaznych stavu ¢asto 100 % fT > 4x MIC (kdyz MIC
neznate, orientujte se EUCAST breakpointem).

: pacienti s ARC, na RRT, s rychle se ménicim stavem (sepse/Sok, popaleniny,
edémy, hypoalbuminémie).

intermitentni/prodlouzeneé infuze — trough; kontinualni infuze — random ve steady-
state.

u cefepimu zvazte re-davkovani, pokud trough smeéruje nad ~20
mg/L, zvlast pri eGFR\.




...dekuji za pozornost

petr.piza@ikem.cz




