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Ach, tie antibiotika ...




Antibiotic Stewardship in the ICU

° I Ve 4
Antimicrobial Treatment Considerations D at Cl ne d at ?
* Must be timely: any delay in starting them ¢ CO d at ?
increases mortality significantly
* Appropriate: must cover spectrum of pathogens ° KO |’ko d at’?
* Pharmacokinetics: adequate dose and intervals
* Narrowing and Discontinuation: based on ° 4 !
clinical data, ICU microbiology data, and clinical Ke d y Uz ne d at ?

response



Dat?

* Monitoring sterov sliznic
* Markery PCT,CRP
* Charakter inzultu



Nosicstvo

Zdrava populacia

U pacientov chronikov
(dialyzovani, CHOCHP..)

* Strept.pneumoniae - 50% * Pseudomonas,
populacie Acinetobacter, Klebsiella,

* Haemophil. Influenzae - 50% « (citropacter, Enterobacter,
populacie Serratia, Proteus, and

* Staph.aureus - 1/3 populécie Morganella spp, MRSA
»Normal carrier state” ,Abnormal carier state”

Primarne nosicstvo Sekundarne nosicéstvo



nosicstvo infekcia
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| Klinicky
Polytrauma
Kraniotrauma — ICP snimac

Bil.hemopneumotorax-drenaz
Fract.predlakti

| Surveillance i Dg.vzorky | ATB

Amoksikl
+gen

| PCT

NH: St.aureus
RC: St.aureus

4.den  febrility Krv:steril
8.den NH :Kl.pneum sputum: Kl.p  Amikin
10.den RC :Kl.pneum
Col+Ami+Mer+
Staf.koag.neg.
12.d Febrility Krv ? Meron+ 2 1
Mikrosk:G+ vanko
Kocuria???
89
44
15.d Vysledok : 23
Kl.pneum
11
5,6

Weaning 2,5




Co dat?

Empirické davkovanie u kriticky chorého su
najcastejsie

Kultivacie — zaostavaju za klinickou situaciou

Pomoze suirvilance vzoriek pacientovho
mikrobiomu- stery sliznic nosohltana a rekta



Kolko ?

Farmakinetika a farmakodynamika kriticky chorého je
ovplyvnena:

* Zmenami distribucného objemu
(CO, tekutiny, diuretika)

* Zmenami v metabolizme a vylucovani - MODs
* Podpora zlyhavajucich organov - CVVHD...
* Zlyhanim mikrocirkulacie
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- m -

Hyperdynamic | | Altered fluid balance No organ Renal &/or hepatic || Organ support
# Cardia output Third spacing &for aitered dysfunction dysfunction RAT &fos ECMO
profen birding
| | } } )
L o vd Unchanged Vd and pvda oL # Vi and ?CL
cL +

} | | l
ﬂm\b ¥ Plasma ‘Normal’ plasma # Plasma ¥ Or 4 Plasma
concentrations concenirations ConCEnTrations concentrations concentrations

Uz o pastontod

Mmoo kq &5 &5 45 o5 it

Wytka £im 178 1TH 180 180 180

Eratts pimadfl 15800 19300 166,00 158,00 156,00

Claarance kinatintng mis 108 1,05 1.57 T 1,24
=l [hdchiey pinkim

vk 750 my
4

294219

Enterval podamia - katdych By
Tad Lty - ditumn

el bielty - fad e —

peorsl. divkas - ditiem - 6430 £.1.20 2.4 20 i.4.20 1.1.20
pertl. il - fas Lo 1300 e 12:00)
Snbaod podanis | 5T8 fa Inf. ini. inf.

L F

Bl Antikialiid
Ambacacin pred podanim L 10,20 580 7.5
Varkaarmpein pred podanim mifl ¥ 1810 W 1450

&) Krvni Rarka




Zmeny distribucného objemu u kriticky
chorych (Vd)

Tekutinova resuscitacia
Redistribucia perfuzie
Poskodenie endotelu,

, , DalSie faktory:
unik do intersticia

UPV
l, Hypoalbuminémia
Zvacsenie Vd Drenaze, popaleniny
Pokles plazmatickej

koncentracie
hydrofilnych ATB



Serum Concentrations

Increased Vd

Vargct
10 L]



Tradicné parametre hodnotenie ucinnosti ATB
podla farmakokinetiky (pk)

Cmax maximalna koncentracia lieku
pocas davkovacieho intervalu

‘Ea:

C min miniméalna koncentracia |
ALUL [plocha pod kriviou]

Sérouh kKoncenirdcia (mglL)
B

lieku pocas davkovacieho (ALIC: / MIC)
intervalu s
MIC definovana ako najnizsia TN
koncentracia koncentracia ATB, -
' . . . Y L. * t t t t - - |
ktord |nh|bu1e rast mikrobov v 005 25 45 65 85 105 125 145
Cas (hod.)

médiu v inkubachom case

Cmax,Cmin, AUC kvantifikuja len hladinu v krvi, ni¢ nehovoria o, killing activity”
ATB



Rozdiely medzi MIC in vitro a in vivo

In vitro

Stala koncentracia ATB
Fyziologické pH

Nie je zohladnena funkcia
imunitného systému

Medium neobsahuje
proteiny

Casto nedost. inokulum
baktérii

In vivo

Variabilna koncentracia ATB
Nekonstantné podmienky
Makrofagy,leukocyty
Albumin

Variabilné inokulum



Pharmacokinetic/Pharmacodynamic

Predictors of Efficacy
PK/PD parameters

AP T>MIC
' Peak/MIC
24.h AUC/MIC

Ares under 1he curve:
== “amount of drug®

Concentration

MIC= “hicw much abx i
required b infibit growih
i @ tesd jube”

MIC gefevete-

Time (hours)

3 najdolezitejSie parametre PK/PD( integracia s MIC):
T>MIC (%)
Peak > MIC (mg)

24-h AUC/MIC
PK/PD odraza vplyv patofyzioldgie stavu na antimikrobialne koncentracie ATB v krvi a

tkanivach u kriticky chorych



Casova a koncentraéna zavislost’ tuéinku
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Time - dependent ATB - maximum ucinnosti dosiahnu ked koncentracia lieku
kontinudlne prevysuje MIC

Concentration - dependent ATB - max ucinnosti dosiahnu ked' Spickova
koncentracia ndsobne prevysuje MIC

24-h AUC/MIC - dependent - maximalnu ucinnost dosiahnu ak celkova davka
za 24h prevysuje MIC

Fable 1. Pharmacodymamic properties that correlate wath efficacy of schected antibiotics

Antibiotics - b tams Amianoglyoosdes Fluoraguinelones
Carbapenems Metronddazole Aminoghcosides
Linezoll Fluoroguenotomnes Azithromycin
Erthromycin Telithromycin Tetracyclines
Clarithromacin  Daptomscin Ghoopeptides

Lincosamides Cuinupristin/dalfopristin - Tiglecycline
Cuispuprstin/'dalfoprstin
Linezalid
PI} kill characteristics Time-dependent Concentration-deperdent Concentration-dependent withy
timee-dependense
Dptimal PD parameter T > MIC Conn=MIC AC, MIC




Riadenie terapie: casovo zavislé ATB

B-laktamy
klindamycin
makrolidy
linezolid
co-frimoxazol

(glykopeptidy)
C max ~ 2-3 x MICl
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niensive Cage Med (20060 42: 15351545 % c
D0 L0 100 T/ |3 0b15 <4 IB8-0) DORIGINAL
@ Crosshiark

il Beta-Lactam Infusion in Severe Sepsis (BLISS):
Vineys ag oo a prospective, two-centre, open-labelled

Kang K. Wong randomised controlled trial of continuous
e o versus intermittent beta-lactam infusion

UL A S in critically ill patients with severe sepsis

Jellrey Lipman
Christine E. Staatz
Jason A Hoberis

* Podavanie beta-laktamov intermitentne alebo
kontinualne

* 140 pacientov, 14 dni, bez CRRT

* Vysledok: menej dni na UVP, 14. a 30. dnoveé
prezivanie nezmenené



PK/PD individualizacia ATB liecby

PK/PD vypocet pre optimalneho davkovania pre
sérove hladiny

Zohladnenie oCakavanych prienikov ATB do
miesta infekcie

Postantibioticky efekt

Vznik rezistencie, cielové hodnoty PD na
potlacenie rezistencie su vyssie ako na uspesnu
liecbu



Prienik ATB do tkaniv a zlyhanie mikrocirkulacie

Sublingudlna mikrocirkulacia zdravého a septického pacienta
SDF (sidestream dark-field) technika, Varona 2016



PK/PD koncentracia v mieste infekcie

ANTIMICRIMHAL AGENTS AND CHEMOTHERAPY, Apr. 2011, p. 1606-1610 Viol. 55 No. 4
DOGO-A50 TS 1200  dod: 1001128/ ANC.01330-10
Copyright & 2011, Amenican Society for Microbiology. All Righis Beserved,

Penetration of Meropenem mnto Epithelial Lining Fluid of Patients
with Ventilator-Associated Pneumonia”
T. P. Lodise,"” F. Sorgel,” D. Melnick,*” B. Mason,* M. Kinzig.” and G. L. Drusano'*

* Koncentracia v plazme a v cielovom organe nie je rovnaka

* meropenem dosahuje iba 25% v epitelialnej vystelke pluc
oproti séru

Otazka penetracie do tkaniv



Zhorseny prienik do tkaniv

Impaired target site penetration of B -lactams may
account for therapeutic failure in patients with septic

shock

Christian Joukhadar;Martin Frossard;Bernhard Mayer;Martin Brunner;Nikolas Klein;Peter Siostrzonek;Hans Eichler;Markus Muller;

* Koncentracia piperacilinu v svale a tuku bola 5-10krat
nizSia ako v sére ( 2001)



Prienik do tkaniv
Pl'icne infekcie kriticky chorych

Aminoghvcosides Gentamicin  0.3=1.1 [ELF, BAL) [39] High doses suggested to achieve sufficient infection site concenirations. Com-
bination therapy with other antibiotics or inhalation recommended for severe
lung infections

Beta-lactarms Ceftazidime 021 (ELF, BAL) [40] Varlable tissue penetration between beta-lactams. High doses suggested during

Cefepime 1.04 (ELF. BAL) [41) the initial 24-48 h i critically (ll patients. Higher trough concentrations (C__)
ir lung tissue achieved with continuous as compared with Intermitent dosin
Meropenem 041 (lung, microdialysis) [42] g 3 g

Piperacilin 053 (lung, microdialysis) [43]

Cuinoiones Levoflowacin 061 (lung, microdialysis) [44) Considered to have sufficient tissue penetration for lung Infections with higher
dosing not necessary unless pathogen has reduced susceptibility

Glycopeptides Vancomycin 025 (ELF, BAL) [45] Low tissue penetration suggests less sultable than alternative antiblotics, e.g.
linezolid, for lung infections. If used, high doses recommended

Tetracydines Tigecyline® 1.0 (soft tissue, microdialysis) [46]  Higher dosing for lung infections not necessary unless pathogen has reduced
susceptibiliny

Miscellaneous Daptomycin 093 (soft tissue, microdialysis) (471 Not recommended for lung infections because inactivated by alveolar surfactant

Linezokd r21 (ELF, BAL) [48] Higher dosing for lung infections is not necessary unless pathogen has reduced
susceptibility
Tangden 2017

Dobre perfundované a zle perfundované tkaniva



Uprava davky pri eliminaénej terapii

200

150

100

20

CRRT

ECMOD {rormal renal
function)

=10 mg kg /iday,
then guided by
DM

7-10 mg/kg/day,
then guided by
TDM

7=10 mg/ kg day,
then guided by
TOH

=10 mgkglday,
then guided by
DM

5-7 mg/ko/day, then
guided by T
5-7 mo/ka/day, then
guided by TDM
5=7 mg'kgday, then
guided by TOW
5=7 mg'kg/day, then
guldad by TDM
Unchanged®

Tangden 2017
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lggbh

lggih

igaéh

lggBh
lgqgith
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lggBh

4/05gad h

4/05 g g4 h

405 g g6 h

4/05gg6h
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4/05qa8h
4705gqgl2h

4/05ga8h

Uncharged® Unchanged®

00 mggqBh o
EQdmgglZh

400 mg g8 hor
s mggli2h

00 mg gBhor
B mg gl b

400 mg gf hor
B0 mgal2 h

400mgash
400mgqi2h
400 mg g2 h
400 mig ql2 h

&00 mg ql2h®

Cl 20=-40 mg/kgiday

€1 30-40 mg/kg/day

iggeh 1.5ggizh
of 1 2040 g
kgSday

1ggih, 1.5gqlZh
of C1 3040 g
kg/day

1gg12 hordl
x5 mgfkg/day

1ggi2horCl
14 mgikg/day

1 ggX horll 7 mgf
kg/day

1 ggl2horcl
14 mg/kg/day

Unchanged?

600 mg gl 2h*

600 mg g1 2h*

e0dmgqglih

600 mgal2h

E00mggl2h
600 maql2h
00 mgqg2d h
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Unchanged®



Antibioticka liecba kriticky chorych pacientov

MUDr. Monika Grochova, PhD.', doc. MUDr. Jozef Firment, PhD.!, MUDr. Jana Simonova, MPH, PhD.,
MUDr. Viktoria Takacova?

I, klinika anestézioldgie a intenzivnej mediciny UPJS LF a UN L. Pasteura, Kodice

Ustav lekdrskej a klinickej mikrobioldgie UPJS LF a UN L. Pasteura, Kodice
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ATB u obéznych kriticky chorych

Ideal Bw:rwﬂum (1BW) Body Mass Index
For men = | (heighlicm) = 1524 £ 0.91] ] »

For womene | [heighljcm) = 1824) x 0.91) | « 455
A& If Actual BW > 30% IBW
g
Adjusted Body Weight (ABW)

For e, Adusted weight s [ actual woight- 1B woight)  0.38] « IB weight

v e At vt v 0521 DD S




Farmakodynamika ATB u obéznych

Hydrofilné

Mensi objem distribucie
Vylucuju sa oblickami

Maju nizSiu penetraciu do
tkaniv

Obezita ma maly efekt na Vd
Clearance je zvysena

IDW, ABW je pouzivané na
vypocet davky

B laktamy,vankomycin,
colistin, aminoglykozidy

Lipofilné

Vacsi objem na distribuciu
Vylucuju sa pecenou

NizSia penetracia do tkaniv
Obezita ovplyvnuje Vd
Obezita ma variabilny efekt
na vylucovanie pecenou
TBW je pouzivané na
vypocet davky
Florchinolény, makrolidy,
tigecyklin



Antibiotic therapy of pneumonia in the obese
patient: dosing and delivery

Antimicrobial class Dosing recommendations in obese patients with pneumenia References
Penicillins Higher doses of piperacillin and tozobactom and longer infusion time of up to 4h. 9,10
Cephalosporins The upper limit of normal doses is recommended. [11%
Carbopenems The upper limit of normal deses with extended infusions over approximately 3-4 h is [12%,13,14]
recommended.
Fluoroquinolones Dose adjustment is probably not waranted for levofloxacin and moxifloxacin, Doses [4%,15-17]
of up to BOOmg every 12h of ciprofloxocin should be considered in morbidly cbese
patiants.
Macrolides Standard doses are recommended. Whether higher doses and longer durations should be [4%]
used remains uncertain,
Aminoglycosides The loading dose should be based on adjusted or lean body weight with subsequent dose [18,19]
and interval bosed on kidney function and drug level.
Yancomycin The looding dose is 25-30mg/kg of total body weight in seriously ill patients. Maintenance [20]
dose is 15-20 mg/kg of total body weight every 8-12h, not to exceed 2g per dose for
pafients with normal kidney function. Serum frough concentration should be measured
prior to the fourth or fifth dose. Target trough concentrations of 15-20 pg/ml are
recommended. Doses =1.5g should be infused over >1.5h.
Linezolid Standard linezolid dosing with consideration of confinuous infusion is recommended. [21,22%]
Colistin Dosing colistin using ideal body weight is recommended. loading doses are suggested. [23,24]
Voriconozole Dosing bosed on adjusted or ideal body weight is recommended. [25,26%,27]

Al-Dorzi et al.,2014



N o

Ako sa priblizit k idealnemu davkovaniu ATB
kriticky chorého ?

patofyzioldgia kriticky chorého spolu s PK/PD je rozhodujuca pre
davku

velka empiricka utocna davka, deeskalacia

monitoring hladin v spolupraci farmaceutom

Kontinudlne alebo dlhé bolusy 8 — laktamov

Prienik do tkaniv

Vznik rezistencie, cielové hodnoty PD na potlacenie rezistencie su
vyssie ako na uspesnu liecbu

Specifikd u obéznych, u eliminaénych technik

Denny monitoring klinickej a lab.odpovede

(SOFA, PCT, Leu, suirveillance)



Spravna davka je vzdy doélezita
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