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Antibiotic stewardship

Vseobecné pravidla:

Tim: klinicky farmakolog
klinicky mikrobiolog
infektolog (ATB konzultant, casto ICU)
zastupca manazmentu zariadenia
nemochnicny epidemiolog
= antibioticka / nozokomialna komisia

Hlavneé udlohy:
- vysSetrovanie a monitorovanie rezistencie (zariadenie / spad)
- farmakologicke a epidemiologické analyzy rezistencie (zariad. / spad)
- priprava aktualne a miestne platnych odporucani pre ATB profylaxiu
a empiricku terapiu (guidelines)
- vyhodnocovanie a usmernovanie preskripcie a spotreby ATB
- (navrhy na protiepidemicke opatrenia)



Specifika ICU

Vseobecne:

Antimikrobialna liecba infekcii zohrava kl'u¢ovu ulohu
Vysoky ATB tlak selektuje MDR baktérie

Pre akutne indikacie prevazuje empiricka terapia

PK/PD individualizacia pomaha optimalizovat’ ATB terapiu

Aktualne SK:

Mikrobiologicka diagnostika je pri vysokej rezistencii nevyhnutna
Infekcie MDR na ICU vyzaduju protiepidemicke opatrenia
Dynamicke monitorovanie MDR je nutné pre inicialnu terapiu



Antibioza

Usmrtenie — cidia

Zastavenie rastu — inhibicia

Zasah do metabolizmu - modifikacia
B e

Fyziologicky: imunitny ,,clearence® bakterii

Ciele ATB terapie

- Substitucia IS: sepsa, febrilna neutropeénia ....

- podpora IS kratkodobo: akutna infekcia
- podpora IS dlhodobo: chronicka infekcia

CAVE! Vedrlajsie negativne ucinky ATB

zasah do mikrobiéomu, kolonizacia MDR ...



Antibiotika a ich vilastnosti
Farmakodynamika

- cielova struktura v bakterialnej bunke, Gram+, Gram - ...

- mechanizmus ucinku — bakteriocidne, bakteriostatické, modifikujice
- zavislost’ na metabolizme | raste cielovej bakterie

- postantibioticky ucinok...

- toxicita pre l'udske bunky

- mechanizmy rezistencie?

Farmakokinetika

- rezorpcia — p.o., i.m, i.v. séroveé Cmax ...
vazba na bielkoviny (aktivny len vol'ny podiel)

- distribucia (Vd), voda - tuky — extracelularne — intracelularne
tkanivove koncentracie, CSF...

- eliminacia t/2 (renalne funkcie)

- Interakcie s inymi lie¢ivami



ATB podla miesta s sposobu posobenia v organizme

Extracelularne Beta-laktémy B
Glykopeptidy
Aminoglykozidy
Polymyxiny

> Bakteriocine

EC+IC Fluorochinolény
Rifampicin _J

Intracelularne Makrolidy a linkozamidy
Tetracykliny

Chloramfenikol > Bakteriostatické
Linezolid
Ko-trimoxazol (Bakteriocidia in vivo sporna)




Ciel antibiotickej terapie — co potrebuje pacient na ICU

-rychla eradikacia »évodcu infekcie (tazky paciant, imodeficiencie)
-inhibicia povodcu infekcie (eradikacia imunitnym systémom)
-paliacia — nie je mozna eradikacia, zmensenie priznakov infekcie (CF)

Ako to dosiahnut™

Vyber vhodného ATB (extra/intra celularne, cidne, staticke...)
Optimalizacia liecby (cesta podania, davkovaci rezim)

Efekty
-cidia bakterii
-minimalizacia vedlajsich ucinkov
-znizenie indukcie rezistencie
-farmakoekonomika



Predikcia uspesnosti ATB terapie

Mikrobiologické S/I/R break-pointy?

oblubene, lebo jednoducheé, ale univerzalne / anonymne
(vek, pohlavie...) a platne len pre plazmaticke hladiny

PK/PD individualizacia

- kalkulacia PK/PD parametrov pre pacienta (v plazme)
- uprava davkovania s ohladom na ocakavanu distribuciu
a prieniky do tkaniv

|

PK/PD riadenie ATB terapie u tazkeho pacienta



PK/PD riadenie ATB terapie



Casova a koncentracéna zavislost ucinku

Log,, CFUiThigh at 24 Hrs

Log,; CRW/Thigh at 24 Hrs
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Farmakodynamicke vlastnosti antibiotik

Viastnosti

zabij. rast konc. inok. PAE

Antibiotika pre

utocnu terapiu G+ G-

++++ | ++++
Beta-lakt.- bez karbap.

Karbapenémy R R

Aminoglykozidy i

++++ | +-

Fluorochinolény

Glykopeptidy
Legenda:
PAE - postantibioticky efekt Gram+ , Gram-

* - len stafykokoky, NIE streptokoky



PK / PD prediktivne parametre

B-lakiamy
klindamycin
makrolidy
linezolid
co-trimoxazol

(glykopeptidy)

! aminoglykozidy
| fluorochinolony
|
|

1 Vol'na koncentracia v sére

| T>MIC
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glykopeptiay
fluorochinolény



Riadenie terapie: c¢asovo zavisle ATB

B-laktamy
klindamycin
makrolidy
linezolid
co-trimoxazol

(glykopeptidy)

C max ~ 2-3 x MIC

IVAVAUAN

Volna koncentracia
antibiotika v sére
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Riadenie terapie: koncentracne zavisle ATB

C max _ _
aminoglykozidy 8:1

fluorochinolony 12:1

Volna koncentracia
antibiotika v sére

MIC
—_—

Cas



Farmakodynamika a cidia

Koncentracia ATB v mieste infekcie, MIC a cidia

,Spolahlivé*

doripenem
meropenem
imipenem

eniciliny ,,malo spolahlivé*
falosporiny
o tapenem
PBP1B TN PBRP1A
PBR1A S PBR2
3 PBP3
PBP2
fillamentacia!l
« (@ fluorochinolony)
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C JI d J1U U c C 0 cl D100 (J U
C C '. [J C c C d

Aotk wansud. | shmichA—tkanvo | tkutma | koSt [ ons? He e
penicilin G 60 26-50 2520 60 10 5 500 1000
ampicilin, amoxicilin 40 35-55 50 40-60 25 5-20 500 3000
klavul. sulbak. tazobak. + + + + + <15 + +

oxacilin 40 35-50 50 50 ; 5 100 500
piperacilin ? 40-60 30-60 ? 30 5 40 1000
cefuroxim 80 50-80 50-80 50 60 20 100 2000
cefotaxim ? 5-25 15-60 60 50 12 100 1000
ceftazidim 27 30 35-60 60 50 6 100 500
cefepim 80 o8 26-60 ? 7 <5 100 1000
imipeném 40 10-20 10-40 80 30 5-10 40-300 500
meropeném 33 10-25 10-40 90 30 5-10 40-300 500
aztreonam 80 15 35-40 80 10-20 1-5 100-200 500
gentamicin 60 10 20 70 20 10 40 1000
tobramycin ? 20-30 15-20 80 20 10 20 1000
amikacin 50 4-8 15-25 70 20 2 10 800
kolistin ? 5 10 ? 5 3 150 1000
erytromycin ? 25-30 25-50 ? 30 5 500 100
klindamycin ? 40-50 40-100 ? 40 5 1000 300
vankomycin ? 25 50-90 80 40 5-10 50 500
ciprofloxacin 60 80-100 50-70 90 25-35 10 100 5000
chloramfenikol ? 50-70 40-70 ? 20 30-50 40-110 500
ko-trimoxazol ? 40-60 ? ? 20 20 50 500
tetracykliny ? 35-60 15-40 ? 30 10 500 3000




C JI d J1U U c C o LU cl D100 (J U
C C ; 0 IJ C c U C d

Aotk wansud. | shmichA—tkanvo | tkutma | koSt [ ons? He e
penicilin G 60 26-50 2520 60 10 5 500 1000
ampicilin, amoxicilin 40 35-55 50 40-60 25 5-20 500 3000
klavul. sulbak. tazobak. + + + + + <15 + +

oxacilin 40 50 ; 5 100 500
piperacilin ? ? 30 5 40 1000
cefuroxim 80 50 60 20 100 2000
cefotaxim ? 60 50 12 100 1000
ceftazidim 27 60 50 6 100 500
cefepim 80 ? 7 <5 100 1000
imipeném 40 80 5-10 40-300 500
meropeném 33 90 5-10 40-300 500
aztreonam 80 80 1-5 10000 500
gentamicin 60 70 10 40 1000
tobramycin ? 80 10 20 1000
amikacin 50 70 2 10 800
kolistin ? ? 3 150 1000
erytromycin ? ? 5 500 100
klindamycin ? 40-50 40-100 ? 40 5 1000 300
vankomycin ? 25 50-90 80 40 5-10 50 500
ciprofloxacin 60 80-100 50-70 90 25-35 10 100 5000
chloramfenikol ? 50-70 40-70 ? 20 30-50 40-110 500
ko-trimoxazol ? 40-60 ? ? 20 20 50 500
tetracykliny ? 35-60 15-40 ? 30 10 500 3000
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Aotk wansud. | shmichA—tkanvo | tkutma | koSt [ ons? He e
penicilin G 60 26-50 2520 60 10 5 500 1000
ampicilin, amoxicilin 40 35-55 50 40-60 25 5-20 500 3000
klavul. sulbak. tazobak. + + + + + <15 + +

oxacilin 40 50 ; 5 100 500
piperacilin ? ? 30 5 40 1000
cefuroxim 80 50 60 20 100 2000
cefotaxim ? 60 50 12 100 1000
ceftazidim 27 60 50 6 100 500
cefepim 80 ? 7 <5 100 1000
imipeném 40 80 5-10 40-300 500
meropeném 33 90 5-10 40-300 500
aztreonam 80 80 1-5 10000 500
gentamicin 60 70 10 40 1000
tobramycin ? 80 10 20 1000
amikacin 50 70 2 10 800
kolistin ? ? 3 150 1000
erytromycin ? ? 5 500 100
klindamycin ? 40-50 40-100 ? 40 5 1000 300
vankomycin ? CZ-Sj 50-90 80 40 5-10 50 500
ciprofloxacin 60 60—‘100 50_—70 90 5-3 10 100 5000
chloramfenikol ? 50-70 40-70 ? 20 30-50 40-110 500
ko-trimoxazol ? 40-60 ? ? 20 20 50 500
tetracykliny ? 35-60 15-40 ? 30 10 500 3000




PK/PD individualizacia ATB terapie

1. PK/PD vypocet optimalizovaneho davkovania
pre serove hladiny u pacienta

2. Zohladnenie ocakavanych prienikov ATB
do miesta infekcie



Ma PK / PD prakticky vyznam?

Najvyssia spotreba ATB v nemocnici. 1CU
Najcastejsia nozokomialna infekcia ICU. VAP
Najcastejsi VAP G- MDR patogen: Acinetobacter spp.

Nerobime niekde chybu my ?



Acinetobacter spp., ICU, BAL, VAP

Klasicka mikrobiologicka interpretacia
podla break-pointov S-I-R:

....dobre citlivy komunitny izolat....
AMP+Sulb.:

Cefop.+sulb.: ....potvrdena in vitro citlivost, cena....
IMI:
MEM:
TOB:
AMI:

COL:

w nnw o n n o
D




Acinetobacter spp., ICU, BAL, VAP

Klasicka mikrobiologicka in retacia
podla break-pointov S-I-R:@

Meropenem

20 3x denne?



MIG /FImikrobiologickalifterpretacia

MIC TEST (mg/L)
L2b.
MIC20 NEF [EW mnetobm_.ter SpP.

Comment:



PK/PD interpretacia MIC testu

MIC TEST (mgfL)

Testnumber _[772 [l
|rth date code "4 'IEL-*E

MIC20 NEF

BAL/  [Doctor:

m'ﬂm - >32|>32 [>32 --'ﬂ
Interpret.|\@h 'ﬂ-ﬂﬂ-ﬂ“ﬂﬂ‘a

s Multiresistance!




| ) D . alde aY = 'y \\ .\:'"'.
, SR
A\ L |

MIC TEST (mg/L) PN . Y

Test number 172 Lab.: 5" (oY 8 \

Birth date code |82 - < B > )

MIC20 NEF  [identification <Jdcipetobacier Spp— P\C -

Sample / Dg BAL / Doctor: = P o

Department TrNIa 1S l) - |
GF[mL-"rnin‘J.hﬂngE':* 28 days Date|11 ‘ e—r gyl
i CIP |[CMP] TTC | CQL |COT

AC|FEP |AZM MEM]|GEN

ATB |ALIB| PIP |P+IB| CTX)CPZ|C+IB| CR
MIC @" =64 | =32 | =64 =32 | =32 | =32 2 2 8 2 4 ) =4 >16 @, =4
Interpret YRIR|R]J]R|N]JR]JR]R N NS R R | N R R

Multiresistance!
Comment:

Mavrh individualiz. davk. niekt. ATEREggdla plazm. hladip K/PD model, distr.ceny 2010)
A+B Ampic._+Sulb.
P+IB Tazocin 1=

CTX Cefotaxim Resist

Chf Seonepon
eftazidim esis " " - - -

FEP Cefepim VIl bronch. sek. 25% — 3-4x?

IMI  Imipenem | = =

MEM Meropenem V. ax 2. ) M= MEM bronch. sek. 25% — 3-4x?

'Igiggl _I{_}&t;ltamlcln K 1x95EUR CmaxMIC=121 AUIC24 ¥4
obram mg/kg mv. 1x 9, max/MIC=12: =43 30(%

%HIJI %r_*nikaﬂ-:ihri- . fkagmv 1x 23 4 EUR  Cmax/MIC=10:1 AUIC24= = ronch. SER. - 3X'.
iprofloxacin

COT Gup-tnmﬂxaznle Resist mnch. selk. 8% v

Hran.hﬂdn..TP!viIEH% LND Karb.=50 ing beta-l.. Gram+=50, Gram-=90 ERY CLI COT=100_TE=Z00
Cmax/MIC:Aminogl= 8:1,Chin=12:1; AUIC24MIC=Chin=125 VAN=340_All_low=nizke PK/PD_!=pozor




PK/PD interpreté
> =)
MIC TEST (mg/L) \ Pan \\:
Test number 7i2 Lab.: - .
Birth date code |9 e =& ¥
MIC20 NEF  [identfication /1
'Sample / Dg ) Doctor: > I ;
Department yia JIS - TN |
GF({mL/min)/Age gy > 28 days Date[17 ., e
ATB |AB| PIP |P+IB)| CTX|CPZ|C+IB AC|FEP |AZM GEN CIP JCMPITTC | GQL |COT
MIC 64 =64 | >32 | =64 =32 [>32 2 N &R A E }15
Interpret. FJRI|IR | R]IR R ] N NS R RIN]JR R
Multiresistance!

Comment:

ak. 25% — 3-4x?
sek. 25% — 3-4x?

onch. sek. 30% — 3x?

onch. sek. 8%/

gl TEFZ00
= PK/IPD_1=pozor




Empiricka (kalkulovana) terapia

Viac nez 90% urgentnych indikacii ATB
je empirickych



Sepsa
Letalita a neefektivna / oneskorena inicialna liecba

s survival fraction

= cumulative effective
antimicrobial initiation

O —
Qo (-

total patients
o
(8))

| |

o
»

time from hypotension onset (hrs)

Kumar et al.,Critical Care Medicine. 34, 2006



Inicialna empiricka terapia

Komunitne patogény

peniciliny, cefalosporiny 3 gen., GEN, FQ...
MDR: ESBL, AmpC, MRSA

karbapenémy, TOB, AMI,VAN, LNZ... —

Eskalacia ?

i
Ay
!

III'
|

,’A
)
L

XDR: CPE, Acinetobacter, Pseudomonas, VRE...
polymyxiny, tigecyklin, aminoglykozidy, rifampicin...

(mala eradikacna schopnost’, zla farmakokinetika, chybaju
PK/PD parametre, toxicita, vysoka indukcia rezistencie...)



Inicialna terapia - pomo6ze anamneéza?

Clinical Microbiology and Infection (2017), http://dx.doi.org/10.1016/ j.cmi.2017.07.032

Utility of prior cultures in predicting antibiotic resistance of
bloodstream infections due to Gram-negative pathogens: a
multicentre observational cohort study

D.R. MacFadden ", B. Coburn ', N. Shah °, A. Robicsek “, R. Savage *, M. Elligsen °,
N. Daneman " °

U Division of Infectious Diseases, University of Toronto, Toronto, Canada

%) Dalla Lana School of Public Health, University of Toronto, Toronto, Canada

3 Division of Infectious Diseases, NorthShore University Health Systems, Chicago, IL, USA

4) Critical Care and Population Health, Providence St Joseph Health, Burbank, CA, USA

%) Department of Pharmacy, Sunnybrook Health Sciences Centre, University of Toronto, Canada
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Kultary izolovane od pacienta za poslednych 12 mesiacov
Pozitivna prediktivna hodnota rezistencie: 72%

Pozn.: V prostredi s vysokym hygienickym standardom autori o¢cakavali
predovsetkym endogéennych pévodcov nozokomialnych nakaz...
Sporna platnost’ v nasich podmienkach — u nas prevladaju exogénne NI !



Empiricka terapia
a stav rezistencie na oddeleni

(Slovensko je iné ako EU a USA)

V podmienkach vysokej rezistencie a casto
nedostatocnych hygienickych podmienok mnoho
v literature uvadzanych odporucani plati len obmedzene



EARS-Net 2015, multirezistencia, K. pneumoniae

Klebsiella pneumoniae. Percentage (%) of invasive isolates with combined resistance to fluoroquinolones,
third-generation cephalosporins and aminoglycosides, by country, EU/EEA countries, 2015

3 1% to ¢ 5%

5% to¢10%

B 10% to<¢ 25%

B 25°% 10 ¢ 50%

. > 50°%

== No data reported or fewer than 10 isolates
C—1 Not included

Non-visible countries
1 Liechtenstein
B Luxembourg




Klucove MDR patogeny v SR




—o—Hemokultury JIS
%
60 —4—JIS

50

M RSA 40 L Ambulancke

—e—Nemocnice

30
20 m
10 ?;gi;% EU

0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

ATB citlivost’ na ostavajuce ATB: dobra — VAN,LNZ, TGC,TET,COT...

Protiepidemicke opatrenia: efektivne (nerealizuju sa)

Kontrola v zariadeni: mozna (potencialne)



—o—JIS hemokultury

Klebsiella pneumoniae ESBL

% —4—JIS
100 —e—Nemocnice
ES B L 30 —#—Ambulancie
60
Am P C 40

enterobaktérie 20

0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

ATB citlivost’ na ostavajuce ATB: obmedzend — MEM,ETP,GEN,TGC, COL
Protiepidemické opatrenia: efektivne (nerealizuju sa)

Kontrola v zariadeni: mozna (potencialne)



Ps. aeruginosa, rezistencia na meropeném

=EB—-Nemocnice

——|CU

Karba R . R ——

Ps. aeruginosa

4= EU

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

ATB citlivost na ostavajuce ATB: obmedzena — COL ?
Protiepidemicke opatrenia: efektivne (nerealizuju sa)

Kontrola v zariadeni: mozna (potencialne)



Acinetobacter spp., rezistencia na meropeném

%
100 ——ICU

Karba R ¥ e Homeratin

Acinetob. spp.

=@—-Nemocnhice

60

40
20

0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

ATB citlivost’ na ostavajuce ATB: obmedzena — COL ?
Protiepidemicke opatrenia: efektivne (nerealizuju sa)

Kontrola v zariadeni: mozna (potencialne)



Suhrnne, alebo aktualne lokalne
epidemiologicke udaje
ako podklad pre empiricku liecbu?



Cddelenie AR

|dentifikaca staphylococcus aureus
[ atenal \setky

Antibiotika \setky

Mechanizmus rezist. MES Al

Analyza trendu mechanizmu rezistencie

100%
2R 0% ul
0%
il 5 7
1 3




Survelllance antibioticke] rezistencie

Rezistencia vzdy prebieha v ,,outbreakoch*
- meni sa s ohl'adom na ¢as a miesto!

Prehlady:

Lokalne ! (Oddelenie, nemocnica )
Aktualne ! (epidemiologicka situacia)

2x mesacne? 1x mesacne? 1x stvrtrocne?

¢ S

Odporucéania pre ATB liecbu Epidemiologické opatrenia



Resistance mechanisms analysis

Dynamické monitorovanie

Fesistance mechanism occurence |% occur.  |Resistance mechanism occurence | % occur.

.. . . MRSAIN 5| 40.00% |Constitutive MLSBIC! 5| 40.00%
AMR a inicialna terapia Aminogl PHZ J-AC(E)! 0] _ 0.00% [Inducible MLSBIi 0] 0.00%

Fluorog.incompl. resistance ] 0.00% [Multiresistance! ] 0.00%
Na OAIM

Empiric Therapy / Pharmacoeconomical analysis
ATBGXS|[% treatab. | Optim.daily(GF:100ml/min) | ATB GXSI | % treatab. | Optim.daily(GF: 100ml/min)

12 2016 TECL 091300 Bmg/kg iv. 1x 212 EUR[COT| 0.3] 80.00% 960mg 0. 2x 0,28 EUR
AN] 1.7]100.00% | > 0.5giv. 3x37.2 EUR MY 01l _&E00ne: | 0.4g p.o. 1x 4.0EUR
MRSA RIF| 0 T[ T00.00% NACORA] 03] 60.00% | >  1giv 4xB8.1EUR
GEN]| 0.6] 100.00% 3mg/kg mv. 1% 0.9 EUR|ERY| D& BU.00% | All low!
LNZ| 2.3] 100.00% B00mg iv. 2x 65,0 EUR|TZP| 0.5] 60.00% 2. 25gi.v.4x 18,4 EUR
TET| 0.5] 100.00% NiA| CIP] 0.5] 60.00% 10.8g i.v.2x_6,0 EUR
T e | Fom TR [T - [Tec] 0.1] 100.00% 50mgiv.2x 1206 EUR[ cu| 0.1] 60.00% 0.3g0. 4x152 EUR
s talstics | we | __To _suzove | atonng NIT|18.4] 100.00% N/A|CHL| 8.0] 40.00% NIA
g:;t:}?ecation E}laphylococcus aureus TM FI 2 ) 4 EDD D% N.‘l"!'.
Antibiotics All [
Resistance mechanism MRSAlI
. Resistance rﬂgggﬁanism Trend analysis "!'.rIEIJ}"EE mEChEInimn".l' rEEiStenEiE
— Mechanizmus rezist. vyskyt [% wyskyt |Mechanizmus rezist. vyskyt % wyskyt
MRSAI 0] 0.00% [Constitutive MLSBIc! 0] 0.00%
. Aminogl.PH(Z")-AC(6)! 0]  0.00% |Inducible MLSBI 1] 7.14%
o Fluorog.incompl. resistance 1 7. 14% |Multiresistance! 0 0.00%
13% 13%
5 5 (7 o s ] — )
P - - — = = - Empiricka terapia / Farmakoekonomicka analyza
" o5 ’ ° ’ * B ? ATB XS] % liecitel Joptim denna(GF;100mi/min) [ATBEXE1 ] % liecitel Joptim. denna{GF; 100mlimin)
TZF 100 00% | 2 25gi.v.4x 18 4 EUR[CHL| 8.0] 100.00% A
DxAl 0.2] 100.00% |_—>  1giv.4x8,1 EUR|COT] 0.3] 100.00% 950mg 0. 2x 0,28 EUR
TEC| 0.6 100.00% Bmg/kg iv. 1x 212 EUR| NIT[18.6] 100.00% /A
vAN] 1.3] 100.00% 0.5gi.v. 3 372EUR[ERY [ 0.5] 92.86% All low!
RIF| 0.1] 100.00% NiA| CIPF| 0.4] 92.85% 10.8gi.v.2x_6,0 EUR
RO M2 AO NN [GEr | 05 100.00% | 3mglkgmv. 1x00EUR| CLI| 0.1] 92.86% 0.60 iv. 4x 248 EUR
LNZ| 2.6] 100.00% FO0mg iv. 2x 65,0 EUR|TET| 0.6] 92.86% /A
MFX| 0.1] 100.00% 0.4g p.o. 1x 40EUR|TMFP| 1.3] 85.71% A
TGC| 0.1] 100.00% 50mg iv.2x 120,56 EUR




PS ] aer u g I n O S a Analyza mechanizmov rezistencie

Mechanizmus rezistencie vyskyt % vyskyt |Mechanizmus rezistencie vyskyt | % vyskyt
O A||\/| PSE-1.-4.0XA-1 beta-lac.Ps 0 0.00% | Ps.effl.-MexA,B-OprM+D- 2] 10.53%
ESBL Spolu 0 0.00% |Ps.effl.:MexC,D-OprJ 0 0.00%
02 2016 ESBL ClassA Ps.aer. 0 0.00% | Susp.carbap./metallo-betal 7 36.84%
Derepressed AmpClll 0 0.00% |Carbapenem resistance!l! 14 73.68%
Other beta-lactamases high 0 0.00% |AGL A ' 0.00%
Ps.effl.:MexA,B-OprM+ 0 0.00% ultiresistance! 15 78.9573

Empiricka terapia / Farmakoekonomicka analyza

Statistika Ty: Od: 18.01.2016 3:';;:;:7%9 J[MLALE CXSH-Yb-liacitel [optim.denna(GF:100mi/min) | ATBIGXSI| % liecitel. joptim.denna(GF:100mI/min)

Sddeianie ARG — : '_COLI 0.9] 100.00% . N/A| IMP| 1.3] 27.78% 0.5gi.v. 3x 57,0 EUR

Identifikacia Pseudomonas aeruginosa ATM .U 94.44% 059 i.v. 3x 525 EUR|TOB 0.7 26.32% 3mgr‘kg mv.1x 420 EUR

Material Veetky AMI| 3.3] 89.47% | 15mg/kgmv 1x 36,0 EUR| TZP| 2.6] 26.32% 2.25g i.v.4x 52,0 EUR

| Mechanizmus rezistencie Yeetk SPZ|13.9] 78.95% M+1gi.v.4x 65,2 EUR el O 0 2gi.v. 2x 64 6 EUR

Analyza trendu (rezistentny) Wﬂ% 19 i.v. 3x 8?0 EU GEN 1.2 21.05% ) 3mgfkg mv. 1x 09 EUR

* CAZ| 3.7] 52.63% 1gi.v. 3x34,5EUR| C Ol 19./19% 0.4gi.v.3x 45 EUR
80% 80%

56% . . .
a0 Analyza mechanizmov rezistencie

23% 22% Mechanizmus rezistencie vyskyt % vyskyt |Mechanizmus rezistencie vyskyt % vyskyt
@ @ i ) PSE-1.-4.0XA-1 beta-lac.Pg 0|  0.00%|Ps.effl.:MexA,B-OprM+D- 0] 0.00%
@ g ESBL Spolu 0 0.00% |Ps.effl.:MexC,D-OprJ 2 15.38%
2 15 220 39 140 153 154 ‘7‘ 89 ESBL ClassA Ps.aer. 0 0.00% | Susp.carbap./metallo-betal 0 0.00%
2016 Derepressed AmpCll! 0 0.00% |Carbapenem resistancel!!l 1 7.69%
Qther beta-lactamases high 0 0.00% |AGL ALCex) : ol 0.00% |
Ps.effl.:-MexA,B-OprM+ 1 7.69% Multiresistance! | 0| 0.00°%

07 2016

Empiricka terapia / Farmakoekonomicka analyza
ATBIGXSI| % liecitel. loptim.denna(GF:100ml/min) | ATB GXS|| % liecitel. joptim.denna(GF:100ml/min)

TZP| 4.7] 100.00% 3.37gi.v.4x 780 EUR| AMI| 1.6] 100.00% 15ma/kamyv 1x 36,0 EUR
SPZ| 6.5]| 100.00% 1+1gi.v. 3x489 EUR|COL| 1.1]| 100.00% N/A
ATM| 4.5| 100.00% 1gi.v. 3x 525 EUR| IMP| 0.9] 92.31% 0.5gi.v. 3x 57,0 EUR

MEML_1.51.400.00%
IGEN| 1.3] 100.00%
TOB| U.4] 10U.00%

1g i.v. 3x 87,0 EUR|FEPL 4 5] _9231%
3mg/kg mv. 1x 0,9 EUI'rICAZI 40| 92.31%
3mg/kg mv.1x 42.0 EUR| CIP[~ 0% T5585%

1gi.v. 3x 51,0 EUR
1gi.v. 3x 34,5 EUR
10.8gi.v.2x 6.0 EUR




Enterobakterie tvoriace
karbapenemazy



Hrozba CPE

Globalne sirenie CPE pokracuje
Preemptivne opatrenia su v tejto faze uz nemozne
Kontrola CPE

- monitorovanie epidemiologie

- vyhladavanie rizikovych pacientov

- protiepidemické opatrenia

- kontrola infekcnych ochoreni vseobecne (NI)
- Znizovanie spotreby karbapenemov

- optimalizacia ostavajucej ATB terapie

_ 2727



Incidencia CPE na Slovensku

Karbapenemazy produkujuce enterobaktérie SK
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2011 2012 2013 2014 2015 2016 2017
Hemokultury 0 0 1 8 7 11 16




EARS-Net 2016, K. pneumoniae CPE
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Terapeuticke moznosti CPE?

Zlin Infect Dis. 2012 Oot35{7):843-50. doi: 10.1093/cid/icis582. Epub 2012 Jul 2.

Predictors of mortality in bloodstream infections caused by Klebsiella pneumoniae
carbapenemase-producing K. pneumoniae: importance of combination therapy.

Sassett M.

- Author information

1 Institute of Infectious Diseases, Catholic University of the Sacred Heart, A. Gemelli Hospital, Rome. tumbarello@rm. unicatt.it

2010-2011, retrospektivna studia:
letalita vysoka, ,,in vitro citlive ATB*: COL/ MEM / GEN/TGC
monoterapia 54%

kombinovana terapia 31% (GEN+TGC, MER+COL, COL+MER+TGC )



Antimicrobial Agents and Chemotherapy p. 654-663 February 2014 Volume 58 Number 2

Antibiotic Treatment of Infections Due to Carbapenem-Resistant
Enterobacteriaceae: Systematic Evaluation of the Available Evidence

Matthew E. Falagas,®™“ Panagiota Lourida,® Panagiotis Poulikakos,*® Petros |. Rafailidis,® Giannoula S. Tansarli®
Alfa Institute of Biomedical Sciences (AIBS), Marousi, Athens, Greece”; Department of Internal Medicine, Infectious Diseases, Mitera Hospital, Hygeia Group, Athens,

Greece™ Tufts University School of Medicine, Boston, Massachusetts, SA’

Do 2013, metaanalyza 12 retrospektivnych studii:
Letalita vysoka, ,,in vitro citlivé ATB*:

monoterapia 54% - 80% (TGC/ COL / MEM / GEN)
kombinovana terapia 50-80% (COL+MER+TGC - rézne kombindcie)



BMC Infectious Diseases (2016) 16:629

A prospective study of treatment of
carbapenem-resistant Enterobacteriaceae
infections and risk factors associated with

outcome

Mariana Ragassi Urbano”, Carlos H. Camargo”, Cintia M. C. Grion’, Anna Sara 5. Levin™ and Silvia F. Costa™

Internal Medicine Department, Londrina State University, Parana, Brazil

2011- 2012 prospektivna studia:
Letalita vysoka: (pneumonia 64%, UTI 24%)

,,In vitro* rezistencia na COL (21%) nemala vplyv na letalitu

Mono, aj kombinovana terapia ,, in vitro“ citlivym ATB = neliecenej infekcii

! ATB terapia nezlepsuje 30-dnovu letalitu systémovej infekcie CRE !
(s vynimkou UTI)



Dvojita terapia karbapenémami

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, June 2011, p. 3002-3004 Vol. 35, No. 6

Double-Carbapenem Therapy for Carbapenemase-Producing
Klebsiella pneumoniae’

Catharine C. Bulik' and David P. Nicolau®2*

Center for Anti-Infective Research and Development' and Division of Infectious Diseases,”
Hartford Hospital, Hartford, Connecticut 06102

Meropenem alebo Doripenem + Ertapenem
Ertapenem ma vd'aka vyssej afinite schopnost’ kompetitivnou inhibiciou viazat’
karbapenemazy

Antimicrob Agents Chemother. 2012 Jul; 5&(7): 4037.

Double-Carbapenem Therapy Not Proven To Be More Active than

Carbapenem Monotherapy against KPC-Positive Klebsiella pneumoniae

Kenneth 5. Thomson®




Antimicrobial Agents and Chemotherapy May 2013 Volume 57 Number 5 p. 2388-2390

Effectiveness of a Double-Carbapenem Regimen for Infections in

Humans Due to Carbapenemase-Producing Pandrug-Resistant
Klebsiella pneumoniae

Helen Giamarellou, Lambrini Galani, Fotini Baziaka, llias Karaiskos

J Antimicrob Chemother 2014

Synergistic activity and

effectiveness of a double-carbapenem
regimen in pandrug-resistant
Klebsiella pneumoniae bloodstream

infections
Critical Care (2017) 21:173

Alessandra Oliva't, Alessandra D'A [Double carbapenem as a rescue strategy

Claudia D’Agostino!, Marco Iannett

Maria T. Mascellino?, Carmela Galli for the treatment Of severe

Claudio M. Mastroianni'2* and Vinc

carbapenemase-producing Klebsiella
pneumoniae infections: a two-center,
matched case-control study

Gennaro De Pascale'®’, Gennaro Martucci®, Luca Montini', Giovanna Panarello?, Salvatore Lucio Cutuli’,
Daniele Di Carlo®, Valentina Di Gravio', Roberta Di Stefano®, Guido Capitanio®, Maria Sole Vallecoccia',
Piera Polidori’, Teresa Spanu®, Antonio Arcadipane’ and Massimo Antonelli’

Chybaju jednoznacné dékazy o ucinnosti tejto strategie




CPE a pohlad ekonoma ?

Clinical Microbiology and Infection 23 (2017) 188-196

Counting the cost of an outbreak of carbapenemase-producing
Enterobacteriaceae: an economic evaluation from a hospital

perspective

J.A. Otter ", P. Burgess °, F. Davies ', S. Mookerjee ', ]. Singleton ', M. Gilchrist ',
D. Parsons ', E.T. Brannigan ', J. Robotham **“, A-H. Holmes "*

" Imperial College Healthcare NHS Trust, St Mary's Hospital, London, UK

%) Department of Health, Global and Public Health Group, London, UK

*) public Health England (PHE), AMRS & HCAI Programme, National Infection Service, London, UK

4! Imperial College London, NIHR Health Protection Research Unit, Hammersmith Hospital, London, UK

K. pneumoniae (NDM-1), 40 pacientov, 1831 kontaktov
5 nemocnic, epidéemia 10 mesiacov, Londyn, 2014-2015

Celkova strata: 1 179 000 EUR

Aktualne naklady: 312 000 EUR (167 000 mikrobiolégia)
Vynuteneé rekonstrukcie zariadeni: 153 000 EUR
Straty z uslych vykonov: 812 000 EUR



Nove ATB na liecbu Gram-negativnych infekcii ?

Na trhu:
ceftazidim+avibaktam CPE, nie MBL, KPC-3 sporna ucinnost’
ceftolozan+tazobaktam MDR Ps. aeruginosa, nie CPE

V klinickom skusani:

aztreonam+avibaktam CPE, serinové aj metalo- betalaktamazy
imipeném/cilastatin+relabaktam CPE, len serinové betalaktamazy
meropeném+vaborbaktam CPE, serinové betalaktamazy, iné menej
plazomycin (aminoglykozid) MDR, slaba odolnost’ na kombinacie
AGL modif. enzymov ?GEN,TOB,AMI R?
eravacyklin (tetracyklin) MDR, ,,in ,,vitro“ ucinnejsi ako tigecyklin

Spolocny problem:
Ziadna nova skupina liediv, sporna odolnost’ voéi uz existujicim,
d’'alej sa vyvijajucim enzymom



Take home message...

Antibiotika (

- maju pri liecbe intenzivneho pacienta kl'ucovu ulohu

- PK/PD individualizacia umoznuje optimalizovat’ liecbu
- vysoka rezistencia v SR komplikuje vol'bu ATB terapie

- empricka liecba musi byt kalkulovana
- podla aktualnej miestnej epidemiologickej situacie
- o¢akavanych poévodcov infekcii (a ich MIC)

- pretrvava chybanie novych antibiotik proti Gram-neg.



