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Spektrum ucinku ertapenemu

Enterobacteriaceae véetné producentu ESBL a
AmpC beta-laktamaz

Gramnegativni respiracni patogeny /Moraxella
catarrhalis, Haemophilus influenzae/

Grampozitivni koky /penicilin citlivé i rezistentni
pneumokoky a MSSA/

Grampozitivni i gramnegativni anaeroby

Neudinny vudi P. aeruginosa



Ertapenem

 U&inek zavisly na éase — nevazana frakce by
mela byt > 40 % davkovaciho intervalu nad

MIC

e Standardni davkovaci interval 24 hod,
vzhledem k polocasu eliminace (4 hod) u
zdravych mladych jedincu

e Asi 80 % i.v. davky je vylucovano moci



Ertapenem

e U pacientu s renalni insuficienci (RI) se zvysuje
AUC, ., ertapenemu o 7 % u mirné RI (CL 79
mL/min/ 1.73 m?), o0 53 % u stredné tézké Rl

(CLg 40 mL/min/1.73 m?2), 0 158 % u tézké R

(CLeg 17 mL/min/1.73 m?2) a 0 192 % pfi
konecném stadiu vyzadujicim HD

e Eliminacni polocCas ertapenemu je 4.4 h u mirné
Rl, 6.1 h u stredné tézké Rl , 10.6 h u téezke Rl a
14.1 h pri konecném stadiu vyzadujicim HD =>
redukce davky na 0,5 g u tézké Rl a konecného
stadia

Mistry GC, Majumdar AK, Swan S et al. Pharmacokinetics of ertapenem in patients with varying degrees of renal insufficiency and 818 in patients on hemodialysis. J Clin
Pharmacol 2006; 46: 1128-1138



Pharmacokinetics of ertapenem in critically ill patients with acute
renal failure undergoing extended daily dialysis

Olaf Burkhardt!*, Carsten Hafer®>*, Anita Langhoff?, Volkhard Kaever®, Vipul Kumar*, Tobias Welte!,
Hermann Haller?, Danilo Fliser? and Jan T. Kielstein?

'Department of Pulmonary Medicine, 2Department of Nephrology, >Department of Pharmacology and Toxicology, Medical School
Hannover, Hannover, Germany and 4Department of Pharmaceutics, College of Pharmacy, University of Florida, Gainesville, FL, USA

e Alterace PK parametru ATB u pacientu v sepsi
e EDD u pacientu v intenzivni péci

e Prospektivni studie PK ertapenemu u pacientu v

sept. soku s akutnim ren. selhanim podstupujicich
EDD

 Parametry: maximalni koncentrace v plazmé
Cmayx, cas Tmax potrebny k dosazeni Cmakx,
plocha pod krivkou plazmatické koncentrace a
casu (AUC), clearance pri dialyze, volna
koncentrace ERT....

O. Burkhardt et al. Nephrol Dial Transplant (2009) 24: 267-271
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Fig. 2. Time courses of mean free, protein-unbound ertapenem plasma
concentrations after administration of a single 1 g intravenous dose in
ICU patients with acute renal failure undergoing extended daily dialysis.
Horizontal lines indicate MICqq values for penicillin-resistant Strepto-

Fig. 1. Time courses of total and free, protein-unbound ertapenem plasma

! ' ; : ¢ ] coccus pneumoniae (MICgy < 2.0 mg/L; ——-) most anacrobe bacteria
concentrations after administration of a single 1 g intravenous dose in (MICgg < 1.0 mg/L; ———), methicillin-susceptible Staphylococcus
ICU patients with acute renal failure undergoing extended daily dialysis. aureus and extended-spectrum B-lactamase (ESBL)-producing Klebsiella
Infusion period 30 min. Values are geometric means & SD, n = 6. preumoniae (MICqy < 0.5 mg/L; —-—) and non-ESBL-producing En-

terobacteriaceae (MICyg < 0.06 mg/L;).

Table 2. Comparison of ertapenem pharmacokinetic data obtained in critically ill patients with acute renal failure (ARF) undergoing extended daily
dialysis with data of patients with end-stage renal disease (ESRD) requiring haemodialysis [4], data of critically ill patients with CrClr > 30 ml/min

[15] and data of healthy young volunteers [14] previously reported in the literature

Parameter

ICU patients with ARF

Patients with ESRD requiring

ICU patients (CrClr >

Healthy volunteers

and EDD (n = 6) haemodialysis [4] (n = 7) 30 mL/min) [15] (n = 17) [14] (n=6)
Cmax (mg/L) 813+ 12.1 138.9 90.5 + 26.1 103.3 +26.3
AUC_jnf (mg h/L) 687.4 +212.0 1941.5 4185+ 171.6 359.7 + 66.5
T (h) NS (NS AN NS (NS _10) NS (NS
Ty, ot (h) 189+ 54 14.1 41+13 3.8+ 0.6
Ty on (h) 6.7.+£04 NA NA NA
ool oGl fech el dp(mmimignloh
Vz (L) 159432 NA 173+59 155+34
CL ¢ (mL/min) 193+114 NA 432 4+ 23.7 48.0 + 8.5
CLgja1 (ML/min) 49.5 4+ 10.9 NA NA NA

Cmax: peak plasma concentration; AUC: area under the curve; Tiax: time of maximal plasma concentration; Ty, o5 half-life off dialysis treatment;
Ty, op: half-life on dialysis treatment; MRT: mean residence time; V7: volume of distribution; CLygf: drug clearance off extended dialysis; CLgjq):
dialysis clearance; NA: not available; ICU: intensive care unit.

0. Burkhardt et al. Nephrol Dial Transplant (2009) 24: 267-271



* T.uicpro karbapenemy se udava 30 —40 %,
avSak u pacientu v sepsi/Soku by mél byt T,
60 — 80 %

e U pacientu v sepsi s ARF na EDD je bezpecné
podavani 1 g ERT jednou dennég, neni nutna

redukce davky

O. Burkhardt et al. Nephrol Dial Transplant (2009) 24: 267-271



Ertapenem u chronicky dialyzovanych
pacientu

10 pacientu — IHD (3x tydné)
1 g ertapenemu bezprostredné po dialyze

MIC vsSech bakterii -> hladiy ERT nad MIC u
vsech béehem intervalu mezi HD

Uspésna klinicka odpovéd — 8z 10
Zadné NU



Pharmacokinetics of once-daily dosing of ertapenem in critically ill patients
with severe sepsis

AJ. Brink®*, G.A. RichardsP, V. Schillack€, S. KiemY, J. Schentagd

Table 1
Patient characteristics at enrolment (n=8; 5 female, 3 male).
Patient Age (years) Weight (kg) APACHE II Creatinine CL¢; (mL/min) Protein Albumin ICU admission Pathogen/source
score (pmol/L) (g/Ly (g/Ly
1 43 55 8 89 63 90 32 Severe CAP N/A
2 40 60 9 56 132 75 25 Severe CAP Morganella
morganii,
tracheal aspirate
3 43 43 15 64 131 42 23 Post-surgical A N/A
sepsis
4 56 80 4 51 158 41 16 Post-surgical A N/A
sepsis
5 21 60 4 67 122 79 46 Guillain-Barré Escherichia coli,
urine
6 42 75 7 134 68 46 22 Post-surgical A N/A
sepsis
7 24 60 18 147 50 85 24 Malaria E. coli, blood
8 24 50 6 103 50 73 27 Severe CAP N/A
Mean £S.D. 36.6£12.3 60.4+12.2 8.9+5.1 88.9+36.3 96.8 +43.3 66.4+20.1 26.9+9.0
Median 41 60 8 78 95 74 25
Range 21-56 43-80 4-18 51-147 50-158 41-90 16-46

APACHE, Acute Physiology and Chronic Health Evaluation; CLc;, creatinine clearance; ICU, intensive care unit; CAP, community-acquired pneumonia; N/A, not available; IA,

intra-abdominal.

3 Normal range 60-83 g/L.

b Normal range 35-52 g/L.

Table 5

Calculated time (h) of unbound plasma ertapenem above certain concentrations in

critically ill patients with severe sepsis after 1 g 30-min infusions.

Patient Concentration (mg/L)
0.06 0.5 1 2 4 8

1 31.9 21.5 18.2 14.8 114 8.0
2 14.2 9.6 8.1 6.6 5.1 3.6
3 18.1 9.8 7.1 44 1.7 0.0
4 22.8 141 11.2 8.4 5.5 2.6
5 483 31.9 26.5 21.2 15.8 10.4
6 27.6 8.8 2.6 0.0 0.0 0.0
7 367.8 199.4 144.3 89.3 34.2 0.0
8 414 29.3 25.3 21.3 174 13.4
Median 29.8 17.8 14.7 11.6 84 3.1
Min. 14.2 8.8 2.6 0.0 0.0 0.0
Max. 367.8 199.4 144.3 89.3 34.2 13.4

A.J. Brink et al. / International Journal of Antimicrobial Agents 33 (2009) 432436 \jin. minimum: Max.. maximum.



Table 3
Comparison of total ertapenem pharmacokinetic data after a single 1g infusion obtained in critically ill patients with severe sepsis versus published data for critically ill
patients with early-onset ventilator-associated pneumonia [7] and healthy volunteers [9,17].

Parameter This study (n=38) Burkhardt et al. [7] (n=17)? Majumdar et al. [9] (n=16)? Pletz et al. [17] (n=10)P
Mean £ S.D. Geometric mean

t1/2 (h) 57:|:49 45 A15 L 122 2 Q A5 (22

Vss (L) 594 + 85.7 26.8 14.8 + 3.78 82+15 5.7 (18)

CLr (mL/min) 200.5 + 306.9 88.6 43.2 4+ 23.7 29.5+3.4 20.4 (18)

CLg (mL/min) 72.5 + 98.3 33.2 31.8 + 233 12.94+43 9.38 (37)

fu (% of dose) 451 £+ 30.3 36.7 54.8 £ 19.09 444+ 14.8 45.1(30)

AUCy_», (mgh/L) 317.7 + 274.6 188.0 418.5 + 171.6 572.1+68.6 817 (20)

Cmax (mg/L) 941 £ 79.0 52.3 [SUSE6T A 9F 220 253 (1) |

S.D., standard deviation; t,, elimination half-life; Vi, volume of distribution at steady state; CLy, total body clearance; CLg, renal clearance; f,, urinary recovery; AUCo-o,
area under the concentration-time curve from 0 h to infinity; Chax, maximum plasma concentration.

2 Data reported as mean £ S.D.

b Data reported as geometric mean [coefficient of variation (%)].

Table 4

Comparison of unbound ertapenem pharmacokinetic data after a single 1g infusion obtained in critically ill patients with severe sepsis versus published data for young
adults [9] and healthy elderly subjects [10].

Parameter This study (n=8) Majumdar et al. [9] (n=16)? Musson et al. [10] (n=8)?
Mean + S.D. Geometric mean

ti2 (h) 10.1 + 18.2 4.8 - 4.7

Ves (L) 89.9 + 92.3 54.3 1231 £ 37.2 -

CLr (mL/min) 316.2 + 374.3 161.0 513.6 + 80.8 -

CLg (mL/min) 147.5 + 219.2 634 2233 + 6786 122.4 +28.6

AUCy_, (mgh/L) 180.6 & 167.4 103.5 332+ 55 55.40+7.6

Cmax (mg/L) 46.4 4+ 40.5 29.5 129 + 3.2 -

S.D., standard deviation; t;p, elimination half-life; Vs, volume of distribution at steady state; CLr, total body clearance; CLg, renal clearance; AUCy_.., area under the
concentration-time curve from 0 h to infinity; Cnax, maximum plasma concentration.

@ Data reported as mean +S.D.

A.J. Brink et al. / International Journal of Antimicrobial Agents 33 (2009) 432-436

Burkhardt O, Kumar V, Katterwe D, Majcher-Peszynska J, Drewelouw B, Derendorf H, et al. Ertapenem in critically ill patients with early-onset ventilator-associated pneumonia:
pharmacokinetics with special considera- tion of free-drug concentration. J Antimicrob Chemother 2007;59:277-84.

Majumdar AK, Musson DG, Birk KL, Kitchen CJ, Holland S, McCrea J, et al. Phar- macokinetics of ertapenem in healthy young volunteers. Antimicrob Agents Chemother 2002;46:3506-11.
Pletz MWR, Rau M, Bulitta J, De Roux A, Burkhardt O, Kruse G, et al. Ertapenem pharmacokinetics and impact on intestinal microflora, in comparison to those of ceftriaxone, after multiple
dosing in male and female volunteers. Antimicrob Agents Chemother 2004;48:3765-72.



e U pacientu v kritickém stavu nelze prejimat
PK/PD udaje ze studii na zdravych
dobrovolnicich

 Nevazana plazmaticka koncentrace
ertapenemu u kriticky nemocnych pacientu s
VAP dosahuje hodnot nad MIC,, pouze 6 hod
po infuzi, tj. 25 % davkovaciho intervalu =>
zkraceni intervalu, nebo kontinualni infuze

Brink JA et al. Pharmacokinetics of once-daily dosing of ertapenem in critically ill patients with severe sepsis International Journal of Antimicrobial Agents 33
(2009) 432-436

Burkhardt O, Kumar V, Katterwe D, Majcher-Peszynska J, Drewelouw B, Derendorf H, et al. Ertapenem in critically ill patients with early-onset ventilator-
associated pneumonia: pharmacokinetics with special considera- tion of free-drug concentration. J Antimicrob Chemother 2007;59:277-84.



Pharmacokinetics of free ertapenem in critically ill
septic patients: intermittent zerszs continuous infusion

D. BREILH ', C. FLEUREAU 2, J.-B. GORDIEN 1, O. JOANES-BOYAU 2,
J. TEXIER-MAUGEIN 3, S. RAPAPORT 2, E. BOSELLI 4, G. JANVIER 2, M.-C. SAUX !

TaBLE I1.—Steady—state serum free—ertapenem PK parameters following intravenous once—daily administration to critically ill
septic patients: intermittent (IT1) versus continuous infusion (CI).

Pharmacokinetic parameters of free ertapenem in ICU patients

Patient

FCoan FCu, FCain fGs Tk Kel Vq CLy fFAUC
ITI (1 g of ertapenem once—daily)
1 130.3 11.3 1.8 - 4 0.173 12.4 2.2 929
2 117.7 7.9 2.7 - 10 0.069 17.7 1.2 818
3 77.9 18.7 9.6 - 12 0.058 229 1.3 750
4 88.4 14.6 2.4 - 6 0.116 20.6 2.4 421
5 97.6 15.2 1.9 - 4 0.173 16.5 2.9 351
6 104.8 8.4 3.1 - 8 0.087 19.4 1.7 595
7 102.5 10.4 1.9 - 3 0.231 13.8 3.2 315
8 96.7 8.2 2.6 - 4 0.173 12.0 2.1 481
9 86.8 6.5 3.2 - 4 0.173 12.1 2.1 476
10 1002 20 2. - 3 0.231 13.4 3.1 324
Median 98.9 9.5 2.5 - 4 0.173 15.1 2.2 479
IQR [90.5-104.2]  [8.3-13.8] [2.0-3.0] - [4-8] [0.094-0.173]  [12.7-19.0] [1.8-2.7] [369-711]
CI (1 g of ertapenem once—daily after a loading dose 1—g ertapenem on day 1)
11 76.2 15.0 11.4 15.0 6 0.116 14.2 2.2 -
12 51.4 15.3 10.9 10.9 4 0.173 26.7 2.9 -
13 64.5 20.8 16.5 16.5 6 0.116 22.8 2.6 -
14 77.8 17.2 19.1 17.2 6 0.116 20.1 1.8 -
15 69.7 15.8 16.5 15.8 6 0.116 21.7 2.0 -
16 58.3 14.4 25.8 24.3 4 0.173 24.2 1.9 -
17 68.8 15.6 14.9 15.9 6 0.116 19.7 2.3 -
18 66.5 14.3 14.2 15.6 4 0.173 21.8 3.8 -
19 64.9 16.2 15.8 15.6 4 0.173 20.3 3.5 -
20 225 9.8 1ze 17.8 4 0.173 19.6 34 -
Median 67.7 15.7 16.2 15.9 5 0.145 21.0 2.5 -

IQR [64.6-71.9]  [15.1-17.0] = [14.4-17.3] [15.6-17.0] [4-6] (0.116-0.173] [19.78-22.6]  [2.1-3.3] -

FCrwo FCiop f Crin and fC (mg/L); T ke elimination half-life (h); K,: elimination rate constant (h-1); V4: volume of distribution (L); CL;: total
clearance (L/h); fAUC: area unfer the curve between 0 and 24 hours (mg.h/L); IQR: interquartile range [Q1-Q3] i.e., 25 and 75t percentiles.

Breilh D. Minerva Anesteziologica, 2011; 77:11



ERT 1 g 5min vs 30min infuze

Prospektivni, randomizovana studie, 2 faze

1 g ERT v 5min nebo 30min infuzi, 1x denné 3 dny; 4
dny pauza a opét stejny protokol

ERT byl stejné snasen v obou skupinach se
srovhatelnymi NU

ERT steady-state C__, 193.3+43.3 3
165.7 £ 20.4 mg/I pro 5min a 30min infuze; AUC,_
,4561.2+77.02531.3+56.9 ug h/ml

5minutova infuze je bezpecna a se srovnatelnymi
parametry jako 30min infuze




Assessment of extended-spectrum [3-lactamase, KPC carbapenemase @Cmsm
and porin resistance mechanisms in clinical samples of Klebsiella
pneumoniae and Enterobacter spp.

M.R. Jaskulski®P, B.C. Medeiros?, ].V. Borges?, R. Zalewsky?, M.E.C. Fonseca?,
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Porto Alegre, RS, Brazil

ARTICLE INFQO ABSTRACT
Article history: The emergence and spread of resistance mechanisms in Gram-negative bacilli has complicated the treat-
Received 17 January 2013 ment of serious nosocomial infections. Current automated systems for detection of Klebsiella pneumoniae

Accepted 17 March 2013 carbapenemase (KPC)-producing isolates are unreliable. One possible straightforward alternative method

isevaluation of ertapenem resistance. However, the accuracy of this method is affected by other resistance
Keywords: mechanisms such as AmpC gene expression or extended-spectrum B-lactamase production associated

Ertapenem with porin loss. This study included 128 samples of K. pneumoniae and Enterobacter spp. that were non-
(E)Srﬁtt susceptible to ertapenem. The disk diffusion and Etest method were applied to determine susceptibility
OmpF to imipenem, meropenem and ertapenem. Isolates exhibiting intermediate or complete resistance to
KPC ertapenem were evaluated for resistance mechanisms. blaygyy, blasyy, blacrw, blacry vz and blagpc genes
Resistance were tested for by PCR, and the presence of outer membrane protein was investigated by dot-blot assay.

blamen was detected in 52.9% and 10.3%, blasuyy in 29.4% and 0.94%, blacrx-w in 41.4% and 1.9% and blacrx-u-2
in 23.5% and 1.9% of K. pneumoniae and Enterobacter cloacae isolates, respectively. The blagpc gene was
present in 12.6% of Enterobacter spp. isolates. OmpC and OmpF were present in 6.6% of E. cloacae isolates.
These results indicate that several resistance mechanisms contribute to potential therapeutic failure of
carbapenem therapy and point to the need for better detection methods and surveillance strategies.

M.R. Jaskulski et al. / International Journal of Antimicrobial Agents 42 (2013) 76— 79



Assessment of extended-spectrum [3-lactamase, KPC carbapenemase
and porin resistance mechanisms in clinical samples of Klebsiella
pneumoniae and Enterobacter spp.

M.R. Jaskulski®:?, B.C. Medeiros?, |.V. Borges?, R. Zalewsky?, M.E.C. Fonseca?,
D.R. Marinowic?, M.P. Rocha€¢, P. Nodari®, D.C. Machado3d-*

Table 2
Carbapenem susceptibility of Klebsiella pneumoniae and Enterobacter spp. isolates (N=128) by Etest and disk diffusion.
Result Etest [n (%] Disk diffusion [n (%]]
IPM MER ERT 1PM MER ERT
Susceptible 74(57.8) 100(78.1) 0(0.0) 104(81.3) 97(75.8) 0(0.0)
Infermediate 32(250) 130117} 18(1411 12(9.4) 18(14.1) 12(9.4)
Resistant 22(17.2) 13_{13.2]- 110(85.9) 12(9.4) 13(102) 116(90.6)

IPM, imipenem; MER, meropenem; ERT, ertapenem.

M.R. Jaskulski et al. / International Journal of Antimicrobial Agents 42 (2013) 76— 79



Table 3

Resistance mechanisms and minimum inhibitory concentrations (MICs) detected in ertapenem-non-susceptible isolates of Klebsiella pneumaniae and Enterobacter spp.

isolate Resistance mechanism MIC (pg/mL)
ESBLs Carbapenemase
blaten blasqy blacrm blacrm-z blaypc IPM MER ERT

K. pneumoniae
1002 X x 2 3 =32
1006 X X X 0.5 1 >332
1011 X X 4 1 1.5 12
1034 X X X 0.25 .125 1
1035 X X 2 3 =32
1052 X 2 2 =32
1099 X X X 0.5 0.25 1
1158 X X X 0.5 0.5 2
2008 X 2 0.25 4
2011 X 2 0.19 it
2010 X 0.5 0.19 1.
2006 X X 0.25 0.094 1

Enterobacter cloacae
1004 X 1 0.5 B
1005 X 0.38 >32 >32
1008 X X X (135 0.5 4
1010 - o e e )
1014 X X X X X 0.75 0.75 G
1018 = Lu o]
1019 X 1 0.25 4
1022 X 2 0.5 3
1041 X 0.75 0.38 >332
1042 X 1.5 0.25 2
1044 X 3 3 =32
1053 X 0.5 1.5 »32
1068 X 0.75 0.5 1.
1079 1 2 3
1082 05 0.38 =32
1090 X 1 1 1
1097 X 1 .38 4
1102 X X 1 1 4
1113 X 1 0.5 3
1128 ¥ o o i W
1129 X 4 0.75 3]
1132 X 4 0.75 B
1136 X 2 0.75 4
1138 X 1 0.75 G
1159 X 1 1 >32

ESEL, extended-spectrum PB-lactamase; OMP, outer membrane protein; IPM, imipenem; MER, meropenem; ERT, ertapenem.

M.R. Jaskulski et al. / International Journal of Antimicrobial Agents 42 (2013) 76— 79




KPC pozitivhi kmeny enterobakterii

e ATB s uCinkem vuci KPC-pozitivnim izolatum -
polymyxiny, tigecyklin a aminoglykosidy

e Ackoliv je MIC meropenemu nizka, tak pouziti
v terapii je spojeno s vysokym rizikem selhani
pri monoterapii systémove infekce

e Ertapenem — |aboratorni markr

Bergamasco MD, Barroso BM, Oliveira GD, Cipullo R, Moreira JC, Baia C, et al. Infection with Klebsiella pneumoniae carbapenemase (KPC)-producing K. pneumoniae in solid organ transplantation. Transplant Infect Dis
2012;14:198-205.

M.R. Jaskulski et al. / International Journal of Antimicrobial Agents 42 (2013) 76— 79



Zaver

* Ertapenem:

— je bezpecny a ucinny u pacientl na JIP/kriticky
nemocnych

— ma prokazanou aktivitu vici ESBL+ kmenUim

— u pacientu s renalni insuficienci na EDD neni nutna
redukce davky

— 5minutova infuze je bezpecna
— laboratorni markr snizené citlivosti ke KAR

* Cl1gertapenemu=>T,,,.100 %



Dekuji za pozornost.



