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Introduccion

Uso racional de los antibidticos es una medida siempre deseable

— importante en ultimos afios dado el incremento de microorganismos
multiresistentes

.. y . Hydrophili tibioti Li hili tibioti
Optimizacion de ABL especial ycrophiie am2 0 =2 pophifican’ 2222
interés en pacientes criticos

e caracteristicas fisio-patoldégicas

diferenciales que implican un
comportamiento PK diferente

- Low ¥d - High vd
- Predominant renal CL - Predominant hepatic CL
- Low intracellular penetration - Good intracellular penetration

General PK

. -tvd - Vd largely unchanged
Presentan cambios: Alered ICU PK |‘,:L;ur dopendent on I -GL 1 or | dependent on
— volumen de distribucién (Vd), hepatic function
— eliminacion (semivida - t1/2), S
— penetracion y distribucion - pactams - Fluoroguinolones
tejidos , Examples - es - Macrolides
. . . . ;. - Glycopeptides - Lincosamides
— hipoalbuminemiay disfx organica - Linezolld Tigoeyeline

Roberts JA, Lipman J. Pharmacokinetic issues for antibiotics in the critically ill patient. Crit Care Med 2009;37(3):840-51.




Influencia de la fisiopatologia sobre PK de los
antibioticos

i -— i

Wariations in Variations in
extracellular fluid renal clearance
I
v : 3
Increased if: Increasad if: Decreasad if:
| plaural effusion | | ascitas | | mediastinitis | | drug abusa | | burn5| | hperdynamics | | renal impairment |
| fluidtherapy | [ cedema | | post-surgical | haemodynamically active drugs| | leukaamia |
drainages
| hypoalbuminaamia | | hypoalbuminasmia |
! ¥ v
Antimicrobial dilution Enhanced antimicrobial Reoduced antimicrobial
or loss renal excration renal excration
v ¥ +
Consider Considar Considar
dosape increase dosage increase dosage decroase

Tvd/cl— dcp

Pea F, Viale P et al. Antimicrobial therapy in critically ill patients. A review of pathophysiological conditions
responsible for altered disposition and pharmacokinetic variability. Clin Pharmacokinet 2005;44(10):1009-1034.



Volumen de distribucidn B-lactdmicos

Meropenem

Imipenem

Piperacillin

Cefpirome

Cefepime

Time Time Ceftazidime
Figure 1 ICU patients present pharmacokinetic changes of antibiotics that may alte
antibiotics in healthy volunteers (left panel). A large volume of distribution (V) (middle pane
decreased maximum concentration (Cimad but a longer half-life (Ty2) and eventually higher 1
bacteria minimum inhibitory concentration (T > MIC). The antibictic area under the concent

An increase in drug clearance (Cl) (right) is associated with decreases in AUC, Tyzand T> Mo __ o0 .

concentration.

__ Volume of Distribution (L)

Gongalves-Pereira J and Pévoa P. Antibiotics in critically ill patients: a systematic review of
the pharmacokinetics of beta-lactams. Critical Care 2011, 15:R206
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Antibidticos beta-lactamicos

e Antibidticos beta-lactamicos:
— semividas plasmaticas cortas CrnaxMIC

Concentration
dependent, e.g.

aminoglycosides
(con escasas excepciones) por loquese 2 AUC/MIC
administran en multiples dosis E o9 Sceaunaiones

| =4

— actividad bactericida tiempo dependiente _-gz i Hpation
Vé . 7 . |

— yelindice PK/PD que mas se correlaciona 8 RG-S
con su eficacia es el T>CIV| S
0

Time (h)

APPROFRIATE
(susceptiblity and
firing)

e Enfoque individualizado de dosificacion en

ADEQUATE paciente critico

e OPTIMO: segun criterios PK/PD

Fig. 1. The components of appropriate, adequate, and optimal antibiotic therapy.

Ulldemolins M, Nuvials X, Palomar M, Masclans JR, Rello J. Appropriateness is critical. Crit Care Clin. 2011 Jan;27(1):35-51



Pregunta 1

O




Target PK/PD [-lactdmicos

e In-vitro e in-vivo de animales, objetivo PD general 3-lactamicos:

% fT>MIC Bacteriostatico

Carbapenémicos 20% 40% 40-70%

Penicilinas 30% 50% fT> MIC
Aztreonam 50% 60%
Cefalosporinas 35-40% 60-70%

e Deben ser considerados como los criterios PD minimos

— pueden NO ser adecuados para el tratamiento de infecciones graves y
para prevenir el desarrollo de resistencia a los antibidticos

—> Paciente critico: beneficios clinicos con exposiciones mas altas y largas

Roberts JA, Lipmana J et al. Better outcomes through continuous infusion of time-dependent antibiotics to
critically ill patients? Current Opinion in Critical Care 2008, 14:390-396

Abdul-Aziz MH, Dulhunty JM, et al. Continuous beta-lactam infusion in critically ill patients: the clinical evidence.
Annals of Intensive Care 2012, 2:37



Target PK/PD B-lactdmicos — pacientes criticos

Preclinical studies Clinical studies
Time-dependent
Carbapenems Maximum killing® A0% T, Cinical cure® 75% T, C /MICE
Resistance suppression®™ 16:MIC; C/MIC=6-2 Microbiclogical cure” A% T,
Cephalosporins Maximum killing™ 6O-70%T . Clinical cure® 100% T,
Resistance suppression - Microbiological cure™®  60-100%T 5, 95% T,
Penicillins Maximum killing" AD-G0% T, Clinical cure -
Resistance suppression™ AD-GO0% T, Microbiological cure® A-LOT,,,

El re-crecimiento bacteriano se producira tan pronto como la
Cp B-lactamico cae por debajo de la MIC

Objetivo PD en paciente critico

100% fT>CIM
La actividad bactericida maxima se produce a Cp 4-5 x MIC 100% fT> 4-5x MIC

— especialmente con microorganismos menos susceptibles (elegido para maximizar la
probabilidad de curacidn clinica)

Paciente sepsis: reduccion de la penetracion de AB en tejidos
— Cp elevadas aumentan la PB de [ ] eficaces en tejido

Roberts JA, Ulldemolinsa M, Robertse MS, et al. Therapeutic drug monitoring of -lactams in critically ill patients: proof
of concept. International Journal of Antimicrobial Agents 36 (2010) 332-339

Roberts JA, Abdul-Aziz MH, Lipman J, Mouton JW, et al. Individualised antibiotic dosing for patients who are critically ill:
challenges and potential solutions. Lancet Infect Dis. 2014 Jun;14(6):498-509 Review.
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Antibiotics

PD targets

Percentage of patients achieving targets

References

Mercpenem, 1q tid or 3 g/day O

40% fT > MIC, with f assumed to
be 98%.
(FR according to Mystic database

PTA for MIC = 2 mg/L: bolus 1009%, CI 100%

PTA for MIC = 8 mg/L: bolus 708, O 1004
CFR for BC: bolus 10086, O 100%
CFR for PA bohss 4068, C1 100%

Roberts et al,
2000 [24]

Ceftazidime, 2 g
Cefepime, 2 g
Merapenen, 19

Piperacillin/azobactam, 45 g

0% T >4 x EUCAST breakpoint
of PA

0% T >4 x EUCAST breakpoint
of PA

40% T »4 x EUCAST breakpoint
af PA

50% T > 4 x EUCAST breakpoint
of PA

28%

16%

5%

£4%

Taccomne et al,
20010 [23]

Imipenem 1 g tid or 2 g/day 0

4% T > MIC with f assumed to
be B0%

MIC = 2 mg/L bolus dosing 88%, C1 100%

MIC =4 mg/L bolus 75%, CI 864

Sakka & al, 2007
(31]

Piperacillin/azobactam 45 g gid or 135 50% T » MIC PTA for MIC = 025 mg/L bolus 792%, T 100% Roberts et al,
qCl (FR according to Mystic database 2009 [48]
PTA for MIC = 1 mg/L bolus 60%, O 100%
CFR for 18 g/day: bolus 53.4%, O 92.5%
CFR for 135 g/day: bolus 40%, O 92.4%
Cefpirome 2 g bid 60% T = MIC PTA for MIC = 4 mg/L: bolus 80%, O (4 g/day) Lipman &t al,
10076 2001 [48]
PTA for MIC = 16 ma/L: bolus 10%, O (4 g/day)
504
Cefepime 2 g 85% f T = MIC, with f assumed to  CFR for BC: 2 g bid 789%, O (4 g/day) 96.9% Roos & al, 2006
be S0% [60]

(FR according to Queensland
Health Pathalogy Senvice

CFR for PA: 2 g bid 54%, C (4 g/day) 91.7%

Ceftazidime 1 g every 4 hours

100% T = 4 x MIC (isolated

pathogens; if negative cultures
100% T = 16 ma/L)

Cefmzidime 478%
PTA with 1 g every 3 hours 88.2%

Conil et al, 2007
(54

Gongalves-Pereira J. and Povoa P. Antibiotics in critically ill patients: a systematic review of the pharmacokinetics of b-lactams.

Critical Care 2011, 15:R206



Estudio DALI
(Defining antibiotic levels in intensive care unit patients)

e N=361 pacientes y 2 mediciones Cp: 50 y 100% tau.
— Correlacionar PK/PD observado con resultados clinicos.

Table 3. Antibiotic Data for Achievement of Phamacokin etic/Pharmacodynamic Targets® i Critically Nl Patients

Antiniotic (Mo, of Patients)

Anoodicilin Arnipicillin Cefazolin Cefepime Cetriaxone Doripenem Fipe mallin W earopanam Totd
Dioaimg and PEFD Data in=T1) =18 in=14) {n=14) in = 33 =13 in = 108) {m = 58] {h =351)
Domage par 2405, g 603560 12083120 3.0 3.0-41.00 6.0 5.0-6.0) 20 2.0-4.00 1.7 080300 120020160 30030400
50% F Tanac achisved E21% L5E% 10000% TEE% 97,05 10000% 8056% G5 0% 78 8%
B0% FT, penne achisved 16.9% 27TE% B000% 80,0 % 493.9% Ba2% 4549% GEE% 48 9%
100% F T, g achisved 183% a% TEEY% TEE% 493.9% T6.9% &70% &4T% &0 A%
100% F Taasane achisved 11.3% F23% 14.3% A% 87.89% 5% 3% 41.6% 35.0%

e Delos 248 pacientes tratados por infecciones, el 16% NO alcanzaron 50% fT>MIC
— estos pacientes eran 32% menos propensos a tener un resultado clinico positivo
— No alcanzaron el 50% ft>MIC: 20% Il vs 7% IP

e Resultados clinicos positivos directamente relacionados con TT 50 y 100 %T>CIM, con una
interaccion significativa con el estado de gravedad de la enfermedad:

— OR=1,02 aumento de los ratios 50% f T> MICy OR=1,56 el 100% f T> MIC es (p<0,03)

Roberts JA, Paul SK, Akova M, Bassetti M, et al. DALI: defining antibiotic levels in intensive care unit patients: are current [3-
lactam antibiotic doses sufficient for critically ill patients? Clin Infect Dis. 2014 Apr;58(8):1072-83.



Estrategias optimizacion PK beta-lactamicos

e [-lactdmicos mas eficaces cuando se administran en IC 2 >MIC durante todo ttm
e Lainfusidn extendida o prolongada (IE) también ha sugerido maximizar la fT> MIC
sin los inconvenientes asociados a la IC
e |ICy IE particularmente ventajosas en el tto de infecciones graves.
Meropenem 500 mg e % | --o-- Bolus 500mg gsh
20 4 Y| eeme- Bolus 1000mg ganh
_ 100.04 w0 "~1 | —#- Extended infusion 1000mg qah
a Rapid infusion (30 min) ] ‘\\ | —8— Continuous Infuslon 3000mg/2&h
% '."::...“F N 70 :: ‘ :'ullll
= I ~ &+ : Loon
= 100 e ® Extended infusion 3 60 S
o : ... i ."’H” (3 h) £ 504 Il. e
= 'I ™ ® 3 LR
i I L L —— MIC < 404 &Y
E 1 u_l. -~ @ w o 0. II '
= : v

E ] ~ @ % g || v
5] ~ e 20+ PO B
- r B ~ 10 A o, ‘}iul \"

0.1+ . , . - , R

D 2 4 G a 0.125 025 05 1.0 2.0 40 80 160 320 640 1280 256.0
Time (h) MIC (mgiL)

Roberts JA, Kirkpatrick CM, Lipman J. Monte Carlo simulations:
maximizing antibiotic pharmacokinetic data to optimize clinical

practice for critically ill patients. J Antimicrob Chemother. 2011
Feb;66(2):227-31.

David P Nicolau. Pharmacodynamic optimization of B-lactams in the
patient care setting. Review. Critical Care 2008, 12(Suppl 4):52



Caso clinico

Hombre, 59 aios

e 15/04: Ingresa en otro centro para estudio de epigastralgia y sd tdxico 2 meses evolucion
Eco abdominal: colecistitis aguda.

e 30/04: Colangiografia per CPRE

Dx: Adenocarcinoma colédoco pancreatico y neoplasia colon transverso.
® 06/05 via CTPH coloca drenaje biliar int-ext.

Durante el ingreso presenta shock séptico por colangitis:

- HC =2 E.coli cobertura con Ceftriaxona

- TC (09/05) dreas en s.VI compatibles con dreas flegmonosas/abscesos en fase de
organitzacion 6x4cm localizadas cerca del trayecto del drenaje int-ext.

Hospital Universitari de Bellvitge

® 26/05 revisidon del drenaje (via biliar intra y extrahepatica hasta la oclusion a nivel de
colédoco medio no estd dilatada) y se recambia

e 27/05: SHOCK SEPTICO:
e TC ABDOMINAL presencia de colecciones-abscesos peribiliars en segmento VI
e Colangitis. Abscesos hepaticos. Empiema pleural.



28/05: Traslado a UCI

Empeoramiento clinico

e Insuficiencia respiratoria, posiblemente por distress + componente de atelectasia
pasiva por empiema derecho

e Acidosis metabdlica con anion GAP elevado de causa multifactorial que compensa
respiratoriamente

e Sepsis: de momento hemocultivos negativos, cambio de vias y recultivo

28/05: Cultivo de BILIS = cocos G+ y de BNGs

PIPER/TAZO + TEICOPLANINA
+ MIETRONIDAZOL para cubrir anaerobios.




éOptimizacion administracion PIPERACILINA/TAZOBACT
en paciente critico?

B Se debe administrar siempre en IE de 4 horas 10%

PiperTazo no ha demostrado ventaja alguna con 20%
la administracion en IC o IE

Paciente critico la IC o IE permite alcanzarlos 70% )
objetivos PK/PD



Estudios PK en pacientes hospitalizados - PiperTazo

® PopPK piperacillin-tazobactam: pacientes hospitalizados

e Sujetos: cirugia abdominal, tordcica y colorrectal y pacientes con neutropenia e
infecciones bacterianas.

eDatos completos de 128 pacientes, y 873 muestras de Cp

=—+=—30-min infusion ==& =+ 30-min infusion =+ 0 == 4-n infusion
3.375g every 6 h 3.375g every 4 h 3.375g every 8 h
1.00 —ﬁ ﬁ ﬂ ﬁ—qqq:‘% C Q
(50% f TIMIC) i N
S 080 [
E
£
£
I o060
©
2 L
=
S 40
2
E I
2
2 020 [
o
0.00 : :
0.25 0.5 1.0 2.0 4.0 8.0 16.0 320
MIC, mg/L

Lodise TP Jr, Lomaestro B, and Drusano GL. Piperacillin-Tazobactam for Pseudomonas aeruginosa Infection: Clinical Implications of
an Extended-Infusion Dosing Strategy. Clinical Infectious Diseases 2007; 44:357-63



PK PTZ pacientes criticos: Il vs IE

e Simulaciones de Cp en 5000 pacientes, de modelos PopPK descritos

e Piperacillin/tazobactam: n=56 (complicated intra-abdominal infections)
Li C, Kuti JL, Nightingale CH et al. Population pharmacokinetics and pharmacodynamics of
piperacillin/tazobactam in patients with complicated intra-abdominal infection. JAC 2005; 56: 388—95.

2= 50% T e = T5% fTep 100% T parc
Antibiotic Dosza CTA (exduding MRSA) effect  CTA (excluding MRSA)} effect CTA [exduding MRSA]  effedt
Meropanam 1 g every 8 h (£ 0.5 h) 0.82 (0.BB) 0.75 (0.80) 062 (0.66)
1 gevery Bh (¥ 3H) 0.85 (0.91) + 0.80 (0.86) + -+ 073 (0.78) T
2 gewery Bh (F 0.5h] i0.85 (D.491] + 079 [0.84] L 069 (0.74) ++
2gewry Bh (f 3 087 (D.43) + 083 (0.89] ++ 077 (0B +++
Piperocilin'tozoboctam 3.375 g every & h (' 0.5 h) 0.79 [0.EB&) 0.60 (0.64) 036 (0.39)
3375gewrybh (' 3 i0.&4 [0.50] + [++] 0.79 [0.64) +++ 063 (067 ++++
hhgewrybh [t 05h) .60 (D56 + 065 (0.70) + (1) Q42 (04 5)
45geweryGhir 30 064 [0.90) + {++) 0E1 (0.87) ++++ Q67 (073
Cefepime 2 gevery12 h (t' 0.5 h) 0.51 (0.87) 0.74 (0.79) 0.62 (0.66)
Z2gewry 12h (' 30] 0.82 (0.EE] + 077 (0.E2) + 068 (0.7 3] +—
2 gewery Bh [t 0.5h] 085 (0.91) + 081 (0ET) - 078 (0.8 3) +++
2gevery Bh (F3H i0.86 [0.9] + 083 (0.B9] ++ 0LED [0.85) +++

Zelenitsky SA1, Ariano RE, Zhanel GG. Pharmacodynamics of empirical antibiotic monotherapies for an intensive care
unit (ICU) population based on Canadian surveillance data. J Antimicrob Chemother. 2011 Feb;66(2):343-9.



PTZ PopPK criticos: IE

-#- 4g q8h over 4 hours
=& dg q&h over 30 minutes
-# dg g6&h over 3 hours
=%- 4g q6h over 30 minutes

e Modelo PK poblacional
e n=11 pacientes criticos

e Piper/Tazo 3.375g/8h IE de 4h

Probability of target attainment I
(FT>MIC 50%)

06 1 2 4 8

. .’ . Minimum inhibitory concentration (mg/L)
e Simulacion de Monte Carlo sugiere que

. . LI 4 B
PiperTazo 4,5 g/6 h infusion de 3 h puede £ 107 At s W
s . = ! g T 4 y
ser utilizado con éxito para tratar |- T, AV T aimns
organismos con una MIC de 16 mg/L :?f-,-g - M| SRSAERELANER
@3 0.6
g2
S Q04
577
2 0.2
=]
g
o 0.0

05 1 2 4 8 16 32 64 128
Minimum inhibitory concentration (mg/L)

FIG 2 Results of the Monte Carlo simulation with the fractional target attainments against a range of MICs were determined for
piperacillin administered intravenously (i.v.) for either 30 min or 4 h every 8 h as well as for 30 min or 3 h every & h (A}, and 3 g piper
either 30 min or 4 h every 8 h as well as 4 g piperacillin administered i.v. for 30 min or 3 h every 6 h (B).

Felton TW, Hope WW, Roberts JA. How severe is antibiotic pharmacokinetic variability in critically ill patients and what
can be done about it? Diagn Microbiol Infect Dis. 2014 Aug;79(4):441-7.



PTZ pacientes criticos: Il vs IC

e Modelo PopPK, 16 pacientes criticos con fx renal normal
e Dosis: 12g/dia en grupo de IC; 4g/6-8h en grupo de II.
e Concentraciones > en grupo de IC
— Simulaciones 2000 pacientes
— IC permite mayor probabilidad de alcanzar objectivo PD 50%ft>MIC (93% vs 53%)

Table 3
Probability of target attainment by minimum inhibitory concentration (%) for various bolus, extended and continuous dosing strategies of piperacillin in critically ill patients
with sepsis.

MIC {mg/L) % frequency from MYSTIC database [41] Bolus dosing Extended infusion Continuous Infusion

3z qh 3 g gbh 4g¢ g8h 4 g qbh 4gqgih 4z qbh 8 g/day 12 g/day 16g/day

0,125 0 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00

025 0 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00

05 0 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00

1 54 58 4776 31.82 2558 3411 4263 50,05 5458 5458 5458

z 21.584 16.38 10,52 B.87 11.83 1570 1819 2184 2184 2184

4 851 554 197 3.5 436 G624 7.13 951 951 951

] 548 274 1.82 1.54 2.06 326 3.66 1.89 548 548

16 175 0.66 044 0.38 051 093 1.02 044 045 0.66

32 205 0.51 034 0.32 043 0.00 1.03 032 035 035

G4 0.63 0.08 006 0.06 0.08 0.00 0.0 0.06 007 007

128 416 0.00 0,00 (.00 0.00 0,00 U0 0,00 0.0 000

CFR 7407 4937 40,03 5338 GBS 81,08 8864 9235 a2 53
The target chosen was 50% fr..pic. Data for piperacillin susceptibility includes various pathogens isolated. MIC, minimum inhibitory concentration; g4h, every 4 h; goh, every
6h; gBh, every B h; CFR, cumulative fraction of response,

Roberts JA et al. First-dose and steady-state population pharmacokinetics and pharmacodynamics of piperacillin by continuous
or intermittent dosing in critically ill patients with sepsis. International Journal of Antimicrobial Agents 35 (2010) 156-163



PTZ pacientes criticos: Il vs IC

n=40 pacientes criticos sépticos
PiperacilinalC(2gD*+8gen 24 h(n=20))oll(3g/6h durante 0,5 h (n = 20))

Eficacia clinica de piperacilina en IC > |l en pacientes criticos.
— Cambios en APACHE Il desde el inicio hasta el final del segundo, tercer y cuarto dia,
respectivamente, fueron 4.1, 5.1y 5.2 paralCy 2,0, 2,6 y 2,8 para la Il (P <= 0,04).
— Mortalidad debida a infeccion: menor en IC vs Il (40% (2 de 5 pacientes) y 67% (4 de 6

pacientes), respectivamente, P = 0,38).

Se aislaron 10 patogenos de 8 pacientes en el grupo ICy 6 patdogenos de 4
pacientes en el grupo Il.

MIC patdégenos % T>MIC

IC proporciona Cp medias superiores IC I
quelall 16 mg/L 100% 62%
32 mg/L 65% 39%




Augmented Renal Clearance (ARC)

e N=61 pacientes criticos
e 48% NO alcanzé la PK/PD 100% fT> MIC, casi el 80% tenian CICr> 130ml/min

— 7 de 19 pacientes (37%) que presentan un aclaramiento de creatinina> 130 ml / min no alcanzaron la
PK/PD minimo del 50% fT> MIC.

e Analisis multivariante = CICr fue un predictor independiente de no alcanzar el
objetivo PK/PD

100~ Table 2 Multivariate regression model with attainment of
100% fT.mic as dependent variable.
A0 Attainment of 100 % fT. e as dependent
E variable
L"l_ 60— B P value Exp(B) 95% Cl for
c Exp(B)
m
= 40— Lower Upper
Creatinine clearance -0028 0002 0972 0955 0990
20 {mL/min)
Weight (ka) =000 0114 0551 0915 1010
o= Age [years) 0.020 0331 1.020 0580 1063
NO ARC ARC Constant 5788 0033 32634
Figure 2 Mean % T4, for patients with and without ARC.

Carlier M, Carrette S, Roberts JA et al. Meropenem and piperacillin/tazobactam prescribing in critically ill patients: does

augmented renal clearance affect pharmacokinetic/pharmacodynamic target attainment when extended infusions are used?
Critical Care 2013, 17:R84



Piper/Tazo IEo IC

Augmented Renal Clearance (ARC)

— Factores: edad <50, trauma y SOFA<4

6p 3p 1p
Free Piperacillin
ARC Score <6 in=5 ARC Score = 7 (n = §) P
Wolume of distribution, Likg 0.37 (0.29-0.52) 1.23 (0.77-2.23) 0.0
Clearance, mL/kg/min 2.5 (1.7-4.5) 123 (53-17.5) .00
AUC, hrpg'mL 2339 (176.9-453.0) To4 (503-101.7) 000
Peak, pg/mL E0E (65.0-157.9) 350 (292-54.T) 0.0
Trough, pz/mL 11.7 (4.5-28.8) 2.7 (0.8-5.6) (IR N

Data are presented as mean (5D0) or median (T0R).

Simulaciones sugieren que el uso de IP
permitiria superar el rapido Cl de
farmaco

Se necesitan estudios prospectivos para
determinar ajustes de dosis adecuados

Prob. of Target Attainment ([ T=MIC =50%)

Prob, of Target AttatnmentF T=MIC =50%)

Prob. of Target Attainment (f T=MIC =50%)

101

a0

Gl
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D—-—-:-:-Q‘_\h _ﬁ“m o
~ \\ o
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\\ \\ \D —®— g qfh [Low ARC)
______________ X D g ghh (Low ARL)
NN ", ——y——— g qfh (Iligh ARC)
\\'\\ N, —he—= dg gqhih (Iligh ARC)
N 4 ‘\ - —% —  Continwous infusion 12g/d (High AR
*, \ \\:I\ s=—DO—-— Comtinuous infusion 1eg/d (High AR
N
~ b
L
Tyl=
1 2 4 ] 16 i

A
3
b

w,

1 2 4 ] 16 32
MIC (ug/mL)
N

.\E. N,

N\

—®— 3 g gq6h, 4h infusion (High ARC,

L = B 4 g g6h, 8h infusion (High ARC
———%——— 75 g qRh, 4h infusion (High ARC
—c—dfee— 4 g g&h, 4b infusion (High ARC

—®— Continuous infusion 12g/d (Hig
""""" e Continuens infusion 14g/d (Hig
—=——v——— Continucus mfusion 16g/d (Hig
+—=-+= Continuous infusion 18g/d (Hig
Continuous infusion 24g/d (Hig

2 4 L] 16 32

MIC {ug'mL)

Akers KS, Niece KL. Et al. Modified Augmented Renal Clearance score predicts rapid piperacillin and tazobactam
clearance in critically ill surgery and trauma patients. J Trauma Acute Care Surg 2014 Vol 77, Number 3, Supplement 2



é¢Beneficios clinicosconlalCo IE?

B L3 IP de todos los B-lactamicos ha demostrado
menor mortalidad 25%

La IP de todos los B-lactamicos ha demostrado
mayor curacion clinica 15%

En el subgrupo de pacientes criticos se ha

demostrado mayor beneficio clinico con ICo IE

60%
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Clinical Outcomes With Extended or
Continuous Versus Short-term Intravenous
Infusion of Carbapenems and Piperacillin/
Tazobactam: A Systematic Review and
Meta-analysis

ICy IP | -Carbap/PiperTaz | -14 estudios — 1229 pacientes (Carbap 3 estud n=302, Piper/Tazo 7 estud n=806)
vsil | -UClyno UCI -Pacientes tratados con IP (23 horas) o IC (24 horas) vs Il (20-60 minutos)
Extended or continuous  Short-term Risk Ratio Risk Ratio
Study or Subgroup Deaths Total Deaths Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.1.1 Extended vs short-term
Do 2011 ] &7 11 54 171%  059[0.25 1.358] ——
Esterly 2010 12 42 T 20 11.7%  1.18[0.53, 2.64] ——
Iabashi 2007 1 18 9 24 10.9% 0.15([0.02,1.07] B c— |
Lodise 2007 a 102 14 892 20.7% 0.58 [0.26, 1.28] —=r
Palel 2009 4 70 5 58 76%  0G7[0.19, 240 —_——
Wang 2008 1] 15 1] 15 Not eslimabla
Subtotal (95% Cl) 314 273 68.0% | 0.63[0.41,0.95] .
Total events 34 46
Heterogeneity: ChiF = 4.94, df= 4 (P=0.34); F=11%
Testfor overall effect £= 218 (P =0.03)
1.1.2 Continuous vs shori-term
Grant 2002 0 47 5 51 74% 010[0.01,1.73] S A [T
Lau 2006 1 130 1 132 4.2% 0.34 [0.04, 3.21] M
Lorente 2003 g a7 14 46 17.6% 0.71 [0.33, 1.51] —
Okirnoto 2009 0 25 0 25 Mot estimable
Roberts 2010 0 8 0 ] Mot estimable
Sakka 2007 1 10 2 10 28% | 050[0.05 4.67] —t
Subtotal (95% Cl) 257 272  32.0% | 0.50 [0.26, 0.96] L 3
Total events 10 24
Heterogeneity: Chi*= 2.18, df= 3 (P =0.54); F= 0%
Test for overall effect Z= 2,07 (F = 0.04)
Total (95% CI) 571 545 100.0% | 0.59[0.41, 0.83] L 4
Total events 44 70 |
Heterogeneity. Chi® = 6.84, di = 8 (P = 0.55), F= 0% dl.uuz 051 1 150 5ni:|

Test for overall effect Z= 2897 (F=0.003)

Against shori-t Against extendlconti
Test for subaroun differences: Chit= 0.32. df=1 (P= 0.57). P= 0% T e S TR i

Figure 2. Forest plot depicting the risk ratios of moriality of patients receiving extended or continuous versus short-term infusion of carbapenems anc
piperacillin/tazobactam, strafified by continuous and extended infusion. Vertical line, "no difference” point between the 2 regimens; squares, risk ratios
diamonds, pooled risk ratios; horizontal lines, 395% confidence interval. Abbreviation: Cl, confidence interval.

Falagas ME, Tansarli GS, Ikawa K and Vardakas KZ. Clinical Outcomes With Extended or Continuous Versus Short-term Intravenous
Infusion of Carbapenems and Piperacillin/Tazobactam: A Systematic Review and Meta-analysis. CID 2013:56 (15 January)



Clinical Outcomes With Extended or
Continuous Versus Short-term Intravenous
Infusion of Carbapenems and Piperacillin/
Tazobactam: A Systematic Review and
Meta-analysis

Exdended or conlinuous  Shori-term Risk Ratio Risk Rafio
Study or Subgroup D eaths Total Deaths Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.2.1 Carbapenems
Esterly 2010 12 42 7 28 11.7%  1.18(053,2.64] ——
labashi 2007 3| 18 g 24 108% 015(002,1.07] e —|
Okirmoto 2009 0 25 0 25 Mot estimable
Sakka 2007 1 10 2 10 28% _ 050/005 4671 ———
Wang 2009 0 15 0 15 Mot estimable
Subtotal (95% CI) 110 103 25.3% | 0.66[0.34, 1.30] .
Total events 14 18

Heterogeneily: Chi®= 427, df= 2 (P =0.12); F=53%
Test for overall effect: Z=1.20 (P= 0.23)

1.2.2 Piperacillin/ tazobactam

Grant 2002 0 47 ] a1 T4% 010[001,1.73) e

Lau 2006 1 130 3 132 4.2% 0.34 [0.04,3.21] T

Lodise 2007 9 102 14 82 207%  0.58(0.26,1.28] —T

Lorente 2008 8 a7 14 46 176% 0.71[0.33,1.561) s

Patel 2008 4 1] ] 58 T6% 67 10,19, 2 40

Roberts 2010 0 8 1] 8 Mot estimable

Subtotal (95% CI) 394 388 57.5% | 0.55[0.34,0.89] RR =0.55
Total events 22 f 0 _
Heterogeneity Chi*=211,di= 4 {F=072),F=0% IC95 A 034 089
Test for overall effect: Z= 2.44 (P=001)

1.2.3 Carbapenems or Pipiperacilliniazobactam

Dowy 2011 a 67 11 54 171% 0.59 [0.25,1.35] .

Subtotal (95% CI) 67 54 17.1%  0.59[0.25, 1.35] E 3

Total events 8 1

Heterogeneily. Mot applicable
Test for overall efect: Z=1.25 P=0.21)

Total (95% CI) 571 545 100.0% 0.59[0.41,0.83] L —
Total events 44 70

Heterogeneily: Chi= 6.84, df= 8 (P = 0.55): "= 0% s — =
Test for aoverall effect: Z= 2.97 (P= 0.003) TR g GG
Testfor subaroun differences: Chi*= 0.19, df= 2 (P = 0.01), F = 0% USRI TR AP D B DAI

Figure 3. Forest plot depicting the risk ratios of mortality of patients receiving extended or continuous versus short-term infusion of carbapenems ar

Falagas ME, Tansarli GS, Ikawa K and Vardakas KZ. Clinical Outcomes With Extended or Continuous Versus Short-term Intravenous
Infusion of Carbapenems and Piperacillin/Tazobactam: A Systematic Review and Meta-analysis. CID 2013:56 (15 January)



Clinical Outcomes With Extended or

Continuous Versus Short-term Intravenous
Infusion of Carbapenems and Piperacillin/
Tazobactam: A Systematic Review and

Meta-analysis

Extended or continuous  Short-term Risk Ratio Risk Ratio
Study or Subgroup Success Total Success lotal Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.1.1 Carbapenems
Lorente 2006 38 42 28 47 11.5% 1.5211.18, 1.96] ——
Okimoto 2009 20 25 19 25 101% 1.05[0.78, 1.41] —
Wang 2009 15 15 15 15 171% 1.00[0.88,1.13) -
Subtotal (95% CI) a2 87 38 1.16 [0.82, 1.65] *
Total events 73 62
Heterogeneity: Tau®= 0.08; Ch*= 15.20, df = 2 (P = 0.0005), F= 87%
Test for overall eflect Z= 0,84 (P = 0.40)
1.1.2 Piperacillin/ tazobactam
Buck 2003 8 12 g 12 4.3% 1.00[0.57, 1.76] A T
Grant 2002 i 47 42 81 161% 114 [0.98,1.37 -
Lau 2006 70 g1 76 g6 17.5% 0.98(0.87,1.10) -
Lorente 2009 kx| 37 26 46 107% 1.59[1.20, 2.08] ———
Roberts 2010 8 g 8 8 128% 1.0010.80,1.251 e
Subtotal (95% CI) 185 203 61.3% 1.41[0.95,1.31] R
Total events 163 160
Heterogeneily: Tau®= 0.02; Chi*=11.99, df=4 (P = 0.02); P=67%
Testfor overall effect Z=1.28 (F = 0.20)
Total (95% CI) 267 290 100.0% 1.13 [0.99,1.28} »
Total events 236 122
Heterogeneily: Tau*= 0.02; Chi*= 23.97, df=7 (P = 0.001); = 71% o3 1 & 1

Test for overall effect Z=1.76 (F = 0.08)
Test for suboroun diferences: Chi*= 005, df=1 (P=082), F= 0%

Figure 4.

Fav short-term  Fav extendedicontinuous

Forest plot depicting the risk ratios of clinical cure of patients receiving extended or continuous versus shor-tem infusion of carbapenems

and piperacillin/tazobactam, stratified by continuous and extended infusion. Vertical line, “no difference” point between the 2 regimens; squares, nsk
ratios; diamonds, pooled risk ratios; horizontal lines, 95% confidence inferval. Abbreviation: Cl, confidence interval

Falagas ME, Tansarli GS, lkawa K and Vardakas KZ. Clinical Outcomes With Extended or Continuous Versus Short-term Intravenous
Infusion of Carbapenems and Piperacillin/Tazobactam: A Systematic Review and Meta-analysis. CID 2013:56 (15 January)



Study or Subgroup

Prolonged infusion versus intermittent boluses of 3-lactam
antibiotics for treatment of acute infections: a meta-analysis

Jocelyn Teo, Yixin Liew, Winnie Lee, Andrea Lay-Hoon Kwa*

IC+IP -Cefalosp/
VS PipeTaz/

-29 estudios — 2206 pacientes

(1620 pacientes para analisis de mortalidad, 1546 para curacién clinica)

Angus 2000
Buijk 2001
Chytra 2012
De Jongh 2008
Dow 2011
Dulhunty 2012
Fahimi 2012
Georges 2005
Grant 2002
Hughes 2009
Lagast 1983
Lau 2008
Lodise 2007
Lorente 2008
Fatel 2009
Rafati 2006
Roberts 2007
Roberts 2009
Roberts 2010
Sakka 2007
Wang 2009

Total {95% Cl}
Total events

Heterogeneity: Chi*=1620, df= 18 (P = 058); F= 0%
Testfor overall effect: Z=3.54 (P = 0.0004)

Il Carbapenems - -
P - Criticos o no criticos
Mortality Clinical success
Prolonged Infusion  Intermittent Bolus Risk Ratio Risk Ratio Prolonged infusion  Intermittent bolus Risk Ratio Risk Ratio
Events Total Evemis _ Total Weight M.H,Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup Events Total  Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

3 1o g 6% 0.3700.14,098) Bodey 1079 48 74 52 92 50% 1.15[0.00,1.47] =

i 5 Y - {glz fg?} I Buck 2005 g 12 8 12 1.6% 1.00[0.57, 1.76] -+
0 B 0 6 ' .Nol e.siill'rla.hle Chytra 2012 88 106 a1 10m8 7.5% 1.11[0.96,1.27] r
i o~ T 54 B6% 059025135 S De Jongh 2008 6 b B B 4.2% 1.00[0.75,1.34] =
3 30 6 0 43%  050[0.14.182] Dulhunty 2012 23 30 15 0 27% 1.53[1.02, 2.31) —

17 H 20 300 144%  082(0.55 1.24)] - Georges 2005 22 26 16 24 3T% 1.27]0.92,1.76] (=
3 26 3 24 2.72% 0.92 [0.21, 4.14] Grant 2002 44 47 42 51 7.3% 1.14[0.98,1.37] wl
0 47 5 51 37% 010[0.01,173) ¢ Hanes 2000 10 17 10 14 1.9% 0.82[0.45,1.38] o
5 78 3 20 31%  0.74[0.20,279) Lagast 1983 14 20 20 25  34% 0.88[0.62 1.24 -r
5 20 4 25  25%  156[0.48, 508 Lau 2006 9 128 104 130 7.7% 0.94[0.82,1.07] b
1 130 3 132 21%  034[0.04,321] Lorente 2006 38 42 28 47 49% 1.52[1.18,1.96] -
3 102 2 82 157%  038[0.18,080] i Lorente 2007 50 56 3 B5  5.0% 1.71[1.33, 2.19] -
E 3; 1; ;g gg: g;; {gfg ;j;} T Lorente 2009 33 37 26 46 45% 1.581.20, 2.08] -
5 20 6 20 43% 083030, 2.29] h‘.‘bals':hzégaa ?; ‘1”? 132 :g 23: :'102 JLAT, 15 L
3 23 0 28 04% 677037, 12532 lcofau - 1310.89,1.43) i
i - G 5 04% 600 (020,8369] Roberts 2007 2 2 2 2% 6.8% 1.09[092,1.29)
5 5 o 5 i selimzhia Roberts 2010 e 8 8 8 55% 1.00 [0.80,1.25] T
1 10 2 10 1.4%  050[0.05 467) wan Zanten 2007 37 40 40 43 7.9% 0.99[0.88,1.12 1
1 15 ] 15  4.3% 017 [0.02,1.22) Wang 2008 15 15 15 15 7.8% 1.00[0.88,1.13)

859 789 1000%  0.66 [0.53,0.83] 4 Total (95% Cl) 747 799 100.0% 1.12[1.03,1.21] !
% 137 Total events 617 a78
bor oh 10 70| Heterogeneity: Tau®=0.02; Ch*= 48.96, df= 18 (P = 0.0001); = 63% TR e
RR 0 66 Favours Infusion Favours Bolug | Testfor overall effect Z=2.71 (P = 0.007) RR 1 12 ’ FEVQU.FS bolus| Favours Infusion

1C95% 0.53-0.83

1C95% 1.03-1.21

Teo J, Liew Y, Lee et al. Prolonged infusion versus intermittent boluses of beta -lactam antibiotics for treatment of acute

infections: a meta-analysis. International Journal of Antimicrobial Agents 43 (2014) 403-411



Prolonged infusion versus intermittent boluses of 3-lactam

antibiotics for treatment of acute infections: a meta-analysis

Jocelyn Teo, Yixin Liew, Winnie Lee, Andrea Lay-Hoon Kwa*

Subgroup analyses of included studies.

Study subgroup Mortality Clinical success
No. of No. of Summary risk 2% No. of No. of Summary risk 2%
studies patients ratio (95% CI) studies patients ratio (95% CI)
RCTs 10 779 0.83(0.57-1.21) 0 14 1125 1.05(0.99-1.12) 0
Non-RCTs g 841 0.57 (0.42-0.76) 0 5 421 1.24 (1.02-1.76) a0
Penicillins 3 974 0.60 (0.45-0.82) 0 5] 491 1.08 (0.94-1.25) 60
Cephalosporins 5 191 0.92 (0.52-1.63) 33 9 662 1.11(0.98-1.25) 65
Carbapenems 4 274 0.74(0.42-1.28) 28 3 333 1.16(0.93-1.46) 33
Equivalent daily dose 10 813 0.82 (0.56-1.20) 0 10 934 1.22 (1.05-1.43) 75
APACHE Il score =15 10 861 0.63 (0.48-0.81) 9 8 663 1.26 (1.06-1.50) 83
All studies 19 1620 0.66 (0.52-0.83) 0 19 1546 1.12(1.02-1.21) 63

Cl, confidence interval; RCT, randomised controlled trial; APACHE, Acute Physiology and Chronic Health Evaluation.

Numbers in bold denote statistically significant results.

- UCI patients with APACHEII 215
- Penicilinas (incluye PiperTazo)

Mortalidad mas baja con IP:

Mejor curacion clinica con IP:

- UCI patients with APACHEIIl 215

e Las diferencias en mortalidad y curacidn clinica se detectaron solo en estudios observacionales, no en ECA.

e Enelsubanalisis de los estudios que utilizan dosis equivalentes en las dos administraciones no se observé
mejora en la mortalidad pero si en curacion clinica.



Prolonged vs intermittent infusion of piperacillin/ftazobactam in
critically ill patients: A narrative and systematic review ~

Erlangga “usuf, MD, FPhD™ & B Herbert Spapen, MD, PhD”, Denis Piérard, MD, PhD®

Solo estudios de pacientes UCI
en ttm con PiperTazo

-2 EC
-6 retrospectivos

e Andlisis de estudiés PK/PD = beneficio de IP

e Estudios de beneficio clinico:
— 2 ECA no mostraron diferencias

Estudios PK/PD proporcionan un sdlido
fundamento para preferir IP vs |l de PTZ

* Rafati— mortalidad - Problemas metodoldgicos ¢ ?

e [au—curacion clinica y microb

— De 6 estudios de cohortes retrospectives:

* 2 no mostraron diferencias en mortalidad (Fahimi; Gong¢alves)

e 4 mostraron beneficio clinico con IP:

— Lee —menor mortalidad a los 30 dias

— Lodise — menor mortalidad a los 14 dias en pacientes con APACHE >17
— Lorente - tasa de curacion clinica superior y menor duracién de la estancia hospitalaria

— Waxler - menor duracion VMI

EVIDENCIA:
Strong/moderate/limited/conflicting/no evidence

Evidencia moderada de un mejor
resultado en los pacientes criticos con IP



Crit Care Resusc. 2013 Sep;15(3):179-85.

A protocol for a multicentre randomised controlled trial of continuous beta-lactam infusion compared with
intermittent beta-lactam dosing in critically ill patients with severe sepsis: the BLING Il study.

Dulhunty JM*, Roberts J&, Davis JS, Webb SA Bellomo B, Gomersall C, Shirwadkar €, Eastwood GM, Myburgh J, Paterson DL, Starr T, Udy A&, Paul SK, Lipman
J; Australian and New Fealand Intensive Care Society Clinical Trials Group; Australasian Society for Infectious Diseases Clinical Research Metwork.

e Actualmente en curso Ensayo multicéntrico, aleatorizado - Beta-lactam Infusion Group [BLING]

— Comparacion de IC vs Il en pacientes criticos, independiente de la dosis controlada.

— N=420 pacientes de UCI con sepsis severa
— En ttm con ticarcilina-acido clavulanico, piperacilina-tazobactam o meropenem

— Variable principal: UCIfree a los 28 dias

— Secundarias: supervivencia 90 dias, curacion clinica 14 dias, dias sin insuficiencia érganos en
el dia 14 y la duracion de la bacteriemia.



28/05 - Pipertacilina/Tazobactam 4g/6h Il 30 min + Metronidazol + Teicoplanina.

Cultivo de BILIS = Pseudomonas aeruginosa + Enterococcus faecium

PIPERACIL LINA, PENICIL.LINA
PIPERACIL LINA-TAZOBACTAN AMPICIL.LINA
TICARCIL LIMA TEICOPLAMINA
CEFTAZIDIMA, WANCOMICIMA
ATTREONAM LEVOFLOXACINO
CEFEPIME CLINDAMICINA
GENTAMICINA, FOSFOMICIMA
TOBRAMICINA DAPTOMICINA
AMIKACINA _ SYNERCID
Pseudomonas aeruginosa multirresistente 30/ 05

e (Ceftazidima en perfusion continua

* + Ciprofloxacino a dosis plena (completar 3
dias)

®* Mantener Metronidazol + Teicoplanina.




Evolucion de los patrones de resistencia
UCI

1999 2000 2001 2002 2003 2004 2005 20062007 2008 2009 2010 2011 2012
n° Pacients  (140) (155) (165) (166) (173) (186) (149) (146)(137)(135)(132) (112) (167) (132)
IMMEQUI AG R-L
S S 48% 35% 39% 35% 34% 24% 23% 23% 20% 15% 23% 31% 34% 27%
S IR 8% 10% 6% 8% 7% 9% 7% 4% 5% 6% 5% 2% 1% 4%
RSIR 15% 14% 12% 9% 8% 8% 7% 6% 7% 4% 5% 1% 4% 2%
SSIR 4% 6% 3% 5% 5% 9% 6% 4% 3% 10% 8% 2% 3% 4%
RSIR 1% 5% 4% 9% 5% 9% 9% 11% 15% 9% 4% 7% 2% 2%
S S 2% 6% 7% 6% 5% 3% 5% 3% 3% 2% 1% 4% 4% 3%
R IIR 5% 12% 11% 13% 23% 29% 32% 28% 30% 30% 39% 36% 26% 43%
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P. aeruginosa: Resistencia antibiotica en UCI
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PD target CEFTAZIDIMA

e Modelo PK in vitro: simula concentraciones de farmaco en suero

100
100
£ ?
¢ :

1

0O 4 8 12 16 20 24 28 32 36 o 4 8 12 16 20 24 28 32 36

time ( hours ) time { hows )

FIG. 2. Typical example of concentration-time curves of ceftazi- FIG. 3. Typical example of concentration-time curves of ceftazi-
dime during intermittent bolus injection at every eighth hour (300 dime during continuous infusion (300 mg/liter/24 h). Crosses, central

mg/liter/24 h). Crosses, central compartment; triangles, peripheral compartment; triangles, peripheral compartment.
compartment.

Cp sostenidas alrededor o ligeramente > MIC no son suficientes para mantener la
eficacia

e Paraalcanzar Cp >4 x MIC - la administracién IC es mas eficaz que Il

Mouton JW, den Hollander JG. Killing of Pseudomonas aeruginosa during continuous and intermittent infusion of
ceftazidime in an in vitro pharmacokinetic model. AAC 1994 May;38(5):931-6.



CEFTA: Pacientes alcanzan target PD y tiempo > MIC

Antibiotics

PD targets

Percentage of patients achieving targets

References

Ceftazidime, 2 g

0% T = 4 x ELWCAST breakpoint
aof PA

28%

Taccone et al,
2010 [23])

Ceftazidime 1 g every 4 hours

100% T > 4 = MIC (isolated
pathogens; if negative cultures
100% T = 16 mg/L)

Ceftazidime 47 8%
PTA with 1 g every 3 hours 882%

Conil et al, 2007
[54]

Ceftazidime 2 g tid

0 T = 5 = MIC
MIC = 8 mg/L (PA break point)

10%

PTA for CI (6 g/day) 60%

Yourg et al, 1997
[55]

Ceftazidime 2 g tid or 6 g/day Cl

0 T = 5 = MIC
MIC = 8 mg/L (PA break point)

Bolus 20%

11009

Lipman et al,
1999 [68]

Ceftazidime 15 g tid or 45 g/day O

T > 4 x MIC plasma and
peritoneum (jsolated pathogens)

Flasma: bolus dosing 100%, O 100%

Peritoneurn: bolus 88%, C 100%

Buijk er al, 2002
[74]

Ceftazidime 2 to 6 g/day O

1009 T = 5 x MIC

MIC = 8 mg/L (PA break point)
Target concentration 40 + 10 mg/
L

3509%

Aubert et al, 2010
[72]

Ceftazidime 2 g tid or 3 g/day Cl

T= MIC
MIC = 4 mg/L (MIC of one isolated
PA)

Percentage of time on target (mean)

Bolus T=92%; O T = 100%

Benko et al, 1995
[67]

Ceftazidime 2 g tid or 60 mg/kg/day Cl

T = MIC (ilsolated pathogens)

Bolus T =920%; CI T = 100%

Hanes et al, 2000
70l

Gongalves-Pereira J. and Pdvoa P. Antibiotics in critically ill patients: a systematic review of the pharmacokinetics of b-lactams.

Critical Care 2011, 15:R206



PopPK Ceftazidima pacientes UCI

=#—Loading dose (2 g) and continuous administration & g/day (n=28)
180 -

® N=72 paCier ::+Dimtimoutmmlwmhnnxsﬁdny{n=22}

| . =e=Continuous administration & giday (n=22)

—
o
=2

3

e 443 muestre

B

2 3 B

Observed concentration (mg/liter)
g

® 3 2rupos po:
—2g/8h 11 3 _,
- 6 g IC ' ’ ‘ Tlmc::muul N m H
FIG. 1. Mean (£5D) ceftazidime concentrations (mg/liter) versus time in 72 ICU patients.
—D*2g +6g IC

e - =4
Pl I

Georges B, Conil JM, et al. Population Pharmacokinetics of Ceftazidime in Intensive Care Unit Patients: Influence
of Glomerular Filtration Rate, Mechanical Ventilation, and Reason for Admission. AAC, Oct. 2009, p. 4483-4489



PopPK Ceftazidima pacientes UCI

Covariables:

v'Tasa de filtrado glomerular
v'Ventilacién mecanica
v'Motivo de ingreso UCI

TABLE 2. Objective function, pharmacokinetic parameter thetas,
interindividual variability omegas, and intraindividual variability
sigma (CV%) in the basic, intermediate and total model®

TVCL=THETA(1)+THETA(2)*MDRD
CL=TVCL*EXP(ETA(1))

V1=TVV1*EXP(ETA(2))
Ventilacion mecanica NO = TVV1=THETA(3)
SI = TVV1=THETA(4)

TVQ=THETA(5)

V2=TVV2*EXP(ETA(4))
Paciente politrauma = TVV2=THETA(6)
Paciente postlQ =2 TVV2=THETA(7)
Paciente médico 2 TVV2=THETA(S8)

Value
Parameter Basic model  Intermediate  Final model
ir =49) model (r = 49) (n =72)

Objective function 1,818 1,730 2,588
Theta 1 (liters/h) 462 (10%) 220 (21%)  2.24(27%)
Theta 2 0.023 (18%)  0.024 (23%)
Theta 3 (liters) 10.70 (13%) 2230 (15%) 1890 (10%)
Theta 4 (liters) 9.24 (13%)  9.02(9%)
Theta 5 (liters'h) 12.80 (14%) 1420 (13%)  15.20(13%)
Theta 6 (liters) 4490 (22%) 7740 (14%) 5710 (12%)
Theta 7 {liters) 27.50 (17%) 2570 (18%)
Theta & (liters) 1550 (20%)  13.60 (26%)
Interindividual variability

Omega CL 023 (30%) 008 (28%)  0.09 (24%)

Omega V1 0.22(95%)  0.19 (74%) 0.12 (86%)

Omega O 0.56 (80%) 051 (68%)  0.50 (38%)

Omega V2 084 (47%) 017 (133%)  0.11(116%)
Intraindividual variability

Sigma 0.05 (18%) 0.5 (12%) 0.05 (13%)
PE=

Mean PE —0.5% 0.047%: — 2%

Mean APE 3% 2% NG

Median PE —11% — 4% — 6%

Median APE % 27% 267

AFE 1.15 1.0% 1.11

# Bee the text for the equation describing the wial model

Georges B, Conil JM, et al. Population Pharmacokinetics of Ceftazidime in Intensive Care Unit Patients: Influence
of Glomerular Filtration Rate, Mechanical Ventilation, and Reason for Admission. AAC, Oct. 2009, p. 44834489
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D* 2g + 6g PC
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FIG. 3. Simulated concentrations of ceftazidime for

Time (hours)

o
o
||.J'
'“f."'r'

e

"

Time (hours)

olyirauma patients with mechanical ventilation as a function of creatinine clearance as

estimated by MDRI and ranging from 30 to 180 ml/min after a 2-g loading dose followed by a 6-g/day continuous infusion (A) or discontinuous
administration of 2 g every 8 h (B). The solid red lines correspond to the steady-state target concentration calculated as five times the pew

European breakpoint of 8 mo/liter.

Target PD = 40mg/L = fT>5xMIC (=8)

Simulaciéon POLITRAUMA + VMI

- No se alcanza el 100% fT>5xMIC con la administracidn discontinua.
- 100% fT>5MIC Sl se alcanza con una dosis de 6 g/dia = sdélo para pacientes MDRD <150 ml/min

Georges B, Conil JM, et al. Population Pharmacokinetics of Ceftazidime in Intensive Care Unit Patients: Influence
of Glomerular Filtration Rate, Mechanical Ventilation, and Reason for Admission. AAC, Oct. 2009, p. 44834489




Simulaciones MonteCarlo Ceftazidima

Ceftazidime: 2 g loading dose + continuous infusion at 72 h

100% iz 52 Bz 10g T2
e i > L L *
0% 7
i
) !
£ = 80% i e . i’f -.-_-'H s .. = —a_a
E E 70%_/( N Recommended dosage regimen to reach the maximum percentage of
-
5 E 0% ',:'/ ICU patients with a 40-100 mg I' target interval concentration at steady-
F l;n 50% Il state after a 2 g loading dose and continuous infusion expressed as a
E S o » function of glomerular filtration rate estimated by MDRD whatever the
E s /. /-”’ reason for admission and the mechanical ventilation status
T 0%
v d ./l
LI 11 — ,.«4
i o
10% ___J,.——-/' Recommended dosage: 2 g
ol o MDRD {mil mibm—") loading dose followed by
0 30 &l
10-30 4 g day!
40-80 6 g day™!
. 00-110 B g day!
Figure 2 120-190 10 g day’
Percentage of simulated patients with 72 h ceftazidime concent: dav-T
continuous infusion doses as a functicn of glomerular filtration ra — L m
ventilation status. The coloured arrows present the recommended

Optimizacion Ceftazidima

e Dosis de carga: 2g + IC segun funcién renal: 4-6g/24h

Georges B, Conil JM, et al. Ceftazidime dosage regimen in intensive care unit patients: from a population
pharmacokinetic approach to clinical practice via Monte Carlo simulations. Br J Clin Pharmacol / 73:4 / 588-596



30/05
* Inicio CEFTAZIDIMA IC = D*2g + 6g IC

28/05: Cultivo de BILIS = crecimiento de
Pseudomonas aeruginosa + Enterococcus faecium

Estabilidad de la dilucion:

- Reconst 2 g en 10 ml API.

- Diluir en SSF hasta conc de 10 0 20 mg/ml.
- Estable 24 h PROTEGIDO DE LA LUZ

ANTIBIOGRAMA (Pseudomonas aeruginosa

FIPERACIL.LIMA b

FIPERACIL. LIMNA-TAZOBACTAM =]
TICARCIL.LINA, =

CEFTAZIDIMA a3 MIC=4
ALTREOMAM =

CEFEPIME =]

GEMTAMICIMA =

TOBRAMICINA =

AMIKACINA, =

® (01/06: Se mantiene perfusion de CEFTAZIDIMA 6g IC

* 02/06: Hemocultivos negativos

e 03/06: BQ -> muestra




Concentraciones plasmaticas CEFTA

03/06/2014 - Extraccion de niveles plasmaticos de Ceftazidima

® Cr46 pmol/Li GFR (MDRD)=162

Cp Ceftazidima | 43,1 mg/L

T CENTERED ETA: O
g EPS-ETA TNTERACTION: YES
C:\Cefta>nmfe72 runlb.mod runlb.lst LAPLACIAN OBJ. FUNC.: HO

doing nmtran OTABLES STEF OMITTED: O
MNO. OF TABLES: 1

0—— 1 -
WARNINGS AND ERRORS (IF ANY) FOR PROBLEM 1 FRINTED: o
HEADER YES
MO

(WARNING 2) NM-TRAN INFERS THAT THE DATA ARE PO|JGEEEiei sl sE

CREATING MUMODEL ROUTINE... OQUSER CHOSEN TTEms:
1 file(s) copied.

Finished compiling fsubs
completed call to gfcompile.bat
Starting nonmem execution .
License Registered to: University of Barcelona
Expiration Date: 14 FEB 2015
Current Date: 29 SEP 2014
Days until program expires 140

THE FOLLOWING LABELS ARE EQUIVALEMNT
ED=PREDT

WRES=WRESI
1DOUBLE PRECISION PREDPR WERSION 7.2.0

TWO COMPARTMENT MODEL (ADWAN3D
OMAXIMUM MNO. OF BASIC PK PARAMETERS! 4
OBASIC PK PARAMETERS (AFTER TRAMSLATION):
BASIC PR PARAMETER NO.
BASIC PR PARAMETER MO,
: - : : : BASIC PR PARAMETER NO. 3:
First Order Conditional Estimation with Interact [t
CL, vl, Q, W2 TO K, K12, K21 (TRANS4)
OCOMPARTMENT ATTRIBUTES

C:\Cefta>nmfe72 runlc.mod runlc.lst

COMPT. NO.  FUNCTION — INITIAL ON/OFF

doing nmtran STATUS AL/L[OWED
CENTRAL oN NO
WARNINGS AND ERRORS (IF ANY) FOR PROBLEM 1 PERIPH. O NO
OUTPUT OFF VES

(WARNING 2) NM-TRAN INFERS THAT THE DATA ARE POl

CREATING MUMODEL ROUTINE... COMPT. MO.

1 file(s) copied. SCALE BIOAVAIL.
Finished compiling fsubs 5 FRACTION RATE
Completed call to gfcompile.bat * w “

YT

Sstarting nonmem execution ...

License Registered to: University of Barcelona
Expiration Date: 14 FEB 2015

Current Date: 29 SEP 2014

Days until program expires 140

w

ODATA ITEM INDICES USED BY PRED ARE:
EVENT ID DATA ITEM IS DATA ITEM MNO.:
TIME DATA ITEM IS DATA ITEM NO.:

DOSE AMOUNT DATA ITEM IS DATA TITEM NO. :
DOSE RATE DATA ITEM IS DATA ITEM MNO.:
COMPT. NO. DATA ITEM IS DATA ITEM NO.:

First order conditional Estimation with Interact

ID TIME AMT CMT IPRED IWRES CL V1 ¥2 ©Q MRD WVMI POL

1: ELIMINATION RATE (K)
: CENTRAL-TO-PERIPH.
PERIPH. ~-TO-CENTRAL RATE (

ADDITIONMAL PK PARAMETERS - ASSIGHNMENT OF ROWS IN GG
INDICES
ZERO-ORDER ZERO-O

- PARAMETER IS MOT ALLOWED FOR THIS MODEL
* PARAMETER IS NOT SUPFLIED BY PK SUBROUTIHy
WILL DEFAULT TO OME IF APPLICAEBLE

00 4 ey

PAS: S<8
fT> 4-5 x MIC

File Edit Format View Help

FIRST ORDER CONDITIONAL ESTIMATION WITH INTERACTION CEVALUATION)
b FINAL PARAMETER ESTIMATE

B L ey

RO
R

THETA - VECTOR OF FIXED EFFECTS PARAMETERS

TH 1 TH 2 TH 3 TH 4 TH 5 TH 6 TH 7 TH 8

2.24E+00 2.40E-02 1.89E+01 9.02E+00 1.52E+01 5.71E+01 2.57E+01 1.366+01

OMEGA - COW MATRIX FOR RANDOM EFFECTS — ETAS  wwwwwwww
ETAL ETAZ ETAZ ETAd
ETAL
RATE (H+ 9. 00E-02
ETAZ
+ 0.00E+00 1.206-01
ETAZ
DosE
AlLowEn [ 0.00E+00 0.00E+D0  5.00E-0L
YES ETad
JES 0.00E+00 0.00E+00 0.00E+00 1.10E-01

SIGMA - COV MATRIX FOR RANDOM EFFECTS — EPSILONS Wwww

DURATT!
w EPSL

w
EPSL

5. 00E-02

OMEGA — CORR MATRIX FOR RANDOM EFFECTS - ETAS  Wewwwic

ETAL ETAZ ETA3 ETAd

Cedido por Dra. Helena Cblom




® Parametros PK paciente

TIME
0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

10.00
12.00
24.00
24.50
36.00
48.00
48.50
72.00
72.50
96.00

AMT

2.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
6.00
0.00
6.00
0.00

IPRED

0.00
20.89
40.62
68.90
55.55
52.13
50.23
48.76
47.54
46.52
45.66
44.94
43.82
41.47
41.44
41.17
41.14
41.14
41.13
41.13
41.13

DV
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

43.10
0.00
0.00

Prediccion bayesiana

100,00

CL V1 V2 Q
6.08 | 18.90 | 13.60 | 15.20
PRED
0.00 Cp Cefta
20.89 80,00
40.62
68.90 70,00 |
55.55
5212 60,00 -
50.22
48.75 50,00 ~
47.53
46.51 40,00
45.65
4493 30,00
43.81
R A A
41.43
41.16 T
31'12 0,00 . . . . .
S 0,00 20,00 40,00 60,00 80,00
41.12 e=¢==|PRED =il (p pac :
41.12 Tiempo




Cp Cefta

80.00 -

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

PRE

Estimacion de la dosis

MIC=4

fT> 4-5x MIC = 16-20 mg/L

D - IC 4g

PRED - IC 3g

80.00 -

70.00

60.00

20

40

60

80

50.00
Tiem \

Cp Cefta

40.00 \

20.00

10.00

0.00

16mg/L

0.00 20.00 40.00 60.00 80.00 100.00

Tiempo

120.00

140.00

160.00 180.00




Target PD
100% ft>MIC
100% ft>4xMIC

Determinacion Cp IEoIC
¢TDM? mejor perfil PK/PD

;i Dosis inferiores? L uell
= Betalactamicosien 9

PAGIENTESICItICOS

Beneficios clinicos
con IE/IC
(evidencia moderada)
+ Criticos y Piper/Tazo

de individualizar
en paciente critico




