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Traduzindo conceitos para as
estratégias de dose

Guilherme Furtado

Grupo de Discussao de Antimicrobianos em Doentes Criticos
Disciplina de Infectologia
Hospital Sao Paulo- EPM-UNIFESP
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Conflitos de interesse

Pfizer
Astra-Zeneca
Novartis
MSD



ANTIMICROBIANO

PK

Farmacocinética

Absorcao
Distribuigao
Metabolismo
Excrecdo

Resultado

Contagem bacteriana
Mortalidade
Melhora clinica

Farmacodinamica

Eliminacao tempo-dependente
Eliminagao concentragao-dependente
Efeito pés-antibidtico

Figura 1. Fatores relacionados & agio dos antimicrobianos.



Otimizacao da terapia com ATM

g Cmax = Pico sérico
N
C
E AAC = Area abaixo da curva
T
R
A
C e e
A CIM = Concentracao inibitéria minima
o}
(mg/L})

Tempo (h)

http://www.anvisa.gov.br/servicosaude/controle/rede_rm/cursos/atm_racional/modu
lo4/conceitos_renal4.htm




Parametros Farmacodinamicos — PD

* Pico de concentracao plasmatica sobre MIC
(Cmax/ MIC)

 Tempo que a concentracao excede a MIC
(%T>MIC)

e Area acima da curva sobre a MIC

. (AUC/MIC)



PD dos Antimicrobianos

DROGAS

CARACTERISTICA PD

PARAMETROS OTIMOS
PD

B-Lactamicos
Carbapenémicos
Linezolida
Eritromicina
Claritromicina
Lincosamidas

Tempo-dependente

%T>MIC

Aminoglicosideos
Metronidazol
Fluorquinolonas
Telitromicina
Daptomicina
Quinopristina+Dalfopristina

Concentracao-
dependente

Cmax/MIC

Fluorquinolonas
Aminioglicosideos
Azitromicina
Tetraciclinas
Glicopeptideos
Tigeciclina
Quinopristina+Dalfopristina

Concentracao-
dependente com
tempo-dependéncia

AUC/MIC

Roberts JA, Lipman J.Crit Care Med 2009 Vol. 37, n. 3
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Aminoglycosides
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Moore et al., J Infect Dis 1987;155:93-99
Drusano et al, Clin Infect Dis 2007:45:753-60



Aminoglycosides
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Moore et al., J Infect Dis 1987;155:93-99
Drusano et al, Clin Infect Dis 2007:45:753-60



Vancomicina

e Cura Clinica e microbiologica

AUC:MIC 2 400-450

Moise-Broder et al, Clin Pharmacokinet 2004;43:925-42
Zelenitsky et al Int J Antimicrob Agents 2013;41:255-60



Linezolida

e Cura Clinica e microbiologica

AUC:MIC 2 80-120
T>MIC 85%

Rayner et al, Clin Pharmacokinet 2003;42:1411-23



Tigeciclina

e Cura Clinica e microbiologica

AUC:MIC > 6.9-17.9 (12.8-17.9)

Meagher et al, Diagn Microbiol Infect Dis 2005;52:165-71
Bhavnani et al Antimicrob Agents Chemother 2012;56:1065-72
Meagher et al Clin Infect Dis 2005; 41(suppl5): S333-40



Dr. Harry Eagle ( 1905-1992)

Eagle H et al. The effective concentrations of penicillin in vitro and in
vivo for streptococci, pneumococci,and Treponema pallidum. J
Bacteriol 1950;59:625-43

Eagle H et al. Effect of schedule of administration on the
therapeutic efficacy of penicillin; importance of the aggregate time
penicillin remains at effectively bactericidal levels. Am J Med
1950;9:280-99

Eagle H et al. Continuous vs. Discontinuous therapy with penicillin:
the effect of the interval between injections on therapeutic efficacy. N
England J Med 1953;248:481-8



B-Lactamicos

 Concentracao droga livre deve exceder o MIC
para efeito bacteriostatico / bactericida

Cefalosporinas 35a40% / 60a 70%
Penicilinas 30% / 50%
Carbapenémicos 20% / 40%

Idealmente 4-5x o MIC



B-Lactamicos

Cefalosporina 60 a 70%

Penicilinas
Carbap

Idealmente



B-Lactamicos

e T> MIC

Cefalosporinas

Penicilinas

Carbapenémicos

fT>100%MIC
4-5x o MIC

Roberts JA et al JAA 2010;36:332-339

Udy AA Chest 2012;142:30-39

Aubert G et al, Ther Drug Monit 2010;32:517-519

Roberts JA et al, Int J Antimicrob Agents 2010;36:332-339
Blondiaux N et al, Int J Antimicrob Agents 2010;35:500-503
Taccone FS et al, Antimicrob Agents Chemother 2012;56:2129-31
Patel et al Ther Drug Monit 2012;34:160-164



Métodos para Aumentar % T > MIC

 Aumentar a poténcia in vitro (Atb)
e Aumentar a dose
e Reduzir intervalo entre as doses

 Aumentar duracao da infusao
— Infusao prolongada

— Infusao continua



Métodos para Aumentar % T > MIC

« Reduzir intervalo entre as doses

« Aumentar duracao da infusao
— Infusao prolongada

— Infusao continua



Reduzir intervalo entre doses

* EX:
Cefepime 1g g6h ( T1/2=2h)

Meropenem 1g g6h ou 1.5g gq6h (T1/2=1h)

Ceftazidima 1g gbh ou 1.5g q6h (T1/2=1.9h)



Extended Infusion

Meropenem 500mg Administered as a 0.5-Hour or 3-Hour Infusion

100.0
Rapid Infusion (30 min
—
£
D 100 Extended Infusion (3 h)
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Dandekar PK et al. Pharmacotherapy 2003;23:988-991



Concentracgao Sérica, cont.vs rapida

Antibiotic Mean Cmin Mean Css Css/Cmin
e Ceftazidime 19 47 2.4

* Ceftazidime 25 30 1.2

* Ceftazidime 4 19 4.8

e Ceftazidime =5 40 8

* Ceftazidime 19 63 3.3

* Cefepime 5 41 8.2

* Piperacillin 5 18 3.6

Buijk et al, J Antimicrob Chemother 2002;49:121-8; Benko et al, Antimicrob Agents Chemother 1996;40:691-5; Hanes et al, Am J
Surg 2000;179:436-40; Alou et al, ] Antimicrob Chemother 2005;55:209-13; Lipman et al, J Antimicrob Chemother
1999;43:309-11; Young et al, J Antimicrob Chemother 1997;40:269-73; Jaruratanasirikul et al, ] Pharm Pharmacol
2002,54:1693-6; Roberts et al, SHPA;2006



Continuous Infusion of Beta-Lactam Antibiotics
in Severe Sepsis: A Multicenter Double-Blind,
Randomized Controlled Trial

Joel M. Dulhunty,' Jason A. Roberts,” Joshua S. Davis” Steven A. R. Webb,® Rinaldo Bellomo,’ Charles Gomersall®
Charudatt Shirwadkar,® Glenn M. Eastwood," John Myburgh,” David L. Paterson,® and Jeffrey Lipman'

"Department of Intensive Care Medicing, Roval Brishane and Women's Hospital, and Bums, Trauma and Critical Care Research Centre, University of
Queensland, Brishane, Mendes School of Health Research, Charles Darwin University and Royal Darwin Hospital, *Royal Perth Hospital, and Schoal
of Medicine and Phamacology, University of Western Australia, Perth, *Department of Intensive Care, Austin Hospital, Melboume, Australia: “Prince
of Wales Hospital and Chinese University of Hong Kong, Hong Kong: *Blacktown Hospital, "Critical Care and Trauma Division, George Institute for
Global Health, Sydney, and ®infectious Diseases Unit, Roval Brisbane and Women's Hospital, and University of Queensland Centre for Clinical
Research, Brishane, Australia

|See the Editorial Commentary by Drusano and Lodise, on pages 2457, and the Invited Article by Falagas et al, on
pages 272-82.)

Clinical Infectious Diseases 2013.56(2k236-44



Dulhunty et al, CID
2013;56:236-44

Double blind, RCT  Continuous infusion vs.
Intermittent infusion in severe sepsis

PTZ,TCL e MEM
* AUS e Hong Kong

* 60 ptes ( 30 vs. 30)
 |nfusao continua:

- Melhor concentracao sérica vale (81.8% vs 28.6%,
p=0.01)
- Maior cura clinica (70 vs. 43%, p=0.03)

- Sem diferengas em sobrevivéncia hospitalar e dias
fora da UTI



CLINICAL PRACTICE INVITED ARTICLE

Ellie J. C. Goldstain, Saction Editor

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

Matthew E. Falagas,'** Giannoula S. Tansarli,' Kazuro Ikawa,? and Konstantinos Z. Vardakas™?

'Alfa Institute of Biomedical Sciences (AIBS), “Department of Intemal Medicine-nfectious Diseases, Mitera Hospital, Hygeia Group, Athens, Greece:
*Department of Clinical Phamacotherapy, Hirshima University, Japan: and *Tufts University School of Medicine, Boston, Massachusetts

(See the Major Article by Dulhunty et al, on pages 23644, and the Editorial Commentary by Drusano and Lodise, on
pages 245-1.)

Clinical Infectious Diseases H013:56(2:272-82



Mortalidade

Extended or confinuous  Short-term Risk Ratio Risk Ratio
Study or Subgroup Deaths Total Deaths Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 85% Cl
1.1.1 Extended vs short-term )
Do 2011 g 67 11 o4 171%  0.59(0.25,1.35) =T
Esterly 2010 12 42 i 29 11.7% 1.18[0.53, 2.64) o
abashi 2007 1 18 g 24 108%  045(0.02,1.07]
Lodise 2007 g 102 14 g2 20.7%  0.58([0.26,1.28) —T
Patel 2009 4 70 ] 58 TE%  067([0.9 240
Wang 2009 0 15 0 15 j
Subtotal (95% CI) 314 273 68.0% | 0.63 [0.41, 0.95] I &
Tolal events 3 ]
Heterogeneity Chif=4.54, A= 4 (P=0.34) F=12%
Test for overall effect £=2.18 (P=0.03)
1.1.2 Continuous vs short-term
Grant 2002 0 47 5 91 T4%  040([0.01,1.73
Lau 2006 1 130 3 132 42% 034004 32
Larente 2009 ] i 14 46 176% 0,71 [0.33, 1.51) —
Okimaoto 2009 0 5 1} 25 Mot estimable
Ruoberts 2010 0 8 1} 8 Mot esfimable
Sakka 2007 1 10 2 10 28% 050 (005 4671
Subtotal (95% Cl) 257 272 320% | 0.50[0.26, 0.96] *
Total events 10 24
Heterogeneity. Chf=218, di=3(P=054) F=0%
Test for owerall effect £= 1.07 (F= 0.04)
Total (95% CI) 571 545 100.0% | 0.59[0.41, 0.83] L 2
Total events 44 7o
Heterogeneity ChF=6.84, di=8 (F=0.55) F=0% 0002 01 ; 10 00

Test for overall effect £= 2.87 (P=0.003)

Test for subaroup diferences: Chf=0.32. df=1 (P=0.57), F= 0%

Against shart-term  Against extend/continuous



Mortalidade por antibidtico

Extended or continuous  Short-term Risk Ratio Risk Ratio
Study or Subgroup Deaths Total Deaths Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Carbapenems
Esterly 2010 12 41 T 29 117% 118[0.53, 264 T
ltabashi 2007 1 18 g 24 108%  0A15[0.02,1.07]
Ckimoto 2009 0 25 1] 25 Mot estimable
Sakka 2007 1 10 2 10 2E8%  0.50[0.05 467 - 1
wiang 2008 ] 15 1] 19 '
sungtal {95% CI) 110 103 25.3% I 0.66 [0.34, 1.30] | < CARBAPE N E MS
Total events 14 18
Heterogenaity, Chi*= 4.27 df=2 (F=0.12); F=53%
Test for overall effect: Z=1.20(P = 0.23)
1.2.2 Piperacillin/ tazobactam
Grant 2002 ] a7 ] 61 TA4%  010[001,1.73 =
Lau 2006 1 130 3132 42%  0.34[0.04, 3.21) L b
Lodise 2007 9 102 14 92 2007%  0.58[0.26,1.28] T
Lorente 2009 ] 37 14 46 176% 071033 1451] —r
Patel 2009 4 Tl ] 59 TE% 067019240 e
Robarts 2010 ] B 1] 8 '
Subtotal (95% CI) 394 388 57.5% | 0.55 [0.34, 0.89] | *» PIPE-TAZO
Total events 22 41
Heterogensaity, Chi*= 211, df=4 (F=0.72); F= 0%
Test for overall effect £=2 44 (P = 0.01)
1.2.3 Carbapenems or Pipiperacillintazobactam
Dow 2011 g8 BT 1 54 171%  0.59[0.25,1.35) ——r
Subtotal (95% CI) 67 54 17.1%  0.59[0.25,1.35] -
Total events g 11
Heterogeneity, Mot applicable
Test for overall effect =1 25 (FP = 0.21)
Total {95% CI) 571 545 100.0%  0.59 [0.41, 0.83] L 3
Total evenis 44 1]
Heterogeneity, Chi*= 6.84, df= 8 (P = 0.55); P= 0% 002 o 1 b 20

Testfor overall efect Z= 2.97 (P = 0.003)
Test for subgrown diferences. Chif=012.di=2(F=0910.F=0%

Against short-term  Against extendicontinuous



Cura clinica

Extended or continuous  Short-term Risk Ratio Risk Ratio
Study or Subgroup Success Total Success [otal Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.1.1 Carbapenems
Lorenta 2006 a8 42 28 AT 115% 1.52[1.18, 1.96) —
CQkimoto 2009 20 25 19 25 101% 1.05[0.76, 1.41) R R
Wang 2009 15 15 18 15 171%
Suhtgtul (95% CI) 82 87 387 1.16 [0.52, 1.65] L- Ca rb
Total events 73 62
Helerogeneity: Tau?= 0.08; Chi*= 15.20, df= 2 (P = 0.0005) P= 87%
Test for overall effect Z=0.84 (P=0.40)
1.1.2 Piperacillin/ tazobactam
Buck 2005 8 12 g 12 43% 1.00[0.57,1.76] R
Grant 2002 44 47 42 51 161% 1.14|0.98, 1.3 i
Lau 2006 70 81 T6 B 17.5% 0,98 [0.87,1.10] Cr
Loreme 2009 33 37 26 46 10.7% 1.581.20, 2.08] - PTZ
Roberts 2010 B g 8 B 128% 1.00 (080 1.2 o P
Subtotal (95% CI) 185 203 61.3% 1.11 [0.95, 1.31] &
Total events 163 160
Heterogeneity: Tau®= 0.02; Chi*=11.99, df= 4 (P=0.02); F=67%
Test for overall effect Z=1.28 (P=0.20)
Total [95% C1) 267 290 100.0% 1.13 [0.99, 1.28] ’
Total events 236 222
Helerogeneity: Tau®= 0.02; Chi®= 23.97,df= 7 (P= 0.001), P=T1% ;f;r 03_5 é %

Test for overall effect £=1.76 (P = 0.08)

Test for subgraup diferencas: Chift= 006 df=1 (P=082), F=0%

Fav zshor-lerm  Fav extendedicontinuous






Equipo de Infuséo Prolongada




Por outro lado?



ARNOLD et al, Ann Pharmacotherapy
2013:;47:170-80

Prolonged infusion antibiotics for suspected gram-negative
infections in the ICU: a before-after study

* 503 ptes (242 1l vs. 261 IP)
e MEM/TZP/FEP
e [Infusao continua:
- Sucesso clinico (56.6% Il vs. 51% IP, p=0.20)
- Sucesso microbiologico (55.2% Il vs. 49.5% IP, p=0.48)
- Mortalidade 14 dias (13.2% Il vs. 18% IP, p=0.14)
- Mortalidade 30 dias (23.6% Il vs. 25.7% IP, p=0.58)
- Mortalidade hospitalar (19.4% Il vs. 23% IP, p= 0.32)



E AAC Antimicrob Agents Chemother 2014; 58: 4470-75

Extended-Infusion versus Standard-Infusion Piperacillin-Tazobactam
for Sepsis Syndromes at a Tertiary Medical Center

Scott B Cutro,™ Robert Holzman,® Yanina Dubrovskaya,® ¥lan Jie Cindy Chen,® Tanda Ahuja.® Marco B Sdplone.” Donald Chen,®
John Papadopoulos,® Michaal 5. PRlllps,” Sapna A. Mehta®

Déwislon of infiecSous Disaases, Mew York University School of Madidng, Mew ark, Naw York, USe™ Deparimant of Phanmooy, Hew York Unksrsty-Langona Madical
Ciaarioy, M Yok, Now York, LsaP

Piperacillin-tarebactam ( FTZ) Is frequently used as empirical and targeted therapy for Gram-negative sepsis. Time-dependent
Killing properties of PTZ support the use of extended-infusion (El) dosing: however, studles have shown Inconsistent benefits of
El PTZ treatment on clindcal outcomes. We performed a retrospective cohort study of adult patients who recelved EI PTZ treat-
ment and historical controls who recetved standard-infaston (51} PTE treatment for presumed sepsis syndromes. [hata on mor-
tality rates, clinical ontcomes, length of stay (LOS), and disease severity were obtained. A total of 843 patlents (662 with EI treat-
ment and 181 with 51 treatment ) were available for amalysis. Baseline characteristics of the two groaps were skimilar, except for
fewar fermale patlents recalving El treatment. No significant differences between the El and 51 groups in Inpatient mortality rates
(10.9% versus 13.8%: P = 0.282), overall LOS (10 versus 12 days: F' = 0.171), Intensive care unit (ICU) LOS (7 versas 6 days: PP =
0.061 J, or clinlcal fallure rates (18.4% versus 19.9%:; P = 0.756) were observed. However, the daration of PTZ therapy was
shorter in the EI groap (5 versas 6 days: P < 0.001). Among [CU patients, no significant differences In outcomes between the EI
and 51 proups were observed. Patlents with wrinary or intra-abdominal Infecttons had lower mortality and clinical fallure rates
when recelving EI PTZ treatment. We did not observe significant differences in Inpatient mortality rates, overall LOS, ICU LOS,
or clinical fallure rates between patlents recelving El PTZ treatment and patlents recelving 51 PTE treatment. Patients receiving
El PTZ treatment had a shorter duration of PTZ therapy than did patlents recelving 51 treatment, and El dosing may provide

cost savings to hospitals,
662 pacientes com infusao extendida



Patient group and outcome EI PTZ SIPTZ P
All patients
' 662 151
Death (no. [%]) 72 (10.9) 25 (13.8) 0.282 ]
Mean TOS (days [median]) 14.9710) 15.0(12) 0.171
Mean duration of PTZ treatment 5.8 (5) 6.8 (6) <0.001°
(days [median])
Clinical failure (no. [%]) 122 (18.4) 36 (19.9) 0.756



Patient group, source of infection,

No. of indicated outcome/

total no. (%)

and outcome EI PTZ SIPTZ P
All patients
Pulmonary
Death 53/371(14.3) 10/95(10.5) 0403
Clinical failure 90/371(24.3) 16/95(16.8) 0.168
(Urinary )
Death 280 (2.5) 530 (16.7) 0.016"
Clinical failure 5/80 (6.3) 830 (26.7) 0.006%
ﬁntra-ahiﬂmina]
Death 87110 (7.3) 632 (18.8) (0.086
Clinical failure 16/110(14.5)  8/32 (25.0) 0.184
Skin and soft tissue
Death 662 (9.7) 316 (18.8) 0.380
Clinical failure 9/62 (14.5) 216 (12.5) 1



IMPACTO DA INFUSAO PROLONGADA
DE ANTIMICROBIANOS BETA-
LACTAMICOS NA MORBIDADE E
MORTALIDADE DE PACIENTES
CRITICOS

Defesa de Dissertacao de Mestrado
Pos-graduando: Rodrigo Spineli Macedo
Orientador: Prof. Dr. Guilherme Furtado

EPM- UNIFESP 2014



Resultados
106 pacientes apresentaram critérios
de inclusao

52 pacientes (Grupo IlI) 54 pacientes (Grupo IE)
(49,1%) (50,9%)




Resultados

Taxas de cura (%)

0.88

CURA CLINICA CURA MICROBIOLOGICA

L ® Infusdo intermitente (n=52) » Infusdo estendida (n=54) j




Resultados

Taxas de mortalidade (%)
0.93

14 DIAS 28 DIAS EM UTI HOSPITALAR

B Infusdo intermitente (n=52) B Infusdo estendida (n=54) j




Leandro dos Santos Maciel Cardinal

Dissertacao apresentada a
Universidade Federal de Sao Paulo
— Escola Paulista de Medicina para
obtencdo do titulo de Mestre em

Ciéncias.

Orientador: Prof. Dr. Guilherme Henrique Campos Furtado

ANALISE DE DESFECHOS CLINICOS, ADEQUAGCAO DA
TERAPIA ANTIMICROBIANA E DETERMINACAO DA
FARMACODINAMICA DE BETA-LACTAMICOS EM PACIENTES
COM INFECCAO DE CORRENTE SANGUINEA POR
PSEUDOMONAS AERUGINOSA



Probabilidade de atingir o alvo terapéutico com diferentes regimes
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Figure 4. Probabilidade de atingir o alvo terapéutico com diferentes regimes de
doses de meropenem com a meta estabelecida de 40% fT=CIM.



Probabilidade de atingir o alvo terapéutico com diferentes regimes
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Tabela 15. Resultados da analise univarada da antibioticoterapia para mortalidade em 30 dias.

Variavel Obito 30 dias Nao ébito 30 dias P
Terapia empirica adequada 27141 (65,9%) 20137 (51,3%) 0,40
Monoterapia empirica 23/41 (56,1%) 27137 (73,0%) 0,18
Terapia dupla empirica 14/41 (34,1%) 5137 (13,5%) 0,06

—Tecapia tripla empitica UAL (2 A%) (37 (0%) 095
Terapia empirica otimizada com beta-lactamico 7125 (28%) 9/22 (40,9%) 0,53

Terapia dingida adequada 18/20 (90%) 28/34 (82 4%)

Monoterapia direcionada 10/19 (52 ,6%) 21/34 (61,8%) 0,72
Terapia dupla direcionada 9/19 (47,4%) 12134 (35,3%) 0,56
Terapia tripla direcionada 0/19 (0%) 1/34 (2.9%) 0.76
Terapia direcionada otimizada com beta-lactamico 3/8 (37,5%) 10/18 (55,6%) 0,67




Em suma

Com EXCECAO de Beta-lactdmicos, a posologia e modo de
infusao nao precisa ser mudada

Maioria dos estudos clinicos em infusao prolongada sem
significancia em mortalidade, excecao:

Lodise et al, em Pipe-Tazo 0.5 vs 3h, menor mortalidade em ptes com
APACHE Il > 17

Muitos com melhor resposta clinica, ex. cura
clinica/microbiolégica com varios beta-lactamicos

Ainda nao ha estudos analisando o impacto da TDM de BL
em desfechos clinicos



“O dificil nos fazemos agora, o
impossivel leva um pouco mais de
tempo”

David Ben Gurion

Primeiro-ministro Israelense
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