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Taller Ill:
Infecciones en el paciente critico

Hospital Universitari de Bellvitge
y Hospital®de-Mataro
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Host
Disease state

Type of infection

Age

Underlying comorbidities
Organ dysfunction
Allergy

Microbe

Local antibiogram
ICU vs. non-ICU
Colonist or pathogen

Drug

Prior antibiotic therapy
Potential for resistance
Meed for multiple agents
Formulary restriction
Cost

Figure | Host factors, microbe-specific factors,
and drug-related factors all influence the selection
of antibacterial agents. ICU, Intensive care unit.
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B. Dellinger RP. Levy MM. Carlet JM. et al. Surviving Sepsis Campaign: international guidelines for
management of severe sepsis and septic shock. 2008. bit Care Med 2008:36:296-327.

(Pt
V ) =
-

Sepsis = systemuc response to infection (confirmed or suspected mnfection PLUS more than two systemic inflammatory
response syndrome (SIRS) criteria)

Bacterial

’

Infection

Severe sepsis = sepsis associated with organ dystunction or tissue hypoperfusion or hypotension (SBP less than 90 mm Hg
or mean arterial pressure [MAP] less than 70 mm Hg or a drop in SBP of more than 40 mm Hg)

Septic shock = sepsis-induced hypotension persisting despite adequate fluid resuscitation
Sepsis-induced hypoperfusion is defined as septic shock. elevated lactate. or oliguria.

Hypoperfusion abnormalities include (but are not limited to):

Altered mental status Edema or inereased fluid balance
Hyperglycemia in the absence of diabetes mellitus Decreased SvO,
Cardiac index greater than 3.5 L/minute/m* Arterial hypoxemia PaO,/FiO, less than 300
Acute oliguria (more than 2 hours) Coagulopathy (INR more than 1.5 with no
anticoagulant) arm
Inereased SCr (more than 0.5 mg/dL over baseline) Tleus (absent bowel sounds)
Thrombocytopenia: platelets less than 100.000/cm? Hyperbilirubinemia (more than 40 mg/dL) C i

Hyperlactatemia (more than 4 mmol/L) Decreased capillary refill or mottling



Paciente varon de 30 afos con antecedentes personales de:

Consumidor de cannabis y cocaina.
Consumidor de 4 -6 UBE s al dia.
Sindrome depresivo y trastorno limite de la personalidad.

Tratamiento habitual: Quetiapina 200mg 1c/d, Zolpidem

10mg 1c/d, Topiramato 100mg 1¢/8h, Valproato 500mg/8h,
Escitalopran 10mg/d
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Otros antecedents: PLT 2008 ENFERMEDAD ACTUAL

TCE grave (GCS: 4 inicial) POLITRAUMATISMO por 42 intento autolitico.
lesidn axonal difusa e Precipitado de 6 m, impactando craneoy
hemicuerpo

esplenectomizado
fractura fémur izquierda
fractura cubital izquierda

e Fractura de la masa lateral derecha de C1
e Fractura en laminary arco posterior de C5
(sin compromiso medular)

(o) . 7 4.
fractura costal del 102 arc e Fractura de la pared posterior de cétil dret.
escapula izquierda e Fractura supracondilia femur D.
luxacion articulacion coraco- e Fractura olecranon dret.

clavicular

e Fractura supracondilia femur esquerre.
e Fractura anterior del hemisacre dret de S1.
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e Ingresa el 29/07/2014
e Sin insuficiencia respiratoria.

e Esrealiza RMN por a descartar lesion medular.

A las 48 h de ingreso 31/07/2014. Presenta
insuficiencia respiratoria.

e Broncoaspiracion:
— Tratamiento con amoxicilina/clavulanico de forma empirica

darm
SCFC —-1Jornada FarmU<cdli Ci




Sospecha de broncoaspiracion

e E| diagndstico suele ser clinico

e Se inicia tratamiento precoz

Cobertura para:

» S.aureus

 Strep. pneumoniae

» Haemophillus influenza
» Anaerobios

arm
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Neumonia comunitaria

e Neumocodcica
e Legionella

e Neumonia atipica
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En época epidemia.

Valorar tratamiento de la gripe A-B

No clear consensus has been reached about whether patients with obvious
viral community-acquired pneumonia need to be treated with antibiotics

darm
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Neumonia extrahospitalaria de pacientes
“cuidados sanitarios”

BMC Infect Dis. 2014 Oct 18;14(1):534. Validation of sputum Gram stain for treatment of community-acquired pneumonia
and healthcare-associated pneumonia: a prospective observational study.

Polverino E1, Torres A, Menendez R, Cilloniz C, Valles JM, Capelastegui A, Marcos MA, Alfageme |, Zalacain R, Almirall
J, Molinos L, Bello S, Rodriguez F, Blanquer J, Dorado A, Llevat N, Rello J; HCAP Study investigators. Microbial
aetiology of healthcare associated pneumonia in Spain: a prospective, multicentre, case-control study. Thorax. 2013
Nov;68(11):1007-14. doi: 10.1136/thoraxjnl-2013-203828.
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Tratamiento en un paciente inmunodeprimido

Amplia cobertura
Bacterios / Hongos / Virus /Parasitos

Vehreschild JJ. Pneumonia and lung infiltrates in neutropenic patients: many stones unturned.
Ann Am Thorac Soc. 2013 Oct;10(5):493-5.
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e |nicialmente VMNI.
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e |Qtrauma

- Infeccidn puntos de tracciéon femoral derecha

e Frotis de dia 08-10-11/08 = CGPs racimo
— bacteriemia asociada (HC positivos del dia 09 i 10/08)

e 10/08: tratamiento antibidtico Cloxacilina + vancomicina

darm
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e Endocarditis sobre valvula antiva
e Ecocardiografia transesofagica




éCon qué pauta debemos iniciar el tto con
Vancomicina en paciente critico?
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Tabla 6. Recomendaciones de los niveles éptimos para vancomicina
dependiendo de su régimen de administracidn y del tipo
de infeccins0:52.5760,61

Vancomicina
Tipo de infeccion Concentraciones séricas recomendadas
Perfusion continua Reégimen dosis
multiple
Infeccién grave
Neumonia C5=2025mgl  C;»=1520mgl
Meningitis Crrac> = 30-40 mg/I*
Osteomielitis
Infeccién herida/abcesos
Bacteriemia S=1520mg/l  C; S5 =7-15mg/l

Crgo> =20-40 mg/I*

*Modelo farmacocinético bicompartimental; Gy concentracion masima; Oy, concentraddn
minima; 55: steady state

Recomendaciones para la monitorizacion de antibidticos en pacientes criticos ingresados en UCI. Grupo GEIPC-SEIMC, SEFH,
SEFC, SANAC. Farm Hosp. 2008;32(2):113-23
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Appropriateness of vancomycin dosing in adult patients with normal renal function.

R. Juvany, E. Leiva, N. Méndez, M. E. Miquel, S. Cobo, A. Padullés, R. Jodar - Pharmacy, Hospital Universitari de Bellvitge
Abstract Submission for ESCP 2012 Symposium

e 117 pacientes y 144 determinaciones Cmin de vancomicina
e Cmin obtuvenidas 6 dias de media (3-32) después del inicio de vancomicina

e Analisis de regresion lineal, : : ;
Cmin N2 pacientes | Mediana (rango)
Cmin se asociaron significativamente: 6.9 mg/L
<10mg/L | 72 (50%) ’
— conlaedad (B: 0,16, IC 95%: 0,12-0,21) (1,5-10 mg/L)
— yBSA (B: -4,59, IC del 95%: -9,12-0,06). | <ismg/ | 1137855 | &3 ™8/t
(1,5-14,9 mg/L)
>20mg/L | 5(3,5%) 22,6 mg/L
UCI = 80% (n=8) Cmin <10 & 711 (20,6-26,8 mg/L)

- En funcion renal normal, una dosis fija de 1 g cada 12 h de la vancomicina es insuficiente para
alcanzar los niveles deseados para evitar resistencias o para tratar infecciones complicadas.

- TDM de vancomicina debe ser realizado a pesar de la funcidon renal normal.
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Therapeutic monitoring of vancomycin in adult
patients: A consensus review of the American
Society of Health-System Pharmacists, the Infectious

Diseases Society of America, and the Society

of Infectious Diseases Pharmacists

MICHAEL RYBAK, BEN LOMAESTRO, JOHN C. ROTSCHAFER, ROBERT MOELLERING JR., WILLIAM CRAIG,

MARIANNE BILLETER, JOSEPH R. DALOVISIO, AND DONALD P. LEVINE

Table 2.

Summary of Expert Panel Recommendations for Vancomycin Therapeutic Drug Monitoring (TDMP

Variable

Recommendation

Level of Evidence and
Grade of Recommenda tion

Recommended TOM Parame ters

Optimal monitoring param eter Trough serum vancomycin concentrations are the most I11E]

accurate and practical method for monitoring efficacy.

Timing of monitoring Troughs should be obtained just prior to the next dose at e

steady- state conditions fapproximately after the fourth
dosel.

Optimal troug h concen tiation Minimurm serum vancomycin troug h concentrations should I
{see also Optiral trough alway s be maintained above 10 mg/L to aveld develo pment
concentration—complicated of resistance. For a pathogen with an MIC of 1 mag/L, the
infections) minirmum troug h concentration would have o be at least 15

may/L to generate the tamget AUCMIC of 400.

Optimal trough concentration— Wanecomydn serum trough concentrations of 15-20 ma/L e
complicated infections (endocard its, are ecommended to improve penetration, inc ease
osteamyelitis, meningitis, and hospital- the probability of obtaining optimal target serum
acquired preumonia caused concentrations and improve dinical outcomes
by Staphylococcus aureus)

Desing Regimen

Dosing to achieve optimal Daily doses of 15-20 ma/ka (as actual body weight) given ]
troug h concentrations every 8-12 hrare recommended for mest patients with

narmal renal function to achieve the suggested serum
concentrations when the MICis <1 ma/L. In patients with
normal enal function, the targeted AUC:MIC of =400 & not
ac hievable with corventional dosing methods if the MIC is
=2mg/Lin a patient with normal renal function.

Loading doses—complicated In seriously ill patients, a loading dose of 25-30 mg kg 1B
infections {based on actual body weight) can be used to facilitate

rapid attainment of target trough serum vancomycdn
concentration.

Continuous vs, intermittent Continuous infusion regimens are unlikely to substantially 1A
desing improve patient outcome when compared to intermittent

dosing.
TDM for Vancomyein-induced Nephrotoxicity
Definition A minimum of two or three consec utive documented increases 1B

in serum creatinine concentrations (defined as an incease
of 0.5mg/dL or a =50% increase fram baseling whicheveris
greater) after several days of vancomycin thermpy.

SCFC —1Jornada FarmUcdli
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Cmin >10 evitar R

Infx complicadas 15-20

Dm: 15-20mg/Kg c¢/8-12h
para MIC <1

Infx serias D*20-30mg/Kg
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Adherence to the 2009 Consensus Guidelines for
Vancomycin Dosing and Monitoring Practices: A

Cross-Sectional Survey of U.S. Hospitals

Susan L Davis,' Marc H. Scheez, ™ John A Bosso,” Debra A. Goff®” and Michael ]. R}‘l‘uk"'

e A pesar de las recomendaciones de las guias de consenso, no se aplican de forma
amplia las practicas para la dosificacion y monitorizacion de vancomicina.

Table 1. Frequency of Practices for Vancomycin Therapeutic Drug Monitoring in 163 Hospitals®

Therapeutic drug monitoring practice Mever Sometimes Always
Use of trough concentrations as optimal monitoring 1 {0.6) 31 (19 129 (79)
parameter, and no use of peak serum concentration
monitoring
Trough concentrations obtained just before next dose at 0 ({m 88 (54) 73 (45)
steady state, just before fourth dose
Maintenance of trough concentrations > 10 mg/L to avoid 1 (0.6) 33 (200

development of resistance

Targeting trough concentrations of 15-20 mg/L for ()] 28017 133 (82)

complicated infections

No trough monitoring for patients with short courses of 32 (200 102 (63) 22 (14)
therapy and with stable renal function

Use of loading doses in seriously ill patients and complicated 5§79 |22 (14) 70 (43) | 68 (42)
infections to facilitate rapid awainment of target serum

concentrations

Doses based on actual body weight in normal-weight patients 1 {(0.6) 29 (18) 131 (80
Doses based on actual body weight in obese patients 9 {a) 65 (40) 85 (52)
Systematically monitoring nephrotoxicity in patients receiving 56 (34) 63 (39) 31 (19)
vancomycin

Monitoring for ototoxicity in patients receiving concomitant 77 (470 57 (35) 14 (9)
ototoxic agents

Administration of vancomycin as a continuous infusion” 145 (89) 13 (8) 3(2)

*Data are no. (%) of respondents. For each question, 2-13 respondents did not know the answer or declined w respond; percentages are
based on the wial of 163 responses.

Mot recommended by the consensus puidelines.’
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SCFC —-1Jornada FarmUcdli Ci




Number of Age Weight CLer CL Vd Reference
patients {years) (kg) (ml/min) {ml/min) (I/kg)

11 465+ 166 67.8+£52 8764223 62.7+£253 072+035 20

50 373116 T03£160 7694410 619+£223 0554019 21

22 524+147 T1O0£238 9744357 7024342 0544022 22
704 4454159 T732+£17.2 8024344 T8OL£371 064£026 23

15 600+£090 T79.0£12.0 8204271 T83+£326 065015 24
107 534+£17.2 T77.1£231 8054286 J0S£333 0602020 75

46 503+169 T71.5+£128 6554481 | 60.0+£39.7 1.68+2.19 | This study
Pathogen Vaneameain daily dose (mg)

1000 2000 3000

8. aureus 43.5 78 80.5
Coagulase-neg. staphylococci 28 61 79
S. epidermidis 245 55.5 75
8. haemolyticus 3l 65 81
§. preumoniae 86.5 07.5 09
Enterococcus faecalis 26 58 76.5
E. faecium 50 82 01.5

Equation 1 (* =0.64; p < 0.01):

CL{ml/min/kg) = 0.660-0.016*age(years)— 0.006
FApIL + 0.380%Ab + 0.562*CLcr; (ml/min/kg)

Equation 2 (#* =0.68; p < 0.01):

CL({ml/min/kg) =0.872-0.015*age(years)— 0.007
*ApIl +0.234*Ab + 0.346 CLcrp eyey (ml/min/kg)
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- Kg (actual) determina D* y Dm
- eGFR (MDRD) determina la v

Aumento de pacientes con Cmin
inicial 215 mg/ml:

39% (n=22) preimplantacion a
72% (n=43) en el grupo posterior

a la implementacion (P = 0,0004).

No diferencia en nefrotoxicidad:
grupo post-implementacién en
comparacion con grupo pre (18%
vs 17,5%, P = 1,0).

Maintenance Dose based on

Actual Body Actual Body
Loading Dose estimated GFR (ml/imin/1.73 m?}
Weight Weight
31-40 41-60 = 6}
40-49 kg 1000 mg x1 750 mg q24h 750 mg q12h S0 mg g 40-49 kg
S0-39 kg 12500 mg x1 1000 mg q24h 1040 mg q12h 1004 mg q8h 50-59 kg
60-69 kg 1500 mg %1 1000 mg q24h 1040 mg gq12h 1500 mg q8h 60-69 kg
70-79 kg 1750 mg x1 1250 mg q24h 1250 mg gq12h 1500 mg q8h 70-79 kg
B0-89 kg 2000 mg x1 1500 mg q24h 1250 mg q12h 1500 mg q8h 80-89 kg
90-99 kg 2250 mg x1 1500 mg q24h 1500 mg q12h 200 mg q8h 90-99 kg
100-109 kg 2250 mg x1 1750 mg q24h 2000 mg gql12h 2000 mg q8h 100-109 kg
110-119 kg 2250 mg x1 2000 mg g24h 2000 mg q12h | 2000 mg g8h 110-119 kg
z120 kg 2250 mg x1 2000 mg g24h 2000 mg q12h | 2000 mg g8h =120 kg

Target trousgh: 15-20 meg/ml

When to draw levels:

c/24h

c/12h

eGFR = 30 ml/min: Obtain trough immediately prior to 4th dose

1

f patient = 150 kg contact pharmacist for dosi

recommendations

c/8h

Fig. 1
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Vancomycin dosing nomogram for ICU patients.
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Table 3. Association Between the Classification and Regression Tree Analysis—Derived Vancomycin Minimum Concentration and Area
Under the Curve Exposure Variables and Overall Failure and 30-Day Mortality in the Poisson Regression Analyses

Owverall Failure®

30-d Mortality®

Exposure RR 95% Cl FValue RR 95% Cl P Value

Day 1 Crmino—24 #MICgpp = 14.9 1.24 .67-2.29 B0 1.656 .77-356 19
Crino—24 WMICgesr= 4.4 0.63 .37-1.08 .09 0.43 .22-87 .02
AUCy_24 nMICepp =521 0.54 .32-91 .02 0.43 .20-90 03

AUCy_24 n/MICeresT = 303 0.48 .29-78 .003 0.32 .16-.64 001
Day 2 Crmzdaan/MICenmn = 204 T47 792 .54 27 T.38 B0-2.75 =6
_ Crnpaa4gn/MICETEST>11.2 0.80 A44-1.44 A6 0.97 A46-2.03 93
AUC,4_ag WMICgppn = 650 0.58 .34-99 05 0.50 .25-1.02 06
AUC,4 4 WMICETEST = 320 0.53 .32-88 01 0.49 .24-98 04
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Optimizar pauta de VANCO segun Cp (bayesiano PKS)
- Si bacteriemia: Cmin 10-15
- Si pneumonia: Cmin 15-20

arm
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e 11/08 es confirma S.aureus sensible
e Se descarta endocarditis. Ecocardiografia

— se retira vancomicina
— Se continua con cloxacilina

Si MRSA:
e Optimizar pauta de VANCO segun Cp (bayesiano PKS)

e Daptomicina: 10mg/Kg/dia (NO pneumonia)

e Linezolid: precaucion toxicidades/interacciones

SCFC — 1 Jornada FarmU<dli
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e Eldia 14/08/2014 requiere reintubacién orotraqueal

e |nsuficiencia respiratoria importante requiriendo
PEEP alta (PEEP +14 cmH20 i FiO2 70%).

I

- =
= il
3
n

- arm
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Presenta infiltrado bilaterales y mala adaptacion a la VMNI arm
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Table 1 The clinical pulmonary infection score (CPIS)

Assessed Parameter

Result

Score

Temperature (*Celsius)

Leukocytes in blood {cells/mm)

Tracheal secretions (subjective visual scale)

Radiographic iindings (on chest radiography, excluding CHF and ARDS)

Culture results (endotracheal aspirate)

Oxygenation status (defined by Pa0,:HO,)

365-384°C
385-3189°C
=36or=30°C

4,000-11,000/mm?
<4000 or > 11,000/mm?
= 500 Band cells

None
Mild/non-purulent
Purulent

Mo infiltrate
Diffuse/patchy infiltrate
Localized infiltrate

No or mild growth
Moderate or florid growth

Moderate or florid growth AND pathogen consistent with Gram stain

> 240 or ARDS

= 240 and absence of ARDS

=

bl 2 bd — bd — 22 bd — 2 bd — fod —=

ARDS: acute respiratory distress syndrome; CHF: congestive heart failure

SCFC — 1 Jornada FarmU<dli

arm
Ci



BE_Diagnostico oticlogico

M. Muestra minimarnmrente contaminada:
- Lavado broncoalveolar = 109 UFC/mI o = 5% células con bacterias intracelulares
- Cepillo protegido = 107 UFCimI

- Aspirado distal protegido = 102 UFC/ml
MNZ2 Muestra posiblemente contantinada:

- Aspirado endotragueal = 10% UFCimI

M3 Méetodos microbicldgicos alternativos:

- Hemocultive positive no relacionado con otro foco de infeccidn
- Zrecimiento patdgeno en cultive de liquido pleural

-Puncidn aspirativa positiva pleural o de absceso pulmonar

- Evidencia de neumonia en examen histoldgico pulmaonar

- Diagnadstico positivo de neumonia porvirus o microorganismos pariculares (Legionella,
Azpergillus, micobacteria, micoplasma, Prrewmocystiz jiroveci)

» Deteccidon positiva de antigeno viral o anticuerpos a partir de secreciones respiratorias (Ela, FARMA,
Shell vial assay, PCRH)

« Examen directo positivo o cultivo pasitivo de secreciones bronguiales o tejida
s Seroconversian (p. ej., virus influenza, Legionella, Chilamydia)

= Deteccidn de antiogenos en orina (Legionella o neumococo)

M Cultivie positivo de esputo o o cuantitativo de muwestra de tracto resoiratorio
NS, Sit microfiologia positiva

arm
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e 14/08 BAL = BGN Mostra:  |[ASPIRAT TRANSTRAI

ESTUDI MICROBIOLOGIC RES
GRAM. TINCIO
POLIMORFONUCLEARS. ... Abundant(s)
BACILS GRAM NEGATIUS. ... Abundant(s)

e Cobertura neumonia tardia:
e Piperacilina+tazobactam + Colistina nebulizada
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Table 2 Comparison of recommended initial empiric therapy for ventilator-associated pneumonia (VAP) according to
time of onset [1], [34], [41]

Early-onset VAP

Late-onset VAP

Second or third generation cephalosporin: e. g, ceftriaxone: 2 g daily;
cefuroxime: 1.5 g every 8 hours;

cefotaxime: 2 g every & hours

OR

Fluoroquinolones

e. g, levofloxacin: 750 mg daily;

miaxifloxacin: 400 mg daily

OR

Aminopenicillin + beta-lactamase inhibitor e. g, ampicillin + sulbactam: 3 g

every 8 hours
OR
Ertapenem

1 g daily

+ /-

Cephalosporin

e. g, cefepime: 1-2 g every 8 hours;
ceftazidime 2 g every 8 hours

OR

Carbepenem

e. g, imipenem + cilastin: 500 mg every 6 hours or 1 g every 8 hours;

meropenem: 1 g every 8 hours
OR
Beta-lactam/beta-lactamase inhibitor

e. g, piperacillin + tazobactam: 4.5 g every 6 hours

PLUS

Arninoglycoside

e. g, amikacin: 20 mg/kg/day;
gentamicin: 7 mg/kg/day;

tobramycin: 7 mag/kg/day

OR

Antipseudomonal fluoroguinolone

e. g, ciprofloxacin 400 mg every 8 hours;

lemelaxacin 750 mg daily

e. g, vancomycin: 15 mg/kg every 12 hours
OR

linezolid: 600 mg every 12 hours

Optimal dosage indudes adjusting for hepatic and renal failure. Trough levels for vancomycin (15-20 mog/ml), amikacin (= 5 mcg/ml), gentamicin (<= 1 mcg/ml) and
tobramycin (< 1 mcg/ml) should be measured frequently to avoid untoward systemic side effects. All recommended doses are for intravenous infusion. Usual duration

of therapy is 8 days unless treatment is for multidrug resistant organisms, in which case treatment will be for 14 days.
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Clin Microbiol Infect.

Bodi M1, Ardanuy C, Olona M, Castander D, Diaz E, Rello J
Department of Critical Care, Hospital Univeristari Joan XXIll, Tarragona, Spain

-Med Klin Intensivmed Notfmed.

Engelmann L1, Schmitt DV
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Un adecuado tratamiento antibiético inicial disminuye la mortalidad a
los 60 dias

Crit Care.

Adrie C, Schwebel C, Garrouste-Orgeas M, Vignoud L
Planquette B, Azoulay E, Kallel H, Darmon M
Souweine B, Dinh-Xuan AT, Jamali S, Zahar JR, Timsit JF
Article Was Written on behalf of the Outcomerea Study Group
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¢Podemos optimizar la administracion de
Piperacilina/tazobactam en neumonia
asociada a VM?
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Wariations in Variations in
extracellular fluid renal clearance
I
v y 3
Increased if: Increasad if: Decreasad if:
| plaural effusion | | ascitas | | mediastinitis | |drug abusa| |burns-| | hperdynamics | | renal impairment |
| fluidtherapy | [ cedema | | post-surgical | haemodynamically active drugs| | leukaamia |
drainages
| hypoalbuminasmia | | e b ] |
L ¥ v
Antimicrobial dilution Enhanced antimicrobial Reoduced antimicrobial
or loss renal excration renal excration
v ¥ +
dosape increase dosage increase dosage decroase

Tvd/cl— dcp
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Time Time

Figure 1 ICU patients present pharmacokinetic changes of antibiotics that may alte
antibictics in healthy volunteers (left panel). A large volume of distribution (V) (middle pane
decreased maximum concentration (Crma, but a longer half-life (T;2) 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, Ty;sand T > N
concentration.
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Preclinical studies Clinical studies

¥
o
<
=
w
(#]
o]
n

Time-dependent
Carbapenems Maximum killing® A0% T, Cinical cure® 75% T, C /MICE
Resistance suppression®™ 16:MIC; C_/MIC=6-2 Microbiological cure® L .
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

100% fT> 4-5x MIC

(elegido para maximizar la
probabilidad de curacién clinica)

La actividad bactericida maxima se produce a Cp 4-5 x MIC
— especialmente con microorganismos menos susceptibles

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

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

Table 3.  Antibiotic Data for Achievement of Phamaco kin etic/Pharmacodynamic Targets” i Critically Il Patients

Dosing and PEFD Data
Dosage per 240° g
50% fT;.u{‘; acheaye

B0% FT,a.nne Bchieved
100% ¢ T, g0 achieved

100% f Touuane achisved

e De los 248 pacientes tratados por infecciones, el 16% NO alcanzaron 50% fT>MIC

Antimeotic (Mo, of Patients)

Surreciicilin
in=71)
6.0 (3560
E21%
168%
183%
11.3%

SyDeCH
in= 18
120 (83-120)
S56%

278%
3%

222%

Cafazoln
n=14)
3.0 30410
10000%
B0.0%
TEEY%
14.3%

Cafepame Cefraxone Dorpenem
{n=14) =33 =13
6.0 5.0-6.0 20 @040 1.76 11503 00
TEE% 97.0% 1000%
B00% 93.9% &8.2%
TEE% 493.9% T6.9%
A% 87.9% 20 5%

Fipa mcllin
in = 104
120 ro-1800
B0E%
459%
&70%
H03%

Meropenem
in =89
2.0{30-4.00
G5 0%
E55%
&4T%
41.6%

— estos pacientes eran 32% menos propensos a tener un resultado clinico positivo

— No alcanzaron el 50% ft>MIC: 20% Il vs 7% IP

o Resultados clinicos positivos directamente relacionados con 71 50 v 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)

e
o
<
=
w
(#]
n
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e Modelo PopPK, 16 pacientes criticos con fx renal normal
e Dosis: 12g/dia en grupo de IC; 4g/6-8h en grupo de Il.

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 Infusicn
3gqgdh 3 g gbh 4gq8h 4 g qbh 4gqih 4z aqGh B glday 12 g/day 16 g/day
0125 1] 0.00 0,00 0.00 0.00 0.00 0.0 0,00 0.00 0.00
025 1] 0.00 0,00 0.00 0.00 0.00 0.0 0,00 0.00 0.00
05 1] 0.00 0,00 0.00 0.00 0.00 0.0 0,00 0.00 0.00
1 5458 477G 31.82 2558 3411 4263 50,05 5458 5458 5458
2 21,84 1638 10,92 887 11,83 1570 18,19 2184 2184 2184
4 951 5.94 97 3.27 436 .24 713 9.5 951 951
g 548 274 1.82 1.54 206 326 3.66 1.89 548 548
16 175 0.66 044 038 051 093 1.02 044 0.49 0.66
32 205 051 034 032 043 0.00 1.03 032 039 039
G4 0,63 0.08 006 0.06 008 0,00 0,00 0,06 0.07 007
128 416 0.00 0,00 R 3 0,00
CFR 7407 4937 40.03 53138 . . BE 64 92 35 93 52

[ s
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

G6h; gBh, every 8 h; CFR, cumulative fraction of response,




e Modelo PK poblacional
e n=11 pacientes criticos

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

e Simulacidon de Monte Carlo sugiere que
PiperTazo 4,5 g/6 h infusion de 3 h puede
ser utilizado con éxito para tratar
organismos con una MIC de 16 mg/L

—
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=& dg q&h over 30 minutes
& dg g6h over 3 hours
=%- 4g q6h over 30 minutes

e T SE S
: dezmmg
-#""1.._‘__

(fT=MIC 50%)

=
R

Probability of target attainment g

Minimum inhibitory concentration (mg/L)

-#- 3g qBh over 4 hours
=& 3g qbh over 30 minutes

Y -4 3g qbh over 3 hours
kW i -#- 3g q6h over 30 minutes

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 6 h (A}, and 3 g pipel

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).
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Gran variabilidad en las Cp piperacilina/tazobactam, con una penetracién
alveolar de 40-50% para piperacilinay 65-85% para tazobactam

— asociacion negativa entre las Cp o C-alveolares y CICr

Table 2. Individual P/T concentrations and outcomes in patients with no/mild renal failure

Piperacillin Concentration

Tazobactam Concentration

Pacientes fx renal normal o

Serum (mg/L) Serum (mg/L) Qutcome
ELF ELF —_— =
CO n I R Ieve Patient No 8:00 am. 12:00 p.m. 6:00 p.m. (mg/l) ELF/Serum 800 am. 12:00 p.m. 6:00 pm. (mg/L) ELF/Serum  Pathogen  MIC {mg/L) Clinical Microbiological
PT12/15¢g
. 1 BT 52.0 42.9 148 28 34 6.4 24 5.5 86 E coli .25  Cure  Eradication
_ I C d e 1 6 / 2 erm |te 2 362 26.1 138 180 69 4.8 35 35 69 197 P aeruginosa 2 Cure Eradication
g p 3 37.0 326 32.3 17.0 544 58 6.1 54 6.4 1.05 P. aeruginosa 1 Cure  Eradication
4 24.0 244 278 19.0 78 5.0 2.8 6.1 1.4 50 S. aureus oxa-R =16 Cure  Eradication
H H 5 20.0 20.7 17.6 10.7 52 75 3.9 6.6 3.3 B85 K oxyfoca .5 Cure Eradication
a I canzar C .0 bj etivo 6 322 455 354 182 a0 84 53 88 121 228 S aweusoxaR =16  Cure Eradication
’ T 330 305 32.8 6.1 20 6.6 3.7 56 25 68 P. aeruginosa 4 Failure Persistence
8 118 78 153 48 62 4.3 41 4.5 hd4 132 P. aeruginaosa 2 Cure  Eradication
4 9 224 232 19.8 84 .36 54 6.2 5.8 43 69 E coli 25 Cure  Eradication
- N O C O n 1 2 1 ) 5 g I a 10 205 231 243 6.7 29 42 6.9 32 46 687 C. freundii 25 Cure Eradication
Median 28.1 253 26.1 12.7 A6 5.2 47 5.5 J .85 — — — —
IQR range 20.5-33.7 23.1-32.6 17.6-32.8 6.7-18.0 .29-62 43-66 3762 3561 3364 .68-132 — — — —
PT162¢g
11 326 329 35.7 125 38 6.7 6.8 6.0 5.8 .85 P. aeruginosa 2 Cure  Eradication
12 313 127 19.3 18.7 147 3.6 49 5.6 4.1 B84 S. aureus oxa-R =16 Cure  Eradication
13 41.2 484 55.5 145 30 4.4 1.7 4.6 3.5 2.06 S. aureus oxa-R =16 Cure  Eradication
14 26.5 15.7 22.3 14.0 B9 5.0 4.0 6.1 1.7 A3 P. aeruginosa 4 Failure Superinfection
15 35.0 307 30.7 136 34 11.0 26 7.8 3.7 142 P aeruginosa 2 Death  NA
16 379 38.0 39.1 248 65 19.0 18.8 25.5 17.0 90 P. aeruginaosa 1 Cure  Eradication
14 113.0 116.7 120.1 19.6 g7 228 244 26.8 122 b0 E coli .5 Cure Eradication
18 86.5 T8.2 88.3 20.2 26 12.7 116 13.1 6.5 .56 K. pneumoniae .25  Cure  Eradication
19 62.3 50.6 584 283 AT 134 145 11.7 T2 50 P. aeruginosa 1 Cure  Eradication
20 435 347 25.6 215 .62 4.1 3.8 46 4.0 105  E coli .5 Cure Eradication
Median 39.6 389 374 . A3 89 5.9 7.0 5.0 B4 — — — —
IQR range 32.6-62.3 32.9-59.6 25.6-584 14.0-21.5 .30-65 44-134 3.8-145 56-13.13.7-72 .50-1.05 - — — —

P/T, piperacillin‘tazobactam; ELF, epithelial lining fluid; MIC, minimum inhibitory concentration; IQR, interquartile range; oxa-R, oxacillin-

resistant.
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100 -

—— fT=MIC 50% == TT=MIC 100%

—e- ELF T=MIC 50%

Probability of
target attainment %)

Probability of
target attainment (%)

D_
025 05 1 2 4 8 168 32 64 128 025 05 A 2 4 8 18 32 64 128
Minimum inhibitory concentration (mg) Minimum inhibitory concentration (mg/)
100 S

—s— Plasma CmiWIC>3.4
—e.ELFC_ /MIC=3.4

Probability of
target attainment (4:)
-y [p] =]
[ =] L=
1 L

3
[=]
]

025 05 A 2 4 8 16 32 64 128
Minimummn inhibitory concentration (mg)

=+ ELF T>MIC 100%

Figure & Results of the Monte Carlo simulation with the probability of target attainments, for unbound (solid line) and ELF (dashed line) piperacillin, against
arange of MICs. The pharmacodynamic targets are the fraction of patients whose drug concentration was about the MIC for 50% (left panel) or 100% (middle
panel) of the dosing interval and the fraction of patients whose trough piperacillin concentration to MIC ratio was =3.4. Histogram shows MIC distribution for

organisms causing hospital-acquired and ventilator-associated pneumonia.Z®ELF, epithelial lining fluid; MIC, minimum inhibitory concentration.
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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

ICyIP | -Carbap/PiperTaz -14 estudios — 1229 pacientes (Carbap 3 estud n=302, Piper/Tazo 7 estud n=806)
vs I -UClyno Ucl -Pacientes tratados con IP (23 horas) o IC (24 horas) vs Il (20-60 minutos)
Extended or continuous  Short-ferm Risk Ratio Risk Ratio
Study or Subgroup Deaths Total Deaths Total Weight M.H, Fixed, 95% CI M.H, Fixed, 85% CI
1.1.1 Extended vs short-term
Dow 2011 8 87 11 54 171%  059(0.25135) —t
Esterly 2010 12 42 729 117% 118[053,264) ——
Itabashi 2007 1 18 9 24 109%  0.15(0.02,1.07) ]
Lodise 2007 g 102 14 92 207%  058[0.26,1.29] —
Patel 2008 4 70 5 50 7B%  067(0.19,240) —t
Total events 34 45

Heterogenelty: Chif= 4 .54, df= 4 (P=0.34), F=12%
Test for overall effect Z= 218 (F = 0.03)

1.1.2 Continuous vs short-term

Grant 2002

Lau 2008
Lorente 2009
Qlkimoto 2009
Roberts 2010
Sakka 2007
Subtotal (95% Cl)
Total evenis

Heterogeneity: Chif= 2.18, df= 3 (P = 0.54); F= 0%
Test for overall effect Z= 2.07 (F = 0.04)

Total (95% CI)
Total events

Heterogeneity: Chif= 684, df= 8 (F = 0.55), F= 0%
Test for overall effect: Z= 2,97 (P=0.003)

0 47 5 51 74%  010([0.01,1.73) I

1 130 3132 42% 034004, 32) ——f——
g % 14 46 17.6%  0.71([0.331.51] —r=

0 25 ] 25 Mot estimable

0 8 1] g Mot estimable

1 2

10 10 24%  0.50[0.05, 4567]
257 272 320%  0.50[0.26,0.96] L
10 24

571 545 i 0.59[0.41,0.83] L
7] 70

'l 1 1 'l
0.002 0.1 1 10 500
Against shor-term Against extendicontinuous

Test for subaroup differences: Chi*=0.32. df=1 (P=0.5N. F=0%

Figure 2. Forest plot depicting the risk ratios of mortality of patients receving extended or continuous versus short-term infusion of carbapenems anc
piperacillin/tazobactam, stratified by continuous and extended infusion. Vertical line, “no difference” point between the 2 regimens; squares, risk ratios
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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

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 10 268% Qa0 0o 7] — ——
Subtotal (35% 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 5 51 74% 0410[0.01,1.73] —

Lau 2008 1 130 3 132 42%  0.34[0.04,3.21] N K

Lodise 2007 ] 102 14 92 20.7% 058(0.26,1.28] s

Lorente 2008 8 37 14 48 176%  0.71([033,151) —ar-

Palel 2008 4 70 5 59 76% 1182 4N —

Roberts 2010 0 8 1] 8 Mot estimable

Subtotal (95% CI) 394 388 S57.5% | 0.55[0.34,0.89] L RR =0.55
Lt a # IC95% 0.34—0.89

Heterogeneily Chi*=211,df= 4 (F=072),F=0%
Test for overall effect: Z= 2.44 (P=001)

1.2,3 Carbapenems or Pipiperacillinlazobactam

Dow 2011 g8 67 1 54 171%  059)0.25,1.35) =T
Subtotal (35% CI) &7 54 17.1%  0.59[0.25, 1.35] E 3
Total events 8 11

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] % _
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
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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

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 41 28 47 11.5% 1.5211.18, 1.496] ——
Okimoto 2009 20 5 19 5 101% 1.0510.78, 1.41] —_—p—
Wang 2009 15 15 15 15 17.1% 1.00[0.88,1.13] -+
Subtotal (95% CI) 82 87T 38T 1.16 [0.62, 1.65] oA
Total events 73 62

Heterogeneity: Tau?= 0.08; Chi*= 15.20, df = 2 (P = 0.0005); F= 87%
Test for overall efiect Z= 0.84 (P = 0.40)

1.1.2 Piperacillin/ tazobactam

Buck 2003 8 12 8 12 43% 1.00[0.57, 1.76] S TR
Grant 2002 44 47 42 51 161% 1.14 [0.98,1.37) ! Bl

Lau 2006 70 ]| 76 88 17.5% 0.98[0.87,1.10) B
Lorente 2009 33 Ef 26 46 10.7% 1.58 [1.20, 2.08) —
Roberts 2010 8 ! g g 128% 1.00[0.80, 1.25] . e
Subtotal (95% Cl) 185 203 61.3% 1.1 [0.95,1.31] R
Total events 163 160

Heterogeneily: Tau®= 0.02, Chi*= 11,99, df= 4 (P = 0.02), F=67%
Test for overall eflect 2=1.28 (F = 0.20)

Total (95% CI) 267 290 100.0% 1.13[0.95,1.28] :
Total events 236 22

Heterogenaity: Tau? = 0.02: Chi*= 23.97, df =7 (P = 0.001); = 71% R — ;
Test for overall effect Z=1.76 (F = 0.08) ) F hm Fay edendediconti
Testfor subaroun differences: Ch*= 0.05. df= 1 (P = 0.82). F= 0% e R A T

Figure 4. Forest plot depicting the risk ratios of clinical cure of patients receiving extended or continuous versus short-temn 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
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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/ PipeTaz/ | -29 estudios — 2206 pacientes
Vs Carbapenems (1620 pacientes para andlisis de mortalidad, 1546 para curacidn clinica)
Il - .
- Criticos o no criticos
Mortality Clinical success
Prolonged Infusion  Intermittent Bolus Risk Ratio Risk Ratio Prolonged infusion  Intermittent bolus Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M.H,Fixed,95% Cl M-H, Fixed, 95% CI Study or Subgroup Events Total  Events Total Weight M-H, Random, 95% CI M-H, Random, 5% Cl
Angus 2000 ) L 8 1 61%  0.37(014,098) Bodey 1979 48 74 52 92 5.0% 1.15[0.90,1.47] =
Bukauol ) id o § L% LS NAi9.30] [ Buck 2005 & 12 8 12 16% 1.00[0.57,1.76] -
Chytra 2012 1 106 17 108 120%  0.84[0.44,161] — Chylra 2012 c0 108 0 108 75% 1.1 10.96, 1.27] L
el : e e — De Jongh 2008 6 6 b 6 42%  1.00[0.75,1.3¢ T
Dulhunty 2012 3 30 B 30 43%  060[0.14,182] Dulhunty 2012 4 Xl 13 30 2EY 1.53[1.02,2.31] —
Fahimi 2012 17 3 20 30 144%  032[0.551.24] - Georges 2005 22 26 18 24 3.7% 1.2710.92,1.76] s
Georges 2005 3 26 3 24 22%  082[0.21,4.14] Grant 2002 44 47 42 51 7.3% 1.14[0.98,1.37] r
Grant 2002 ] 47 5 51 3T%  010[0.01,173) * Hanes 2000 10 17 10 14 1.0% 0.82[0.49, 1.38] -1
Hughes 2008 5 78 3 23 31%  074[0.20,278] Lagast 1983 14 20 20 25 34% 0.88[0.62,1.24] > 0
Lagast 1983 5 20 4 5 25% 1.56 [0.48, 5.06] Lau 2006 96 128 104 130 7.7% 0.94[0.82,1.07] 1
Lau 2008 1 130 3 132 21%  0.34[0.04,321)] Lorente 2008 38 42 28 47 49% 1.52[1.18,1.96] -
Lockse 2007 9 102 21 92 15.7% 0331018, 040 i Lorente 2007 50 56 34 65 5.0% 1.711.33,2.19] -
I g 34 i 46 89%  0710033,1.51] T Lorente 2009 33 37 26 46 45% 1.5811.20, 2.08] =
;ﬂ:fzﬂuﬂg‘ﬁ ; ;g ; ;g ig: ::; [“';grg‘;“l Lubasch 2003 a7 4 36 40 7.3% 1.00[0.87,1.16] t
szeﬂs 2007 3 29 0 28 UI!% 6??.103[‘0? 1’25'321] Micolau 2001 16 17 15 18 5.2% 1.13[0.89,1.43] =
Roberts 2009 2 . 0 5 04% 500(030,8360) fobets 2007 Zs % . 28 Gg% 1.0910.92,1.29) I
Roberts 2010 0 8 0 8 Not estimatile Roberts 2010 e 8 8 8 55% 1.00[0.80,1.25]
Sakka 2007 1 10 2 10 1.4%  050[0.05 467) wan Zanten 2007 37 40 40 43 T7.9% 099[0.88,1.12) 1
Wang 2009 1 15 B 15  43% 017[0.02,12 Wang 2008 15 15 15 15 7.8% 1.00[0.88,1.13)
Total (95% CI) 859 789 1000%  0.66[0.53, 0.83] Total (95% CI) 747 799 100.0% 1.42[1.03,1.21]
Total events 96 137 Total events 617 arg
Heterogeneity: Chi*=16.20, df = 18 (F = 0.58), I*= 0% A 70 70| Heterogeneity: Tau®= 0.02; Chi*= 48.96, df= 18 (F = 0.0001); F= 3% TTE)
Testfor averall effect Z= 3.54 (P = 0.0004) Favaurs Infusion Favours Bolus | Testfor overall effect: Z= 2.71 (P = 0.007) 4 FEWUIS bolus

1C95% 0.53-0.83 1C95% 1.03-1.21
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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 (%) No. of No. of Summary risk (%)
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 9 841 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) 83
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 a8 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.

Mortalidad mdas baja con IP: Mejor curacidn clinica con IP:

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

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

. En el subanalisis de los estudios que utilizan dosis equivalentes en las dos administraciones no se observé mejora en la mortalidad
pero si en curacién clinica.

darm
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Encuesta: Fceuticos hosp y Fceuticos miembros de la
“Society of Infectious Diseases Pharmacists (SIDP)”

La mayoria no hace uso de IC o IP de antibiéticos:

— 29(11,2%) y 15 (5,8%) hospitales reportaron
el uso de ICy IP, respectivamente.

Motivos: mayor eficacia, igual o menor toxicidad, y
ahorro de costes.

La PENICILINAS son los ABL que se administran con
mayor frecuencia como ICy IE.

Los encuestados de la SIDP informaron con mayor
frecuencia el uso de IP que los otros encuestados

Table 3.
Provision of ID and Pharmacokinetic Services Among Hospitals
Using Continuous and Extended Infusions?

No. (%) Respondents
Random-Sample

Survey SIDP Survey
Using Usin Using Usin
Continuous Extended Continuous Extended
Infusions Infusions Infusions Infusions
Characteristic (n=27)° (n=14) (n=30)° (n=21)
Provides ID
consultation
service 22 (82) 11(79) 29(97) 20 (95)
ID pharmacist
participates on ID
rounds 12 (44) 5(36) 26(87) 18 (86)
Offers
pharmacokinetic
services 25(93) 14 (100) 27 (90) 20 (95)

SCFC — 1 Jornada FarmU<dli

?|D = infectious diseases, SIDP = Society of Infectious Diseases Pharmacists.
"A significantly greater percentage of SIDP survey respondents than random-sample survey respondents
reported use of continuous infusions (30/59 [51%] versus 27/250 [11%], p = 0.001).
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¢Experiencias de administracion de
infusion prolongada?

é¢Uso de antibioticos nebulizados?
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= Deposito del farmaco en el sitio de la infeccion, produciendo altas
concentraciones en el sitio de la infeccion (eficacia).

= Minimiza la toxicidad sistémica
o Propia del farmaco (nefro y ototoxicidad de aminoglucésidos)

o |Infeccion Clostridium difficile

@ |nstilacion traqueal de antibidticos
o Distribucidn no homogénea

Aerosolized antibiotics for ventilator-associated pneumonia
Ruby et al Anesthesiology 2012; 117:1364-80
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= Tipo nebulizador

<+ Tipo jet
Aerosol por atomizacion
Alto volumen residual

Menos eficientes . Depositan <15%

&erosal = Nebulised

+ Ultrasonicos medicatin
Vibraciones cuarzo (aumenta la T)
Desnaturalizacidon de antibiéticos?
Tamanos entre 3-3.6 um
Eficiencia del 30-40%

ibratar

darm
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= Tipo nebulizador

+ Malla T
Nueva generacion.
No cambianla T
Mayor deposicion (40-60%)

Medication Batfle S\« .
et

Hormr transducer
~
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= Parametros ventilatorios

«_Modo ventilatorio
Recomendable controlado por volumen vs presion

 Tidal volume
> 500ml

* Flujo inspiratorio
Mejor lento

» Sincronizacion con la respiracion

darm
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= Circuito ventilatorio

Es necesario una humidificacion para depositar bien las particulas
Nebulizador a 30-50 cm del tubo endotraqueal (15-20 de Y)

= (Gas conductor

Deposicién alveolar mejor con Helio-Oxigeno que con aire o oxigeno
Posible aumento del tamano de particula
Se necesitan mas estudios

darm
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= Tamano de particula

, <1 Alveoli
* Particulas < 1um
Son exhaladas durante la expiracion 1-<8 Bronchioles
8-16 Trachea

* Particulas > 5 um
Se depositan en orofaringe y se degluten >16 Oral Cavity
Son atrapadas en el circuito ventilatorio

* Particulas entre 1 -5 um
Optimo
Nebulizadores tipo jet, malla o ultrasénicos dan este tamafo
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ANT-POST PFERF
FOST Perf Quant.

Upper Zone:
Middle Zone:

Lower Zone:

Posterior Kct

Right

Yo

10.0

39.3

25.8

ANT-POST PERF
ANT Perf Guant,

Geometric Mean Kct

Left Lung Right Lung

Right

6.9
34.2

31.7

Anterior Kct

Left
Ket Yo
8.43 5.4
41.92 13.3
38.84 8.6

Total Lung:

75.1

Nebulizacion ANFOTERICINA
SCFC —-1Jornada FarmUdcdli

72.8

89.19 27.2




Mascarilla

Reservorio
para
Solucian

Oxigeno o aire
oaire
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= Tos y Broncoespasmo

Depende de viscosidad, tension superficial, osmolalidad,
tonicidad y pH del preparado farmacéutico

# Osmolalidad: 150-1200 mOsm/Kg
# Sodio: 77-154 mEq/|
% pH:2.6-10

Muchos preparados contienen conservantes tipo sulfatos y/o fenoles
gue contribuyen a la broncoconstriccion

darm
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Antibiotic

Therapeutic Use

Common Dosage

Adverse Effects and Monitoring Parameters

Aminoglycosides
Amikacin

Gentamicin

Tobramycin

B-Lactams
Aztreonam
lysine

Cefotaxime or
ceftazidime

Acute exacerbation of non—cystic
fibrosis bronchiecstasis,
nontuberculosis mycobacterial
infection

Acute exacerbation of non—cystic
fibrosis bronchiecstasis

Chronic suppressive therapy,
prevention, or eradication of
cystic fibrosis; treatment of
hospital-acquired pneumonia;
suppression therapy for non—
cystic fibrosis bronchiecstasis

Acute exacerbation of non—cystic
fibrosis bronchiecstasis

Chronic suppressive therapy of
cystic fibrosis

Treatment of hospital-acquired
pneumonia, suppression therapy
for non—cystic fibrosis
bronchiecstasis

500 mg nebulized
b.id.

80 mg nebulized
b.id

300 mg nebulized
b.id. with
Pari LC Plus

80 mg nebulized
b.id.

75 mg nebulized
tid. for 28-day
periods with
eFlow device

250 mg ql2h—
500 mg qbh
nebulized

Tinnitus, hoarseness, voice alteration,
wheezing, cough, dyspnea, bronchospasm
(consider pretreatment with albuterol),
systemic effects (nephrotoxicity and
hearing loss); baseline and periodic
audiometric evaluations for auditory and
vestibular ototoxicity in special
populations (e.g., cystic fibrosis) or where
systemic exposure is suspected; BUN and
Ser for renal function in patients receiving
long-term therapy; serum trough
concentrations in patients for those whom
systemic accumulation is suspected (e.g.,
renal dysfunction)

Cough, nasal congestion, wheezing

Well-tolerated in limited studies

drm
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Antifungal agents
Amphotericin B
deoxycholate

Lipid-based
amphotericin B

Liposomal
amphotericin B

Others
Colistin

Pentamidine

Proposed for prophylaxis against
invasive aspergillosis in patients
with hematologic malignancies
or lung transplantation

Proposed for prophylaxis against
invasive aspergillosis in patients
with lung transplantation

Proposed for prophylaxis against
invasive aspergillosis in patients
with hematologic malignancies

Prevention or eradication of
cystic fibrosis, treatment of
hospital-acquired pneumonia,
suppression therapvy for non—
cystic fibrosis bronchiectasis

Prevention of Pneumocystis
Jiroveci pneumonia

20-25 mg/day
nebulized in 1 or
2 divided doses
{use 50 mg/day
for mechanically
ventilated patients)

50 mg nebulized q.d.

(use 100 mg q.d.
for mechanically
ventilated patients)
12.5 mg nebulized
twice/wk on 2
consecutive davs

1—2 million units
(= 80—-160 mg)
nebulized b.i.d.?

300 mg every 4 wks
with Respirgard I1
nebulizer

Cough, chest tightness, taste disturbance,
nausea and vomiting; more adverse effects
reported with amphotericin B deoxvcholate
compared with lipid-based amphotericin B

Serious adverse effects including
nephrotoxicity and bronchospasm; higher
rate and severity of pulmonary effects
compared with aminoglyvcosides;
colistimethate sodium (parenteral formu-
lation) associated with fewer respiratory
adverse effects compared with colistin
sulfate {oral formulation); colistin should
be compounded immediately before use to
avoid potentially fatal pulmonary toxicity

Respiratory symptoms including cough,
wheezing, shortness of breath, and
bronchospasm; other effects include fatigue.
dizziness or lightheadedness, fever, throat
irritation, conjunctivitis, decreased appetite,
nephrotoxicity, glucose intolerance., and
allergic reactions
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Kollef M, Hamilton C, Montgomery B. Aerosolized antibiotics: de they add to the treatment of pneumonia?
Curr Opin Infect Dis December 2013, 26(6):538-544 arm
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Efficacy of high-dose nebulizer collision in ventilator-associated pneumonia caused by
multidrug-resistant Pseudomonas aeruginosa and Acinetobacter baumannii
Lu Q, Luo R, Bodin L, Yang J, Zahr N, Aubry A, Golmard JL, Rouby JJ

Anesthesiology December 2012; 117(6):1335-47

| Patients with VAP caused by P aeruginosa or A baumannii (n = 222) |

|

! |

Patients with VAP susceptible Patients with VAP resistant
to p-lactams to p-lactams
(n=153) {n = E9)

Excluded patients (n = 31):
-Bacteremia {(n = 18)
-Uninary tract infection {n =4) -
-Catheter infection {(m = 1)
-Concomitant usa of nebulized
or IV colistin (n =8)

Excluded patients (n = 26):
-Bacteramia {n = &)
-Cathetar infection (n = 1)
-Paritonitis (n = 1}

-lung abceass (n=1}
-Concomitant use of IV
antibiotics (m=17)

b L 4

Sensitive strain group Multidrug resistant
(n=122) strain group
(n=43)
- w
Treatment of VAP by Treatment of VAP by
IV B-lactam combined nebulized colistin
with a 3-day IV (n=43)

aminoglycoside
|:r1 =1 22:] /

Treatment of VAP by
nebulized colistin
monotherapy
(n=28)

T~

Treatment of VAP by
nebulized colistin
combined with a 3-
day IV
aminoglycoside
(n=15)
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Sensitive Strain Group

Multidrug-resistant
Strain Group

(n=122) (n=43) P Value
Cure of VAP at day 14, overall 81/122 (66.4%) 29/43 (67.4%)
Cure of VAP caused by P. aeruginosa 72/113 (64%) 19/32 (59.3%) 0.654
Cure of VAP caused by A. baumannii 9/9 (100%) 10/11 (91%) 0.353
Persisting VAP at day 14, n (%)
VAP caused by P. aeruginosa 21/113 (19%) 10/32 (31%) 0.122
VAP caused by A. baumannii 0/9 0/11
VAP caused by superinfection at day 14, n (%) 16/122 (13%) 2/43 (6%) 0.126
Per-treatment death, n (%) 4/122 (3%) 2/43 (5%) 0.679
Recurrence of VAP after day 14, n (%)
VAP caused by P. aeruginosa 11/113 (10%) 6/32 (26%) 0.162
VAP caused by A. baumannii 1/8 (11%) 0/11 (0)
VAP caused by superinfection after day 14, n(%) 8/122 (6.6%) 4/43 (9%) 0.551
Duration of MV after inclusion, media (IQR) 8 (2-21) 15 (6-24) 0.031
Duration of MV, median (IQR) 18 (12-33) 38 (23-54) <0.001
Length of stay in ICU, median (IQR) 25 (16-46) 54 (32-73) <0.001
All-cause ICU mortality 28 (23%) 7 (16%) 0.357
drm
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Use of adjunctive aerosolized antimicrobial therapy in the treatment of Pseudomonas
aeruginosa and Acinetobacter baumannii Ventilator-Associaated pneumonia

Arnold HM, Sawyer A, Kollef M
Respiratory Care August 2012 vol 57 n°8

Patients
150
Excluded
5
Cystic fibrosis: 3
Care withdrawal: 28 ]
No BAL: 5
Missing data: 5
< 72 hours antibiotics: 16
Y
A '
Adjunctive MNo Adjunctive
Aerosolized Aerosolized
Antibiotics Antibiotics
19 74
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Cumulative Survival

1.0

0.8

0.61

0.4

0.2

Aerosolized antibiotics
MNo aerosolized
antibiotics
0 5 10 15 20 25 30

Survival From VAP (d)

Kaplan-Meier curves depicting the probability
of  survival from  ventilator-associated
pneumonia (VAP) in patients receiving
adjunctive aerosolized antibiotics and patients
who did not receive

adjunctive aerosolized antibiotics (P .030 by
log rank test).

Cumulative Survival

Aerosolized antibiotics

Mo aerosolized
antibiotics

0 5 10 15 20 25 30
Survival From VAP (d)

Kaplan-Meier curves depicting the probability of
survival from ventilator-associated pneumonia
(VAP) in patients receiving adjunctive aerosolized
antibiotics and patients who did not receive
adjunctive aerosolized antibiotics (P .004 by log
rank test) for

the subgroup of patients having Acute Physiology
and Chronic Health Evaluation Il scores > 16.
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Tobramicina a Claritromicina

Colistina o Azitromicina
Aztreonam lysinato o Rifampicina
Gentamicina o |soniazida

Amikacina o Doxiciclina

Levofloxacino (MP-376) o Clindamicina
Fosfomicina o Telitromicina
Amfotericina B o Squalamina

SCFC — 1 Jornada FarmU<dli
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e 14/08 BAL - BGN
e 16/08 se confirma Pseudomonas spp

e Desescalada antibiotica:
e Cefalosporina + Colistina nebulizada

BITERAPIA

arm
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¢Qué evidencia hay sobre la
biterapia 0 monoterapia

en el tto de la neumonia asociada a VM?
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Surviving Sepsis . Societyof
- i
C a m pa Ig n ' The Intensive Care Professionals

Critical Care Medicine

International Guidelines for Management of
Severe Sepsis and Septic Shock: 2012

Table of Contents

Empiric therapy should attempt to provide antimicrobial activity against the most
likely pathogens based upon each patient’s presenting illness and local patterns of
infection. We suggest combination empiric therapy for neutropenic patients with
severe sepsis (grade 2B) and for patients with difficult-to-treat, multidrug-resistant
bacterial pathogens such as Acinetobacter and Pseudomonas spp. (grade 2B).
For selected patients with severe infections associated with respiratory
failure and septic shock, combination therapy with an extended spectrum
beta-lactam and either an ami- hoglycoside or a fluoroquinolone is suggested
for P. aeru- ginosa bacteremia (grade 2B). Similarly, a more complex combination
of beta-lactam and a macrolide is suggested for patients with septic shock from
bacteremic Streptococ- cus pneumoniae infections (grade 2B). A
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American Thoracic Society Documents

Guidelines for the Management of Adults with
Hospital-acquired, Ventilator-associated, and

Healthcare-associated Pneumonia

THIS OFFICIAL STATEMENT OF THE AMERICAN THORACIC SOCIETY AND THE INFECTIOUS DISEASES SOCIETY OF AMERICA WAS AFPROVED

BY THE ATS Boarp oF DirRecTORS, DECEMBER 2004 AND THE IDSA GuipELINE CoMMITTEE, OCTOBER 2004

Major Points and Recommendations for Optimal
Antibiotic Therapy

1.

Empiric therapy of patients with severe HAP or VAP
requires the use of antibiotics at optimal doses, to ensure
maximum efficacy (Level I) (240, 242-247). Initial therapy
should be administered to all patients intravenously, with
a switch to oral/enteral therapy in selected patients with
a pood clinical response and a functioning intestinal tract.
Highly bioavailable agents, such as the quinolones and
linezolid, may be easily switched to oral therapy in such
patients (Level IT) (248, 253, 254).

Aerosolized antibiotics have not been proven to have value
in the therapy of VAP (Level I) (256). However, they may
be considered as adjunctive therapy in patients with MDR
gram-nepatives who are not responding to systemic ther-
apy (Level II) (255).

1DSA

3. Combination therapy should be used if patients are likely

to be infected with MDR pathogens (Level IT) (21, 205).
No data have documented the superiority of this approach
compared with monotherapy, except to enhance the likeli-
hood of initially appropriate empiric therapy (Level I) (262).

. If patients receive combination therapy with an amino-

glycoside-containing regimen, the aminoglycoside can be
stopped after 5-7 days in responding patients (Level III)
(235).

. Monotherapy with selected agents can be used for patients

with severe HAP and VAP in the absence of resistant
pathogens (Level I) (240, 242-247). Patients in this risk
group should initially receive combination therapy until
the results of lower respiratory tract cultures are known
and confirm that a single agent can be used (Level II).
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Ampliar espectro de accién Aumento toxicidad
Provocar sinergia Riesgo sobrecrecimiento fungico
Disminuir aparicion de resistencias Infecciones cateter

Combination therapy for treatment of infections with gram-negative bacteria
Tamma PD, Cosgrove S, Maragakis L
Clinical Microbiology reviews July 2012, 25 (3) 450-470
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Ampliar el espectro de accion

Mortality 28 days 36% 29% 0.0002
Ventilation free days 10 (0-25) 17 (0-26) 0.008

Early combination antibiotic therapy yields improved survival compared with monotherapy in septic shock: a propensity-matched

analysis.
Kumar A1, Zarychanski R, Light B, Parrillo J, Maki D, Simon D, Laporta D, Lapinsky S, Ellis P, Mirzanejad Y, Martinka G, Keenan

S, Wood G, Arabi Y, Feinstein D, Kumar A, Dodek P, Kravetsky L, Doucette S; Cooperative Antimicrobial Therapy of Septic
Shock (CATSS) Database Research Group.
Crit Care Med. 2010 Sep;38(9):1773-85. arm
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Acertar el antibiotico y rapido

fraction of total patients

1.0 ;

0.2 -

0.0 -

= survival fraction =
—= cumulative effective _
antimicrobial initiation B

o 0. 7 R, 2, % & 6 & s
Q_ S 7o o Yo %o 99 Co 77 S0, N6

time from hypotension onset (hrs)

Kumar A. Crit Care Med 2006;34(6): 1589-96
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Provocar sinerqgias

B-lactamicos y aminuglucosidos B-lactamicos y fluorquinolonas

Demostrada in-vitro excepto cuando el Variable in-vitro (17%-82%)
indculo es muy grande

_ 5 Metanalisis comparando biterapia con
Pocos estudios demuestran reduccion de aminog|ucésido VS f|u0rquino|ona

mortalidad Sin diferencias en mortalidad ni curacién
) o _ clinica. Menos toxicidad con
So6lo beneficios en pacientes flourquinolonas

neutropeénicos

Ciprofloxacin vs an aminoglycoside in combination with a beta-lactam for the treatment of febrile neutropenia: a

meta-analysis of randomized controlled trials.

Bliziotis IA1, Michalopoulos A, Kasiakou SK, Samonis G, Christodoulou C, Chrysanthopoulou S, Falagas ME.

Mayo Clin Proc. 2005 Sep;80(9):1146-56. arm
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Minimizar resistencias

A FAVOR

Prospective randomized trial of piperacillin monotherapy versus
carboxypenicillin-aminoglycoside combination regimens in the empirical
treatment of serious bacterial infections.

M J Gribble, et al Antimicrob Agents Chemother. Sep 1983; 24(3): 388-393.

TABLE 4. Emergence of resistance during therapy

Effect of aminoglycoside and beta-lactam combination
therapy versus beta-lactam monotherapy on the emergence
of antimicrobial resistance: a meta-analysis of randomized,
controlled trials.

Bliziotis IA1, Samonis G, Vardakas KZ, Chrysanthopoulou S,

No. (%) in following

Resis treatment group:
Piperacillin  Combination
(n = 26) (n=24)
Emergence of resistant isolates during therapy 11 (42) 4(17) 0.0465
Original organism ) 6 2
New organism 8 2
Treatment failure, superinfection, or both due to emergence of resistance 5(19) 2(8) 0.2437
Proportion of all patients with treatment failure, superinfection, or both 5/9 2110 0.1299
due to resistance
Treatment failure 3/6 0/6
Superinfection 4/5 2/4

Falagas ME. Clin Infect Dis. 2005 Jul 15;41(2):149-58. Epub 2005

May 31.
Sludy [Relerence| i
Rubinstain 1535 [61)
Comatta 1994 (52 S -
Croce 1993 [74] —_—
GA Study Group 1992 [67) -
Gerecht 1989 [12) —_—

Mandei| 1987 [21)

Cone 1985 [30]

Grivble 1883 [33] —

Combined -

T
am Favors menotherapy L Favors combination 116,86
thesapy

OR (log scale) \

dr'm
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Survivors (n = 38) MNonsurvivors (n = 52) P
Age, vrs® 505 (19.9) 63.4 (14.3) =001
Gender imale) 29 (76.3) 39(75) 1
APACHE 11 score” 21.1(9.7) 2009(11.4) i
Type of patients A2
Medical 13 (34.2) 28 (53.8)
Surgical 17 (44.7) 19 (36.5)
Trauma 8(21.1) o (9.6)
Underlving diseases
Hepatic cirrhosis [0y 2(3.8) b
Immunosuppression 3(7.9) 6(11.5) A3
End-stage renal disease 4 (10.5) 4 (7.7 2
Chronic cardiac failure 0 [0y 13(25) <0001
COFD J(7.9) 8(15.4) 34
Diabetes mellitus 7(18.4) 16 (30.8) 22
Alcoholism 5(13.2) 12 (23.1) 28
Smoking habit 11 (28.9) 1223.1) 63
HIV infection {0 () 1(1.9) 1
Bacteremia J(7.9) 6(11.5) A
Recurrent VAP 4 (10.5) 2103.8) 2
Prescribed empirical therapy 38
Monotherapy 11 (28.9) 20 (38.5)
Combination therapy 27 (T1.1) 32 (61.5)
Effective empirical therapy 28
Inappropriate 4 (10.5) 18 (34.6)
Monotherapy 13 (34.2) 11(21.%)
Combination therapy 21 (535.3) 23(44.2)
Definitive therapy a8
Monotherapy 7(18.4) 8(154)
Combination therapy 31 (81.6) 44 (B4.6)

Cumulative survival

Optimal mangement therapy for Pseodomna aeruginosa venitalor associated pneumonia: An observational,
multicenter study comparing monotherapy with combination antibiotic therapy

SCFC — 1 Jornada FarmU<dli

Garnacho J, Borges M, Sole-Violan J, Barcenilla F, Escoresca-Ortega A, Ochoa M, Cayuela A, Rello J
Crit Care Med. 2007 35(8).

1,04

combination
J_l therapy
0,8 _[] monotherapy
' inadequate
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0,2

0,0

I I I I I
0,00 50,00 100,00 150,00 200,00
Hospital stay (days)

Ci



THE COCHRANE
COLLABORATION®

A single beta lactam antibiotic versus a beta lactam-
aminoglycoside combination for patients with severe

infection

Paul M, Lador A, Grozinsky-Glasberg S, Leibovici L
7 January 2014

We searched the literature until November 2013. We included in the review 69 trials that randomly
assigned 7863 participants . Participants were hospitalized with urinary tract, intra-abdominal, skin
and soft tissue infections, pneumonia and infections of unknown source. One set of studies
compared a broad-spectrum beta lactam versus a different, generally narrower-spectrum beta lactam
combined with an aminoglycoside (47 studies). No clear difference in all-cause deaths was observed,
but treatment failures were fewer with single beta lactam antibiotic treatment. A significant survival
advantage was seen with single therapy in studies that involved infections of unknown source. The
other studies compared one beta lactam versus the same beta lactam combined with an
aminoglycoside antibiotic (22 studies). In these trials, no differences between single and combination
antibiotic treatments were seen. Overall, adverse event rates did not differ between the study groups,
but renal damage was more frequent with the combination therapy. Combination therapy did not
prevent the development of secondary infection.

The review_authors concluded that beta lactam-aminoglycoside combination therapy does
not provide an advantage over beta lactams alone. Furthermore, combination therapy was
associated with an increased risk of renal damage. The limited number of trials comparing the same
beta lactam in both study arms and the fact that more than a third of the studies did not report on all-
cause deaths may limit these conclusions. The subgroup_of Pseudomonas aeruginosa infections
was underpowered to examine effects.
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Experiencia clinica:

- Biterapia en pneumonias (segun guias clinicas)
o H H H ”
- “Monoterapia igual efectiva

ééé Porqué no se usa monoterapia???

Experiencia en MONOTERAPIA NEBULIZADA
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