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Case

m Patient is a 19 year old male:
+94% TBSA thermal burn
« 5 ft. 9 inches tall
+78 Kg (LBW 71 Kg)

m Vital Signs:
+ BP =90/50 mmHg
< HR - 170 per minute
«T=100.8 F

m Medication:
<+ None & NKDA

= PHYSICAL EXAM:

+94% partial and full thickness burns of head and
neck, upper and lower extremities

« Area spared were the genitalia, scalp, left upper
chest

= HOSPITAL COURSE:

+ Transferred from North Dakota & admitted to
Region’s Hospital Burn Unit

« Intubated and hemodynamically stabilized
« Escharotomies of upper and lower extremities

Cultures
= Sputum:
< S. aureus (MRSA)  Oct. 11, 20, 24, & Nov. 12
<+ E. cloacae Oct. 11
« Staph coag neg. Oct 19, 22 and 24
= Blood:

< S. aureus (MRSA)  Oct. 11
< Flavobacterium sp  Oct. 11-26

Cultures & Antibiotic Therapy
Day 0Oct8 11 14 17 20 23 26 Nov4
BC NG MRSA Flavobacterium XXXXXXXX

SC POS POS POS

Vanc XXXXXXXX XX XX XX XX XX XX XX XX XXXX
Tobra XXXXXXX

Cefotax XXXX

Ceftaz XXXXXXXXXXX

Cipro XXXXXXXXXXX

Gent XXXXXXXXX

Piper XXXXXXXXX

Flavobacterium spp

m MIC Profile
<+ Oct. 11-26
Gentamicin MIC = 4-8 mg/L
Piperacillin MIC = 8 mg/L




October 25

m Ceftazidime and Ciprofloxacin D/C
m Piperacillin 4Gm Q 6 H
= Gentamicin 160 mg Q 8 H
= Sandoglobulin
« 35 GM IV 10/25
+20 GM 10/26
+20 GM 10/29

October 27

m Blood culture 10/25 &10/26 grew
Flavobacterium spp resulted in consult
m D/C current antibiotics & start
+ Gentamicin 440 mg (~6 mg/kg) Q24H
« Piperacillin Loading dose 3 Gm 2 hours after
Gentamicin dose
« Then Piperacillin continuous infusion at 500
mg/Hr (12 gm per day)
<+ Levels
m Piperacillin level once at steady state
m Gentamicin pharmacokinetics per protocol

Continuous Infusion of

Piperacillin
= Approach to continuous infusion
+ Total Daily Dose/ 24 hrs
+ Ko =Kd *Vd * Cp-ss
m Assume T1/2 ~ 1 hr
= Kd ~0.693/hr
= Assume Vd ~ 0.2 L/Kg * 78 Kg = 15.6L
u Cpss
= Suggested Cp-SS = 4 to 10 X MIC
u Flavobacterium MIC for piperacillin = 8 mg/L

u Desired Cp-SS = 6 x 8 mg/L= 48 mg/L

= Ko (mg/Hr) = 0.693 /hr * 15.6 L * 48 mg/L = 518.9 mg/Hr

Continuous Infusion Piperacillin
Results

Actual piperacillin Cp-ss = 22 mg/L at Ko = 500
mg/hr

+ Our estimate was Cp-ss = 48 mg/L

% Actual Cp-ss ~3 X MIC not 6 X MIC

Cl = Ko/Cpss

Cl =500 mg/Hr / 22 mg/L = 22.7 L/Hr

+ Our estimate for clearance = 10.8 L/Hr

% Actual clearance ~ 2 X greater than estimate
Ko = Cl x Cpss
Ko =22.7 L/Hr x 48 mg/L = 1089.6 mg/Hr

+ >24 Gm / Day Piperacillin or ~ 2X current dose

SDD Pharmacokinetic Studies

Day & Cp-x T1/2 vd Cp-X:
Date (mg/L) | (hr) (L/Kg) MIC
1 Oct. 27 17.2 1.9 0.28 4.3
2 Oct. 28 14.6 1.7 0.32 3.7
4 Oct. 30 15.7 1.8 0.32 3.9
5 Oct. 31 14.1 0.9 0.31 3.5
6 Nov. 1 20.6 1.1 0.22 5.2
8 Nov. 3 14.5 1.6 0.33 3.6
30 Nov. 27 20.1 1.5 0.25 5.0

Case Summary

m Flavobacterium spp cleared from blood in 24 hr
« ? Result of our intervention

m Was the outcome because of the continuous infusion of
piperacillin, the SDD approach with gentamicn, or
both?

m Did the gentamicin strategy contribute at all?
+? Result of combination immunoglobulin &/or
previous therapy
m Ultimate outcome patient survived




Therapeutic Goals

m Select most potent class agent
« Optimize pharmacodynamic outcome parameter
by selecting class agent with lowest MIC
= Example P. aeruginosa: Piperacillin, Cefepime,

Imipenem/Meropenem/Doripenem, Tobramycin, &
Ciprofloxacin/Levofloxacin

« Use hospital and ward specific antibiogram data
m Strategy for combination therapy

<+ Use antibiotics of different chemical class

<+ Use antibiotics with different MOA

+ Use antibiotics with different PD profile
m Concentration dependent vs independent killers

Pharmacodynamic Profile
Fluoroquinolones vs. Saureus

244 244

Free
MICo Sorum  praction  Free  auc

AUC?  yppound AUC / MIC

mg/ L
Ggent ( ? (mg/ b/ T mglhl w
- - = =)
MoxiBoxacin 400 mg q24h  0.125 a8 0.6 288 230
LevoRoxacin 750 mg q24h 0.5 90.7 0.7 63.5 127
LevoRoxacin 500 mg q24h 0.5 48 0.7 33.6 67

*In vitro activity does not necessarily imply clinical effectiveness.

Please see sales representative for full Prescribing Information of moxifloxacin.
Please see Manufacturer@ Prescribing Information. PhysiciansCDesk Reference’ . 62t"
ed. Montvale, NJ: Thompson PDR; 2008 (see levofloxacin).

1. Blondeau J et al. Int J Antimicrob Agents. 2003;22:147-154,
2. Product Prescribing Information used for multi-dose oral 24-h AUC values for each agent listed.

Therapeutic Goals
ATS HAP/VAP/HCAP Guidelines 2005
= Antibiotic combinations for P. aeruginosa
«Unclear Two vs One Antibiotic But:

m Infection associated with high
morbidity/mortality

mIncrease odds of providing at least 1 effective
agent

m Possible synergy or additive effect

m Suppress emergence of resistant mutants

m Suppress release of endotoxin

= Suppress glycocalyx production
+Recommended to start with two and then

streamline therapy

Therapeutic Goals

= Sequence the antibiotic combination

u Use concentration dependent agent first
m Example: Aminoglycoside, fluoroquinolone, ect.
m Quickly & significantly reduce initial bacterial
burden
u Reduce bacterial burden by > 3 logs of CFU/ml in
compromised host
m Follow with concentration independent agent
m Example: Beta-lactam
m Loading dose followed by continuous infusion
m Suppress emergence of resistance &/or regrowth

Therapeutic Goals

m Optimize the value of the pharmacodynamic
(PD) outcome parameter for each agent
m Most potent class agent for better MIC profile
m Dose will affect AUC & Cp-max but MIC can double
or half PD outcome parameter value
m Example
m P. aeruginosa vs Tobramycin or Gentamicin
= MIC
Gentamicin MIC = 1mg/L vs Tobramycin MIC 0.5mg/L
m Peak Concentration
Gentamicin Cpmax 8mg/L vs Tobramycin Cpmax 8 mg/L
u Peak/MIC Ratio
Gentamicin = 8 vs Tobramycin = 16

= Same dose, same peak concentration but
peak/MIC ratio doubled

Case Report
% 53 year old male involved in MV A with multiple
head & abdominal injuries. Admitted 12 days
ago to SICU placed on respirator 8 days ago

+ Short exposure to several different antibiotics
including vancomycin, P/T, imipenem,
gentamicin, & ciprofloxacin in different
combinations

+ Patient spikes temperature to 103.5 F

+ WBC's increase to 21,000/mm3 & CXR
demonstrates new infiltrate

< Following culture results are returned from BAL
specimen obtained ~24 hours ago




Antibiotic Resistant
P. aeruginosa
MIC (mg/L)

Antibiotic P. aerug #1 P. aerug #2
Ciprofloxacin >4 >4 (>4)
Ceftazidime >32 32 (=32
Imipenem 16 8 (>16)
Zosyn >128/4 >128/4 (>128/4)
Tobramycin >16 >16 (>16)
Gentamicin >16 >16 (>16)

Antibiotic Resistant
P. aeruginosa

Colistin Susceptibility Testing

m Interpretive criteria
« Microdilution

Susceptible Resistant
CLSI - 2007
P. aeruginosa <2mg/L > 8 mg/L
A. baumannii <2mg/L >4 mg/L
BSAC - 2005 <4 mg/L >4 mg/L

= Only colistin sulfate should be used for MIC testing

m Reports that disk diffusion method associated with
serious testing errors

CLSI = Clinical Laboratory Standards Institute
BSAC = British Society for Antimicrobial Chemotherapy

MIC (mg/L)
Antibiotic P. aerug #1 P. aerug #2
Ciprofloxacin >4 >4
Ceftazidime >32 32
Imipenem 16 8
Zosyn >128/4 >128/4
Tobramycin >16 >16
Gentamicin >16 >16
Colistin 0.125 0.125

Colistin

= Developed in the late 19403
<+ Unique structure and mechanism of action

<+ Active against a host of MAR gram negative
pathogens

= Mixture of colistin A and colistin B
< Likely lot-to-lot variability
< Likely manufacturer variability

m Confusion surrounding available products,
dosing strategies, & susceptibility testing

m If colistin were developed in 2008, would we
use the drug differently?

Clinical Trials

PHASE I TRIALS: Initial studies to determine the metabolism and
pharmacologic actions of drugs in humans, the side effects associated
with increasing doses, and to gain early evidence of effectiveness; may
include healthy participants and/or patients.

PHASE II TRIALS: Controlled clinical studies conducted to evaluate the
effectiveness of the drug for a particular indication or indications in
patients with the disease or condition under study and to determine the
common short-term side effects and risks.

PHASE III TRIALS: Expanded controlled and uncontrolled trials after
preliminary evidence suggesting effectiveness of the drug has been
obtained, and are intended to gather additional information to evaluate
the overall benefit-risk relationship of the drug and provide and adequate
basis for physician labeling.

PHASE IV TRIALS: Post-marketing studies to delineate additional
information including the drug's risks, benefits, and optimal use.

Colistin International Units
(IU)

m International unit
« Amount of colistin required to inhibit
growth of E. coli 95 I.S.M. in 1 ml of broth at
pH=72
=1 mg colistin base = 30,000 IU
m1mg CMS = 12,500 IU
m1mg colistin base = 2.4 mg CMS

Hanson, ND et al AAC 50: 2274-2275, 2006




Commercial Availability

= Colomycin

+ CMS Content/vial Colistin Base Content/vial

= 500,000 IU (40 mg) 16.6 mg

u 1 million IU (80 mg) 33.3mg

u 2 million IU (160 mg) 66.6 mg
<+ Dosing using CMS

= < 60 Kg 4-6mg/Kg/day
= > 60 Kg 80-160 mg Q8H

= Coly-Mycin M
+ CMS Content/vial Colistin Base Content/vial
=400 mg 150 mg
< Dosing using CMS
® 6.67-13.3 mg/Kg/Day broken into 2-4 doses

Li, J et al The Lancet 6:589-601, 2006andman, D et alClin Micro Rev 21: 449-465, 2008

The Clinical Dilemma

m CLSIvs BSAC breakpoints for colistin

= MIC testing done with sulfate salt which is
4-8X more potent than CMS

= MIC done at 10° CFU/ml but the bacterial
burden at the site of infection is ~10°
CFU/ml

m [noculum effect of 4-8 X increase in MIC

m Most pharmacodynamic data is in-vitro &

represents free drug concentrations

m Protein binding estimate ~ 50%
m Dose would have to be doubled & converted to CMS

Measuring Colistin
methanesulfonate (CMS)

Assays
«+Microbiologic assay (nonspecific)
mReliability of these data questionable

m Further hydrolysis of CMS during assay results in
an increase in colistin sulfate concentration

m End quantitative result likely higher than when
sample was collected

m Additional errors are possible if CMS is used to
create standard curve or control samples

+HPLC (CMS, colistin A, & colistin B)
+LC/MS/MS

Colistin or Polymyxin E

m Sulfate salt = Sodium
+ Used in MIC testing, methanesulfonate,
orally, and topically colistin sulfomethate

colistimethate, or CMS
« Polyanion

< Polycation

« Differs from
Polymyxin B by « Parenteral dosage
single amino acid form

« Inactive prodrug
must be hydrolyzed

Evans, M et al Annals of Pharmacother 33:9603'73@01& tess pU['Eﬂ[

Hermsen, E et al IDCNA 17:545-562, 2003 Li, J et al The Lancet 6:589-601, 2006
Michalopoulos, A Crit Care Clin 24:377-391, 2008
Landman, D et al Clin Micro Rev 21: 449-465, 2008

Toxicity of Polymyxins

*Nephrotoxicity (10-37 %)
«Contributing factor to polymyxin demise
*Recent studies do not corroborate earlier work
*When nephrotoxicity occurs, usually reversible
*Neurologic (7-27% usually)
*Paresthesia (Primarily oral)
*Dizziness
*NMJ Blocking
Pareses associated with levels > 100 mg/L
*Pain at injection site
*Reason for CM'S
*Need to consider the cost benefit relationship

Falagas ME et al Crit Care 2006 & Landman, D et alClin Micro Rev 21: 449-465, 2008

Polymyxins

= Mechanism of Action
«Physiochemical action
mDisplaces Ca** & Mg** bridgesthat stabilize LPS
m Endotoxin neutralizing effect

m Cause electrostatic interference of outer membrane

mDruginsertsitself in the outer membrane

mOverall causesleakage, a dysfunctional outer

membrane, and cell death
Evans, M et al Annals of Phar macother 33:960-7, 1999
Hermsen, E et al IDCNA 17:545-562, 2003
Li, J et al TheLancet 6:589-601, 2006

Michalopoulos, A Crit Care Clin 24:377-391, 2008
Landman, D et al Clin Micro Rev 21: 449-465, 2008




CFU/mL

Colistin vs P. aeruginosa
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——Cmax 72
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B. Gunderson et al AAC 47:905-909, 2003
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MAR Gram Negative bacteria  Efflux

Beta-Lactam Pump } Polymyxin =
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1. Disruption of efflux pumps
2. Disruption of porins

3. Disruption of outer cell
membrane and loss of
beta-lactamase

Etest synergy testing using the method
described by White et al.; AAC 1996, Vol. 40,
No.8

Etest strips applied simultaneously; no synergy detected

P. aeruginosa M31441-1
colistin with ceftazidime

P. aeruginosa M31441-1
colistin with meropenem

P. aeruginosa M31441-1

Inoculum = 0.5 McFarland

Control Pre-exposure to
1.7 x 108 CFU/mL 8 mg/L Colistin

Meropenem 1.1 x 108 CFU/mL
MIC = 8 mg/L Meropenem No Drug
MIC = 1.5 mg/L 1.8 x 105CFU/mL
Meropenem
MIC= 6 mg/L

Ullman, M et al Poster C1-1065a ICAAC 2008




Clinical Case

*12 yr 50Kg male suffered 68% BSA burn

*Hospitalized for 5 months multiple courses of
antibiotic including aminoglycosides

¢ Scr =0.9 mg/dl but no lean body mass

* Previous nephrotoxic episodes with tobramycin

* Mismatch between age & Scr with tobramycin T1/2

* Positive blood & sputum cultures for P. aeruginosa

* Amikacin 16mg/L, gentamicin 8mg/L, tobramycin

8mg/L, imipenem >16mg/L, P/T >128/4mg/L, &

Ceftazidime >32mg/L

* Meropenem R, Ceftazidime >128mg/L(Estrip),
& colistin 2mg/L

Clinical Case

Started on colistin 5mg/Kg loading dose
then 2.5 mg/Kg Q24H & ceftazidime loading
dose then 250 mg/Hr continuous infusion

*Attempted informed consent from parents
*Colistin pre < 5mg/L, 25 min post 23 mg/L,

& 8 hour post <5 mg/L
*Ceftazidime Cpss = 32 mg/L
*Patient completed ~2wks therapy, although
positive blood culture for VRE no further P.
aeruginosa isolated from blood
*Patient survived

Pharmacodynamics
Bedside Application Summary

m General & individualized
pharmacodynamic applications
« Focused application may rescue select patients at
risk of failure
m Patients with resistant pathogens
m Patients who are hyperdynamic
« Target attainment may prevent or delay the
development of antibiotic resistance

m May predict likely success or failure of the dosage
regimen against a specific pathogen




