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Scope of the presentation

ÅIntroduction

ÅManagement options for MDR/XDR Gram-negative 
infections (in complicated patients)
ÅDoripenem

ÅProlonged or continuous infusion of beta-lactams

ÅFosfomycin

ÅTigecycline

ÅPolymyxin

ÅRegarding tigecycline and polymixin, the impact of hypo-
albuminemia on highly protein bound  drugs in critically ill 
patients
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Scope of the presentation

ÅCombination therapy for such pathogens?

ÅConclusions
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Limited treatment options for
ESBLs/other MDR/XDR Gram-negative infections

Organism and antibiotic resistance Currently available antibiotics

Carbapenems, tigecycline

Polymyxins, tigecycline, fosfomycin

Polymyxins, ? fosfomycin

Polymyxins, ? fosfomycin

E. coli, Klebsiella spp., and Enterobacter spp.

- Cephalosporins

(ceftriaxone, cefotaxime, ceftazidime, and 

cefepime)

- Carbapenems

Acinetobacter spp.

Carbapenems

Pseudomonas aeruginosa

Carbapenems
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éééemergence and inter-hospital spread of colistin 

resistant KPC- producing  K.pneumoniae 

OXA-23

Zarkotou et al. J Clin Microbiol  2010;48: 2271ï74

Kontopoulou et al. J Hosp Infect 2010;76:70-73

Greece

ÅA matched 1:3 case-ctrl study 

ÅColistin R KPC cases were more likely to be admitted from other 

institutions (P=0.019) , had longer duration of Rx with ß-lactam/ß-

lactamase inhibitors (P=0.002) and higher overall mortality (69.2% vs 

35.9%, P=0.05)

ÅAll study isolates were clonally related suggesting horizontal 

dissemination
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Doripenem
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Improved Doripenem Targeting of Higher MICs with 4-h 
Infusion
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95%

Bhavnani SM et al. Antimicrob Agents Chemother.2005;49:3944-3947
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Doripenem Efficacy in NP/VAP: Clinical Cure in ME at 
TOC* in Patients With P. aeruginosa

CI, confidence interval; ME, microbiologically evaluable; TOC, test of cure; NP, nosocomial pneumonia; VAP, ventilator- associated pneumonia.

*TOC visit was 7-14 days after completion of study drug therapy. 

ÅComparator was piperacillin-tazobactam 4.5 g q6h in NP (DORI-09), and imipenem 500 mg q6h or 1,000 mg q8h in VAP (DORI-10);

Jenkins SG et al. Curr Med Res Opin.2009;25:3029-3036.

Difference = 36.3%; 95% CI = 16.9, 55.8
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Doripenem in VAP: MRU for Patients With P. aeruginosa
Identified at Baseline*

* cMITT patients with Pseudomonas spp identified in the lower respiratory tract at baseline. ** Comparators were 

piperacillin-tazobactam in one study and imipenem 

in a second study. #  Eradication rate defined as microbiologic eradication or presumed eradication; 25 patients 

excluded because of lack of data (doripenem, 12; comparator, 13). CI, confidence interval; MRU, medical resource 

utilization; NA, not available; VAP, ventilator-associated pneumonia.

Kollef MH et al. Critical Care, 2010:14:R84 1-10

Doripenem

(n = 36)

Comparator**

(n = 37)

Pvalue

EradicationRate % (n/N)# 66.7% (16/24) 41.7% (10/24) 0.147

Median Duration, days (95% CI) 

Mechanical Ventilation 7 (5, 9) 13 (8, 16) 0.031

Intensive Care Unit 13 (9, 19) 21 (14, 30) 0.027

Hospital Stay 24 (20, 32) 35 (28, NA) 0.129

http://images.google.co.za/imgres?imgurl=http://www.uthscsa.edu/mission/ArticleData/2005-07/images/mrsa.jpg&imgrefurl=http://www.uthscsa.edu/mission/article.asp%3Fid%3D345&h=199&w=170&sz=112&hl=en&start=6&tbnid=aGEjbQoSEmlQdM:&tbnh=104&tbnw=89&prev=/images%3Fq%3DMRSA%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG


Page  12

South African comparative doripenem data

ÅCOMPACT study (Comparative Activity of Carbapenem Testing Study)

ÅSponsored by Janssen-Cilag phase 3

Ån=3 sites in RSA

ÅSource: septicaemia, cIAI, NP/VAP

ÅData available for ICU pts vs non-ICU

ÅFDA vs EUCAST breakpoints applied to MIC data

COMPACT Report No. IV103498. 28 October 2010 (in print)
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Doripenem, imipenem and meropenem cumulative % MIC 
distributions against all pathogens in South Africa (n =188). 

COMPACT Report No. IV103498. 28 October 2010 (in print)
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Susceptibility of all pathogens combined and pathogen groups 
from South Africa to doripenem, imipenem and meropenem 
(EUCAST break points).

N
Percentage of isolates:

Susceptible Intermediate Resistant

All Pathogens

188

Doripenem 78.7 6.4 14.9

Imipenem 76.1 2.1 21.8

Meropenem 77.7 4.8 17.6

Pseudomonas spp.

96

Doripenem 68.8 12.5 18.8

Imipenem 63.5 4.2 32.3

Meropenem 66.7 9.4 24.0

Enterobacteriaceae

75

Doripenem 100.0 0.0 0.0

Imipenem 100.0 0.0 0.0

Meropenem 100.0 0.0 0.0

Other Gram-negatives

17
Doripenem - - -

Imipenem - - -

Meropenem - - -

COMPACT Report No. IV103498. 28 October 2010 (in print)
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Impact of different carbapenems and dosing regimens on
P. aeruginosa resistance emergence

ÅDoripenem: 500 mg 1h infusion; 500 mg 4h infusion; 1 g 4h infusion

ÅImipenem: 500 mg 0,5h infusion; 1 g 1h infusion

ÅDoripenem and Imipenem were studied in a hollow fiber infection model over a 

period of time (10-13 days) that was consistent with clinical usage    

ÅAt 500 mg 1h infusion, doripenem behaved similarly to the imipenem 0,5h 

infusion

ÅThe 4h infusion of doripenem maintained resistance suppression longer than 

either of the other 500 mg regimens (dori or imi)

ÅOf all the regimens, only doripenem 1g 4h infusion suppressed amplification

of the resistant subpopulation for the 10 days of the study

ÅAdditional PD data suggests a 4-h infusion of 1g doripenem achieves a 97,2% 
CFR for P.aeruginosa infections with doripenem MICs of 4mg/L

Louie A  et al. Antimicrob. Agents Chemother. 2010;54 :2638-45; Koomanachaiet al. Clin Ther2010;32:766-779
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Extended 
(prolonged or continuous) infusion of 

beta-lactams
vs

bolus infusion
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A better way to dose pip/taz ?
ÅComparison of two dosing regimens for serious P. 

aeruginosa infections

~ 3.375 grams IV over 30 minutes 6/d (4 hourly)

~ 3.375 grams IV over 4 hours 3/d (8 hourly)

Piperacillin-tazobactam

Lodise et al. Clin Infect Dis 2007;44:357-363
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Patients with APACHE score Ó 17 14d. Mortality:

Å30 minute infusion 31.6%

Å4 hour infusion 12.2%   p=0.04

Median LOS (days):

Å30 minute infusion 38

Å4 hour infusion 21       p=0.02

Piperacillin-tazobactam

Lodise et al. Clin Infect Dis 2007;44:357-363
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Piperacillin-tazobactam

Roberts et al. Crit Care Med2009;37:926-933 
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ÅOn D2, significantly higher median plasma concentrations 

in infusion group vs bolus group were recorded (16.6 vs 

4.9 mg/L; P=0.007)

ÅThe data in this study shows reduced variability of steady-

state concentrations using continuous infusion

ÅThis enables the intensivist to dose the patient with greater 

confidence for achieving target concentrations

Roberts et al. 2009

Piperacillin-tazobactam

Roberts et al. Crit Care Med2009;37:926-933 
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ÅLodiseôs group in another study

ï ~ 3.375 grams IV over 30 minutes 3-4/d (n=59)

ï ~ 3.375 grams IV over 4 hours 3/d (n=70)

Å30-day mortality & LOS was similar 8.5% vs 5.7% 
(P=0.54)

ÅBUT 

ïonly 4 and 7% of patients were in ICU

ïmean Apache was 10.5 & 10.9

ï59.3 and 58.6 % of infecting pathogenôs MICôs were < 
8mg/L, respectively

Piperacillin-tazobactam

Patel et al. Diag Microbiol Infect Dis 2009;64:236-240
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PK/PD of meropenem in Neonates

ÅRecommended dose of 20 mg/kg 8 ï12 hly depending on age 
and weight

ÅCreatinine and PCA best predictors of meropenem clearance

ÅSingle study comparing 0.5 h versus 4 h infusion rate (n=23)

ÅUsing Monte-Carlo simulations, enhanced PK/PD target 
attainment with 4 h compared to 0.5 h infusion rates of 

20 or 40 mg/kg q8 h or q12 h

ÅThis becomes important when treating more resistant organisms, 
e.g. P aeruginosawith MICôs of >4 mg/l

Van den Anker et al. Antimicrob Agents Chemother 2009;53:3871-9
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Å20 mg/kg: 4-hour infusions 8 hourly favoured for most non-
pseudomonal, non-acinetobacter infections (MICôs Ò 2mg/L)

Å40mg/kg: 4-hour infusions 8 or 12-hourly favoured for latter more 
resistant infections e.g. P aeruginosawith MICôs of >4 mg/l

Van den Anker et al. Antimicrob Agents Chemother 2009;53:3871-9

PK/PD of meropenem in neonates
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Fosfomycin
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ÅFosfomycin [(1R,2S)-epoxypropylphosphonic acid] is a 
phosphonate bactericidal antibiotic that that inhibits the early 
stage of peptidoglycan synthesis in the cell wall and shows a 
broad-spectrum bactericidal activity against Gram-positive and 
Gram-negative bacteria

ÅIn vitro:

- Antimicrobial activity against carbapenem-resistant Gram 
negative bacteria incl K.pneumoniae

- Antimicrobial activity of fosfomycin against multidrug-resistant 
Pseudomonas aeruginosa in vitro.

In vitro activity of fosfomycin

Falagas et al. Eur J Clin Micribiol Infect Dis2008;27:439-43

Kobayashi et al. Int J Antimicrob Agents2007; 30:563-4

Popovic et al. Eur J Clin Microb Infect Dis 2010;29:127-142 
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Ån=68

Å23 were tigecycline and/or colistin resistant

ÅSusceptibility 93% overall: 

ï87% for the group resistant to tigecycline or colistin

ï83% resistant to both tigecycline and colistin 

Endimiani et al. Antimicrob Chemother Agents 2010:54:526-529  

In vitro activity of fosfomycin against KPC
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ÅPseudomonas-related exacerbations of cystic fibrosis

ÅFosfomycin in the treatment of extended spectrum beta-lactamase-producing 
Escherichia coli-related lower urinary tract infections

ÅFosfomycin: use beyond urinary tract and gastrointestinal infections - review 
of 62 studies; 1604 patients ï81% cure rate incl. pneumonia and meningitis

ÅIn addition to bactericidal activity, clinical efficacy might also relate to anti-
biofilm activity:

- Treatment of Pseudomonas aeruginosa biofilms with a combination of 
fluoroquinolones and fosfomycin in a rat urinary tract infection model        

- Activity and penetration of fosfomycin, ciprofloxacin, amoxicillin/clavulanic 
acid and co-trimoxazole in Escherichia coli and Pseudomonas aeruginosa
biofilms.

Clinical efficacy of fosfomycin

Farugi et al. Int J Antimicrob Agents2008;32:461-3; Falagas et al. Clin Infect Dis2008;46:1069-77

Mikuniya et asl. J Inf Chemother2007;13:285-90; Rodriguez-Martinez et al. Int J Antimicrob Agents2007;30:366-8  
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Tigecycline

http://images.google.co.za/imgres?imgurl=http://www.uthscsa.edu/mission/ArticleData/2005-07/images/mrsa.jpg&imgrefurl=http://www.uthscsa.edu/mission/article.asp%3Fid%3D345&h=199&w=170&sz=112&hl=en&start=6&tbnid=aGEjbQoSEmlQdM:&tbnh=104&tbnw=89&prev=/images%3Fq%3DMRSA%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG


Page  29

Microbiological and clinical efficacy of tigecycline for MDR/XDR 
Enterobacteriaceae

Clinical efficacy and microbiological resolution in 70% (n=33) of patients
infected with any of above, including carbapenem-resistant strains

Systematic review of 26 microbiological and 10 clinical studies, including activity

against ESBLs, AmpC enzymes, and carbapenemases

XDR, extensively drug-resistant; FDA, Food and Drug Administration;

EUCAST, European Committee on Antimicrobial Susceptibility Testing;

MIC, minimum inhibitory concentration

Susceptibility rates, % (no. of isolates)

Pathogen
FDA criteria

(MIC Ò2)

EUCAST criteria

(MIC Ò1)

E. coli 99.6 (1936) 99.4 (795)

Klebsiella spp. 91.2 (2627) 72.3 (1504)

Kelesidis et al. J Antimicrob Chemother 2008; 62: 895-904
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Efficacy

(test of cure), %

Microbiologically evaluable population (n=36)
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Clinical cure rate (95% CI;

54.8-85.8)

Microbiological eradication

rate (95% CI; 49.0-81.4)

Clinical cure rate

(95% CI 54.8-85.8)

Microbiological and clinical efficacy of tigecycline for 

MDR/XDR Enterobacteriaceae

Vasilev et al. J Antimicrob Chemother 2008; 62: i29-i40 

Microbiological eradication 

rate (95% CI 49.0-81.4)
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In vitro data derived from 9/18 studies reporting on multi-drug resistant 

(MDR) A. baumannii and 7/15 studies reporting specific data on 

carbapenem-resistant Acinetobacter spp. suggested that at least 90% of 

strains are susceptible to tigecycline at an MIC breakpoint of Ò2 mg/l, 

including activity against polymyxin intermediate and resistant strains.

But clinicians should nterpret the in vitro activity of

tigecycline cautiously when using it for off-label indications,

and treatment should be guided by the MIC. 

Based on reports of clinical failure a breakpoint <1 or Ò 1 mg/L is probably 

more appropriate

Tigecycline vs Acinetobacter

Brink et al. South African Med J 2010;100:388-394

Acinetobacter spp. are known to have a propensity to acquire resistance, 

and exposure to sub-therapeutic serum levels may promote its more rapid 

emergence. 
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The potential for the development of resistance may also be exaggerated 

by the current registered dose (100 mg loading) followed by 50 mg 12-

hourly) in critically ill patients, as the higher volume of distribution in these 

patients may contribute to significant under-dosing (unpublished reports

have suggested better efficacy at maintenance doses of 100 -

150 mg 12-hourly). 

Until further data become available, no firm recommendations

can be made with regard to the testing or clinical utility of tigecycline, either 

alone or in combination with polymyxin, the carbapenems (regardless of the 

mode of delivery), rifampicin (or possibly fosfomycin) for

life-threatening MDR Acinetobacter infections.

Tigecycline vs Acinetobacter

It would, however, seem prudent to use tigecycline at higher doses

and in combination with other agents in such infections. 

Brink et al. South African Med J 2010;100:388-394
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Colistin
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Colistin

· Resistance to colistin is emerging and might relate to monotherapy use and 

under-dosing

· In KPC infections, monotherapy associated with poor outcomes (14%) vs 

combination therapy with tigecycline or aminoglycosides, that appears to be 

more promising (73%)

· Dosing regimen remains controversial

·Multivariate analysis of 258 episodes of MDR GNB infections, (68 caused by 

P.aeruginosa): higher doses were independently associated with better 

survival regardless of pathogen [adjusted odds ratio (aOR) = 1.22, 95% 

confidence interval (CI) 1.05ï1.42]

Hirsch et al. J Antimicrob Chemother 2010;65:1119-1125

Falagas et al. Int J Antimicrob Agents 2010;35:194-199
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Alternative dosing with colistin

ÅCurrent recommended dose: > 60 kg : Given 3 times per day.  Never once 
daily as this leads to resistance, Dose:  3 million  infused over 30 - 60 minutes 
8-hourly to a maximum of 9 million units per day

ÅA recent PK study in adult ICU patients (n=18) with normal renal function 
suggest significant under dosing and a 48h delay in achieving a level Ó2 
(breakpoint)  with above recommended doses. 

ÅAs a consequence a loading dose of:

ï9 mU (24h to reach a level of 2)

ïor 12 mU (4h to reach a level of 2) has been recommended

ïFollowed by 4. 5 mU IV 12 hourly 

Plachouras et al. Int J Antimicrob Chemother 2009:53:3430-6
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Impact of hypo- albuminemia on highly 
protein bound antibiotics in critically ill 

patients
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Brink & intoxicated friends Kgalagadi  12th April 2011: Kamfersboom waterhole
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Impact of hypo- albuminemia on highly protein bound 
drugs in critically ill patients

Ulldemolins et al. Clin Pharmacokinet 2011;50:1-12 
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ÅSAFE (saline vs alb fluid evaluation) study defined hypoalbuminemia as 
albumin level < 25 g/L and reported an incidence in critically ill pts of 40-
50%

ÅReduced number of antibiotic-binding sites 

Ÿ Increased free/unbound fraction

Ÿ Increased distribution throughout the body (Vd)

Ÿ Increased clearance (CL) (augmented renal clearance)

Ÿ Lower antibiotic concentrations

Ÿ Subsequent reduced likelihood of achieving free PK/PD targets

Ÿ Subsequent increased likelihood of resistance developing

Ulldemolins et al. Clin Pharmacokinet 2011;50:1-12 

Impact of hypo- albuminemia on highly protein bound 
drugs in critically ill patients
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ÅReduced free levels have been described for highly protein bound drugs

ïceftriaxone (83-96%)

ïertapenem (85-95%)

ïteicoplanin (90-95%)

ïaztreonam (60%)

ïfusidic acid (95-97%)

ïdaptomycin (60%)

ïCloxacillin (95-97%)

ÅDose adjustment recommended: Loading doses of 50-100% higher than 
standard doses or alternatively more frequent dosing is recommended (but 
usually not continuous infusion or prolonged infusion because most agents 
are not time-dependant agents)

ÅTigecycline is the only other a/b besides teicoplanin registered with a 
loading dose but is this enough in ICU pts? New tigecycline trials: 200mg 
loading followed by 100mg bd

Impact of hypo- albuminemia on highly protein bound 
drugs in critically ill patients

Ulldemolins et al. Clin Pharmacokinet 2011;50:1-12 
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ÅFor unbound ertapenem, geometric means of Cmax and AUC0ïÐ were 29.5 
mg/L and 103.5mgh/L, respectively

ÅThis correlated negatively with hypoalbuminaemia. 

ÅñThe highly variable and unpredictable intersubject pharmacokinetic 
parameters documented in this study resulted in suboptimal unbound 
concentrations in some patientsò

ÅLoading doses, and/or higher maintenance dosing mandatory to ensure 
optimal free levels and bacteriological and clinical outcome

Plachouras et al, 2009
Brink et al. Int J Antimicrob Chemother 2009;33: 432-6

Impact of hypo- albuminemia on ertapenem in critically ill 
patients
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ÅPKs of polymyxin B in critically ill patients (n=8)

ÅUnbound plasma concentrations of polymyxin B were in the vicinity

of or lower than the MIC of the pathogen

ÅPercentage of protein binding in plasma samples from these critically ill 
patients (range: 78.5%ï92.4%) was substantially higher than that observed

in plasma samples from healthy human subjects (mean ÑSD: 55.9% Ñ4.7%)

ÅHigh loading and maintenance dosing mandatory to ensure optimal free levels 
and bacteriological and clinical outcome

Plachouras et al, 2009
Zavascki et al. Clin Infect Dis2008;47: 1298-1304

Impact of hypo- albuminemia on colistin in critically ill 
patients

http://images.google.co.za/imgres?imgurl=http://www.uthscsa.edu/mission/ArticleData/2005-07/images/mrsa.jpg&imgrefurl=http://www.uthscsa.edu/mission/article.asp%3Fid%3D345&h=199&w=170&sz=112&hl=en&start=6&tbnid=aGEjbQoSEmlQdM:&tbnh=104&tbnw=89&prev=/images%3Fq%3DMRSA%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG


Combination therapy for such 
infections?
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Appropriate treatment in patients receiving or not 
receiving aminoglycosides as empirical therapy for GNB 

bacteraemia

Martinez JA et al. Antimicrob Agents Chemother 2010;54:3590-6

Ån=4863 GNB bacteraemic episodes. Fx independently associated with 
mortality included:

ÅAge greater than 65 (odds ratio [OR], 2; 95% confidence interval [CI], 1.6 to 2.6)

ÅHospital acquisition (OR, 1.5; 95% CI, 1.2 to 1.9)

ÅA rapidly or ultimately fatal underlying disease (OR, 2.5; 95% CI, 2 to 3.2)

ÅCirrhosis (OR, 1.9; 95% CI, 1.4 to 2.6)

ÅPrior corticosteroids (OR, 1.5; 95% CI, 1.1 to 2)

ÅShock on presentation (OR, 8.8; 95% CI, 7 to 11)

ÅPneumonia (OR, 2.8; 95% CI, 1.9 to 4)

ÅInappropriate empirical therapy (OR, 1.8; 95% CI, 1.3 to 2.5)

ÅCombination Rx was an independent protective factor:

Åin episodes presenting with shock (OR, 0.6; 95% CI, 0.4 to 0.9)

Åneutropenia (OR, 0.5; 95% CI, 0.3 to 0.9)

ÅCombination therapy improved the appropriateness of empirical therapy in 
episodes due to ESBL- or AmpC-producing Enterobacteriaceae and 
Pseudomonas aeruginosa 
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