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Vancomycin
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Contents of the presentation on 
vancomycin

• short summary of its history and general properties 

• how to measure MICs and heteroresistance

• vancomycin PK/PD and minimal AUC24h/MIC

• high doses in America ... and the risks

• continuous infusion of vancomycin: 
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Vancomycin History
• first isolated in 1953 by Edmund Kornfeld at Eli Lilly 

& Co.1 from a soil sample collected in Borneo and 
produced by Amycolatopsis orientalis.

• remained for long a rarely used antibiotic because

– poor oral bioavailability (must be given intravenously 
for most infections)

– development of β-lactamase-resistant semi-synthetic 
penicillins (methicillin and derivatives) that solved the 
problem of β-lactamase-producing S. aureus 

– originally impure forms ("Mississippi mud") causing  
oto- and nephtotoxicity

• regained increasingly large usage from the mid-80's 
ONLY because of the widespread emergence of 
MRSA (methicillin-resistant S. aureus) that are 
resistant to all conventional β-lactams (incl. 
carbapenems)

1 first company to mass-produce penicillin in in the 1940's

binding of vancomycin 
to D-Ala-D-Ala
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Vancomycin: spectrum and clinical resistance
• Broad activity against Gram-positive microorganisms. 

– Staphylococci (S. aureus, S. epidermidis, S. saprophyticus, S. haemolyticus, S. 
hominis, S. warneri, and other coagulase-negative staphylococci)

– most Enterococcus faecalis (variable for E. faecium) 
– Streptococcus pneumoniae and S. pyogenes; S. agalactiae, group C and group G 

streptococci, 
– Listeria monocytogenes
– Bacillus anthracis, B. cereus, and other Bacillus spp., 
– Corynebacterium spp. 
– anaerobes: Peptostreptococcus spp., Actinomyces spp., Propionibacterium spp., 

Clostridium spp. (including Clostridium difficile (not Clostridium ramosum)

• Lactobacillus spp., intrinsically vancomycin resistant. 

• Clinically important resistance:
– S. aureus: tickening of the cell wall (VISA): MICs increase from 2 to 8-16 mg/L

(heteroresistance)
– Enterococci (VRE): acquisition of gene(s) causing a change from D-Ala-D-Ala to D-

Ala-D-Lac or D-Ala-D-Ser (usually high MICs)
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But when do you really need vancomycin ?
 Do you have these Infections ?

- Sepsis
- Endocarditis
- Skin and soft tissue infections
- Osteomyelitis
- Lower respiratory tract infections
- Diarrhea associated with Clostridium difficile
- Nosocomial intravascular catheter infections (prophylaxis and 

treatment) 

 Are they caused by these organsisms ? 
- Staphylococci (S. aureus, S. epidermidis) resistant to β-lactasm

(so called methicillin-resistant MRSA / MRSE)
- Enterococcus faecalis
- Clostridium difficile (oral form)

12/11/2015 WBI - HUP cooperation - Bach Mai Hospital 7



But when do you really need vancomycin ?
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Empiric treatments with vancomycin ?
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Sandford guide (2012-2013)



Skin infections, abscesses

Infection Pathogen Treatment

Arthritis, bursitis, 
osteomyelitis

risk factors for MRSA vancomycin

Abscess, mastitis risk factors for MRSA vancomycin

Diabetic foot 
grade 4

Recent exposure to AB Piperacillin-tazobactam or meropenem, +
vancomycin if Gram(+)

Established burn 
wound infection

Staphylococci, 
Pseudomonas

vancomycin + (ceftazidime, cefepime or 
piperacillin-tazobactam)

Decubitus ulcer 
with sepsis

Risk factor for MRSA vancomycin + pieracillin-tazobactam

Necrotizing soft 
tissue infection

Risk factor for MRSA Vancomycin + clindamycin

Catheter related 
infections

Severe or risk factors vancomycin + (ceftazidime, cefepime, 
piperacillin-tazobactam or meropenem) 

MRSA vancomycin



Cardio-vascular infections

Infection Pathogen Treatment

Cardiovascular 
device related 
infection

Staphylococci Vancomycin + rifampicin

endocarditis Risk factor for MRSA
or coag. neg. Staph

Vancomycin + gentamicin + rifampicin

Mediastinitis
after cardiac
surgery

Staphylococci, 
enterobacteriaceae

Vancomycin + (ceftazidime or cefepime)

Catheter related
thrombophlebitis

Staphylococci, 
enterococci,
enterobacteriaceae, 
Pseudomonas

Vancomycin + (ceftazidime or cefepime or 
piepracillin-tazobactam)

Intracranial vein Vancomycin + metronidazole +ceftriaxone



Respiratory tract infections

Infection Pathogen/ population Treatment

Pneumonia in 
immunocompete
nt neonates

Late onset in neonates > 7 
days

Cefotaxime + vancomycin

HAP/VAP Risk of MRSA Amoxi-clav or cefuroxime + vancomycin

CNS infections
Infection Pathogen/ population Treatment

Brain abscess risk factors for MRSA cephalo III + vancomycin

Meningitis neonate vancomycin + (cefotaxime of ceftazidime)

Child, postsurgery vancomycin + (ceftazidime or meropenem)

S. pneumoniae, MIC peni
> 0.06

Vanco + cephalo III

Ventriculitis MRSA Vancomycin +/- rifampicin



Other type of infections

Infection Pathogen Treatment

colitis Clostridium difficile;
- allergy to  
metronidazole
- severe

- Vancomycin PO
- Vancomycin PO + metronidazole IV

Renal abscess risk factors for MRSA vancomycin

Toxic shock
syndrome

Risk factor for MRSA Vancomycin + clindamycin

Suppurative 
parotitis

risk factors for MRSA vancomycin



Contents of the presentation

• Vancomycin

– short summary of its history and general properties

– how to measure MICs and heteroresistance
– vancomycin PK/PD and minimal AUC24h/MIC
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– continuous infusion of vancomycin: 

• why ?

• how we did it … 

• do the others do the same ?

– unconventional uses of vancomycin (a few words)
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You MUST get an MIC with the appropriate technique

microdilution vs E-test
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54 strains (MSSA, MRSA and CNS) – Ampe et al. IJAA 2013 41(5):439-46 – Suppl. Mat. 
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Beware of hetero-resistance: how to see it … 
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This slide borrowed from Dr M. Dryden, Royal Hampshire Hospital, Winchester, UK

these organisms
will cause
clinical
failures
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Vancomycin and Pharmacodynamics
• Vancomycin is an AUC24h-MIC dependent antibiotic
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Vancomycin – AUC24h and efficacy

Moise-Broder et al. Clin. Pharmacokinet. 2004; 43:925-942
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Moise-Broder et al. Clin. Pharmacokinet. 2004; 43:925-942

Vancomycin – AUC24h and efficacy
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Why is a so large AUC24h/MIC needed ?
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Bone5:
7%–13%

Sternal bone1:
57%

Heart valve4:
12%

CNS:
<10%

Fat4: 
14%

Muscle4:
9%

Epithelial
lining fluid3:

18%

Lung tissue2:
17%–24%

1. Massias L et al. Antimicrob Agents Chemother. 1992;36:2539-2541. 2. Cruciani M et al. J Antimicrob Chemother. 1996;38:865-869. 3. Lamer C et al. 
Antimicrob Agents Chemother. 1993;37:281-286. 4. Daschner FD et al. J Antimicrob Chemother. 1987;19:359-362. 5. Graziani AL et al. Antimicrob
Agents Chemother. 1988;32:1320-1322.

Vancomycin Tissular Penetration is poor

This slide borrowed from Dr M. Dryden, Royal Hampshire Hospital, Winchester, UK



How to calculate the AUC24h 
with the conventional BID schedule ?

AUC24h / MIC vs. dose for diff. MIC and CLcr=90 mL/min
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if the MIC is 2, you 
may fail clinically

Moise-Broder et al. Clin. Pharmacokinet. 2004; 43:925-942
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Vancomycin and MIC (EUCAST distributions)

S. aureus
(no diff. between 
MSSAand MRSA)

limit of the 
wild type population
and EUCAST breakpoint
( > is resistant)

VISA
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IDSA guidelines in 2011
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But risks in 2013 ...
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But risks in 2013 ...
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But be aware of the risk of underdosing

• Patients in continuous infusion and with increased renal clearance 

12/11/2015 WBI - HUP cooperation - Bach Mai Hospital 28



Dosing adjustment…
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Patients with high 
clearance will have 
too low through 
levels !



Vancomycin: provisional conlusions

1. an old drug put back into service

2. will work for organisms with an MIC of maximum 2 mg/L 
and not higher (beware of CLSI ! – use EUCAST 
breakpoints) 

3. You must
• use a loading dose

• optimize the maintenance dose

• monitor blood levels (trough of at least 15 mg/L) 
at days 1, 3, 6 and later ….

4. use combined therapy for organisms with MIC > 2 mg/L 

5. do not forget to detect heteroresistance… (use E-test)
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Vancomycin: continuous infusion
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TDM of vancomycin by continuous infusion
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how to optimize vancomycin treatment
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continuous infusion

“Continuous infusion is 
easier because it allows to 
control the duration of 
administration and  samples 
can be taken  at any time”  
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25-30 mg/L
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vancomycin CI: which serum concentration should we 
target? 
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efficacy
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Ingram, P. R. et al. J. Antimicrob. Chemother. 2008 Jul;62 (1): 168-71.

toxicity

Css vancomycin > 28 mg/L en 

increased nephrotoxicity risk

[OR 21.236; P = 0.004]
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How to reach the serum target concentration target with CI? 
1. loading dose: the correct scheme *

Ct = Dl / VdTarget serum 
concentration volume of

distribution

loading dose

loading dose (in mg/kg) = Ct (mg/L) x Vd (L/kg) 

* assuming linear pharmacokinetics
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loading dose (in mg/kg) = 20 mg/kg = 25 (mg/L) x 0.8 (L/kg) 



How to reach the serum target concentration target with CI? 
2: infusion * 

Css = Ko / ClvTarget serum 
concentration

vancomycin 
clearance 

(0.65 Creat. Cl.infusion rate

daily dose for 27.5 mg/L = 2316 mg/24h for a CrCl=90mL/min) 
(9.65 mL/h for a solution at 10g/L)

* assuming linear pharmacokinetics 
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maintenance dose = the total daily dose corrected for the clearance



How to reach the serum target concentration target with CI? 
2: infusion *

* during the infusion, the necessary dose (in 24h or per min) is only 
dependent upon the clearance

once a bath is a the desired level (i.e. after the 
loading dose), maintaining this level does not 
depend upon its volume but of the ratio of tap and 
drain flows ( which must be equal: in = out…) 

In
=

infusion

Out 
= 

clearance
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7. Total vancomycin serum concentrations

target concentration 
reached at time 0 h
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7. Total vancomycin serum concentrations

decline to 20 mg/L within 6h
(initial infusion rate to low)
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7. Total vancomycin serum concentrations

after increasing the rate of infusion (in 57% of patients) 
targeted value reached and maintained from 96h
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Vancomycin continuous infusion: how does it work

• Loading dose
– 20 mg/kg (based on actual body weight and an estimated 

distribution volume of 0.7 L/kg [10-12]) administered over 1 h for 
doses < 2 g or over 2 h for larger doses. 

• Infusion:
– "bags" are prepared in the Central pharmacy at 10 g/L in 5% 

glucose solution for infusion and transferred to the wards

– the preparation is infused with volumetric infusion pump at a rate 
of 9.5 mL/min 
(corrected for creatinine clearance < or > 90 ml/min)

Note: vancomycin is stable at 37°C for at least 3 days...
(Raverdy V, Ampe E, Hecq JD, Tulkens PM. Stability and compatibility of vancomycin 
for administration by continuous infusion. J Antimicrob Chemother. 2013 
May;68(5):1179-82).
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• Hospital-wide implementation of CI is feasible and well 
accepted by health care professionals.

• Centralized preparation facilitated nursing and was 
perceived as contributing to the quality of care

• Clinical Pharmacists can play an important role in the 
development and implementation of transversal quality 
improvement strategies

• CI may help optimizing vancomycin usage in the 
absence of pharmacokinetic services and may improve 
the quality of these services if available

Continuous infusion in Mont-Godinne
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Vancomycin: continuous infusion

• Do the others do the same ? 
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So, you asked about vancomycin… 

• Vancomycin

– short summary of its history 
and general properties 

– how to measure MICs and 
heteroresistance

– vancomycin PK/PD and 
minimal AUC24h/MIC

– high doses in America ... 
and the risks

– continuous infusion of vancomycin 
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an old drug and for specific 
indications: do you have MRSA ?

work with the 
microbiologist

give a sufficient 
daily dose and monitor levels

be prepared
for toxicity

we use it !



Carbapenems
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From penicillin to carbapenems
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Imipenem is ALWAYS with cilastatine

cilastatine

imipenem + cilastatine = TIENAM ®

imipenem

Inhibitor of the 
déhydropeptidase
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Meropenem and doripenem are "solo" compounds

meropenem

resistance to the dehydropeptidase through steric hindrance 
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Ertapenem is NOT like other carbapenems

meropenem

ertapenem
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long half-life BUT 
loss of useful activity 

against 
P. aeruginosa 



Clinical use: microbiological considerations (*)
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• Infections due to resistant pathogens 
– Regarded as first-line therapy for serious infections caused 

by Extended Spectrum β-Lactamase (ESBL)-producing 
organisms 

– Especially in patients with risk factors of harbouring resistant 
pathogens

• Previous hospitalization or antibiotherapy
• Colonization with MDR organism
• Late nosocomial infection (> 5 days after administration)
• Epidemic with MDR Gram-negative bacteria in the unit

• Infections with multiple organisms involved (e.g.: 
mixed, aerobic/anaerobic bacteria) when more than 1 
antibiotic is required

* imipenem and meropenem



MDR organisms that may require carbapenems
(after documentation)

First choice Comment Combined with

Acinetobacter baumanii R to pip-tazo, cephalo III, FQ, 
AG

Enterobacter R to pip-tazo, cephalo III, FQ, 
AG

Enterobacteriaceae ESBL

Pseudomonas aeruginosa R to pip-tazo and ceftazidime + ciprofloxacin or 
aminoglycoside

R to pip-tazo, ceftazidime, 
aminoglycosides

+ ciprofloxacin



Empiric treatments with carbapenems ?
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Sandford guide (2012-2013)



CNS infections
Infection Pathogen/population Treatment

Brain abscess Pseudomonas 
suspected

(cefepime + metronidazole) or 
meropenem

ventriculitis enterobacteriaceae Meropenem or cephalo III

Pseudomonas Amikacin + (ceftazidime or meropenem)

Brain abscess or 
pulmonary infection or 
cutaneous infection in 
immunocompromised
patient

Nocardia, 
disseminated

TMP-SMX + (meropenem or cefriaxone) 
+ amikacin



Respiratory tract infections

Infection Pathogen/population Treatment

HAP/VAP ESBL producer meropenem (but see later !)

Pneumonia in 
immunocompromised
patient

(Cephalo III or Pip-tazo or meropenem) 
+/- amikacin



Other infections
Infection Pathogen/population Treatment

mastoiditis Often polymicrobial Piperacillin-tazobactam or meropenem

Diabetic foot grade 4 Recent exposure to AB Piperacillin-tazobactam or meropenem, 
+ vancomycin if Gram(+)

Established wound 
infection with sepsis

Staphylococci, 
streptococci, 
enterobacteriaceae

(amoxi-clav + cipro or levo or amikacin) 
or meropenem

Exposure to fresh water 
(Pseudomonas)

Ciprofloxacin or levofloxacin or 
meropemen

Sepsis in 
immunocompromised
patients

(Ceftazidime or cefepime or Pip-tazo or 
meropenem) +/- amikacin

Catheter related 
infections

Severe or risk factors vancomycin + (ceftazidime, cefepime, 
piperacillin-tazobactam or meropenem) 

Hospital acquired 
pelvic or portal 
thrombophlebitis

Pip-tazo or meropenem or (cefepime or 
ceftazidime + metronidazole)



Clinical use: 
general considerations
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• Empiric therapy for nosocomial infections must be 
initiated as soon as possible and needs to be 
broad enough

• BUT, always reevaluate the clinical utility after 
48 - 72 hours according to microbiological 
documentation

http://www.google.be/url?url=http://www.olonnasurfclub.fr/attention-pas-de-cours-samedi-31-mai-2014/&rct=j&frm=1&q=&esrc=s&sa=U&ei=tz9fVPKzNYXPmwWto4E4&ved=0CB0Q9QEwBA&usg=AFQjCNG77O0kHCaoLqc7sURfDRnsEMtFpg
http://www.google.be/url?url=http://www.olonnasurfclub.fr/attention-pas-de-cours-samedi-31-mai-2014/&rct=j&frm=1&q=&esrc=s&sa=U&ei=tz9fVPKzNYXPmwWto4E4&ved=0CB0Q9QEwBA&usg=AFQjCNG77O0kHCaoLqc7sURfDRnsEMtFpg


Pharmacodynamics…
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First conclusions  (and discussion)....

• The most important PK/PD parameter predicting 
bacteriological and clinical efficacy is T>MIC

• T>MIC of 20% bacteriostatic effects

• T>MIC of 40%  bactericidal effects

• In severe critically ill septic patients, in impaired renal 
function patients and in neutropenic patients : imipenem  
has to exceed 66% of T>MIC to result in good clinical 
outcome (Mouton et al. Clin Pharmacokinet. 2000;39:185–201)

• Maximum killing effect is reached at concentration of 4 x 
MIC



Pharmacodynamics in the ICU …
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• ICU patients
• Increased volume of distribution 
• Modified antibiotic clearance
• Modified protein binding protein caused by hypo-albuminaemia
• Modified tissue  penetration 

Implications for clinical efficacy and correct dosage of AB

 Potential underdosing
 Risk of development of resistance and/or therapeutic failure

o Increase the drug dose (to obtain at least 40% of 4xMIC)
o Prolong the infusion time



Adverse effects
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• Rash, nausea, diarrhea, thrombophlebitis
– Imipenem: higher rate of nausea and vomiting (particularly 

after rapid infusion)

• Hypersensitivity reaction
– ! Patient with history of penicillin allergy (cross-reactivity 

~50%)

• Seizure activity  with imipenem
• If underlying CNS problems or decrease renal function

• Risk of developing pseudomembranous colitis, 
especially with prolonged therapy

http://www.google.be/url?url=http://rxview.adverseevents.com/hepatitis-c-why-side-effects-of-treatment-are-a-particularly-big-deal&rct=j&frm=1&q=&esrc=s&sa=U&ei=POJbVMPEH4Lb7AaV24CgBg&ved=0CBcQ9QEwAQ&usg=AFQjCNFgm44DB8k63LivKfTYtg5KRU7siQ
http://www.google.be/url?url=http://rxview.adverseevents.com/hepatitis-c-why-side-effects-of-treatment-are-a-particularly-big-deal&rct=j&frm=1&q=&esrc=s&sa=U&ei=POJbVMPEH4Lb7AaV24CgBg&ved=0CBcQ9QEwAQ&usg=AFQjCNFgm44DB8k63LivKfTYtg5KRU7siQ


Imipenem: dosage modifications

Renal impairment
• CrCl ≥71 mL/min/1.73 m²: 250 mg IV q6hr

• CrCl 41-70 mL/min/1.73m²: 250 mg IV q8hr 

• CrCl 21-40 mL/min/1.73 m²: 125-250 mg IV q12hr 

• CrCl ≤20 mL/min/1.73 m²: 125-250 mg IV q12hr 

• CrCl <5 mL/min/1.73 m²: Use IV only if haemodialysis 
is instituted within 48 hours 

• Haemodialysis: Give supplemental dose after each 
dialysis, then q12hr 
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Maximising the utility of the carbapenems

• High dose
– Specific population of patient with altered pharmacokinetics 

(severe sepsis) or infection with bacteria exhibiting higher 
MICs

• Meropenem : good CNS tolerability and low incidence of nausea and 
vomiting

• Increased frequency of administration
– Administer a smaller dose more frequently

• Extended infusion
– Extended infusion (3-5h)

Norrby et al. Scand J Infect Dis 1999;31:3-10. 
Kotapati et al. Am J health Syst Pharm 2004;61:1264-70. 
Roberts et al. Int J antimicrob Agents 2007;30:11-8.
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Mode of administration

• Standard regimen: intermittent short-term infusion
• Extended infusion may optimizing T>MIC particularly in 

critically ill patients.
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Bhavnani et al., AAC (2005) 49:3944-47



Prolonged infusion

• useful to prolong the T > MIC
• can be the only solution for antibiotics that 

cannot be administered by continuous infusion 
(discussed later)

• the following slides are an example with 
doripenem that may also apply to meropenem

• be careful for imipenem as it may be much 
less stable than the two other penems
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Mechanisms of resistance
Gram positive

• Mutation of PBPs

• Acquisition of a new carbapenem-resistant PBP
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Mechanisms of resistance

GRAM negative rods
• Membrane impermeability: Loss of an outer 

membrane protein (Opr D porin) which is necessary 
for imipenem to reach its PBP target site (P. 
aeruginosa)

• Efflux mechanisms: overexpression of the MexA-
MexB-oprM pump system (P. aeruginosa)

• Destruction by beta-lactamases = 
CARBAPENEMASE
– associated with mechanisms of resistance to other antibiotic 

classes -> highly multidrug resistant organisms 
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Escalating antimicrobial resistance  to β-lactams 

• Β-lactam agents: have been used widely for treatment of infection 
caused by Enterobacteriaceae since the 70-80’s

• Worldwide emergence of community-acquire ESBL+ strains since the 
early 2000’s

• Carbapenems: last resort antimicrobial agents for the treatment of 
ESBL + infection

• Since 1993: emergence of first carbapenem-R isolates due to 
production of carbapenemases

• Therapeutic dead-end (almost no reserve/new drugs in the pipelines)

From Y. Glupczynski
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Rapid evolving resistance in 
Enterobacteriaceae

1990 2010

Penicillinase
(TEM-1, SHV-1)

ESBLs
(CTX-M, TEM, SHV, ..)
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19701940



Classification of the different carbapenemases 
in Enterobacteriaceae

From P. Nordman
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Carbapenemase producing- Enterobacteriaceae

From P. Nordman

12/11/2015 Cooperation WBI - HUP - Bch Mai Hospital 72



NDM-producers…
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Resistance to carbapenems: why ?
• Carbapenems resistance is promoted by the 

widespread use of these antibiotics, creating a 
continuous selective pressure on bacteria

• Rational use of carbapenems is vital to control and 
prevent both the clinical impact and the development of 
resistance
– Limit the duration of therapy (most infections: 5- 7 days)
– Use of therapeutic alternatives for the treatment of infections 

caused by ESBL
• β-lactam (amoxicillin) + inhibitor of β-lactamase (clavulanic acid)
• Fosfomycin
• Cotrimoxazole
• Tigecycline
• Piperacillin-tazobactam
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Non-Carbapenem Therapy for Bacteremia Caused by Extended-
Spectrum β-Lactamase-Producing Enterobacteriaceae

• Presence of ESBL does not necessarily confer bacterial resistance to 
all β-lactams… (viz. piperacillin/tazobactam …)

• MIC is a better predictor of outcome than simple detection of 
enzyme (genomic) or mechanism-based categorization 
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Use of EUCAST breakpoints to predict outcome 
based on MIC determination
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http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_5.0_Breakpoint_Table_01.pdf

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_5.0_Breakpoint_Table_01.pdf


Use of EUCAST breakpoints to predict outcome 
based on MIC determination
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http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_5.0_Breakpoint_Table_01.pdf

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_5.0_Breakpoint_Table_01.pdf


Non-Carbapenem Therapy for Bacteremia Caused by Extended-
Spectrum β-Lactamase-Producing Enterobacteriaceae

Radriguez-Bano et al. CIS 2012:54
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Important message if you use carbapenems:
do NOT loose the battle !
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Savard & Perl. Clin Microbiol Infect. 2014;20:854-61. PMID: 24980472.



First general conclusions for carbapenems:
do NOT loose the battle !
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Savard & Perl. Clin Microbiol Infect. 2014;20:854-61. PMID: 24980472.



First general conclusions for carbapenems:
do NOT loose the battle !
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Savard & Perl. Clin Microbiol Infect. 2014;20:854-61. PMID: 24980472.



Second general conclusions for carbapenems:
Use them appropriately 
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But why do you wish to use carbapenems ?

• Do you have resistant organisms that you 
cannot "treat" with other antibiotics ?

• Can you obtain MICs and provide interpretation ?

• If used empirically, do you have plans for 
de−escalation ?

• Do you have an Infection Control Plan working ?
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Colistin
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Clinical form of colistin
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Active compound - polycationic

Prodrug – inactive – blocked aminogroups

• must be hydrolyzed to act -- has a lower toxicity and a faster elimination 
• conversion is spontaneous in aqueous media … and complicates PK studies

Colistin methane sulfonate - colistimethate

Li et al, AAC 2003; 47:1364-1370 – Bergen et al, AAC 2006; 1953-1958



Clinical form of colistin
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Li et al, AAC 2003; 47:1364-1370 – Bergen et al, AAC 2006; 1953-1958



Fate of the clinical form of colistin (colistimethate)
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Li et al, Lancet Infect. Dis. 2006; 6:589-601



How do polymyxins work ?
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Koike et al, J. Bacteriol. 1969; 97:448-52

Velkov et al, Future Microbiol. 2013; 8:711–24

Martis et al, J. Infection 2014; 69:1-12

1. Interaction with LPS in the outer membrane



How do polymyxins work ?
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Deris et al, Bioconjugate Chem. 2014; 25:750−60; J Antibiot. 2014; 67:147–51

2. Disruption of envelope integrity and access to bacterial cytosol



When can you use colistin ?
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when you have MDR organisms only…

First choice resistance Combined with

Acinetobacter baumanii R to pip-tazo, cephalo III, 
carbapenems, FQ, AG

+ gentamicin or rifampicin

Enterobacter R to pip-tazo, cephalo III, 
carbapenems, FQ, AG

+ gentamicin or rifampicin

Enterobacteriaceae carbapenemase + tigecycline or meropenem
or iv fosfomycin or 
aminoglycoside, …

Pseudomonas aeruginosa R to pip-tazo, cephalo III, 
carbapenems, FQ, AG

+ tigecycline or aztreonam
or iv fosfomycin or 
rifampicin, or …



Clinical implications ?
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3. Facilitated penetration of other drugs inside bacteria 
 synergy in combination

• Carbapenems, sulbactam
• Rifampicin
• Tigecycline, minocycline
• Fosfomycin
• Aminoglycosides
• Fusidic acid
• Glycopeptides
• Daptomycin

1. Preferential interaction with LPS  spectrum restricted to Gram-negative bacteria

2. Alteration of bacterial integrity  bactericidal activity

Bergen et al, Pharmacotherapy 2015; 35:34–42

Pa; COL-S; IMI-R



Underlying mechanisms and clinical implications
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Loutet & Valvano, Front.Cell Infect.Microbiol. 2011; 1:6; Olaitan et al, Front Microbiol. 2014; 5:643
Velkov et al, Future Microbiol. 2013; 8:711–24

1. Intrinsic resistance in specific species  (P. mirabilis, B. cepacia)
• masking negative charges of LPS
• reduction in sterol content of OM
• production of periplasmic proteases

4-amino-4-deoxy-L-arabinose (L-Ara4N)

 Limitation of the activity spectrum



Underlying mechanisms and clinical implications
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Olaitan et al, Front Microbiol. 2014; 5:643; Band & Weiss, Antibiotics 2015; 4:18-41

2.   Acquired resistance (modifications of LPS; horizontal transfer possible)

Up-regulation of 2-component regulatory systems

 Rational use
 Dose optimization
 Combinations



Underlying mechanisms and clinical implications
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Javol et al, AAC 2015; 59:2780-4

3.  Heteroresistance
• mixture of S and R subpopulations
• compensatory mutations

PhoPR subpopulation:
mutation in PhoP

S subpopulation:
deletion in mutated PhoP

 visible on E-tests only



Current susceptibility breakpoints
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species EUCAST FDA

S ≤ R > S ≤ ≥ R

Enterobacteriaceae 2 2 - -

Acinetobacter 2 2 2 4

Pseudomonas 4 4 2 8

Non-enterobacteriaceae - - 2 8



PK in critically-ill patients
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Dosage (colistin methane sulfonate 
[CMS]): 240 mg (3 x 106 U ) every 8h 

CMS 
• t1/2 ~ 2.3 h

Colistin: 
• t1/2 ~ 14.4 h. 
• Cmax

•1st dose: 0.60 mg/L
• s.s.: 2.3 mg/L.

1st dose

4th dose

CMS colistin

CMS colistin

Plachouras et al, AAC 2009; 53:3430-6

Conclusions: Colistin long 
half-life and insufficient 
plasma concentrations before 
steady state suggest the 
necessity of a loading dose …



Usefulness of a loading dose in critically-ill patients
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Karaiskos et al, AAC 2015; epub [PMID: 26369974]

subtherapeutic
levels

therapeutic
levels in 

part of the
population 



Pulmonary delivery: PK/PD rationale
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Boisson et al, AAC 2014; 58:7331-9

Predicted bacterial count over time after CMS aerosol delivery (2 MIU followed by 2 MIU i.v. at 8 h and 16 h) 
or i.v. administration (2 MIU every 8 h). 



A reminder: what is colistin ?
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A cyclic amphipathic polycationic peptide
with a short aliphatic side chain 

 Interaction with eukaryotic cells ?

Toxicity: 
the other flip of the coin



What about renal toxicity ?
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Yun et al, JAC 2015; 70: 827–9; Abdelraouf et al, AAC 2014; 58:4200-2; Azad et al, Anal Chem 2015; 87:1590-5

1. Polymyxins are reabsorbed by renal tubular cells and cause oxidative stress

Single cell accumulation
Saturable process (megalin)

ROS production



• Limited number of patients included
• Severity of underlying renal disease variable
• Dose of colistin variable
• Definition of nephrotoxicity variable:

Renal toxicity in clinical practice

Huge variability in prevalence among studies (33-61%)
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Risk factors for nephrotoxicity (1/2)

Dalfino et al, CID 2015; doi 10.1093/cid/civ717
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Risk factors for nephrotoxicity (2/2)
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Sorli et al, BMC Infectious Diseases 2013, 13:380



Relationship between Cmin and toxicity
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Li et al, Lancet Infect. Dis. 2006; 6:589-601





risk of toxicity



A reminder: what is colistin ?
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from bench to bedside…

Clinical experience:

combine or not, 
that is the question … 



Combinaison Pathogen N Results

CST (2MU x 3/day) vs. CST+RIF1 

(randomized study)
A. baumannii 210 No difference (mortality, toxicity, 

length of stay)

CST (2 MU x 3/day) vs. CST+TGC 
or MEM/IMI2

(observational, prospective study)

A. baumannii 101 No difference in 3-day mortality: 
23 vs. 24%

CST vs CST+VAN/TEC3

(retrospective study)
A. baumannii 68 Respiratory failure: 40% vs 58% 

VAP: 54% vs 71%
MDR infection: 71% vs 52%
G(+) coinfection: 41.2% vs 0%
Nephrotoxicity: 12% vs 13%
30-day mortality: 34% vs 30% 

CST vs. CST+MEM or CST+other4

(retrospective study)
P. aeruginosa
A. baumannii

258 Survival > if CST alone or +MEM 
vs others: 83% vs. 61-75%

CST vs. CST+other5 (VAP)
(systematic review ; 14 studies)

P. aeruginosa
A. baumannii

1167 No difference in microbiological 
or clinical success and mortality

1Durante-Mangoni et al. CID 2013;57:349-58;  2Lopés-Cortés et al. JAC 2014;69:3119-26
3Petrosillo et al. AAC 2014;58:851; 4Falagas et al. IJAA 2010;35:194, 5Wang-Jie & Gu IJAA 2014;44:477-85
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A. baumanii or P. aeruginosa in the ICU



Tumbarello et al; JAC 2015;70:2133-43
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K. pneumoniae infections (2/3 bloodstream)

treatment Non survivors
(N=225)

Survivors
(N=436)

P value OR (95 %CI)

CST monotherapy 45 (20.0 %) 76 (17.4) 0.41 1.18 (0.77-1.81)

Combination therapy 107 (47.6%) 247 (56.6%) 0.03 0.69 (0.49-0.97)

• 2  active drugs 38 (16.8%) 96 (22.2 %) 0.21 0.71 (0.46-1.10)

• 3 active drugs 67 (29.7%) 150 (34.4%) 0.23 0.81 (0.56-1.15)

• with carbapenem 54 (24.0%) 151 (34.6%) 0.005 0.59 (0.41-0.87)



parameter p Odds ratio (95% CI)

Clinical response 0.006 1.57 (1.14-2.15)
Microbiological eradication 0.01 1.61 (1.11-2.35)
Infection-related mortality 0.04 0.58 (0.34-0.96)
Overall mortality 0.06 0.74 (0.54-1.01)
Nephrotoxicity 0.45 1.18 (0.76-1.83)

Valachis et al, Crit Care Med. 2015;43:527-33
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Pulmonary infections : inhalation route

8 studies meta-analysed: IV vs (IV + inhaled) colistin
(but low to very low quality of evidence…

• Variability in delivered dose depending on nebulizers 
• Never in monotherapy



Current dosing recommendations
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Target Css ≥ 2 mg/L
< 2.5 mg/L

 If MIC ≥ 1 mg/L: think combinations

Landesdorfer et al, Semin Respir Crit Care Med 2015;36: 126–35; Nation, Polymyxins 2015 meeting

minimize risk of nephrotoxicity

• very narrow therapeutic window
• way to optimal dosing difficult



Current dosing recommendations: EMA 2014

19/11/2015 Colistin - StLuc 111

Creatinine clearance 
(mL/min)

Daily dose 
(Mio units)

≥ 80 9-12
50-80 9
30-50 5.5-7.5
10-30 4.5-5.5
<10 3.5

Limited experience; 
safety ???

Depending on renal function :

Children ≤ 40kg
25.000-50.000 U/kg 3 X/day

in critically ill patients a 
loading dose of 9 million IU 

should be given. 



Current dosing recommendations: EMA 2014

19/11/2015 Colistin - StLuc 112

Dialysis procedure Daily dose (Mio units)
Intermittent hemodialysis 2.25 on non-dialysis days

3 after dialysis on dialysis days
CVVHF/CVVHDF 3 x /day as in patients with normal 

renal function

In dialyzed patients:
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Still a lot f work ahead of us….

But beware of resistance  …

http://www.micro-blog.info/2013/07/icpic-2013-conference-report/

http://www.micro-blog.info/2013/07/icpic-2013-conference-report/


This is the end (for the time being) !

12/11/2015 WBI - HUP cooperation - Bach Mai Hospital 114


	Vancomycin, Carbapenems and Colistin:  �where and when do you really need to use them? 
	Disclosures and slides availability
	Vancomycin
	Contents of the presentation on vancomycin
	Vancomycin History
	Vancomycin: spectrum and clinical resistance
	But when do you really need vancomycin ?
	But when do you really need vancomycin ?
	Empiric treatments with vancomycin ?
	Skin infections, abscesses
	Cardio-vascular infections
	Respiratory tract infections
	Other type of infections
	Contents of the presentation
	You MUST get an MIC with the appropriate technique
	Beware of hetero-resistance: how to see it … 
	Contents of the presentation
	Vancomycin and Pharmacodynamics
	Vancomycin – AUC24h and efficacy
	Vancomycin – AUC24h and efficacy
	Why is a so large AUC24h/MIC needed ?
	How to calculate the AUC24h �with the conventional BID schedule ?
	Vancomycin and MIC (EUCAST distributions)
	Contents of the presentation
	IDSA guidelines in 2011
	But risks in 2013 ...
	But risks in 2013 ...
	But be aware of the risk of underdosing
	Dosing adjustment…
	Vancomycin: provisional conlusions
	Contents of the presentation
	Vancomycin: continuous infusion
	TDM of vancomycin by continuous infusion
	�how to optimize vancomycin treatment
	vancomycin CI: which serum concentration should we target? 
	vancomycin CI: which serum concentration should we target? 
	How to reach the serum target concentration target with CI? �1. loading dose: the correct scheme *
	How to reach the serum target concentration target with CI? �2: infusion * 
	How to reach the serum target concentration target with CI? �2: infusion *
	7. Total vancomycin serum concentrations
	7. Total vancomycin serum concentrations
	7. Total vancomycin serum concentrations
	Vancomycin continuous infusion: how does it work
	Slide Number 44
	Vancomycin: continuous infusion
	So, you asked about vancomycin… 
	Carbapenems
	From penicillin to carbapenems
	Imipenem is ALWAYS with cilastatine
	Meropenem and doripenem are "solo" compounds
	Ertapenem is NOT like other carbapenems
	Clinical use: microbiological considerations (*)
	MDR organisms that may require carbapenems�(after documentation)
	Empiric treatments with carbapenems ?
	CNS infections
	Respiratory tract infections
	Other infections
	Clinical use: �general considerations
	Pharmacodynamics…
	First conclusions  (and discussion)....
	Pharmacodynamics in the ICU …
	Adverse effects
	Imipenem: dosage modifications
	Maximising the utility of the carbapenems
	Mode of administration
	Prolonged infusion
	Mechanisms of resistance
	Mechanisms of resistance
	Escalating antimicrobial resistance  to β-lactams 
	Rapid evolving resistance in Enterobacteriaceae
	Classification of the different carbapenemases in Enterobacteriaceae
	Carbapenemase producing- Enterobacteriaceae
	NDM-producers…
	Resistance to carbapenems: why ?
	Non-Carbapenem Therapy for Bacteremia Caused by Extended-Spectrum β-Lactamase-Producing Enterobacteriaceae
	Use of EUCAST breakpoints to predict outcome �based on MIC determination
	Use of EUCAST breakpoints to predict outcome �based on MIC determination
	Non-Carbapenem Therapy for Bacteremia Caused by Extended-Spectrum β-Lactamase-Producing Enterobacteriaceae
	Important message if you use carbapenems:�do NOT loose the battle !
	First general conclusions for carbapenems:�do NOT loose the battle !
	First general conclusions for carbapenems:�do NOT loose the battle !
	Second general conclusions for carbapenems:�Use them appropriately 
	But why do you wish to use carbapenems ?
	Colistin
	Clinical form of colistin
	Clinical form of colistin
	Fate of the clinical form of colistin (colistimethate)
	How do polymyxins work ?
	How do polymyxins work ?
	When can you use colistin ?
	when you have MDR organisms only…
	Clinical implications ?
	Underlying mechanisms and clinical implications
	Underlying mechanisms and clinical implications
	Underlying mechanisms and clinical implications
	Current susceptibility breakpoints
	PK in critically-ill patients
	Usefulness of a loading dose in critically-ill patients
	Pulmonary delivery: PK/PD rationale
	A reminder: what is colistin ?
	What about renal toxicity ?
	Renal toxicity in clinical practice
	Risk factors for nephrotoxicity (1/2)
	Risk factors for nephrotoxicity (2/2)
	Relationship between Cmin and toxicity
	A reminder: what is colistin ?
	A. baumanii or P. aeruginosa in the ICU
	K. pneumoniae infections (2/3 bloodstream)
	Pulmonary infections : inhalation route
	Current dosing recommendations
	Current dosing recommendations: EMA 2014
	Current dosing recommendations: EMA 2014
	Still a lot f work ahead of us….
	This is the end (for the time being) !


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


