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Contents of the presentation

• Vancomycin

– short summary 

– high doses

– continuous infusion of vancomycin: how to avoid mistakes

• Colistin

– short summary 

– reminding dosage recommendations set in 2011 

– synergy: what's new

– recent clinical overview…

– resistance: it is coming …

– at the end of the day … what can you expect  ?
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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.

• active against Gram-positive organisms only (size !) and 
most notably against penicillin-resistant S. aureus and 
Enterococci (naturally poorly susceptible to penicillins) by 
binding to the D-Ala-D-Ala motif in nascent peptidoglycan

• 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 
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 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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Vancomycin and Pharmacodynamics
• Vancomycin is an AUC24h-MIC dependent antibiotic
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Vancomycin – AUC24h and efficacy

1. In vitro model mimicking the human PK

efficacy

drug exposure
Lubenko et al. J Antimicrob Chemother. 2008; 62:1065-9.
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Vancomycin – AUC24h and efficacy

1. In vitro model mimicking the human PK

efficacy

drug exposure

Typical 
range in 
patients

You need 
at least 

400 !

Lubenko et al. J Antimicrob Chemother. 2008; 62:1065-9.
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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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Vancomycin – AUC24h and efficacy

Moise-Broder et al. Clin. Pharmacokinet. 2004; 43:925-942
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Vancomycin – AUC24h and efficacy

2. In vivo (clinical study) – clinical success

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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How to calculate the AUC24h ?

AUC vs. dose for diff. CLcr

0 500 1000 1500 2000 2500 3000
0

100

200

300

400

500

600

Clcr = 30 60 90 120

dose (mg/24 h)

A
U

C
24

h
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How to calculate the AUC24h ?

AUC24h / MIC vs. dose for diff. MIC and CLcr=90 mL/min
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Moise-Broder et al. Clin. Pharmacokinet. 2004; 43:925-942
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AUC24h / MIC vs. dose for diff. MIC and CLcr=60 mL/min
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How to calculate the AUC24h ?

a low creatinine 
clearance helps !

Moise-Broder et al. Clin. Pharmacokinet. 2004; 43:925-942
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What if you do not know your MIC ?

• assume a MIC of 2 mg/L (breakpoint) and check at the 
level of the population …

• monitor serum concentrations with
– peak and trough (best to calculate AUC, but …see next slide)
– through only (and ensure values of 15-20 mg/L !)
 this will (probably) ensure an AUC/MIC ∼ 400

• use a loading dose (25-30 mg/kg)
– obtain rapidly the peak and the necessary AUC/MIC

• organisms with an MIC ≥ 2 mg/L will be difficult …

See details in: 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.
Rybak et al. Am J Health-Syst Pharm. 2009; 66:82-98
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A recent paper…

• STUDY OBJECTIVE: To compare clinical outcomes and costs in patients 
treated with the new vancomycin guidelines recommending goal serum 
trough concentrations of 15-20 mg/L versus patients treated with 
vancomycin doses targeting trough concentrations 5-20 mg/L prior to the 
new guidelines.

• PATIENTS: 200 with confirmed, complicated methicillin-resistant 
Staphylococcus aureus (MRSA) bacteremia 

– 100 before implementation (preperiod)
– 100 after implementation (postperiod)
– matched for diagnosis, any concomitant nephrotoxic agents (e.g., 

aminoglycosides, colistin, acyclovir), and age ± 5 years.
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A recent paper…

• MEASUREMENTS AND MAIN RESULTS : 
• Patients in the post-period

– higher success rates (60% vs 45%, p=0.034). 
– similar length of stay (13.5 days vs 15 days; p=0.28)
– shorter median treatment (8.5 days vs 13 days; p<0.001). 
– no difference was in total hospital costs ($ 27,709 vs $ 32,754 

p=0.147)
– higher drug and monitoring costs 
– initial vancomycin trough levels were significantly higher 

(15.8 mg/L vs 12.3 mg/L, p=0.02). 
– higher rates of nephrotoxicity (18% vs 15%; p=0.85)
– higher costs if developing nephrotoxicity.
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Dosing adjustment…

• Patients in continuous infusion and with increased renal clearance 
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Dosing adjustment…

ARC was defined as CLCr > 130 mL/min/1.73 m2

loading dose (1h): 
• 1000 mg if ≤70 kg
• 1500 mg if >70 kg)
over 1 h

infusion: 30 mg/kg/day 

this was 
the 

mistake !
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Dosing adjustment…

Vancomycin 
concentration in 
continuous infusion 
(at  equilibrium) is 
dependent from its 
clearance
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Vancomycin:  conlusions

1. an old drug put back into service

2. will work for organisms with an MIC up to 2 mg/L but 
probably not higher (beware of CLSI !) 

3. You must
• use a loading dose

• optimize the maintenance dose

• if using continuous infusion, you MUST base your infusion rate 
on clearance, NOT body weight 

• if possible, monitor blood levels AND compare with the MIC

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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Colistin

or
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Colistin

• A cyclic amphipathic polycationic peptide with a short aliphatic side chain

• which interacts with the lipopolysaccharide (LPS) of the outer membrane 
of Gram-negative bacteria, triggering a "self-promoted uptake" process 

• and displaces Ca++ and Mg++, which further destabilizes microbial outer 
membranes and helps conferring more specificity towards procaryotic cells
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Colistin History

• Isolated in Japan in 1949 from Bacillus polymyxa var. colistinus 
and indentified as polymyxin E
(discovered in 1947 among polymyxins A to E).  

• Differs from polymyxin B by only one aminoacid (D-Phe replaced 
by D-Leu)

• Supplied as the 

– methylsulfonate derivative (often called methane sulfonate 
and also known as colistimethate sodium), which is a 
prodrug that gets spontaneously hydrolyzed into colistin

– sulfate (colistine sulfate) which is more toxic and should no 
longe be used in the clinics. 
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Colistin: mg and units …

• Colistin: 106 units are
– Colistin base: 33.3 mg
– Colistin sulfate: 50 mg
– Colistin methane sulfonate (colistimethate): 80 mg

• Polymyxin B: 106 units are
– Polymyxin base: 100 mg
– Polymyxin sulfate: 119 mg (but often = 100 mg …)

The true content of commercial preparations and the balance 
between the E1 and E2 components may vary
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Colistin Microbiology 
as defined in the late 1960's

• About 10 x more active against Gram-negative than Gram-positive 
bacteria 

– inactive against Burkholderia cepacia, Serratia, Proteus, Bacteroides 
fragilis  … and most Gram-negative cocci 
[inherent resistance]; 

– synergism with sulfonamides, rifampin (later: beta-lactams, 
fluroquinolones)

• Bactericidal 

• Marked inoculum effect 

• Loss of susceptibility of pre-exposed bacteria

• MIC values highly dependent upon technique used (poor diffusion 
through agar; microdilution is preferred but influence by the inoculum)
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Population pharmacokinetics of colistin
in critically-ill patients

Dosage (colistine methane 
sulfonate [CMS]): 240 mg (3 
x 106 U ) every 8h 

CMS 
• t1/2 ~ 2.3 h,

Colistin: 
• t1/2 ~ 14.4 h. 
• Cmax (pred.) 

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

1st dose

4th dose

CMS colistin

CMS colistin

Plachouras et al. Antimicrob Agents Chemother. 2009; 53:3430-6

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

• open-label population PK study (2 centers in US; 1 in Thailand)
• 105 patients (February 2009 - July 2010)
• 12 with HD, 4 with CRRT (3 CVV hemodialysis; 1 CVV hemofiltration)
• physician-selected doses: 75 to 410 mg/day colistin base (2.2 to 12.5 x 106 U)/day
• dosage intervals: 8 to 24 h,
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Population pharmacokinetics of CMS and colistin
in normal, HD, and CCRT patients

CMS formed 
colistin

normal patient

hemodialysis

CCRT
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Current dosing recommendations (*): 1 of 3

*   after Garonzik et al. Antimicrob. Agents Chemother. (2011) 55:3284-3294
**  33 mg colistine base = 80 mg colistimethate = 1 x 106 U 
*** 275 mg CBA for loading dose = 8.3 x 106 U

a Expressed as mg of colistin base (**) activity (CBA) for various categories of critically ill 
patients. The suggested maintenance daily dose would commence 24 h after administration of 
a CMS loading dose. 

Example: To target a colistin Css,avg of 2.5 mg/liter, a 55-kg patient with a CrCL of 40 
ml/min/1.73 m2 would receive a loading dose of 275 mg CBA (***) followed in 24 h by 
commencement of a maintenance regimen of 225 mg CBA/day in 2 to 3 equally divided doses.

b Colistin Css,avg target is expressed in mg/liter. This target should be based on MIC, site, and 
severity of infection.

c Use the lower of ideal or actual body weight, expressed in kg. At this time, we suggest caution 
in the use of a loading dose greater than 300 mg CBA
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Current dosing recommendations (*): 2 of 3

*   after Garonzik et al. Antimicrob. Agents Chemother. (2011) 55:3284-3294
**  33 mg colistine base = 80 mg colistimethate = 1 x 106 U 
*** 275 mg CBA for loading dose = 8.3 x 106 U

d Based upon the population PK analysis for 101 critically ill patients not on continuous renal 
replacement therapy. Colistin Css,avg target expressed in mg/L.

Creatinine clearance (CrCL) expressed in ml/min/1.73 m2. Although the Jelliffe equation was used 
to estimate CrCL in this study, other means (e.g., Cockcroft and Gault equation) may be used to 
estimate CrCL which would then be normalized to a body surface area of 1.73 m2. 

in patients with CrCL values  70 ml/min/1.73 m2 or when targeting a “high” colistin Css,avg, both 
being circumstances where the algorithm may predict daily doses of CBA substantially greater 
than the current upper limit in the product label.
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Current dosing recommendations (*): 3 of 3

*   after Garonzik et al. Antimicrob. Agents Chemother. (2011) 55:3284-3294
**  33 mg colistine base = 80 mg colistimethate = 1 x 106 U 
*** 275 mg CBA for loading dose = 8.3 x 106 U

e Based upon use of equation 10 and setting CrCL to zero.

f Supplemental dose of CMS to achieve a similar colistin Css,avg on a HD day as occurs on a non-
HD day. It is assumed that the hemodialysis session occurs toward the end of a CMS dosage 
interval.

g Based on the population PK analysis for 4 critically ill patients receiving continuous renal 
replacement therapy.
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Two typical EUCAST MIC distributions for colistin

EUCAST and CLSI breakpoint is 4mg/L but 
the Cmax is rarely > than 2 mg/L … Can you 
call this a true "susceptibility" breakpoint ? 
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Colistin and inoculum effect

colistin concentration (mg/L)

low inoculum (∼ in vitro testing)

high inoculum (∼ in vivo

The extent and rate of killing of P. aeruginosa by colistin were markedly 
decreased at high CFUo compared to those at low CFUo.
Bulita et al. Antimicrob. Agents Chemother. (2010) 54:2051-2062 

typical Cmax
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Colistin pharmacodynamics and resistance (3)

Proposed model for mergence of less-suscpetible and resistant 
population of P. aeruginosa as deduced from an in vitro model.

(highly simplified from Bulita et al. Antimicrob. Agents Chemother. (2010) 54:2051-2062) 
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Colistin pharmacodynamics: conclusions

These recent elegant studies confirm what early investigators 
had already observed, namely that colistin 

• Displays a high and fast bactericidal effect
(named today: concentration-dependent antibiotic)

A loading dose to reach quickly max. bactericidal effect is 
essential 

• But that its activity vanishes after even transient exposure
(named today: heteroresistance and/or persistence of less 
susceptible isolates, or adaptative resistance)

colistin needs to be administered several times a day to avoid 
regrowth
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Colistin synergy: the rationale (1 of 3)

• Gram-negative bacteria have two membanes (OM and IM)
• Antibiotic targets are most often located in the IM or intracellularly
• Most antibiotics must at least pass across the OM to reach their 

target, which may represent a limiting step

β-lactam

PBP

DNA gyrase ribosome

aminoglycoside
fluoroquinolone
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Colistin synergy: the rationale (2 of 3)

• Gram-negative bacteria have also efflux systems defeating the 
passage of drugs across the OM and explaining the low activity of 
many antibiotics (intrinsic resistance) and the so-called "adaptative" 
resistance (aminglycosides)

β-lactam
fluoroquinolone

PBP

DNA gyrase ribosome

aminoglycoside
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Colistin synergy: the rationale (1 of 3)

• Disrupting the OM (as colistin does) will facilitate access of the other 
antibiotics to their targets

• This may apply EVEN to antibiotics for which the bateria are resistant 
(if due to OM impermeability/efflux phenomenon)

β-lactam

PBP

DNA gyrase ribosome

aminoglycoside
fluoroquinolone
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Colistin synergy: an example of failure
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Colistin synergy: an example of failure

TGC
[1]

CS
[2]

CMS
[3]

Cmax 0.17 0.29 8.5

24h Css (average) 0.04 0.16 2.7

Cmin 0.025 0.1 2.1

[1] Grayson et al. (2010). Kucers’ The Use of 168 Antibiotics. 6th Edition p 885, Table 69.2.Publisher: 
Hodder Arnold

[2]. Dudhani et al. 2010. Antimicrob. Agents Chemother. 54:117 – 1124.
Markou et al. 2008. Clin Ther. 30(1): 143-51.

[3] Dollery C. (1999). Therapeutic Drugs, 2nd Edition, C326, Churchill-Livingstone publication.
Li et al. 2001. Antimicrob. Agents Chemother. 45:781 – 785
Li et al. 2003. J. Antimicrob. Chemother. 52: 987–992.

Concentrations used for testing
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Colistin synergy: an example of failure
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Colistin synergy: an example of success
of the combination with amikacin, but …

MIC = 0.5 – 1 mg/L Bozkurt-Guzel & Gerceker AA. In vitro pharmacodynamic properties of colistin 
methanesulfonate and amikacin against Pseudomonas aeruginosa. Indian J Med 
Microbiol 2012;30:34-8
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Colistin synergy: a surprizing observation…
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Colistin synergy with sulbactam

Colistin and sulbactam minimal inhibitory concentrations (MICs) of the colistin-resistant 
Acinetobacter baumannii strain as determined by Etest: colistin, 32 mg/L; sulbactam, 
2 mg/L. (B) Synergy as shown by Etest; the colistin MIC is decreased from 32 mg/L to 
4 mg/L and the sulbactam MIC is decreased from 2 mg/L to 0.5 mg/L, as indicated by 
arrows (asterisks denote original MICs). 
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Colistin efficacy and safety in VAP ?  …
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Colistin efficacy and safety in VAP ?  …
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Colistin efficacy (global)
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Colistin efficacy (by region)
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Colistin safety (global)
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Colistin safety (by region)
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Comparison between doripenem in 4h infusion and 
colistin (both with fosfomycin)
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Comparison between doripenem in 4h infusion and 
colistin (both with fosfomycin)

MIC range for doripenem: 4-8 mg/L (EUCAST breakpoints: S ≤ 1 – R > 4)
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But (full) resistance is close … (*)

* both in time and geographic contexts…
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And the mechanisms may be very effective …
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Here they are (for A. baumanii)…

Antimicrob Agents 
Chemother. 2012 
Jan;56(1):59-69. Epub 
2011 Oct 24
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To make a long story short …
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At the end 
of the 
day…
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if colistin is you last option …

• a repeated dosage of 150 mg colistimethate (2 x 106 U or 66 mg 
colistin base) every 8h is probably the best option … but more may 
be needed (see slide 58)…

• A loading dose (additional 2 to 4 x 106 U at first dose; total 4 to 6 x 
106 U and perhaps up to 8-9 [see slide 57]) is essential …

• We do NOT have good breakpoints  use MIC values !

• Never use it in monotherapy … (meropenem, doripenem, … even if 
non-susceptible), BUT test the combination

• Test for susceptibility on a repeated fashion …

• Monitor the renal function and adjust by decreasing the dose and 
prolonging the interval …

• Remember that this is a last resource drug which should be put back 
on the shelf as soon as possible…
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