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CHAPTER 6
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ABSTRACT

Colistin (polymyxin E) is a positively charged decapeptide antibiotic that disrupts the
integrity of the outer membrane of the cell wall of gram-negative bacteria by binding
to the lipid A moiety of lipopolysaccharides, resulting in cell death. The endotoxic
activity of lipopolysaccharides is simultaneously inhibited. Colistin is increasingly
being prescribed as rescue treatment for infections with multidrug-resistant bacilli.
Nephrotoxicity and, to a lesser degree, neurotoxicity occur often during systemic
colistin therapy, and have severely limited its application in the past. However, these
side effects are largely reversible and can be managed through close monitoring. The
prodrug colistimethate sodium (cMms) is less toxic and is, therefore, the preferred
formulation for parenteral administration. Importantly, resistance to colistin seems
to emerge often unless it is combined with another antibiotic, but further studies into
this phenomenon are necessary. Pharmacokinetic and pharmacodynamic properties
have received little attention, partly because of the physicochemical peculiarities
of polymyxin antibiotics, especially their propensity to stick to other molecules
and surfaces. The ratio between the area under the curve of free colistin and the
pathogen’s Minimal Inhibitory Concentration (M1c) best predicts microbiological
and clinical responses, but more studies are needed in this area. Likewise, further
standardization is needed in production and labeling of colistin formulations, and in
the way the susceptibility of bacteria to colistin is determined.
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INTRODUCTION

After the discovery of antibiotics' and their introduction into clinical practice, it was
generally believed that infectious diseases would become history. However, this idea
was proven to be wrong, and resistance to antibiotics has become an enormous global
burden. Especially, gram-negative bacteria, including Pseudomonas aeruginosa,
Acinetobacter baumannii, and Klebsiella pneumoniae, are becoming more and more
resistant to an increasing number of antibiotics. As a consequence, mortality due to
untreatable bacterial infections is increasing.

Physicians have to be aware of the risks of prescribing colistin because
inappropriate use of antibiotics is the most important reason for emergence of
resistance.” Lack of proper infection control has allowed resistant clones to spread
further, sometimes even worldwide. In addition, there is an almost empty pipeline
of new antibiotics. Pharmaceutical industry has shown little interest in marketing
new antibiotics because of high development costs, relatively small return on
investments, and the limited size of this niche in the pharmaceutical market.’ New
antibiotics tend to be categorized as ‘reserve antibiotic, resulting in further delay in
reaping financial benefit for the pharmaceutical industry.

Asthereare presently no new antibiotics available for some multiresistant bacteria,
an old molecule, colistin, is increasingly being applied over the last years. Colistin
(polymyxin E) is an antimicrobial agent that has hardly been used since the reporting
of its side effects decades ago. Consequently, there is a lack of relevant knowledge
for its clinical use nowadays. Colistin consists of a mixture of colistin A and B. Two
chemical formulations are used therapeutically: colistin sulfate and colistimethate
sodium (cms). The latter is a prodrug and is, both in vivo and in vitro, converted
into a complex mixture of partially sulfamethylated derivatives and partly into active
antibiotic colistin. cMs is less toxic than colistin sulfate when used intravenously
or by inhalation.*® Unfortunately, there is no unanimously accepted model for
the pharmacokinetic and pharmacodynamic properties of colistin. In addition,
the exact mechanisms of colistin resistance have not been fully elucidated yet.

Colistinss first life

Colistin was isolated in 1949° from the Bacillus polymyxa ‘Colistinus’ and became
available for clinical use in 1959.” Colistin is a cyclic deca-peptide antibiotic contain-
ing 10 linked amino acids (figure 1).

Soon after its discovery, it turned out that colistin was identical to polymyxin
E.* In the 60s, much was learned about the different types of polymyxins (a-E),
including colistin, the latter being a mixture of polypeptides. Although most of
the mechanism-of-action studies have focused on polymyxin B, the mechanism
of action of other polymyxins, including colistin, is thought to be the same.® The
purpose of this article is to review this antibiotic, in light of its increasing use in the
era of emerging drug resistance.
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METHODS
Systematic search strategy

The MEDLINE/PUBMED and ovID/EMBASE databases were searched systematically
in April 2014 to identify relevant articles on colistin. The search terms concentrated
on synonyms of colistin in article titles, to be as specific as possible. The following
MEDLINE/PUBMED and OVID/EMBASE searches strategies were performed.

MEDLINE/PUBMED
(‘Colistin’[Major] or colistin*[ti] orR ‘Polymyxin E’[ti] orR ‘Polymyxin E1’[ti]
orR ‘Polymyxin E2’[ti] or ‘Polymyxins’[ti] oR ‘colistinmethanesulfonic acid’
[Supplementary Concept] or Colistimetha*[ti] or colisticin*[ti] or Colimycin][ti]
orR ‘Coly-Mycin’[ti] orR ‘Coly Mycin’[ti] or Totazina[ti] or Colifin[ti] oOr
Colobreathe([ti] or Tadim[ti] or Colomycin[ti]) AND (eng[la] or dut[la]).

OVID/EMBASE

(colistin™.ti. or Polymyxin E.ti. or Polymyxin E1.ti. or Polymyxin E2.ti. or Polymyxins.
ti. or Colistimetha*.ti.or colisticin*.ti. or Colimycin.ti. or Coly-Mycin.ti. or Coly
Mycin. ti. or Totazina.ti. or Colifin.ti. or Colobreathe.ti. or Tadim.ti. or Colomycin.
ti.) AND (dutch or english).Ig.

The search strategies were designed with specialist librarians and were restricted
to English and Dutch. There were no publication or date restrictions.

A comprehensive database of the retrieved articles was built and electronically
checked for removing any duplicates. The abstracts of all publications identified were
then independently reviewed by the authors. All articles that focused on multidrug
resistance gram negatives (such as A. baumannii, P. aeruginosa, Enterobacteriacea),
pharmacokinetics, pharmacodynamics, critically ill patients, treatment outcome, or
mode of action were included for full-text review.

To search for potential additional relevant references, the reference lists of included
articles were screened as well as relevant guidelines and references from the product
information. A final check to update the systematic search was repeated just before
thearticle submission (November 2014) to include any new contribution on this issue.

RESULTS

The combined search in the databases PUBMED/ MEDLINE and OVID/EMBASE
retrieved 2569 records, 880 of which were excluded being duplicates (figure 2). Of
the remaining 1689 records screened by title and abstract, 1617 were excluded as they
were judged not pertinent to the topic, whereas 55 references were examined in full
text. Thirty-three references were found through handsearching (also including
guidelines and product information).
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Mechanisms of action

Polymyxins preferentially bind to the lipopolysaccharide (LPs) component of the
outer membrane of gram-negative bacteria and damage it as a consequence.” Gram-
positive bacteria do not contain LPs in their cell wall and, as a consequence, are not
susceptible to polymyxins.

With the binding of polymyxins to the lipid A, a key component of the Lps, the
3-dimensional structure of the Lps is altered. This leads to an increased permeability
of the cell envelope, which results in leakage of the cell contents and finally in
cell death.'®"* This process is called osmotic destruction. It has been described
that polymyxins - in addition to osmotic destruction - are able to kill bacteria by
penetrating into the cytoplasm where they interact with nuclear material and
ribosomes."

Because the activity of polymyxins involves a displacement of the divalent
cations calcium and magnesium that normally stabilize the Lps, the bactericidal
activity of polymyxins can be antagonized by physiological concentrations of
calcium and magnesium at the level of the cell wall.'"*'*> Furthermore, it is known
that the endotoxic activity of Lps is significantly reduced because of the binding of
polymyxin to the lipid A component of LPs. In this way, polymyxins inhibit Lps-
induced activation of leukocytes, and as a consequence, the production of tumor
necrosis factor-a and other interleukins.'® Although antiendotoxin effects of colistin
have been proven and validated in animal models," this feature of colistin has not
yet been evaluated in clinical practice.

Susceptibility testing

The routine disc diffusion test is not a reliable method to determine colistin
susceptibility, because of the fact that the test fails to detect low-level resistance.'®"
The European Committee on Antimicrobial Susceptibility Testing and the Clinical
and Laboratory Standards Institute recommend in their current guidelines colistin
susceptibility testing by measuring the mic. Therefore, broth microdilution is the
standard method in most parts of the world. Colistin has, at neutral pH, a polycationic
nature, causing it to adhere to many materials, which results in unreliable results.*
For that reason, polysorbate 80, a dispersing agent, has been added to the media,
but this did not result in a gold standard.*** In our opinion, the appropriateness
of polysorbate 8o supplementation of the media during mIcC testing remains to be
proven. In conclusion, further work needs to be performed to gather information to
change the current 150 20776-1 standard.”

Colistin resistance

Aswith all other antibiotics, resistance against colistin has emerged.**° Recently, the
European Medicines Agency warned in theirreport® about the increasing resistance to
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colistin, especially in southern European countries where colistin has been frequently
used in agriculture. The mechanism of resistance against colistin is likely to be the
target modification, that is, changes in the lipid A component of the Lps structure.”®
Among enteric pathogens and P. aeruginosa, the addition of aminoarabinose and/
or phosphoethanolamine residues to the lipid A moiety of LPs removes its negative
charge, and, thus, abolishes the affinity of the positively charged colistin for the
bacterial cell wall, resulting in resistance. In A. baumannii, a complete loss of the Lps
structure has been observed as the basis for colistin resistance.”® Mutations in several
genes (ParRs, pmraB, phoprQ, and cprrs) involved in the regulation and synthesis
of LPs have been identified in clinical and laboratory-induced colistin-resistant
strains.>**** Importantly, aminoglycosides are also cationic antimicrobials that
may simultaneously become less effective by the Lps modifications described above.

Toxicity

In 1970, Koch-Weser et al* reported significant side effects of colistin. Nephrotoxicity

— consisting of proteinuria, hematuria, and appearance of cylinders in the urine, as
well as an increase in the blood levels of urea and creatinine — occurred in 20% of the
patients treated with cMs. Apart from nephrotoxicity, neurotoxicity in the form of
paresthesias, muscle weakness, peripheral neuropathy, and neuromuscular blockade
resulting in respiratory paralysis was described.”

These effects and the emergence of new antibacterial agents with fewer side
effects led to the disappearance of colistin from clinical practice in the 1970s. A more
recent analysis of risks showed colistin dose, the presence of hypoalbuminemia, and
the concomitant use of nonsteroidal anti-inflammatory drugs to be independent
risk factors for nephrotoxicity.*> A high body mass index has also been associated
with colistin nephrotoxicity, possible because of overdosing based on actual body
weight.* Importantly, the trough colistin level has been shown to be an independent
risk factor for nephrotoxicity.*

Recent studies show that, although nephrotoxicity often develops, the level
of toxicity might be acceptable. In healthy Japanese volunteers, transient signs of
nephrotoxicity or neurotoxicity were observed only after repeated dosing of 75,000
1u/kg body weight cms.*®

In a series of intensive care patients treated with a 9-m1U loading dose and 4.5 M1U
twice daily as maintenance dose, signs of acute kidney injury were observed in 18%
of patients, but they were limited in severity and did not lead to interruption of cms
administration. Also, kidney function recovered after cessation of cms.” In 2 other
studies, signs of nephrotoxicity were observed in 14.3% and 18.6% of the patients
treated with 3 MIU 3 times daily.*** In a study in which intensive care patients
received an average of 4.5 MIU of cMs daily during an average period of 21 days,
nephrotoxicity was noted in 8% of patients.** Depending on the dose, formulation
of cMs, duration, patient category and definitions of nephrotoxicity and (reversible)
nephrotoxicity were reported in 10%-50% of patients exposed to this agent.*>*?
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Age, disease status, duration, dose, and concomitant administration of other
potentially nephrotoxic drugs (ie, vancomycin and nonsteroidal anti-inflammatory
drugs) were risk factors for the development of nephrotoxicity. In a nonrandomized
study, 21 intensive care patients with ventilatorassociated pneumonia treated with
cms were compared with 14 similar patients treated with imipenem. Imipenem
had twice the risk of developing nephrotoxicity (42% for imipenem versus 19% for
colistin, no statistically significant difference).*’

It can be concluded that kidney dysfunction regularly occurs among patients
using cMs and that kidney function should be closely monitored. However, kidney
dysfunction is usually not severe, and it is reversible upon discontinuation of cms.
Compared with the early experience with cMms, we now have better facilities for
monitoring renal function, better management of renal dysfunction, and awareness
of the additional risk when combining cms with other potentially nephrotoxic
drugs. Also, the formulations and the level of hydrolyzed free colistin present in
intravenous (1v) solutions prepared at that time could have played a role in the
development of renal toxicity.**

Practical information on colistin

PHARMACOKINETICS

cMs, as a prodrug, is hydrolyzed into active colistin.>*>*® cms can be hydrolyzed

in vitro during storage or sample handling, leading to overestimation of colistin
when measured in biological samples.>*>*® Before 1997, the cMms concentration
was either determined by microbiological assays or not measured at all.** Since
the introduction of novel methods including HpLC and liquid chromatography-
tandem mass spectrometry,*”*® the plasma concentration of cms and colistin can
be quantified separately, allowing the development of better pharmacokinetic
models.”

After parenteral administration of cMs, only a small fraction is hydrolyzed to
colistin, whereas most of the dose is cleared by renal mechanisms. The distribution in
the body is best described by a 2-compartment model for cms and a 1-compartment
model for colistin.’**" In healthy volunteers, after a single 1v dose, cms has an
average half-life of 0.7- 2.0 hours, whereas colistin has an average half-life of 3.0-4.0
hours. However, with repeated dosing, the half-lives of cms and colistin change to
0.5 and 5.0 hours, respectively.***>**

In contrast, critically ill patients with normal renal function show an increased
half-life, up to 4.6 hours for cms and from 9.1 up to 18 hours for colistin.*>****In case
of a poor renal function, cMs clearance is reduced, and hence more cMs is available
for conversion into the active colistin, increasing the risk of overdose and toxicity.
Therefore, renal function and increase in volume of distribution should always be
taken in account when dosing critically ill patients (eg, intensive care patients).*>*
In healthy volunteers, the volume of distribution of colistin is around 0.171-1.443 1/
kg with a single 1v dose,*>** which can be increased in critically ill patients.
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After 1v administration of cMs to healthy subjects, the maximum concentration of
colistin is reached after 2 hours®; whereas in critically ill patients, the time to reach
the maximum concentration can increase up to 7 hours. Recent pharmacokinetic
studies in intensive care patients (patients with burns) have revealed that plasma
concentration of colistin increases slowly, requiring between 2 and 3 days to reach the
steady-state concentration of colistin.>" Therefore, a loading dose of cMs has been
proposed in patients in whom an increased volume of distribution can be expected
and implemented in several studies to achieve the desired target concentration
sooner and use less frequent administrations.*”>**">*

Regarding protein binding, colistin has been found to bind both to albumin and
alphai-acid glycoproteins. The fraction unbound (f,) ranges from 26%-41% in the
concentration range of 0.01-2.5 mg/1.** Binding, however, varies widely in critically
ill patients with reported levels between 6% and 72%.>® The free concentration
or unbound concentration (fu) is important because it is responsible for the
antibacterial activity,”” and this should be taken into account when measuring levels
of colistin. The activity of colistin can be best predicted when the free concentration
of colistin is related to the M1, especially the area under the curve (auc), which has
a better predictive value than the C,,, or T. M1c.**** The parameter that correlates
best with the effectiveness is the aAuc of the free concentration divided by the m1c
(fauc/mic).

TISSUE PENETRATION

Colistin hardly crosses the blood-brain barrier.”® Conflicting results on the
penetration through the lung tissue are available.”* However, in clinical practice,
pneumonia is successfully treated with colistin, with 1v administration and by
inhalation administration.?

Little is known about intraocular penetration of colistin. However, in an animal
study, it was demonstrated that colistin penetrates the aqueous humor of the eyes,
when administered topically, intramuscularly, or by subconjunctival injection.®*

After oral administration colistin is poorly absorbed, while after administration
by inhalation, the rate of absorption will depend on the condition of the lung and the
type of nebulizer used. Pharmacokinetics of cms after inhalation has been studied
in both cystic fibrosis (cF) and in mechanically ventilated patients.®*** In general,
colistin concentrations found in sputum or epithelial lining fluid were well above
the m1c of 1 mg/l for up to 12 hours, with concentrations ranging from 1 to 21 mg/l
found after nebulization of 1-4 M1U of cms. Because very high cms concentrations
were also measured in sputum — around 50-500 mg/l after 1 hour of nebulization - it
has beenhypothesized that inhaled cMs provides a reservoir that allows prolonged
delivery of colistin from the lung.**"**
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THERAPEUTIC DRUG MONITORING OF COLISTIN

The use of therapeutic drug monitoring (TpM) to optimize colistin dosing and min-
imize toxicity has not been well established yet. On the basis of pharmacokinetic
studies, substantial dose adaptations have been made in specific patient popula-
tions such as patients with burns and patients in the intensive care unit and those
on continuous venovenous hemofiltration.®**’ Trials to assess the value of TDM are
ongoing. The value of TDM to prevent overdosing seems most appropriate in patients
with decreased renal function and in patients who are obese to avoid toxicity. Trough
levels above 3 mg/l at steady state at day 7 of treatment have been associated with an
increased risk of nephrotoxicity.

However, TDM can aid to avoid underdosing in patients with good renal func-
tion and in infections with microorganisms in which it is questionable whether
the standard dosing level of 3 times 2 m1U is sufficient. In performing TDM, the free
(unbound) concentration of colistin is preferably be measured since the fraction
unbound is ranging from 26%-41% in the concentration range of 0.01- 2.5 mg/1.>*
Because auc/MIc gave the best relationship with bacterial killing, this parameter
is preferably used in TDM.** Alternatively, a trough concentration could be used to
estimate the Auc value when a pharmacokinetic model is available. In patients with
reduced renal function and/or an increased volume of distribution, the concentra-
tion of colistin seems rather constant at steady state and one could argue to use Cy,
to relate to the m1c.**%%%

For example, for P. aeruginosa, a concentration of 4 times the MIc proved to
result in successful bacterial killing at a m1c value of, 1 mcg/ml.* An auc/mic of
24 mgxhours/ml - 4/1 mcg/ml=96 hours could be used as a target for total colistin.
Taken £, into account (26%— 41%), an AuC between 25-40 hours could be aimed at
for unbound colistin. This value is in line with animal experiments as reported by
Bergen et al.” They reported target faAuc/mic values of 15-45 depending on the log-
killing and localization of the infection. If this level of exposure of colistin is not
feasible, combination therapy has to be instigated. For other microorganisms, simi-
lar estimations of target AUC can be made.

Current use

Aerosolized cms is used in patients with cF to eradicate an initial pulmonary infec-
tion, to reduce the pulmonary colonization, and to prevent exacerbations of lung
infections with P. aeruginosa. In severe pulmonary infections, inhalation is often
combined with 1v therapy. Colistin sulfate is also used as part of selective intestinal
decontamination regimens.”’ Now that colistin is increasingly used as a rescue thera-
peutic antibiotic several experts advocate that an alternative agent should probably
be included in the selective intestinal decontamination regimens. Otitis externa due
to gram-negative bacteria, especially P. aeruginosa, represents another indication for
the topical use of colistin sulfate often in combination with hydrocortisone.
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Dosing and administration of cMs
INHALATION

Intrapulmonary delivery of colistin can be achieved either by means of nebuliza-
tion of a solution of cms or by dry powder inhalation. For the treatment of chronic
pulmonary colonization with P. aeruginosa, adult Cr patients usually inhale 1-2 M1U
of cMs twice daily using a nebulizer. In children aged above 2 years, 1 M1U is inhaled
twice daily. When exacerbations of infection with P. aeruginosa occur, 1-2 M1u of
cMs is used 3 times per day by inhalation for a period of 3 months (table 1).

Dry powder inhalation is performed with a dose of 1.66 M1U of cMs twice daily
in adults and children aged above 6 years. Safety for younger children has not been
established.

IV ADMINISTRATION

For individuals. 60 kg body weight, 1-2 M1U cMs is given every 8 hours. In adults
and children, 60 kg body weight, 16,000-25,000 1U/kg body weight is administered
every 8 hours. For the US product Coly-Mycin M, a maximal daily dose of 5 mg/
kg colistin base activity is advised (equivalent to 62,500 1U/kg and 13.3 mg/kg cms).
In patients with reduced renal clearance, the dose has to be adapted according to a
schedule presented in table 2.

In intensive care patients with serious infection, higher doses have been recom-
mended to compensate for the increased volume of distribution; a loading dose of
9 M1U and a maintenance dose of 4.5 M1U twice daily have been proposed.®*® This
regimen has to be adapted to renal function. When the estimated creatinine clear-
ance is between 20-50 ml/ min, 4.5 M1U can be dosed once daily and when clearance
is, 20 ml/min, 4.5 M1U can be dosed once every 48 hours.’**® cms can be adminis-
tered intravenously by a bolus infusion of the required dose diluted in 50-100 ml
saline in 30 minutes. Administration of 2 M1U of cms dissolved in 10 ml water for
injection is also feasible and can be used when administered through an implanted
infusion device.

It is important to realize that, for safety reasons, only freshly prepared cms solu-
tion should be used, both for nebulization and for 1v infusion. After dissolving cms,
hydrolyzation of this product starts and free colistin, associated with a higher level
of toxicity, will be formed. In the past, repeated inhalation of a cMs solution that
had been prepared days in advance has led to fatal pulmonary damage.” The SmPC
of Coly-Mycin M parenteral indicates that infusion solutions must be used with-
in 24 hours and the reconstituted solution can be used 7 days if stored at 2-88°C
(SmPC Coly-Mycin M). Based on the report of McCoy (2007) and a Food and Drug
Administration alert on pulmonary toxicity of Colistimethate premixed solutions,
most guidelines prescribe that even in home treatment, cMs has to be dissolved just
before infusion or inhalation.®

In patients dialyzed by continuous venovenous hemofiltration, substantial
clearance of both colistin and cMs occurs and adaptation of the dose seems not

RATIONAL USE OF ANTIBIOTICS

necessary,””’>’® but further research enrolling larger numbers of patients is need-
ed. In patients on peritoneal dialysis, cMs and colistin are poorly cleared and,
therefore, the dose should be adapted as for patients with a creatinine clearance <
20 ml/min.””

Return of colistin in clinical practice

Since the use of colistin is increasing, questions about its safety have reemerged.
It seems that the side effects observed in the past are possibly less severe than was
thought. In addition, more side effects may be accepted for patients with serious
infections due to multiresistant organisms without other antibiotic treatment
options. In table 3, a summary of cMs characteristics and doses are given. In the fol-
lowing paragraphs, we summarize information that should be taken into account
when reintroducing systemic cms in clinical practice.

Synergy with other antibiotics

Since colistin has been used as rescue treatment for multiresistant gram-negative
infections, its use is associated with poor outcome.®”® Therefore, given the setting of
multiresistant bacterial infections, colistin will often be combined with other anti-
biotics. However, little is known about the clinical efficacy of combined antibiotic
therapy with colistin. In vitro data suggest that there is synergistic activity of colis-
tin, particularly when combined with carbapenems” or rifampin.*® These data are
promising and are arguments for conducting randomized clinical trials on this topic.
So far, in vivo studies have not been able to show a clinical benefit of colistin com-
bination therapy, but it has to be emphasized that such studies are very difficult to
conduct.®>*

Antimicrobial strategies against colistin resistance

One of the hypotheses is that colistin resistance develops because of underdosing.®
At higher concentrations of colistin, there is significantly less chance of selecting
colistin-resistant mutants compared with exposure to lower concentrations of colis-
tin.** Thus, the dosing schedule is an important determinant of the development of
colistin resistance.”

Monotherapy with colistin invariably leads to selection of colistin-resistant vari-
ants. The chance of emergence of resistant subpopulations is reduced when colistin
is administered in combination with other antimicrobial agents,* including car-
bapenems, tigecycline, rifampin, amikacin, fosfomycin, azithromycin, vancomycin,
and teicoplanin.” Interestingly, agents that by themselves are only effective against
grampositive bacteria can, in the presence of colistin, become active against gram-
negative bacteria because colistin increases their permeation of the cell wall.
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Summary and suggestions for a safe and prudent use of colistin

Colistin is currently considered as rescue treatment for critically ill patients with
infections caused by multidrug-resistant bacteria. Nephrotoxicity can be expected in
a sizable proportion of patients receiving this agent, but this side effect seems to be
less severe than initially thought®®® and is generally reversible.* However, patients
on colistin should be closely monitored.

We recommend adjusting the dose on renal function and measuring markers for
(early) kidney damage®* whenever colistin is administered. Regarding the preven-
tion of the development of resistance, colistin should only be given in combination
with other antimicrobial agents.

The registered dose of 2 M1U 3 times daily may not be optimal for intensive care
patients with a severe infection with multiresistant microorganisms. For those
patients, a loading dose of 9 M1U followed by 2 times daily 4.5 MIU could safe-
ly be given and a steady-state serum concentration of colistin was reached faster.
However, these data were based on limited research.’”* To avoid underdosing, free
colistin levels should be measured. A fauc/mic ratio of at least 25-40 seems opti-
mal,* but there is still no consensus on this topic. Prolonged colistin trough levels. 3
mg/l should be avoided.

To redeploy the use of colistin safely and effectively, more clinical and basic
research is required. There is need for additional clinical pharmacological studies in
healthy volunteers that enable us to predict pharmacokinetic behavior in critically ill
patients. With proper translation, safe 1v doses for different groups of patients can be
identified. Finally, research is needed into which antimicrobial agent(s) that can best
be combined with colistin to reduce the risk of the emergence of colistin resistance.
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TABLE 1 Pharmaceutical Products Containing cMs.

Brand Name Product cMs,MIU cMs,mg Colistin base, mg Manufacturer
ColiFin Pari  Powder for solution for 1 m1u* 8077 33.3 Pari Pharma GMBH,
inhalation Germany
2 MIU* 160 66.6
Colistin Powder for solution for 1 MIu* 80 33.3 Forest Laboratories
injection or Infusion Ltd, ux
Colobreathe ~ Powder for inhalation 1.66 MIU* 125 55.5 Forest Laboratories
(dry powder) Ltd, ux
Tadim Powder for solution for 1 MIu* 80 33.3 Profile Pharma Ltd,
injection,infusion, or UK
inhalation
Colomycin Powder for solution for 1 Mru* 80 33.3 Forest Laboratories
injection, infusion, or Ltd, uk
inhalation S 60 66.6
Coly-Mycin M Powder for solution for 5 mMIU 400 150% jHP Pharmaceuticals,
parenteral injection or Infusion USA

*Labeled amount. Apart from the listed products, in some countries other brands and generic products are available.

TABLE 2 Suggested colistin dose and frequency adapted to renal clearance.

72,73

Creatinine Dosein M1U Dosein mg Frequency/ Day Daily dose Daily dose in

clearance (SmPC colistin base in MI1U mg colistin

(% of Normal)  Colomycin) activity (SmPC base activity
(SmPC Colomycin) (SmPC
Coly-Mycin M) Coly-Mycin M)

76%-100% 1-2 100-150 3 4-6 300-450

40%-75% 1-1.5 75-115 2 2-3 150-230

25%-40% 1 66-150 10r2 1-2 133-150

<25% 1-1.5 100-150 1/36 h 0.6-1 100
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TABLE 3 Summary of Colistimethate Sodium dosing and product characteristics.*”

For injection formulation

Bottle with 1 million units

=80 mg colistimethate sodium

Bottle with 2 million units

=160 mg colistimethate sodium

For infusion

Dissolve required dose in 50 ml 0.9% NaCl and administer over 30 min

Contraindications

Hypersensitivity
for polymyxins,
myasthenia gravis

Dose (children)

Normal

3 times daily 16,000-25,000 units/kg

Dose

Normal

3 times daily 1-2 million units

Dose adjustment in cases of renal failure after normal loading dose Creatinine clearance (% of normal)

<76 No adjustment

40-75 2 times daily 1-1.5 million units
25-40 1-2 times daily 1 million units
<25 1-1.5 million units every 36 h

Dose in criticallyill (1cu) patients

48,49

Maximum dose

Loading dose 9 million units, followed by 2 times daily 4.5 million
units

Dose adjustment in critically ill (Icu) patients with renal failure Creatinine clearance (ml/min)

<50 No adjustment
20-50 Once daily 4.5 million units
<20 4.5 million units every 48 h

Dose with patient with renal replacement therapy

CVVHD

Dose as with normal renal function>%*

Peritoneal dialysis

1-1.5 million units every 36 h*

Adverse reactions

Nephrotoxicity ~10%-50% dose dependent, reversible
Neurotoxicity ~7% dose dependent, reversible paresthesias, dizziness, ataxia
Hypersensitivity ~2%

CVVHD, continuous venovenous hemofiltration.
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FIGURE 1 Two-dimensional chemical structure of colistin A.
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FIGURE 2  Systematic search process and references included.
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