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Abstract The prospective case series study presented here
was conducted to assess the outcome of patients with
infections caused by polymyxin-only-susceptible (POS)
gram-negative bacteria managed with intravenous colistin.
Between July 2003 and April 2005 a total of 27 patients
were infected with a POS gram-negative bacterium and
received intravenous colistin at a dose of 2 million
international units (MIU) (160 mg or 66.7 mg colistin
base) every 8 h for a mean (±SD) duration of 13.9
(±7.5) days. Nine patients had ventilator-associated pneu-
monia and received, in addition to the intravenous colistin
therapy, 1 MIU (80 mg or 33.3 mg colistin base)
aerosolized colistin every 12 h for a mean (±SD)
duration of 13 (±6.5) days. The predominant pathogens
were Pseudomonas aeruginosa (n=17) and Acinetobacter
baumannii (n=12); in two patients both pathogens were

isolated from one clinical specimen. In-hospital mortality
and clinical response were 15% and 85%, respectively.
Colistin-associated nephrotoxicity was observed in two of
the 27 patients. POS gram-negative pathogens represent a
major threat for hospitalized patients. Colistin appears to be
an effective and safe treatment, even in patients with severe
underlying diseases.

Introduction

The medical community has been increasingly challenged
by the emergence of infections caused by multidrug-
resistant gram-negative microorganisms resistant to various
classes of antimicrobial agents [1]. Several therapeutic
strategies, including the use of antimicrobial combinations
of intravenous (iv) polymyxins with other antimicrobial
agents possessing a spectrum of activity against gram-
negative bacteria, have already been evaluated for manag-
ing these infections [2–4].

Data from recent studies suggest that iv colistin or
polymyxin B may be valuable therapeutic options when
confronting these types of infection [5–11]. However,
most of these studies evaluated the use of polymyxins in
patients with a mixture of infections caused by multidrug-
resistant or polymyxin-only-susceptible (POS) gram-nega-
tive bacteria without specifically reporting separate data
regarding outcome in these two important subsets of
patients [2, 4, 7–9]. As a result, definitive conclusions
about the effectiveness of iv colistin for the treatment of
infections caused by gram-negative pathogens susceptible
only to this class of antibiotics cannot be made. To clarify
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this issue, we performed a prospective case series study to
examine the value of iv colistin as a possible therapeutic
option in patients with infections caused by POS gram-
negative bacteria.

Patients and methods

A prospective, observational, case series study was con-
ducted at a 650-bed university hospital in Crete, Greece,
from July 2003 to April 2005. During this period, patients
in whose clinical specimens a POS gram-negative micro-
organism was identified by the hospital’s laboratory and
who received iv colistin were included in the study.
Patients who received treatment with iv colistin for less
than 24 h or who received antimicrobial regimens
without colistin were excluded from the analysis. The
hospital’s Institutional Review Board approved the study.

Using a detailed case report form, we recorded data from
the medical records of the patients. The microbiological
information collected included the causative organisms and
their in vitro susceptibilities. In addition, data from
laboratory tests such as renal function tests performed on
the first and last day of colistin treatment were also
collected. Two researchers independently determined the
type of infection, the causative pathogen, and the clinical
outcome.

Susceptibility testing of gram-negative microorganisms
was performed using an automated broth microdilution
method (Organon Teknika Corp, Durham, NC, USA). The
breakpoints used were those defined by the Clinical and
Laboratory Standards Institute (CLSI) [12]. Susceptibility
to colistin was also tested using the E test methodology
(sensitive, 2 mg/l or less; resistant, 4 mg/l or more) and the
disk diffusion method with a 10 μg colistin sulfate disk.
Isolates were considered susceptible if the inhibition zone
was ≥11 mm and resistant if the inhibition zone was
≤8 mm. An isolate was defined as POS if it was susceptible
to polymyxins but resistant to agents from the six
antipseudomonal antimicrobial classes, i.e. antipseudomo-
nal penicillins, cephalosporins, carbapenems, monobac-
tams, quinolones, and aminoglycosides. In-hospital
mortality, clinical outcome of infection, and development
of nephrotoxicity during treatment with iv colistin were the
main outcomes investigated in this study. Infections were
defined based on the guidelines from the Centers for
Disease Control and Prevention [13]. The clinical outcome
of infection and nephrotoxicity were based on previously
established definitions [2].

The comparison of means between dependent obser-
vations (such as serum creatinine concentration at the
start and end of iv colistin administration in the
analyzed patients) was performed using the Wilcoxon

test and between independent observations using the
Mann–Whitney test.

Results and discussion

During the study period from July 2003 to April 2005, a
total of 36 patients were hospitalized with infections caused
by POS gram-negative bacteria. Nine patients were exclud-
ed from the study because they did not receive iv colistin
treatment. In-hospital mortality was 33% (3/9 patients) in
this group of patients. Thus, 27 patients were analyzed
further based on the study design.

Table 1 summarizes various demographic and clinical
characteristics of the study cohort. All of the patients
studied received treatment with iv colistin initially at a dose
of 2 MIU (160 mg colistimethate sodium or 66.7 mg
colistin base) q8h. One milligram of the colistin formula-
tion used is approximately equal to 12,500 IU colistime-
thate sodium (CMS) (Norma®, Athens, Greece). Dosages
were adjusted in the presence of renal dysfunction [2]. In
nine patients with VAP, aerosolized colistin was adminis-
tered in addition to iv colistin therapy at a dose of 1 MIU

Table 1 Demographic and clinical characteristics of the 27 patients
analyzed

Characteristic No. of patients

Demographic
Age, mean±SD (range) 69±15 (21–95)
Male 19
Comorbidity
Malignancy 6
Heart dysfunction 9
COPD 3
Diabetes mellitus 7
Chronic renal failure 1
Hemodialysis 2
Liver failure 1
Hematological disorders 4
Previous hospitalization 15
Prior antibiotic use 15
Anti-tumor treatment 5
Steroid treatment 7
Radiation therapy 1
Blood transfusion 15
Transplantation 2
Prosthetic material 4
Prior surgery 14
Admission to the ICU 15
Mechanical ventilation support 12
Duration of ICU stay (days) 18±17 (3–62)
Duration of hospitalization (days) 48±43 (8–177)

COPD chronic obstructive pulmonary disease, ICU intensive care unit
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(80 mg or 33.3 mg colistin base) q12h. The mean (±SD)/
median durations of intravenous and aerosolized colistin
treatment were 13.9 (±7.5)/13 days (range 2–40 days) and
13 (±6.5)/14.2 days (range, 2–21 days), respectively.

Polymicrobial infections were observed in ten patients.
Nine patients were infected by two different gram-
negative strains, and in one patient three gram-negative
isolates were grown from culture specimens. Overall, 38
different strains of POS gram-negative microorganisms
were isolated from the 27 patients evaluated. The most
common pathogen was P. aeruginosa (17 isolates) fol-
lowed by A. baumannii (12 isolates), Klebsiella pneumonia
(5 isolates) and Escherichia coli (4 isolates). Gram-positive
cocci were isolated from 14 of the 27 patients. Enterococcus
faecalis grew in nine patients, Staphylococcus aureus in
three patients, Enterococcus faecium in one patient and
coagulase-negative Staphylococcus in one patient. Candida
species were isolated from five of the 27 evaluable patients.

Intravenous colistin monotherapy was administered to
five of the 27 evaluable patients in order to manage their
infections due to POS microorganisms. In 19 patients an
additional antimicrobial agent with activity against gram-
negative bacteria was given intravenously during the course
of colistin treatment. In addition, three of the 27 patients
received two antibiotics concurrently with iv colistin.
Specifically, quinolones were given to ten patients, piper-
acillin/tazobactam to five patients, meropenem to three
patients, ampicillin, ceftazidime, and ampicillin/sulbactam
to two patients each, and ceftriaxone to one patient.
Antimicrobial agents with activity against gram-positive
cocci were also given to 14 of the 27 patients, including
vancomycin in ten patients, teicoplanin in two patients, and
linezolid in two patients.

The all-cause in-hospital mortality in this cohort of 27
patients was 15% (4/27 patients). Two of the four patients
who died had VAP and two had a urinary tract infection. In
all cases death was probably related to the infection. In
three of them, the causative pathogen isolated was a P.
aeruginosa strain and the other patient had a polymicrobial
infection. None of the patients who died had shown clinical
evidence of response during colistin therapy. In the
subgroup of patients who received aerosolized colistin
concomitantly, mortality was 22%.

Table 2 shows the clinical response observed in this
patient population with respect to the site of infection.
Clinical response (i.e. cure or improvement) was observed
in 23 of the 27 patients; 17 were defined as cured and six as
improved. Failure of the colistin treatment administered to
control the infection was observed in four of the 27
patients. The mean (±SD) length of hospital stay was 48
(±43) days (range 8–177) and the mean (±SD) duration of
ICU stay was 18 (±17) days (range 3–62). Nephrotoxicity
was observed in two of the 27 evaluable patients.

The mean (±SD)/median serum creatinine concentration
observed at the initiation of iv colistin therapy in the
studied population was 1.0 (±0.67)/0.9 mg/dl (range 0.3–
3.2). At the end of iv colistin therapy, the mean (±SD)
creatinine level had increased to 1.2 (±1.1) mg/dl (range
0.3–4.3). This slight increase of serum creatinine levels by
an average of 0.2 mg/dl at the completion of colistin
treatment was not statistically significant (p=0.4). Blood
urea levels were not substantially different at the start and
end of iv colistin administration; mean (±SD) baseline
levels were 69.1 (±44.3) mg/dl (range 11–170) and end of
treatment levels were 64.6 (±45.8) mg/dl (range 6–169).
The two patients who developed nephrotoxicity during
colistin treatment received 6 MIU for 10 and 12 days,
respectively. Serum creatinine had increased from 0.9 mg/dl
to 1.9 mg/dl at the end of treatment in one patient, while the
other received hemodialysis treatment (baseline and end-of-
treatment serum creatinine levels: 3.2 mg/dl and 4.3 mg/dl,
respectively). In both patients renal function returned to
normal values after cessation of colistin treatment. In the
subgroup of four patients who experienced a treatment
failure, serum baseline and end-of-treatment creatinine
levels were 0.6 mg/dl, 0.9 mg/dl, 0.9 mg/dl, 0.7 mg/dl
and 1.0 mg/dl, 0.9 mg/dl, 1.9 mg/dl, 1.3 mg/dl, respective-
ly. No statistically significant changes were noted between
baseline and end-of-treatment levels of serum glutamic–
pyruvic transaminase, serum glutamic–oxaloacetic trans-
aminase, alkaline phosphatase, and gamma-glutamyl
transpeptidase in the study population.

The main findings of this prospective case series study
of patients who received colistin therapy for infections
caused by POS gram-negative bacteria include a survival
rate of 85% (23/27 patients) and a clinical response rate of

Table 2 Clinical response observed in 27 infected patients with
respect to the site of infection

Site of infection No. of
patients

Infection outcome

Clinical
responsea

Failure

VAP 9 7 2
Urinary tract infection 7 5 2
Wound infection
(surgical site infection)

4 4 0

Peritonitis 3 3 0
Abdominal infection 1 1 0
Cellulitis 1 1 0
Osteomyelitis 1 1 0
Central venous catheter-
related infection

1 1 0

Total 27 23 4

aClinical response refers to infections defined as cured and improved.
VAP ventilator-associated pneumonia.
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85% (23/27 patients). In addition, nephrotoxicity related to
colistin therapy was observed in 7% of the study population
(2/27 patients). Our data support those of previously
published studies with respect to the effectiveness and
safety of iv colistin for treating patients with infections
caused by POS gram-negative bacteria [10, 11]. However,
we should acknowledge that our study has several
limitations. In addition to the lack of a control group, the
number of patients we included was relatively small, so
strong conclusive statements can not be made, and since iv
colistin was used in combination with other antimicrobial
agents, it is difficult to clarify whether or not the promising
effects we observed could also have been achieved with use
of any antibiotic alone.

It is noteworthy that one vial of the colistin formulation
manufactured in Europe (Alpharma, Copenhagen, Denmark)
contains 80 mg (1 MIU) of CMS, while a vial of the colistin
formulation manufactured in the USA (Parkedale Pharma-
ceuticals, Rochester, MI, USA) contains approximately
150 mg of colistin base activity. One milligram of colistin
base is contained in 2.4 mg of CMS and equals 30,000 IU.
Thus, caution is needed when dosing different formulations
of colistin in various parts of the world [14]. In conclusion,
our study provides additional information suggesting that
colistin may be a rational treatment for managing patients
infected with POS bacteria. This is of particular importance
in an era when the emergence of infections due to these
pathogens represents a major health problem, especially due
to the lack of established alternative therapeutic options.
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