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Abstract

Purpose This study was designed to compare the efficacy

of polymyxin B with other antimicrobials in the treatment

of ventilator-associated pneumonia (VAP) and tracheo-

bronchitis (VAT) by Pseudomonas aeruginosa or Acine-

tobacter baumannii.

Methods A prospective cohort study was performed.

Patients [18 years of age with the diagnosis of VAP or

VAT who received appropriate therapy for [48 h were

analyzed. The primary outcome was 30-day mortality.

Clinical covariates were assessed and compared between

the groups.

Results A total of 67 episodes were analyzed: 45 (67 %)

treated with polymyxin B and 22 (33 %) with comparators.

The crude 30-day mortality was 53 % (24 of 45) in the

polymyxin B group and 27 % (6 of 22) in the comparator

group (P = 0.08). Multivariable analysis using Cox

regression models indicated that polymyxin B treatment

was independently associated with increased mortality.

Conclusions Polymyxin B treatment in the currently

recommended dosage may be inferior to other drugs in the

treatment of VAP and VAT caused by organisms tested as

susceptible in vitro to this agent.

Keywords Pseudomonas aeruginosa � Acinetobacter

baumannii � Polymyxin B � Colistin � Ventilator-associated

pneumonia

Introduction

Ventilator-associated pneumonia (VAP) and ventilator-

associated tracheobronchitis (VAT) are among the most

common infections in critically ill patients [1]. VAP is

especially associated with elevated mortality and increased

length of hospital stay and costs [2]. Pseudomonas aeru-

ginosa and Acinetobacter baumannii are major causes of

both VAP and VAT [3]. Treatment of infections by such

bacteria are usually a challenge and many isolates are only

susceptible to polymyxins, polymyxin B, and colistin,

which are antibiotics that re-emerged in later years as the

last-resort therapy for the treatment of multidrug-resistant

(MDR) Gram-negative bacteria [3–5].

The use of polymyxins has been supported by the lack of

other treatment options and by case series suggesting that

these drugs are efficacious and safe [5, 6]. Recently,

however, three large studies have shown that treatment

with polymyxins, both colistin and polymyxin B, were

inferior to comparators for the treatment of serious noso-

comial infections [7–9].

Polymyxins are most commonly prescribed for the

treatment of MDR Gram-negative bacteria causing respi-

ratory infections, particularly VAP and VAT. The aim of

this study was to compare the efficacy of polymyxin B with
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other antibiotics in the treatment of these latter conditions

caused by P. aeruginosa or A. baumannii.

Methods

Study design

A single-center prospective cohort study was performed,

from February 2009 to December 2010, at a 600-bed

teaching hospital, Hospital São Lucas (HSL), in Porto

Alegre, Brazil. All patients admitted to the 13-bed inten-

sive care unit (ICU) of HSL, submitted to mechanical

ventilation for at least 48 h, who had growth of P. aeru-

ginosa or A. baumannii (C105 cfu/mL) from quantitative

tracheal aspirates (QTA), and clinical diagnosis of VAP or

VAT were enrolled for the study. They were excluded if

they were\18 years old, if they had received treatment for

\48 h or died in this period, or if they have not received

appropriate therapy. Patients were assigned to the poly-

myxin B or other antimicrobial group according to their

first appropriate treatment, if this treatment was adminis-

tered for at least 48 h. QTA were collected, daily, during

the first 15 days of treatment for the evaluation of micro-

biological outcomes. The decision to treat and the dosage

regimes were at the discretion of the attendant physician.

The study was approved by the local ethics committee.

A consent term was signed by a family member or other

legal representative.

Variables and definitions

The primary outcome was 30-day mortality, defined as

death for any cause during the first 30 days after the onset of

infection. The onset of infection was defined as the day that

the QTA that resulted in the growth of P. aeruginosa or

A. baumannii was collected. Secondary outcomes were

length of mechanical ventilation after the initiation of

appropriate treatment; incidence of superinfection, defined

by the growth of another microorganism during the first

15 days after treatment; and eradication of the bacteria from

respiratory secretions, defined as the absence of growth in at

least one QTA and no growth in subsequent examinations.

VAP was defined as the presence of a radiographic infiltrate

that was new or progressive, along with the presence of two

or more of the following criteria: fever (tempera-

ture [38 �C) or hypothermia (temperature \36 �C), puru-

lent sputum, leukocytosis ([10,000 cells/mm3), or

leukopenia (\4,000 cells/mm3) [2]; VAT was defined as the

presence of purulent secretions and one of the following:

fever or hypothermia, and leukocytosis or leukopenia, as

defined above [1]. Respiratory secretion was considered to

be purulent if [25 neutrophils and \10 epithelial cells per

high-power field were present. Appropriate therapy was

defined as the administration of an antimicrobial agent with

in vitro susceptibility.

Covariables potentially associated with mortality were

evaluated. Adequate dosage regimes of the drugs was

defined as a total daily dose of at least 6 g of cefepime and

ceftazidime (divided into three doses), 1,200 mg of cipro-

floxacin (divided into two or three doses), 750 mg of lev-

ofloxacin (single daily dose), 2 g of imipenem (divided into

four doses), 3 g of meropenem (divided into three doses),

and 13.5 g of piperacillin–tazobactam (divided into three

or four doses), or adjusted as indicated in the product drug

information package insert. Adequate dosage regimes of

polymyxin B was not defined and median doses were

analyzed separately. The institutional protocol for this drug

recommends the administration of 2.5 mg/kg/day every

12 h (1 mg = 10,000 U). Dose adjustment of polymyxin B

for renal impairment was not considered since total body

clearance of this drug is not affected by creatinine clear-

ance according to a recent pharmacokinetics study [10].

Microbiology

All isolates were identified by the Vitek system (bio-

Mérieux, Marcy l’Etoile, France). Susceptibility was

determined by the disk diffusion method and the results

were interpreted according to the Clinical and Laboratory

Standards Institute (CLSI) [11]. All first and subsequent

isolates recovered from respiratory secretions were initially

planned to have minimum inhibitory concentrations (MICs)

for antimicrobials evaluated by broth microdilution to

assess the development of resistance during treatment.

However, owing to storage problems, only 19 (seven

P. aeruginosa and 12 A. baumannii) isolates of 67 episodes

of VAP or VAT obtained during the study could be recov-

ered for further analysis. Thus, MICs were determined only

in these isolates. For this reason, all non-tested A. baumannii

isolates were considered to be susceptible to polymyxin B.

Isolates with MIC B2 mg/L were susceptible [11].

Statistical analysis

All statistical analyses were carried out using SPSS for

Windows, version 16.0. Variables potentially associated

with the outcome were compared between polymyxin B

and comparator groups (all other antimicrobial drugs), as

well as among 30-day survivors and non-survivors.

P-values were calculated using the Chi-square or Fisher’s

exact tests for categorical variables and the Student’s t or

Wilcoxon–Mann–Whitney tests for continuous variables.

In the bivariate analysis, patients discharged before

30 days were considered to be alive; in the multivariate

analysis, they were censored in such date. Variables for
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which the P-value was B0.20 in the bivariate analysis were

included one by one using a forward stepwise method in a

Cox regression model according their P value, with time to

the event (death) as the outcome. Variables were checked

for confounding and collinearity. A P B 0.10 was set as the

limit for acceptance and a P [ 0.10 for the removal of new

terms in the model. Finally, variables with a P B 0.20 in

the bivariate analysis of polymyxin B and beta-lactam

groups were forced into the model to adjust for any

potential residual confounding. Proportional hazards

assumption was graphically checked inspecting the log[-

log(S)] plot. All tests were two-tailed and a P-value B 0.05

was considered to be significant.

Subgroup analysis of patients with VAP was a priori

defined. The variables included in the final model of this

subgroup were the same as in the final model.

Results

Seventy-seven patients met the criteria for VAP (57) or

VAT (20) and had the growth of C105 cfu/mL P. aeru-

ginosa or A. baumannii isolates in QTA. Of these, 14

(18.0 %) were excluded: 3 (21.4 %) did not receive

appropriate treatment and 11 (78.6 %) died within \48 h

after the onset of appropriate therapy, resulting in a total of

63 patients. Of these 63 patients, three had more than one

episode of VAP or VAT during the period of the study,

resulting in 67 episodes analyzed. The time between the

first and second episodes in these four patients was 38, 42,

56, and 360 days, respectively.

There were 54 (80.6 %) episodes of VAP (23 by

P. aeruginosa, 28 by A. baumannii, and three by both) and

13 (19.4 %) episodes of VAT (five by P. aeruginosa, seven

by A. baumannii, and one by both). In 45 (67.2 %) epi-

sodes, patients were treated with polymyxin B and in 22

(32.8 %), they were treated with comparators: 4 (18.2 %)

with ceftazidime, 4 (18.2 %) with meropenem, 4 (18.2 %)

with cefepime, 3 (13.6 %) with piperacillin–tazobactam, 3

(13.6 %) with ciprofloxacin, 3 (13.6 %) with levofloxacin,

and 1 (4.5 %) with imipenem. The median (interquartile

range) total daily dose of polymyxin B was 150 mg

(150–200 mg; 1 mg = 10,000 U), administered every

12 h. There was no statistically significant difference in the

total daily doses of polymyxin B among 30-day survivors

and non-survivors (P = 0.65). Twenty (90.9 %) patients in

the comparator group received adequate dosage regimens.

Two (4.4 %) patients in the polymyxin B group changed

their treatment for a beta-lactam after 4–7 days after

starting therapy and 8 (36.4 %) changed their treatment to

polymyxin B after 4–11 days after starting therapy. Poly-

myxin B and other antimicrobial groups were comparable

in most of the variables assessed, but there was a tendency

for higher frequency of males, other infections, and higher

mean APACHE II score at ICU admission in the poly-

myxin B group (Table 1).

All P. aeruginosa isolates were susceptible to poly-

myxin B by the disk diffusion method, and the seven iso-

lates recovered for analysis have their MIC for polymyxin

B ranging from 0.5 to 2.0 mg/L. Twelve A. baumannii

isolates had their MICs for polymyxin B ranging from 0.5

to 1 mg/L.

The overall 30-day mortality was 44.8 % (30 of 67):

53.3 % (24 of 45) in the polymyxin B group and 27.3 % (6 of

22) in the comparator group [relative risk (RR) 1.96; 95 %

confidence interval (CI) 0.94–4.08, P = 0.08]. The mortal-

ity rates in the polymyxin B group was 25.7 per 1,000

patient-days and 10.3 per 1,000 patient-days in the com-

parator group (P = 0.03). All but three of 37 patients who

were classified as 30-day survivors were followed-up to day

30. Two of the three patients were followed-up for 4–24 days

(polymyxin B group) and one for 10 days (comparator

group). The bivariate analysis of the factors potentially

associated with 30-day mortality is shown in Table 2.

The results of the final multivariate model demonstrated

that the use of polymyxin B, length of hospital stay before

infection, and development of renal impairment during

therapy (C100 % increase of creatinine from baseline

levels) were independently associated with higher 30-day

mortality (Table 3). APACHE II score at the onset of

infection were maintained in the final model, regardless

of the absence of statistical significance for the adjustment

of potential residual confounding.

Twenty-four (44.4 %) of the 54 patients in the subgroup

with VAP died within 30 days: 19 (54.3 %) in the poly-

myxin B-treated group and 5 (26.3 %) in the comparator

group (RR 2.06; 95 % CI 0.92–4.64, P = 0.09). After

adjustment, polymyxin B was independently associated

with 30-day mortality as the length of hospital stay before

infection and the development of renal impairment during

therapy (Table 3).

A per-protocol analysis was performed, excluding the

ten patients who changed their treatment during the first

15 days. The overall 30-day mortality was 47.4 % (27 of

57): 55.8 % (24 of 43) in the polymyxin B group and

21.4 % (3 of 14) in the comparator group (RR 2.60; 95 %

CI 0.92–7.35, P = 0.054). The results of the multivariate

model with the same variables as the final model are dis-

played in Table 3.

There were no statistically significant differences in

secondary outcomes between both groups (Table 4).

Eradication rates of A. baumannii isolates from respiratory

secretions were significantly higher (65.7 %; 23 of 35)

compared with P. aeruginosa (11.1 %; 3 of 27), P \ 0.001.

Patients with infection by both organisms eradicated

only A. baumannii, but not P. aeruginosa. Patients who
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Table 1 Comparison of the distribution of variables potentially associated with 30-day mortality between the polymyxin B and comparator

groups

Variablesa Therapy P-value

Polymyxin B (n = 45) Comparator (n = 22)

Age, years 60.4 ± 16.5 62.7 ± 15.6 0.60

Gender, male 29 (64.4) 9 (40.9) 0.07

APACHE II score at ICU admission 15.2 ± 5.9 12.8 ± 5.8 0.12

APACHE II score at the onset of infection 14.5 ± 5.1 13.1 ± 5.3 0.30

SOFA score at the onset of infection 5.8 ± 2.9 5.7 ± 2.2 0.90

SOFA score at the onset of appropriate therapy 6.1 ± 2.9 5.3 ± 2.9 0.26

PaO2/FiO2 at the onset of infection 244.8 ± 98.3 258.8 ± 98.2 0.59

Length of hospital stay before infection, daysb 18 (10–34) 11 (8–33) 0.51

Length of ICU stay before infection, daysb 9 (6–23) 7.5 (4–20) 0.45

Length of MV before infection, daysb 9 (6–24) 7.5 (5–12) 0.38

Comorbidities

Neurological 16 (35.6) 10 (45.5) 0.61

Cardiac 21 (46.7) 10 (45.5) 0.99

Pulmonary 15 (33.3) 7 (31.8) 0.99

Solid malignancy 9 (20.0) 2 (9.1) 0.22

Diabetes 10 (22.2) 2 (9.1) 0.31

Conjunctive tissue disease 2 (4.4) 1 (4.5) 0.99

Digestive tract diseases 11 (24.4) 3 (13.6) 0.36

Hepatic disease 1 (2.2) 1 (4.5) 0.99

AIDS 3 (6.7) 0 NA

Charlson scoreb,c 2 (1–3) 1 (1–3) 0.31

Baseline creatinine, mg/dL 1.7 ± 1.3 1.4 ± 1.0 0.33

Hemodialysis at the onset of infection 4 (8.9) 1 (4.5) 0.99

VAP 36 (80.0) 18 (81.8) 0.99

Previous antibiotic use 40 (88.9) 17 (77.3) 0.38

Bacteria 0.18

Pseudomonas aeruginosa 16 (35.6) 12 (54.5)

Acinetobacter baumannii 27 (60.0) 8 (36.4)

Both 2 (4.4) 2 (9.1)

Polymicrobial infection (n = 63)d 16 (37.2) 8 (40.0) 0.95

Appropriate treatment of the bacteria associated with polymicrobial infection (n = 28) 15 (83.3) 9 (90.0) 0.55

Presence of other infections 18 (40.0) 4 (18.2) 0.06

Appropriate treatment of the other infection (n = 22) 14 (77.8) 3 (73.0) 0.99

Associated bacteremia 9 (20.0) 3 (13.6) 0.74

Septic shock at the onset of infection 19 (42.2) 6 (27.3) 0.36

Septic shock during treatment 28 (62.2) 10 (45.5) 0.30

Associated antibiotic with in vitro susceptibility 29 (64.4) 9 (40.9) 0.99

Associated antibiotic with in vitro resistance 34 (75.6) 16 (72.7) 0.99

Time to start of appropriate therapy, daysb 2 (0–4) 2 (1–3) 0.93

C50 % but \100 % increase of creatinine from baseline levels 9 (20.0) 4 (18.2) 0.57

C100 % increase of creatinine from baseline levels 9 (20.0) 4 (18.2) 0.57

APACHE II Acute Physiology and Chronic Health Evaluation II [12], ICU intensive care unit, SOFA Sequential Organ Failure Assessment [13], PaO2/
FiO2 partial pressure of arterial oxygen to the fraction of inspired oxygen ratio, MV mechanical ventilation, NA not assessed
a Values are n (%) or mean ± standard deviation, unless otherwise indicated
b Median (interquartile range)
c Charlson weighted index of comorbidity [14]
d Excluding the four patients with P. aeruginosa and A. baumannii co-infection
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Table 2 Bivariate analysis of factors potentially associated with 30-day mortality

Variablesa 30-day mortality P-value

Yes (n = 30) No (n = 37)

Age, years 61.8 ± 16.3 60.7 ± 16.2 0.77

Gender, male 18 (60.0) 20 (54.1) 0.81

APACHE II score at ICU admission 14.9 ± 5.5 14.0 ± 6.3 0.54

APACHE II score at the onset of infection 15.0 ± 5.5 13.2 ± 4.9 0.17

SOFA score at the onset of infection 6.2 ± 3.0 5.5 ± 2.5 0.29

SOFA score at the onset of appropriate therapy 6.2 ± 3.1 5.6 ± 2.8 0.38

PaO2/FiO2 at the onset of infection 239.9 ± 91.6 256.6 ± 102.9 0.50

Length of hospital stay before infection, daysb 22 (9–44) 13 (9–27) 0.14

Length of ICU stay before infection, daysb 9 (7–24) 8 (4–19) 0.29

Length of MV before infection, daysb 9 (7–29) 8 (4–15) 0.23

Comorbidities

Neurological 14 (46.7) 12 (32.4) 0.35

Cardiac 15 (50.0) 16 (43.2) 0.76

Pulmonary 10 (33.3) 12 (32.4) 0.85

Solid malignancy or lymphoproliferative disorder 6 (20.0) 5 (13.5) 0.70

Diabetes 7 (23.3) 5 (13.5) 0.47

Conjunctive tissue disease 2 (6.7) 1 (2.7) 0.42

Digestive tract diseases 6 (20.0) 8 (21.6) 0.89

Hepatic disease 1 (3.3) 1 (2.7) 0.70

AIDS 1 (3.3) 2 (5.4) 0.60

Charlson scoreb,c 2 (1–3) 2 (1–2) 0.74

Baseline creatinine, mg/dL 1.6 ± 1.2 1.7 ± 1.3 0.90

Hemodialysis at the onset of infection 2 (6.7) 3 (8.1) 0.60

VAP 24 (80.0) 30 (81.1) 0.84

Previous antibiotic use 17 (81.0) 40 (87.0) 0.79

Bacteria 0.80

Pseudomonas aeruginosa 15 (50.0) 13 (35.1)

Acinetobacter baumannii 13 (43.3) 22 (59.5)

Both 5 (6.7) 5 (5.4)

Polymicrobial infection (n = 63)d 10 (35.7) 14 (40.0) 0.93

Appropriate treatment of the bacteria associated with polymicrobial infection (n = 28) 11 (91.7) 13 (81.3) 0.42

Presence of other infections (n = 22) 7 (33.3) 15 (32.6) 0.82

Appropriate treatment of other infections (n = 22) 8 (72.7) 9 (81.8) 0.50

Associated bacteremia 6 (20.0) 6 (16.2) 0.93

Septic shock at the onset of infection 12 (40.0) 13 (35.1) 0.88

Septic shock during treatment 21 (70.0) 17 (45.9) 0.08

Treatment with polymyxin B 24 (80.0) 21 (56.8) 0.08

Associated antibiotic with in vitro susceptibility 3 (10.0) 3 (8.1) 0.56

Associated antibiotic with in vitro resistance 22 (73.3) 28 (75.7) 0.95

Time to start of appropriate therapy, daysb 3 (0–4) 2 (0–4) 0.63

C50 % but \100 % increase of creatinine from baseline levels 6 (20.0) 7 (18.9) 0.84

C100 % increase of creatinine from baseline levels 10 (33.3) 3 (8.1) 0.01

APACHE II Acute Physiology and Chronic Health Evaluation II [12], ICU intensive care unit, SOFA Sequential Organ Failure Assessment [13], PaO2/
FiO2 partial pressure of arterial oxygen to the fraction of inspired oxygen ratio, MV mechanical ventilation
a Values are n (%) or mean ± standard deviation, unless otherwise indicated
b Median (interquartile range)
c Charlson weighted index of comorbidity [14]
d Excluding the four patients with P. aeruginosa and A. baumannii co-infection
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presented bacterial eradication tended to have lower 30-day

mortality rates than those who did not eradicate (9 of 26,

34.6 % vs. 21 of 68, 55.3 %, respectively).

Discussion

Our study showed that patients with VAP or VAT caused

by P. aeruginosa or A. baumannii treated with polymyxin

B had higher 30-day mortality than those treated with other

antimicrobials, mostly beta-lactams. Our results point

toward the same direction of other recent studies which

suggest that polymyxins might be inferior to other drugs in

the treatment of severe infections by Gram-negative bacilli

[7–9]. Additionally, other recent studies with KPC-

producing organisms have also demonstrated that therapy

with polymyxins alone is inferior to polymyxins in com-

bination with other antimicrobials in the treatment of KPC-

producing Enterobacteriaceae [15, 16]. It was not our

objective and only a few patients received combination

regimes in polymyxin B group; thus, we could not dem-

onstrate any superiority of such an approach in our study.

Among covariables, only C100 % increase of creatinine

from baseline levels during therapy and length of hospital

Table 3 Cox regression models of factors associated with 30-day mortality in the entire cohort, in the subgroup of patients with ventilator-

associated pneumonia (VAP), and in patients in the per-protocol analysis

Variables Entire cohort (n = 67) Subgroup with VAP (n = 54) Per-protocol (n = 57)a

aHR (95 % CI) P-value aHR (95 % CI) P-value aHR (95 % CI) P-value

Treatment with polymyxin B 3.90 (1.41–10.76) 0.009 3.96 (1.29–12.14) 0.02 4.62 (1.04–20.46) 0.04

C100 % increase of creatinine

from baseline levels

4.81 (2.07–11.15) \0.001 4.14 (1.63–10.50) 0.003 5.81 (2.41–14.02) \0.001

Length of hospital stay before infection 1.01 (1.00–1.01) 0.008 1.01 (1.00–1,01) 0.02 1.01 (1.00–1,01) 0.03

APACHE II score at onset of infection 1.06 (0.98–1.12) 0.20 1.05 (0.97–1.14) 0.20 1.04 (0.97–1.12) 0.30

aHR adjusted hazard ratio, CI confidence interval, APACHE II Acute Physiology and Chronic Health Evaluation II [12]
a Excluding ten patients who changed their treatment during the first 15 days

Table 4 Secondary outcomes of patients treated with polymyxin B and comparators

Outcomesa Therapy Relative risk (95 % CI) P-value

Polymyxin B Comparator

Length of MV after appropriate treatment, days (n = 29)b 11 (5–20) 12 (6–29) – 0.65

Superinfection (n = 64)c 22 (51.2) 14 (66.7) 0.77 (0.65–1.17) 0.37

Pseudomonas aeruginosa 9 2

Acinetobacter baumannii 0 7

Staphylococcus aureus 7 2

Stenotrophomonas maltophilia 4 5

Providencia stuartii 1 0

Chryseobacterium spp. 1 1

Enterobacter spp. 2 1

Klebsiella pneumoniae 2 2

Escherichia coli 2 0

Achromobacter spp. 1 0

Serratia marcescens 1 1

Proteus mirabilis 1 1

Bacterial eradication (n = 64)d 18 (41.9) 8 (38.1) 1.1 (0.57–2.1) 0.99

MV mechanical ventilation
a Values are n (%) or median (interquartile range)
b Outcome assessed only in survivors
c Twenty patients had superinfection with more than one bacteria
d It was significantly higher in patients infected by A. baumannii (65.7 %; 23 of 35) compared with those infected by P. aeruginosa (11.1 %; 3 of

27), P \ 0.001. Patients with infection by both organisms eradicated only A. baumannii but not P. aeruginosa
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stay before the infection were significantly associated with

30-day mortality. The occurrence of C100 % increase of

creatinine was not distinct between groups and the effect of

polymyxin B therapy was adjusted for this variable in the

multivariate model; thus, this toxicity was not the cause of

poorer outcomes seen in the polymyxin B group. We

believe that the length of hospital stay before infection is

likely reflecting, to some degree, the severity of the illness

that might not be fully captured by APACHE II and SOFA

scores. It is important to highlight that higher mortality

rates for polymyxin B remained after such adjustments.

APACHE II score at the onset of infection was maintained

in the final model, regardless of the lack of statistical sig-

nificance, to control for a potential residual confounding

caused by severity of illness. The risk was very similar in

the model not containing this latter variable (data not

shown).

A potential factor corroborating to adverse outcomes in

the polymyxin B group may be the appropriateness of

dosage regimes. Although we have previously found that

C200 mg/day of polymyxin B was associated with lower

in-hospital mortality [17], the adequate dosage regime of

this drug is not fully defined. Thus, we did not perform a

categorization of adequate and non-adequate dosage for

this drug. However, although dosage was not significantly

associated with 30-day mortality in bivariate analysis in the

polymyxin B group, considering the 200 mg cut-off, only

46.7 % of the 45 patients in this group received C200 mg/

day (data not shown), and it might be possible that it has

affected the outcomes.

In our study, patients were allocated into polymyxin B or

comparator groups according to their first appropriate

treatment. Actually, this design tended to favor the null

hypothesis. Only 2 (4.4 %) patients in the polymyxin B

group changed their therapy to beta-lactams, but 8 (36.4 %)

changed their treatment to polymyxin B. However, as stated

above, these changes would favor the null hypothesis, i.e.,

the absence of a difference between groups, since some

patients in the comparator arm have received the ‘‘inferior’’

treatment and others in the polymyxin B arm have received

the ‘‘superior’’ treatment. Indeed, the per-protocol analysis

showed very similar results.

The main limitation of our study was that we could not

assess polymyxin B susceptibility in all A. baumannii

isolates. This has occurred because most isolates were lost

owing to storage problems. Indeed, polymyxin B resistance

could explain poorer outcomes in patients from this group.

Fortunately, recent studies have shown that polymyxin B

resistance among A. baumannii is still very low (\1 %) [4],

and this is the exact rate seen in other current studies which

have been performed in hospitals from our city (unpub-

lished data). Additionally, none of the tested A. baumannii

isolates in our study presented an MIC higher than 1 mg/L.

Another limitation is that the study was conducted in a

setting of high incidence of MDR P. aeruginosa and

A. baumannii, and only 22 patients could be assessed in the

comparator group. This might have decreased the power to

detect differences in some covariates between groups, but

we believe that, if it has had some influence in the results, it

would not fully explain our main findings. Anyway, as

stated above, we tried to decrease the influence of any

residual confounding by severity of illness by forcing the

APACHE II score into the final model, regardless of sta-

tistical significance.

Finally, there were no differences in secondary out-

comes, including bacterial eradication. Interestingly, bac-

terial eradication did not occur in many patients with

favorable clinical outcomes, especially in patients infected

by P. aeruginosa, a fact that has already been observed in

previous studies [18–20]. Although not statistically sig-

nificant, a trend to lower mortality rates was observed in

patients who eradicated the bacteria from respiratory

secretion, a fact that might be related to treatment efficacy.

In summary, this is the first study suggesting that

polymyxin B therapy may be inferior to other antimicro-

bials in the treatment of VAP or VAT caused by P. aeru-

ginosa and A. baumannii. Our results should not be taken

as definitive but they point towards the same direction of

other recent comparative studies, which found poorer

outcomes in patients treated with polymyxins when com-

pared to other antimicrobials. This study further highlights

the need for improving the knowledge on the pharmaco-

kinetics/pharmacodynamics of this rescue drug in order to

optimize its clinical use and the need for additional studies

assessing the potential superiority of combinations of other

antimicrobials with polymyxins to improve outcomes in

patients with VAT and VAP.
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