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A colistin-glycopeptide combination (CGC) has been shown in vitro to be synergistic against multidrug-resistant Gram-negative
bacteria (MDR GNB), especially Acinetobacter baumannii, and to prevent further resistance. However, clinical data are lacking.
We carried out a retrospective multicenter study of patients hospitalized in intensive care units (ICUs) who received colistin for
GNB infection over a 1-year period, to assess the rates of nephrotoxicity and 30-day mortality after treatment onset among pa-
tients treated with and without CGC for =48 h. Of the 184 patients treated with colistin, GNB infection was documented for 166.
The main causative agents were MDR A. baumannii (59.6%), MDR Pseudomonas aeruginosa (18.7%), and carbapenem-resistant
Klebsiella pneumoniae (14.5%); in 16.9% of patients, a Gram-positive bacterium (GPB) coinfection was documented. Overall, 68
patients (40.9%) received CGC. Comparison of patients treated with and without CGC showed significant differences for respi-
ratory failure (39.7% versus 58.2%), ventilator-associated pneumonia (54.4% versus 71.4%), MDR A. baumannii infection
(70.6% versus 52%), and GPB coinfection (41.2% versus 0%); there were no differences for nephrotoxicity (11.8% versus 13.3%)
and 30-day mortality (33.8% versus 29.6%). Cox analysis performed on patients who survived for =5 days after treatment onset
showed that the Charlson index (hazard ratio [HR], 1.26; 95% confidence interval [CI], 1.01 to 1.44; P = 0.001) and MDR A. bau-
mannii infection (HR, 2.51; 95% CI, 1.23 to 5.12; P = 0.01) were independent predictors of 30-day mortality, whereas receiving
CGC for =5 days was a protective factor (HR, 0.42; 95% CI, 0.19 to 0.93; P = 0.03). We found that CGC was not associated with

higher nephrotoxicity and was a protective factor for mortality if administered for =5 days.

Severe infections due to Gram-negative bacteria (GNB) con-
tinue to be associated with high mortality among patients re-
quiring admission to intensive care units (ICUs) (1). Increasing
antibiotic resistance in organisms such as Pseudomonas aerugi-
nosa, Acinetobacter baumannii, and Klebsiella pneumoniae is con-
tributing to difficulties with choosing antimicrobial therapy for
critically ill patients with a known or suspected infection (2). The
emergence and global spread of resistance to carbapenems in GNB
have forced clinicians to use old, previously discarded antibiotics,
such as colistin (3). However, colistin has some important limita-
tions, such as toxicity and a proclivity to the emergence of resis-
tance during treatment, especially if used as monotherapy (4, 5).
Given these concerns, it is clear why many clinicians have em-
braced combination therapy as the preferred treatment strategy
for GNB infection (2, 6, 7).

Recently, a potent in vitro synergistic activity against multi-
drug-resistant (MDR) A. baumannii strains was observed when a
glycopeptide (vancomycin or teicoplanin) was combined with
colistin (8, 9). This effect likely results from the action of colistin
on the A. baumannii outer membrane, enabling glycopeptides ac-
cess to cell wall targets from which they are usually excluded. Fur-
thermore, such a combination was shown to be active against
other MDR GNB that were heteroresistant to colistin (10, 11).
However, the main concern for the use of a colistin-glycopeptide
combination is the potential for nephrotoxicity, and thus, to date,
the evidence for its clinical efficacy is lacking. On the other hand,
the concomitant use of glycopeptides and antibiotics active
against GNB is not uncommon in the ICU setting, especially in the
phase of empirical therapy.
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We carried out a multicenter retrospective study on a cohort of
critically ill patients who received a colistin-based antimicrobial
treatment for a GNB infection to determine the frequency of ad-
ministration of a combination including a glycopeptide for at least
48 h and the impact of the colistin-glycopeptide combination on
the outcome.

MATERIALS AND METHODS

Study design and population. This was a retrospective multicenter co-
hort study of all adult (=18 years) critically ill patients who received a
colistin-based antimicrobial treatment during stay in an ICU over a 1 -year
period (from January 2010 to January 2011).

Setting. The study was conducted in three teaching tertiary care hos-
pitals, one research institute, and one secondary care hospital, with a total
of 64 surgical, 54 medical, and 36 mixed ICU beds.

Data. The following data were recorded in a preestablished form: de-
mographic data, including age and sex; underlying diseases according to
the Charlson index; date of hospitalization; date of ICU admission, reason
for ICU admission, and APACHE II score at ICU admission; type of in-
fection, pathogens isolated, and their susceptibility patterns; dates of start
and end of colistin and other antibiotics administered during the ICU stay
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to treat a determined infection episode, reason for antimicrobial admin-
istration (empirical or targeted according to microbiological results), and
adverse events secondary to the antimicrobial therapy; and outcome data,
including length of ICU stay, length of hospital stay, and in-hospital
death.

Definitions. For underlying conditions, renal disease was defined as
the need for chronic renal support or the presence of a renal impairment
(creatinine clearance [CLg] of <50 ml/min) at the time of hospital ad-
mission. Immunosuppression refers to patients with HIV infection, recip-
ients of solid organ transplants, and patients receiving treatment for solid
or hematological malignancy.

Diagnosis of infection was defined according to the criteria of the
International Sepsis Forum (12) and was confirmed by the local investi-
gator.

We defined multidrug resistance (MDR) as resistance to carbapenems
for A. baumannii and resistance to =3 classes of antimicrobials for P.
aeruginosa (13). For carbapenem-resistant K. pneumoniae (CR-KP), we
refer to strains showing a reduced susceptibility to ertapenem (MIC of =1
mg/liter) (14).

Antibiotic administration was defined as empirical when therapy was
started before microbiological results were available and as definitive
treatment when antibiotics were administered according to microbiolog-
ical results. We defined colistin combination treatment as the concurrent
administration of colistin and other antibiotics for =48 h to treat a unique
infection episode.

For adverse events to antibiotic therapy, all changes in clinical symp-
toms and signs and in laboratory values that occurred after starting anti-
microbial treatment were recorded. Patients who met the risk, injury, or
failure criteria of the RIFLE (risk, injury, failure, loss, and end-stage kid-
ney disease) definition after treatment onset were considered to have
nephrotoxicity (15).

Thirty-day mortality was defined as death within 30 days after start of
colistin treatment.

Microbiology. Strains were identified to the species level with a Vitek
2 automated system (bioMérieux, Marcy I'Etoile, France) in all centers but
one that used matrix-assisted laser desorption ionization—time of flight
mass spectrometry (MALDI-TOF MS) (Bruker Daltonics). In all the cen-
ters, the MICs of beta-lactam inhibitor combinations, oxyiminocepha-
losporins, carbapenems, aztreonam, quinolones, and aminoglycosides
were determined with a Vitek 2 system. Colistin MICs were determined
using the Etest (bioMérieux) on cation-adjusted Mueller-Hinton agar.
MICs were classified according to Clinical and Laboratory Standards In-
stitute (CLSI) breakpoints.

Statistical analysis. Categorical variables are presented as absolute
numbers and their relative frequencies. Quantitative variables are pre-
sented as means and standard deviations (SD) if normally distributed
or as medians and interquartile ranges (IQR) if nonnormally distrib-
uted. We compared categorical variables between groups by using the
Pearson chi-square and Fisher’s exact tests; for the quantitative vari-
ables, the nonparametric Mann-Whitney U and Kruskal-Wallis tests
were used in pairwise and multiple comparisons, respectively. A post
hoc Bonferroni correction was made for comparisons between >2
groups. Analysis of risk factors for 30-day mortality was performed
using the Cox regression model assuming proportional hazards. Be-
cause early mortality is generally associated with inadequate empirical
therapy, while definitive therapy has an impact on morbidity and late
mortality, and considering that in our study colistin was mostly ad-
ministered as definitive therapy, and thus in many cases the early mor-
tality was probably due to inadequate empirical therapy, patients who
died within 5 days after the colistin-based treatment onset were ex-
cluded to rule out this potential bias, and the remaining patients were
considered from the day of colistin treatment onset until death or
hospital discharge. Variables with P values of <0.1 in the univariate
analysis were included in the multivariate analysis, and this was also
adjusted for age, sex, and the presence of Gram-positive bacterium
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(GPB) coinfection. Differences were considered to be significant for P
values of <0.05. The analysis was carried out using SPSS 20.0 (SPSS,
Chicago, IL).

RESULTS

Overall, 184 adult patients hospitalized in the ICU received an
intravenous colistin-based antimicrobial treatment over the study
period. The colistin-based therapy was started as empirical treat-
ment in 38 patients and as definitive treatment in 146 patients. In
166 patients, an infection caused by GNB was confirmed by diag-
nostic testing.

The characteristics of the patients with GNB infection are
shown in Table 1. Ventilator-associated pneumonia (VAP) was
the most common type of infection (64.5%), followed by blood-
stream infection (BSI) (19.9%). One of the five patients classi-
fied as having urinary tract infection had pyelonephritis, and
the other four presented with severe sepsis. The main patho-
gens were MDR A. baumannii and MDR P. aeruginosa, isolated in
59.6% and 18.7% of patients, respectively. In 41 patients, a poly-
microbial infection was diagnosed, with isolation of a GPB strain
in 28 patients and of another GNB strain in the remaining 13
patients. GPB strains were isolated from 25 patients with MDR A.
baumannii infection. Among these, the distribution of the coin-
fecting GPB pathogens was as follows: coagulase-negative staphy-
lococci (CNS) in 12 cases, including 5 patients with primary BSI, 5
with central venous catheter (CVC)-related BSI, 1 with nosoco-
mial meningitis, and 1 with surgical site infection (SSI); methicil-
lin-resistant Staphylococcus aureus (MRSA) in 8 cases, including 5
patients with VAP, 2 with BSI secondary to lower respiratory tract
(LRT) infection, and 1 with SSI; Enterococcus spp. in 3 patients
with intra-abdominal infection; and Corynebacterium striatum in
a patient with VAP and another with a BSI secondary to LRT
infection. The other 3 GPB were isolated from three patients, with
a postsurgical meningitis with isolation of MDR P. aeruginosa and
a CNS strain, a primary BSI with isolation from blood cultures of a
non-MDR A. baumannii strain and a CNS strain, and a VAP due
to a MRSA strain and a Morganella morganii strain.

Overall, 68 patients (40.9%) received a colistin-glycopeptide
combination: 62 with vancomycin and 6 with teicoplanin. Glyco-
peptides were initiated on the same day as colistin in 17 patients.
In 27 patients, glycopeptides were initiated within a median of 3
days (IQR, 2 to 6 days) before colistin treatment onset. In 24
patients, glycopeptides were started within a median of 5 days
(IQR, 3 to 5.7 days) after colistin treatment onset. Glycopeptides
were initiated empirically and targeted to microbiological results
in 58.8% and 41.2% of patients, respectively. Dosages and sched-
ules used for colistin and glycopeptide administration are shown
in Table 2.

Patients were classified into the following four groups accord-
ing to antimicrobial treatment: colistin alone (36.7%), colistin-gly-
copeptide combination (25.3%), colistin plus another anti-GNB
drug (22.2%), and colistin-glycopeptide plus another anti-GNB drug
(15.6%). As shown in Table 3, the most significant difference between
these groups was the presence of a GPB coinfection, which was more
frequent among patients treated with combinations including a gly-
copeptide. Patients who received colistin plus other anti-GNB drugs
had renal disease, diabetes mellitus, and VAP more commonly than
those treated with other regimens.

Patients were further divided into patients who received com-
binations including a glycopeptide and those treated with combi-
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TABLE 1 Characteristics of the study population

Clinical Use of Colistin plus a Glycopeptide

TABLE 1 (Continued)

Characteristic®

No. (%) of patients”

(n = 166)

No. (%) of patients”

Demographic data
Age (yr) (median, IQR)
Sex
Male
Female

Underlying conditions
Renal disease
Immunosuppression®
Diabetes mellitus
Liver disease
Congestive heart failure
Chronic obstructive pulmonary disease
Cerebrovascular disease

Charlson index (median, IQR)
Reasons for admission to ICU
Respiratory failure
Acute neurological disorder
Septic shock
Trauma/postsurgery
Cardiac arrest

APACHE 1I score (median, IQR)
Type of infection
Ventilator-associated pneumonia
Bloodstream infection
Primary
Secondary
Central venous catheter
Lower respiratory tract
Urinary tract
Surgical site infection
Urinary tract infection
Intra-abdominal infection

Etiology
Gram-negative bacteria

MDR Acinetobacter baumannii®

MDR Pseudomonas aeruginosa®

CR Kilebsiella pneumoniae

Non-MDR Acinetobacter baumannii

Non-MDR Pseudomonas aeruginosa

ESBL-producing Escherichia coli

Morganella morganii

Polymicrobic infection

Gram-negative plus Gram-positive infection
Coagulase-negative staphylococci
Methicillin-resistant Staphylococcus aureus
Enterococcus spp.
Corynebacterium striatum

Gram-negative plus Gram-negative infection
CR K. pneumoniae
MDR A. baumannii
Non-MDR A. baumannii
Non-MDR P. aeruginosa
Enterobacter spp.

Antibiotic treatment
Colistin alone
Colistin plus glycopeptides

62, 46-73.2

103 (62)
63 (38)

42 (25.3)
28 (16.9)
27 (16.3)
12 (7.2)
11 (6.6)
9 (5.4)
5(3)

3.5,2-5

84 (50.6)
37 (22.3)
26 (15.7)
14 (8.4)
5(3)

20, 17-24

107 (64.5)
33(19.9)
9 (5.4)

24 (14.4)
11 (6.6)
10 (6)
3(1.8)

6 (3.6)
5(3)
4(2.4)

99 (59.6)
31(18.7)
24 (14.5)
13 (7.8)
5(3)
1(0.6)
1(0.6)
41 (24.7)
28 (68.2)
14 (50)
9 (32.1)
3(10.7)
2(7.1)
13 (31.7)
4(30.7)
4(30.7)
3(23.1)
1(7.7)
1(7.7)

61 (36.7)
42 (25.3)

February 2014 Volume 58 Number 2

Characteristic” (n = 166)
Colistin plus carbapenems 21 (12.7)
Colistin plus tigecycline 12 (7.2)
Colistin plus aminoglycosides 3(1.8)
Colistin plus rifampin 1(0.6)
Colistin plus glycopeptides plus 17 (10.2)
carbapenems
Colistin plus glycopeptides plus 4(2.4)
aminoglycosides
Colistin plus glycopeptides plus 4 (2.4)
rifampin
Colistin plus glycopeptides plus 1(0.6)
tigecycline

Nephrotoxicity 21 (12.7)

Outcome
Days of ICU stay (median, IQR) 36, 18-57.5
Days of hospital stay (median, IQR) 48, 32-85
30-day mortality 52 (31.3)

@ Abbreviations: IQR, interquartile range; MDR, multidrug resistant; CR carbapenem
resistant; ESBL, extended-spectrum beta-lactamase.

b Unless indicated otherwise.

¢ Immunosuppression refers to patients with HIV infection, recipients of solid organ
transplants, and patients receiving treatment for solid or hematological malignancy.
@ All these strains were resistant to carbapenems and susceptible to colistin.

¢ All these strains were resistant to =3 different classes of antibiotics.

nations without glycopeptides (Table 4). Significant differences
were found for respiratory failure as the cause of ICU admission
(39.7% versus 58.2%; P = 0.03), VAP (54.4% versus 71.4%; P =
0.03), BSI (27.9% versus 14.3%; P = 0.05), isolation of MDR A.
baumannii (70.6% versus 52%; P = 0.02), and GPB coinfection
(41.2% versus 0%; P < 0.001). There were no differences for
nephrotoxicity and outcome (Table 4). The same analysis was
further done only for patients with MDR A. baumannii infection
(Table 5). Significant differences were found for VAP (58.3% ver-
sus 82.4%; P = 0.01), BSI (22.9% versus 7.8%; P = 0.05), and GPB
coinfection (52% versus 0%; P < 0.001).

TABLE 2 Schedules and dosages of colistin and glycopeptide
intravenous administration

Drug and parameter Value
Colistin® (n = 166)
No. (%) of patients receiving loading dose” 12 (7.2)
Dosage (MU/day) (median, IQR) 6, 4-8
Vancomycin (n = 62)
No. (%) of patients receiving loading dose® 19 (30.6)
No. (%) of patients receiving continuous infusion 40 (64.5)
No. (%) of patients receiving intermittent infusion 22 (35.5)
Dosage (g/day) (median, IQR) 2,2-2
Teicoplanin (n = 6)
No. (%) of patients receiving loading dose 6 (100)
Dosage (mg/day) (median, IQR) 400, 400-400

“ Colistin was administered as colistimethate sodium (CMS) (Colomycin; Forest
Laboratories UK LTB, Bextley, United Kingdom) dissolved in 100 ml of sterile saline
and was administered over 30 min.

b The loading dose was 9 MU in 8 patients and 4.5 MU in 4 patients.

¢ The loading dose was 15 mg/kg, administered over 60 min, for all patients.
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TABLE 3 Comparison of patients by treatment*

Value

Colistin alone

Colistin-glycopeptide

Colistin plus other
anti-GNB drugs

Colistin-glycopeptide
plus other anti-GNB

Parameter (n=61) (n=42) (n=37) drugs (n = 26) P value
Age (yr) (median, IQR) 65,45.5-75.5 68, 46.5-67.5 56.5, 45-67.5 55,39.2-74.7 0.27
No. (%) of males 35(57.4) 28 (66.7) 25 (67.6) 15 (57.7) 0.66
No. (%) of patients with comorbidity

Renal disease 11 (18) 8 (19) 16 (43.2) 7 (26.9) 0.03

Immunosuppression 7 (11.5) 11 (26.2) 5(13.5) 5(19.2) 0.24

Diabetes mellitus 10 (16.4) 2 (4.8) 10 (27) 5(19.2) 0.04
Charlson index (median, IQR) 3,2-5 3,1-5 4,2.5-6 4,1-6 0.13
No. (%) of patients with reason for ICU admission

Respiratory failure 37 (60.7) 16 (38.1) 20 (54.1) 11 (42.3) 0.11

Septic shock 9(14.8) 9(21.4) 5(13.5) 3 (11.5) 0.72

Acute neurological disorder 8 (13.1) 12 (28.5) 9 (24.3) 8 (30.8) 0.14

Trauma/surgery 7 (11.5) 4(9.5) 0 3(11.5) 0.22
APACHE II score at ICU admission (median, IQR) 20, 18-23 21, 14.5-25 20, 17-23.5 24, 14-26.5 0.78
No. (%) of patients with type of infection

VAP 40 (65.6) 26 (61.9) 30 (81.1) 11 (42.3) 0.02

BSI 10 (16.4) 10 (23.8) 4(10.8) 9 (34.6) 0.10
No. (%) of patients with etiology

MDR A. baumannii 29 (47.5) 30 (71.4) 22 (59.5) 18 (69.2) 0.07

MDR P. aeruginosa 14 (23) 5(11.9) 7 (18.9) 5(19.2) 0.58

CR-KP 13 (21.3) 5(11.9) 5(13.5) 1(3.8) 0.18

GPB plus GNB coinfection 0 16 (38.1) 0 12 (46.2) <0.001
No. (%) of patients with nephrotoxicity 8 (13.1) 3(7.1) 5(13.5) 5(19.2) 0.52
Outcomes

Days of ICU stay (median, IQR) 34, 19-52.5 39.5,17.2-64.2 32, 16-54.5 43,22.5-75.2 0.53

Days of hospital stay (median, IQR) 44,31.5-78.5 62, 33.5-99.2 54, 26-84.5 51,37.2-92 0.49

No. (%) of patients with 30-day mortality 17 (27.9) 14 (33.3) 12 (32.4) 9 (34.6) 0.90

@ Abbreviations: IQR, interquartile range; ICU, intensive care unit; VAP, ventilator-associated pneumonia; BSI, bloodstream infection; MDR, multidrug resistant; CR-KP,
carbapenem-resistant Klebsiella pneumoniae; GPB, Gram-positive bacteria; GNB, Gram-negative bacteria.

Opverall, 52 patients (31.3%) died within 30 days after the ini-
tiation of colistin treatment, among whom 12 patients died within
5 days after the treatment onset. Univariate analysis of risk factors
for 30-day mortality showed that a higher Charlson index, a
higher APACHE II score at ICU admission, and infection due to
MDR A. baumannii were associated with a poor outcome, whereas
receiving a drug combination with a glycopeptide for at least 5
days was associated with a better outcome. After controlling for
age, sex, and coinfection with GPB, the multivariate analysis
showed a higher Charlson index and MDR A. baumannii as inde-
pendent risk factors for mortality, whereas a drug combination
with a glycopeptide for =5 days remained a protective factor (Ta-
ble 6). Overall, 23 patients received the colistin combination treat-
ment for fewer than 5 days, glycopeptides were discontinued for
de-escalation therapy according to microbiological results in 21
cases, 1 patient died within 3 days of colistin-glycopeptide treat-
ment onset (he was excluded from the analysis), and the remain-
ing patient died within 4 days of glycopeptide and 5 days of colistin
treatment onset (he was included in the analysis). In any patient,
the combination treatment was stopped for nephrotoxicity or
other adverse events.

Overall, it was necessary to discontinue the antibiotic treat-
ment because of nephrotoxicity in 4 patients who received colistin
monotherapy, after 5, 9, 20, and 30 days from treatment onset.
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Risk factors for 30-day mortality were also analyzed among
only patients infected with MDR A. baumannii. The Charlson
index and APACHE II score were associated with poor outcomes,
although not significantly by multivariate analysis, and combina-
tion with a glycopeptide for =5 days was confirmed to be a pro-
tective factor (Table 7). However, when we carried out the analysis
only on patients with MDR A. baumannii infection, excluding
patients with GPB coinfection, the only variable that remained
associated with a worse outcome in the multivariate analysis was
the APACHE II score (hazard ratio [HR], 1.08; 95% confidence
interval [CI], 1.02 to 1.14; P = 0.005).

DISCUSSION

We found that the combination of colistin with glycopeptides was
not uncommon in critically ill patients treated for Gram-negative
infection, especially among those coinfected with Gram-positive
bacteria. The rate of nephrotoxicity was low in our study, and
there were no differences between patients treated with and with-
out glycopeptides. Furthermore, combination treatment with
colistin and a glycopeptide for at least 5 days was a factor indepen-
dently associated with better outcomes among all the patients and
among those with only MDR A. baumannii infection.

Delivering an appropriate empirical antimicrobial therapy is
critical for the outcome of infectious diseases, especially among
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TABLE 4 Comparison of patients who received colistin-based antimicrobial treatments with and without glycopeptides”

Value
With glycopeptides Without glycopeptides

Parameter (n = 68) (n=98) P value
Age (yr) (median, IQR) 57, 45-71.5 65.5, 46.7-76 0.06
No. (%) of males 43 (63.2) 60 (61.2) 0.87
No. (%) of patients with comorbidity

Renal disease 15 (22.1) 27 (27.6) 0.47

Immunosuppression 16 (23.5) 12 (12.2) 0.06

Diabetes mellitus 7 (10.3) 20 (20.4) 0.09
Charlson index (median, IQR) 3.5,1-5 3.5,2-5 0.58
No. (%) of patients with reason for ICU admission

Respiratory failure 27 (39.7) 57 (58.2) 0.03

Acute neurological disorder 20 (29.4) 17 (17.3) 0.08

Septic shock 12 (17.6) 14 (14.3) 0.66

Trauma/surgery 7 (10.3) 7(7.1) 0.57
APACHE II score at ICU admission (median, IQR) 22, 14-26 20, 18-23 0.34
No. (%) of patients with type of infection or etiology

VAP 37 (54.4) 70 (71.4) 0.03

BSI 19 (27.9) 14 (14.3) 0.05

MDR A. baumannii 48 (70.6) 51 (52) 0.02

MDR P. aeruginosa 10 (14.7) 21(21.4) 0.32

CR K. pneumoniae 6(8.8) 18 (18.4) 0.12

GPB plus GNB coinfection 28 (41.2) 0 <0.001
No. (%) of patients with nephrotoxicity 8(11.8) 13 (13.3) 0.82
Outcomes

Days of ICU stay (median, IQR) 42,19-67.7 33,43.5-53.2 0.28

Days of hospital stay (median, IQR) 57, 34.2-92 44.5,30.7-79.5 0.14

No. (%) of patients with 30-day mortality 23 (33.8) 29 (29.6) 0.61

@ Abbreviations: IQR, interquartile range; ICU, intensive care unit; VAP, ventilator-associated pneumonia; BSI, bloodstream infection; MDR, multidrug resistant; CR, carbapenem

resistant; GPB, Gram-positive bacteria; GNB, Gram-negative bacteria.

critically ill patients. Several guidelines addressed this important
issue and recommended choosing empirical therapy, taking into
account the patient risk factors for harboring an MDR pathogen
and the local ICU epidemiology (16, 17). The predisposing con-
ditions for MDR Gram-positive and Gram-negative bacterial in-
fections are partially similar, such as, among others, previous
treatment with broad-spectrum antibiotic therapy, underlying re-
nal disease, and prior colonization; thus, it is not uncommon for
clinicians to start with a wide-spectrum antimicrobial therapy and
then streamline it according to the microbiological results. In ac-
cord with this approach, we found that in our study, 40.9% of
patients received a combination therapy active against both MDR
GNB and GPB, and in most cases (58.8%) the anti-GPB drug was
administered in an empirical manner.

The increasing carbapenem resistance rate among GNB has
revitalized the use of colistin, a cationic antimicrobial peptide
originally introduced for clinical use in the late 1950s but aban-
doned in the early 1980s because of concerns for nephrotoxicity
(18). Rates of nephrotoxicity vary from approximately 50% in
older studies to <20% in recent reports (15, 18, 19). We con-
firmed the latter data, finding an overall rate of nephrotoxicity of
12.7% that rose to 19.2% in patients treated with combinations
including colistin, a glycopeptide, and another anti-GNB drug.
The high level of hydration and close monitoring of renal function
in the ICU setting may explain the better tolerance of nephrotoxic
drugs in critically ill patients.
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Another concern with the use of colistin is the risk of develop-
ing antibiotic resistance during treatment, especially if it is used as
monotherapy (4, 5). To prevent this occurrence, some authors
have proposed combining colistin with other drugs for treatment
of severe infections due to MDR GNB (20). One of the combina-
tions proposed is that of colistin plus a glycopeptide, due to the
activity of glycopeptides on the cell wall after overcoming the
outer membrane. This combination has been tested in vitro and in
animal models against MDR GNB, especially A. baumannii, and
shown to be synergistic and effective against colistin-resistant
strains and to prevent the further development of colistin resis-
tance (8,9, 11, 21). However, due to the concern of nephrotoxic-
ity, clinical data are not yet available. We found that in critically ill
patients treated with colistin for a confirmed GNB infection, the
combination with a glycopeptide during =48 h was not associated
with higher nephrotoxicity. Furthermore, combination with a gly-
copeptide for =5 days was a protective risk factor for 30-day mor-
tality. This result may be due partially to the large proportion of
patients coinfected with a GPB, mainly among those with MDR A.
baumannii infection.

Predictors of mortality in our study are in accordance with the
results of the EPIC II study, which showed infection with A. bau-
mannii to be a greater risk for hospital death among 14,414 ICU
patients worldwide (1).

Our study has some limitations. For example, due to the ret-
rospective design, we could not analyze the impact of the recent
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TABLE 5 Comparison of patients with MDR A. baumannii infection who received colistin-based antimicrobial treatments with and without

glycopeptides”
Value
With glycopeptides Without glycopeptides

Parameter (n=48) (n=>51) P value
Age (yr) (median, IQR) 57, 45-71.5 66, 45-76 0.24
No. (%) of males 30 (62.5) 32 (62.7) 1
No. (%) of patients with comorbidity

Renal disease 12 (25) 17 (33.3) 0.38

Immunosuppression 13 (27.1) 9 (17.6) 0.33

Diabetes mellitus 6 (12.5) 12 (23.5) 0.19
Charlson index (median, IQR) 4,2-5.7 4,2-6 0.70
No. (%) of patients with reason for ICU admission

Respiratory failure 23 (47.9) 29 (56.9) 0.42

Acute neurological disorder 12 (25) 9 (17.6) 0.46

Septic shock 6 (12.5) 6(11.8) 1

Trauma/surgery 6(12.5) 5(9.8) 0.75
APACHE II score at ICU admission (median, IQR) 22,14-26 20, 17-23 0.25
No. (%) of patients with type of infection

VAP 28 (58.3) 42 (82.4) 0.01

BSI 11 (22.9) 4(7.8) 0.05

GPB plus GNB coinfection 25 (52.1) 0 <0.001
No. (%) of patients with nephrotoxicity 5(10.4) 8 (15.7) 0.55
Outcomes

Days of ICU stay (median, IQR) 44.5,18-67.7 30, 16-53 0.19

Days of hospital stay (median, IQR) 52,38.2-87.7 38,22-63 0.08

No. (%) of patients with 30-day mortality 20 (41.7) 18 (35.3) 0.54

@ Abbreviations: IQR, interquartile range; ICU, intensive care unit; VAP, ventilator-associated pneumonia; BSI, bloodstream infection; GPB, Gram-positive bacteria; GNB, Gram-

negative bacteria.

therapeutic schemes proposed for colistin (19, 22) on the outcome
and safety. Sequential diagnostic testing to determine microbio-
logical eradication and to exclude the development of further re-
sistance was not systematically done, so we could not analyze the

TABLE 6 Cox regression analysis of risk factors for 30-day mortality”

impact of the combination of colistin and a glycopeptide on the
timing to microbiological cure and the prevention of colistin re-
sistance. The serum levels of glycopeptides were not recorded, so
we could not establish their impact on outcome and safety.

Univariate analysis

Multivariate analysis®

Factor HR (95% CI) P value HR (95% CI) P value
Age 1.01 (0.99-1.03) 0.18

Male sex 1.34 (0.71-2.50) 0.36

Charlson index 1.30 (1.14-1.48) <0.001 1.26 (1.01-1.44) 0.001
APACHE II score 1.05 (1.00-1.09) 0.03

VAP 1.28 (0.66-2.49) 0.46

BSI 0.80 (0.35-1.82) 0.60

MDR A. baumannii 2.20 (1.10-4.41) 0.03 2.51 (1.23-5.12) 0.01
MDR P. aeruginosa 0.42 (0.15-1.18) 0.10

CR K. pneumoniae 0.73 (0.28-1.87) 0.52

Coinfection with GPB 0.63 (0.24-1.60) 0.33

Colistin alone 0.95 (0.49-1.82) 0.87

Colistin plus a glycopeptide 0.93 (0.45-1.99) 0.84

Colistin plus other anti-GNB drugs 0.99 (0.46-2.15) 0.98

Colistin plus other anti-GNB drugs plus a glycopeptide 1.19 (0.55-2.59) 0.65

Combination including a glycopeptide for =48 h 1.05 (0.56-1.96) 0.86

Days of combination with a glycopeptide 0.95 (0.89-1.01) 0.09

Combination with a glycopeptide for =5 days 0.47 (0.22-1.02) 0.05 0.42 (0.18-0.93) 0.03
Nephrotoxicity 0.63 (0.22-1.77) 0.38

@ Abbreviations: VAP, ventilator-associated pneumonia; BSI, bloodstream infection; MDR, multidrug resistant; CR, carbapenem resistant; GPB, Gram-positive bacteria; GNB,

Gram-negative bacteria. Data in bold are statistically significant.

b The multivariate analysis was adjusted for all variables with P values of <0.1 in the univariate analysis and for age, sex, and the presence of coinfection with GPB.
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TABLE 7 Cox regression analysis of risk factors for 30-day mortality among patients with infection due to MDR A. baumannii®

Univariate analysis

Multivariate analysis”

Parameter HR (95% CI) Pvalue HR (95% CI) Pvalue
Age 1.01 (0.99-1.03) 0.16

Male sex 1.55 (0.75-3.23) 0.24

Charlson index 1.27 (1.08-1.48) 0.003 1.18 (0.99-1.39) 0.06
APACHEII score 1.06 (1.01-1.11) 0.01 1.05 (0.99-1.11) 0.97
VAP 0.92 (0.42-2.03) 0.84

BSI 1.56 (0.65-3.93) 0.31

Coinfection with a GPB 0.46 (0.17-1.21) 0.12

Colistin alone 1.34 (0.61-2.95) 0.46

Colistin plus a glycopeptide 0.90 (0.41-1.98) 0.79

Colistin plus other anti-GNB drugs 0.67 (0.23-1.92) 0.45

Colistin plus other anti-GNB drugs plus a glycopeptide 1.11 (0.47-2.60) 0.81

Combination including a glycopeptide for =48 h 0.98 (0.47-2.05) 0.97

Days of combination with a glycopeptide 0.94 (0.88-1.01) 0.09

Combination with a glycopeptide for =5 days 0.44 (0.19-0.99) 0.05 0.41 (0.17-0.98) 0.04
Nephrotoxicity 0.61 (0.18-2.02) 0.42

@ Abbreviations: VAP, ventilator-associated pneumonia; BSI, bloodstream infection; GPB, Gram-positive bacteria; GNB, Gram-negative bacteria. Data in bold are statistically significant.
b The multivariate analysis was adjusted for age, sex, Charlson index, APACHE II score, coinfection with GPB, and combination with a glycopeptide for =5 days.

We concluded that the use of a colistin-glycopeptide combina-
tion in critically ill patients with Gram-negative infections was
common and was not associated with higher nephrotoxicity in
our cohort. Furthermore, when this combination lasted =5 days,
it was associated with a higher survival rate. Further prospective
randomized studies are needed to confirm our findings.

ACKNOWLEDGMENTS

All authors declare no conflicts of interest for this study. Nicola Petrosillo
has received honoraria as a speaker for Pfizer, Astellas, Sanofi Aventis,
Wryeth, GlaxoSmithKline, Merk Sharp & Dohme, Novartis, Carefusion,
Johnson & Johnson, Janssen Cilag, and Bristol Myers Squibb.

REFERENCES

1. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno
R, Lipman J, Gomersall C, Sakr Y, Reinhart K. 2009. International study
of the prevalence and outcomes of infection in intensive care units. JAMA
302:2323-2329. http://dx.doi.org/10.1001/jama.2009.1754.

2. Cohen J. 2013. Confronting the threat of multidrug-resistant Gram-
negative bacteria in critically ill patients. J. Antimicrob. Chemother. 68:
490—-491. http://dx.doi.org/10.1093/jac/dks460.

3. Falagas ME, Kopterides P. 2007. Old antibiotics for infections in critically
ill patients. Curr. Opin. Crit. Care 13:592-597. http://dx.doi.org/10.1097
/MCC.0b013e32827851d7.

4. Matthaiou DK, Michalopoulos A, Rafailidis PI, Karageorgopoulos DE,
Papaioannou V, Ntani G, Samonis G, Falagas ME. 2008. Risk factors
associated with the isolation of colistin-resistant gram-negative bacteria: a
matched case-control study. Crit. Care Med. 36:807—811. http://dx.doi
.org/10.1097/CCM.0B013E3181652FAE.

5. Kontopidou F, Plachouras D, Papadomichelakis E, Koukos G, Galani I,
Poulakou G, Dimopoulos G, Antoniadou A, Armaganidis A, Giamarel-
lou H. 2011. Colonization and infection by colistin-resistant Gram-
negative bacteria in a cohort of critically ill patients. Clin. Microbiol. In-
fect. 17:E9—E11. http://dx.doi.org/10.1111/j.1469-0691.2011.03649.x.

6. Tumbarello M, Viale P, Viscoli C, Trecarichi EM, Tumietto F, Mar-
chese A, Spanu T, Ambretti S, Ginocchio F, Cristini F, Losito AR,
Tedeschi S, Cauda R, Bassetti M. 2012. Predictors of mortality in blood-
stream infections caused by Klebsiella pneumoniae carbapenemase-
producing K. pneumoniae: importance of combination therapy. Clin. In-
fect. Dis. 55:943-950. http://dx.doi.org/10.1093/cid/cis588.

7. Petrosillo N, Giannella M, Lewis R, Viale P. 2013. Treatment of carba-
penem-resistant Klebsiella pneumoniae: the state of the art. Expert Rev.
Anti Infect. Ther. 11:159-177. http://dx.doi.org/10.1586/eri.12.162.

8. Gordon NC, Png K, Wareham DW. 2010. Potent synergy and sustained
bactericidal activity of a vancomycin-colistin combination versus multi-

February 2014 Volume 58 Number 2

drug-resistant strains of Acinetobacter baumannii. Antimicrob. Agents
Chemother. 54:5316-5322. http://dx.doi.org/10.1128/AAC.00922-10.

. Wareham DW, Gordon NC, Hornsey M. 2011. In vitro activity of

teicoplanin combined with colistin versus multidrug-resistant strains of
Acinetobacter baumannii. J. Antimicrob. Chemother. 66:1047—-1051.
http://dx.doi.org/10.1093/jac/dkr069.

. Vidaillac C, Benichou L, Duval RE. 2012. In vitro synergy of colistin com-

binations against colistin-resistant Acinetobacter baumannii, Pseudomonas
aeruginosa, and Klebsiella pneumoniae isolates. Antimicrob. Agents Che-
mother. 56:4856—4861. http://dx.doi.org/10.1128/AAC.05996-11.

. O’Hara JA, Ambe LA, Casella LG, Townsend BM, Pelletier MR, Ernst

RK, Shanks RM, Doi Y. 2013. Activity of vancomycin-containing regi-
mens against colistin-resistant Acinetobacter baumannii clinical strains.
Antimicrob. Agents Chemother. 57:2413-2416. http://dx.doi.org/10.1128
/AAC.00266-13.

. Calandra T, Cohen J, International Sepsis Forum Definition of Infec-

tion in the ICU Consensus Conference. 2005. The international sepsis
forum consensus conference on definitions of infection in the intensive
care unit. Crit. Care Med. 33:1538-1548. http://dx.doi.org/10.1097/01
.CCM.0000168253.91200.83.

. Falagas ME, Koletsi PK, Bliziotis IA. 2006. The diversity of definitions of

multidrug-resistant (MDR) and pandrug-resistant (PDR) Acinetobacter
baumannii and Pseudomonas aeruginosa. J. Med. Microbiol. 55:1619—
1629. http://dx.doi.org/10.1099/jmm.0.46747-0.

. Capone A, Giannella M, Fortini D, Giordano A, Meledandri M, Ballardini

M, Venditti M, Bordi E, Capozzi D, Balice MP, Tarasi A, Parisi G, Lappa
A, Carattoli A, Petrosillo N, SEERBIO-GRAB Network. 2013. High rate of
colistin resistance among patients with carbapenem-resistant Klebsiella pneu-
moniae infection accounts for an excess of mortality. Clin. Microbiol. Infect.
19:E23-E30. http://dx.doi.org/10.1111/1469-0691.12070.

. Hartzell JD, Neff R, Ake J, Howard R, Olson S, Paolino K, Vishnepolsky

M, Weintrob A, Wortmann G. 2009. Nephrotoxicity associated with
intravenous colistin (colistimethate sodium) treatment at a tertiary care
medical center. Clin. Infect. Dis. 48:1724—1728. http://dx.doi.org/10.1086
/599225.

. American Thoracic Society, Infectious Diseases Society of America. 2005.

Guidelines for the management of adults with hospital-acquired, ventilator-
associated, and healthcare-associated pneumonia. Am. J. Respir. Crit. Care
Med. 171:388—-416. http://dx.doi.org/10.1164/rccm.200405-644ST.

. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,

Sevransky JE, Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nun-
nally ME, Townsend SR, Reinhart K, Kleinpell RM, Angus DC,
Deutschman CS, Machado FR, Rubenfeld GD, Webb SA, Beale RJ,
Vincent JL, Moreno R. 2013. Surviving sepsis campaign: international
guidelines for management of severe sepsis and septic shock. Crit. Care
Med. 41:580—-637. http://dx.doi.org/10.1097/CCM.0b013e31827e83af.

. Falagas ME, Kasiakou SK, Tsiodras S, Michalopoulos A. 2006. The use

aac.asm.org 857


http://dx.doi.org/10.1001/jama.2009.1754
http://dx.doi.org/10.1093/jac/dks460
http://dx.doi.org/10.1097/MCC.0b013e32827851d7
http://dx.doi.org/10.1097/MCC.0b013e32827851d7
http://dx.doi.org/10.1097/CCM.0B013E3181652FAE
http://dx.doi.org/10.1097/CCM.0B013E3181652FAE
http://dx.doi.org/10.1111/j.1469-0691.2011.03649.x
http://dx.doi.org/10.1093/cid/cis588
http://dx.doi.org/10.1586/eri.12.162
http://dx.doi.org/10.1128/AAC.00922-10
http://dx.doi.org/10.1093/jac/dkr069
http://dx.doi.org/10.1128/AAC.05996-11
http://dx.doi.org/10.1128/AAC.00266-13
http://dx.doi.org/10.1128/AAC.00266-13
http://dx.doi.org/10.1097/01.CCM.0000168253.91200.83
http://dx.doi.org/10.1097/01.CCM.0000168253.91200.83
http://dx.doi.org/10.1099/jmm.0.46747-0
http://dx.doi.org/10.1111/1469-0691.12070
http://dx.doi.org/10.1086/599225
http://dx.doi.org/10.1086/599225
http://dx.doi.org/10.1164/rccm.200405-644ST
http://dx.doi.org/10.1097/CCM.0b013e31827e83af
http://aac.asm.org

Petrosillo et al.

19.

20.

of intravenous and aerosolized polymyxins for the treatment of infections
in critically ill patients: a review of the recent literature. Clin. Med. Res.
4:138-146. http://dx.doi.org/10.3121/cmr.4.2.138.

Dalfino L, Puntillo F, Mosca A, Monno R, Spada ML, Coppolecchia S,
Miragliotta G, Bruno F, Brienza N. 2012. High-dose, extended-interval
colistin administration in critically ill patients: is this the right dosing
strategy? A preliminary study. Clin. Infect. Dis. 54:1720-1726. http://dx
.doi.org/10.1093/cid/cis286.

Petrosillo N, Capone A, Di Bella S, Taglietti F. 2010. Management of
antibiotic resistance in the intensive care unit setting. Expert Rev. Anti
Infect. Ther. 8:289-302. http://dx.doi.org/10.1586/eri.10.7.

858 aac.asm.org

21.

22.

Hornsey M, Wareham DW. 2011. In vivo efficacy of glycopeptide-
colistin combination therapies in a Galleria mellonella model of Acineto-
bacter baumannii infection. Antimicrob. Agents Chemother. 55:3534—
3537. http://dx.doi.org/10.1128/AAC.00230-11.

Plachouras D, Karvanen M, Friberg LE, Papadomichelakis E, Antonia-
dou A, Tsangaris I, Karaiskos I, Poulakou G, Kontopidou F, Armagani-
dis A, Cars O, Giamarellou H. 2009. Population pharmacokinetic anal-
ysis of colistin methanesulfonate and colistin after intravenous
administration in critically ill patients with infections caused by gram-
negative bacteria. Antimicrob. Agents Chemother. 53:3430—3436. http:
//dx.doi.org/10.1128/AAC.01361-08.

Antimicrobial Agents and Chemotherapy


http://dx.doi.org/10.3121/cmr.4.2.138
http://dx.doi.org/10.1093/cid/cis286
http://dx.doi.org/10.1093/cid/cis286
http://dx.doi.org/10.1586/eri.10.7
http://dx.doi.org/10.1128/AAC.00230-11
http://dx.doi.org/10.1128/AAC.01361-08
http://dx.doi.org/10.1128/AAC.01361-08
http://aac.asm.org

	Clinical Experience of Colistin-Glycopeptide Combination in Critically Ill Patients Infected with Gram-Negative Bacteria
	MATERIALS AND METHODS
	Study design and population.
	Setting.
	Data.
	Definitions.
	Microbiology.
	Statistical analysis.

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


