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Carbapenemase-producing Klebsiella pneumoniae strains (CP-Kps) are currently among the most important nosocomial patho-
gens. An observational study was conducted during 2009 to 2010 in two hospitals located in a high-prevalence area (Athens,
Greece). The aims were (i) to evaluate the clinical outcome of patients with CP-Kp bloodstream infections (BSIs), (ii) to identify
predictors of mortality, and (iii) to evaluate the various antibiotic schemes employed. A total of 205 patients with CP-Kp BSIs
were identified: 163 (79.5%) were infected with KPC or KPC and VIM, and 42 were infected with VIM producers. For definitive
treatment, 103 patients received combination therapy (two or more active drugs), 72 received monotherapy (one active drug),
and 12 received therapy with no active drug. The remaining 18 patients died within 48 h after the onset of bacteremia. The all-
cause 28-day mortality was 40%. A significantly higher mortality rate was observed in patients treated with monotherapy than in
those treated with combination therapy (44.4% versus 27.2%; P = 0.018). The lowest mortality rate (19.3%) was observed in pa-
tients treated with carbapenem-containing combinations. In the Cox proportion hazards model, ultimately fatal disease (haz-
ards ratio [HR], 3.25; 95% confidence interval [CI], 1.51 to 7.03; P = 0.003), the presence of rapidly fatal underlying diseases
(HR, 4.20; 95% CI, 2.19 to 8.08; P < 0.001), and septic shock (HR, 2.15; 95% CI, 1.16 to 3.96; P = 0.015) were independent predic-
tors of death. Combination therapy was strongly associated with survival (HR of death for monotherapy versus combination,
2.08; 95% CI, 1.23 to 3.51; P = 0.006), mostly due to the effectiveness of the carbapenem-containing regimens.

arbapenemase-producing Klebsiella pneumoniae strains (CP-

Kps) have become a major public health problem worldwide.
The carbapenemases commonly encountered in CP-Kps are the
KPC variants and the zinc-dependent metallo-B-lactamases
(VIM, IMP, and NDM types) that inactivate most clinically avail-
able B-lactams (1, 2). Also, virtually all CP-Kps exhibit resistance
to important antibacterials, such as aminoglycosides and fluoro-
quinolones (3, 4). The most active agents in vitro remain colistin
and tigecycline, although a steady increase in frequencies of resis-
tance to these drugs is already evident (3-6).

While CP-Kps can affect any patient with significant health
care exposure in a setting where infection is endemic, they mainly
cause life-threatening infections, such as bacteremia and pneu-
monia in critically ill patients. Several factors, including advanced
age, severity of underlying disease, poor functional status, and
comorbid conditions, have been associated repeatedly with in-
creased mortality in patients with CP-Kp infections (1, 7, 8).

The dearth of therapeutic options, a consequence of the exten-
sive resistance phenotypes of CP-Kps, poses additional difficulties
in the patients’ management. Indeed, based on in vitro suscepti-
bilities, use of a single antimicrobial drug, such as colistin or tige-
cycline, was—and in some settings still is—the standard therapy
for CP-Kp infections, often with poor results (9-11). According to
recent clinical observations, CP-Kp-infected patients may benefit
from the use of specific combinations of antibiotics (some of
which include a carbapenem), but this issue remains unsettled
(10-13). Nevertheless, in the absence of controlled trials on which
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to base firm conclusions, observational studies including large
numbers of CP-Kp patients would likely help improve treatment
approaches.

Herein, we have attempted an analysis of the mortality-associ-
ated factors in a cohort of 205 patients with bloodstream infec-
tions (BSIs) caused by CP-Kps. Emphasis was given to the role of
antimicrobial treatment.

MATERIALS AND METHODS

Setting. The study was conducted between August 2009 and December
2010 in two tertiary care hospitals located in Athens: hospital A with 1,000
beds and 82,000 admissions per year and hospital B with 500 beds and
55,000 admissions per year. CP-Kps were endemic in both institutions.
Study design. This was a retrospective observational study that in-
cluded consecutive patients with either primary or secondary K. pneu-
moniae BSIs. Enrolled subjects had at least one blood culture positive for
K. pneumoniae and clinical findings consistent with the systemic inflam-
matory response syndrome (14). Only the first K. pneumoniae BSI episode
was considered. Patients were followed up twice a week until discharge or
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death. Patients with polymicrobial bacteremia were included in the anal-
ysis only if they had received antibiotics active in vitro against the other
coinfecting organism(s). Pertinent information, including demographic
characteristics, underlying diseases, severity of sepsis, prior hospitaliza-
tions, prior exposure to health care facilities, treatment of the bacteremia
episode, and outcome, were extracted from medical records in a prede-
signed form. Charlson’s comorbidity index was calculated as described
previously (15). The institutional review board of each hospital approved
the study with a waiver of informed consent.

Microbiology. Species identification and susceptibility testing were
performed in the clinical laboratories by Vitek 2 (bioMérieux) (hospital
A) and Wider I (Dade Behring MicroScan) (hospital B). Isolates were
delivered to the Infectious Diseases Research Laboratory, First Depart-
ment of Propaedeutic Medicine of the Medical School of Athens for fur-
ther study. Susceptibility to imipenem, meropenem, doripenem, colistin,
and tigecycline was reevaluated by the Etest (AB Biodisk). The organisms
were considered resistant to carbapenems and colistin according to the
EUCAST breakpoints (>8 ug/ml for imipenem and meropenem, >4
pg/ml for doripenem, and >2 g/ml for colistin) (16). For tigecycline, the
U.S. Food and Drug Administration interpretive criteria were used (17).
bla gene content, carbapenemase production, pulsed-field gel electropho-
resis (PFGE) types, and sequence types (STs) of the isolates were also
determined (18).

Definitions. Onset of BSI was defined as the date of collection of the
first blood culture that yielded the study organism. BSIs were classified as
community acquired, health care associated, and hospital acquired ac-
cording to standard criteria (19). The suspected source of the BSI was
identified using the Centers for Disease Control and Prevention defini-
tions (20). The underlying illnesses were classified as rapidly fatal, ulti-
mately fatal, and nonfatal according to the modified McCabe and Jackson
classification (21, 22). Neutropenia was defined as a neutrophil count
lower than 1,000/mm?>. Severity of BSI was distinguished as sepsis, severe
sepsis, and septic shock, as proposed by the International Sepsis Defini-
tions Conference (14). Treatment given before obtaining susceptibility
results was defined as empirical. Antimicrobial treatment with agents that
had no in vitro activity and/or treatment for less than 48 h was considered
inadequate. Antimicrobial therapy given after the susceptibility data had
become available was defined as “definitive.” Treatment regimens were
classified as monotherapy (treatment with one in vitro active agent) or
combination therapy (treatment with two or more in vitro active agents).

Statistical analysis. Data were processed and analyzed using the
STATA statistical software (StataCorp LP). The outcome measured was
the all-cause mortality within 28 days after the onset of bacteremia. Pa-
tients discharged before day 28 were considered survivors. Mortality was
analyzed as a binary outcome (yes/no) as well as survival time data with
patients discharged before day 28 or hospitalized and alive at day 28 con-
sidered censored observations. Survivors and nonsurvivors were com-
pared to identify factors associated with mortality. Bivariate associations
between the binary outcome of 28-day mortality and patients’ character-
istics were assessed using the x? test for categorical variables and the Stu-
dent ¢ test (for normally distributed variables) or the Mann-Whitney U
test (for nonnormally distributed variables) for continuous variables.
Kaplan-Meier estimates of the probability of survival were obtained. Sur-
vival curves were compared between groups using the log rank test. A Cox
proportional hazards model was used to identify factors independently
associated with mortality (12 patients who received definitive treatment
with no active drug were not included in this model). Sets of variables that
were either identified from univariate analysis as statistically significant or
reported in the literature as being associated with the outcome were en-
tered into the model, and their contribution was assessed using the likeli-
hood ratio test.

RESULTS

Patients. Of the 338 patients diagnosed with K. pneumoniae BSIs
(240 in hospital A and 98 in hospital B) during the study period,
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TABLE 1 Univariate analysis of factors associated with all-cause 28-day
mortality of 205 patients with carbapenemase-producing K. pneumoniae
bloodstream infections

Result for patients who:

Survived Died
Variable (n=123) (n=282) P
Age, mean yr (SD) 60.2 (18.9) 66.4 (14.5) 0.008
Gender, no. (%) 0.018
Male 79 (66.9) 39 (33.1)
Female 44 (50.6) 43 (49.4)
Acquisition of infection, no. (%) 0.584
Health care associated 8 (53.3) 7 (46.7)
Hospital acquired 115 (60.5)  75(39.5)
Hospital, no. (%) 1.00
A 102 (60.0) 68 (40.0)
B 21(60.0) 14 (40.0)
Ward at onset of BSI, no. (%) 0.687
Non-ICU 52(58.4) 37 (41.6)
ICU 71(61.2) 45 (38.8)
Charlson comorbidity index, median (IQR) 1 (0-2) 2 (1-4) 0.001
Severity of underlying disease, no. (%)" <0.001
Nonfatal 87 (79.8) 22 (20.2)
Ultimately fatal 21 (39.6) 32 (60.4)
Rapidly fatal 15 (34.9) 28 (65.1)
Neutropenia, no. (%) 0.030
No 117 (62.2) 71 (37.8)
Yes 6 (35.3) 11 (64.7)
Severity of sepsis, no. (%) <0.001
Sepsis 96 (69.6) 42 (30.4)
Severe sepsis 12 (42.9) 16 (57.1)
Septic shock 15 (38.5) 24 (61.5)
Polymicrobial BSI, no. (%) 0.049
No 95(64.2) 53 (35.8)
Yes 28 (49.1) 29 (50.9)
Source of BSI, no. (%) 0.844
Non-urinary tract 112 (60.2) 74 (39.8)
Urinary tract 11 (57.9) 8 (42.1)
Carbapenemase type(s), no. (%) 0.090
VIM 30 (71.4) 12 (28.6)
KPC/KPC + VIM 93(57.1) 70 (42.9)
ST, no. (%) 0.269
ST258 48 (55.8) 38 (44.2)
Other 52(64.2) 29 (35.8)
Time to initiation of at least 1 active drug,
no. (%)
>48 h 50 (53.2) 44 (46.8) 0.086
=48 h 73 (65.8) 38 (34.2)
Empirical treatment, no. (%) 0.250
No active drug 50 (55.5) 40 (44.5)
At least 1 active drug 73 (63.5) 42 (36.5)
Definitive treatment, no. (%)" 0.018
Monotherapy 40 (55.6) 32 (44.4)
Combination therapy 75 (72.8) 28 (27.2)

@ As determined according to the McCabe and Jackson classification (21, 22).
b Patients who received at least one active drug for more than 48 h.

205 (170 in hospital A and 35 in hospital B) were infected with
CP-Kps and included in the analysis (Table 1). The incidence rates
of CP-Kp bacteremia were 2.8 and 1.2/10,000 patient days for
hospitals A and B, respectively. One hundred eighteen patients
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(57.6%) were male, and 87 (42.4%) were female. The mean pa-
tient age was 62.7 years (standard deviation [SD], 17.5 years) (me-
dian, 66 years; range, 17 to 90 years). All episodes of CP-Kp BSIs
were either hospital acquired (92.7%) or health care associated
(7.3%), while none was community acquired. The majority
(56.6%) of infections occurred in intensive care units (ICUs), and
46.8% of the patients had rapidly fatal or ultimately fatal under-
lying disease. The median duration of hospitalization before the
onset of bacteremia was 18 days (interquartile range [IQR], 10 to
34 days). The probable source of bacteremia was the lung in 43
patients, the abdomen in 29, the intravascular catheter in 22, the
genitourinary tractin 19, the skin or soft tissue in 6, and the central
nervous system (CNS) in 3. In 83 cases, no definite portal of entry
could be detected.

Microorganisms. Of the 205 CP-Kps, 163 (79.5%) produced
KPC-2 (36 of which coproduced VIM-1). The remaining 42 iso-
lates produced VIM-1. All CP-Kps were resistant to penicillin-
inhibitor combinations and expanded-spectrum cephalosporins.
The vast majority of the isolates were also resistant to ciprofloxa-
cin (97.6%) and co-trimoxazole (90.3%). Resistance frequencies
to meropenem, imipenem, and doripenem were 53.7, 52.7, and
57.1%, respectively. The most active drugs were tigecycline and
colistin, although considerable numbers of isolates exhibited re-
sistance to these agents (15.1 and 25.4%, respectively). The resis-
tance frequency to gentamicin was 31.2%, and that to amikacin
was 68.3%. PFGE typing of CP-Kps indicated 21 different
genomic profiles; however, most isolates (n = 167) were grouped
into eight types according to standard criteria (18). Multilocus
sequence typing of two to four isolates from each of the main eight
PFGE types revealed the predominance of the STs 258 (n = 86),
147 (n = 38), 383 (n = 31), and 945 (n = 12).

Treatment. Antibiotic therapy was selected at the discretion of
the attending physician based on the susceptibility results pro-
vided by the respective clinical laboratory. Infection source con-
trol, including line removal in 22 cases, debridement in 4, and
percutaneous or surgical drainage in 6, was performed in a timely
manner in all cases. The definitive antimicrobial therapy was ini-
tiated 48 to 72 h after the clinical onset of bacteremia. The total
daily dose of colistin was 9 million IU given in two or three divided
dosages, and for tigecycline the total daily dose was 100 to 200 mg
administered in two divided dosages. High doses of carbapenems
were used: 1 g for imipenem and doripenem and 2 g for mero-
penem every 8 h. Aminoglycosides were administered once daily:
5 mg/kg for gentamicin and 15 mg/kg for amikacin. Dosages were
adjusted to creatinine clearance when indicated (23).

For empirical treatment, 111 patients (54.1%) received at least
one active drug within 48 h after the onset of bacteremia, while 94
(45.9%) received no active drug during the first 48 h of the infec-
tion. For definitive treatment, 175 patients (85.4%) received at
least one active drugand 12 (5.9%) received therapy with no active
drug. Eight of the latter patients were infected with panresistant
CP-Kps. Eighteen patients died within 48 h after the onset of bac-
teremia, before the susceptibility results were available. Of 175
patients who were treated with at least one active drug, 103 re-
ceived combination therapy (31 received a carbapenem-contain-
ing regimen and 72 a carbapenem-sparing regimen). The remain-
ing 72 patients received monotherapy. The antibiotic regimens
used are presented in Table 2. The monotherapy and combination
therapy groups of patients were comparable in terms of stay in
ICU at the onset of BSI, severity of underlying diseases, comorbid-
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TABLE 2 Outcome of patients with carbapenemase-producing K.
pneumoniae bloodstream infections according to treatment regimen

No. of patients

Mortality,
Antimicrobial regimen Total Survived Died %
Combination therapy 103 75 28 27.2
Carbapenem-containing regimen 31 25 6 19.3
Carbapenem + tigecycline + 11 0
aminoglycoside or colistin
Carbapenem + tigecycline 2 2
Carbapenem + aminoglycoside 8 1
Carbapenem + colistin 4 3
Carbapenem-sparing regimen 72 50 22 30.6
Tigecycline + aminoglycoside + 8 3
colistin
Tigecycline + aminoglycoside 11 9
Tigecycline + colistin 16 5
Aminoglycoside + colistin 12 5
Other 3 0
Monotherapy 72 40 32 44.4
Tigecycline 16 11
Colistin 10 12
Aminoglycoside 7 2
Carbapenem 5 7
Other 2 0
No active agent 12 8 4 333

@ Eight patients were infected with panresistant Klebsiella pneumoniae.

ity conditions, presence of neutropenia, severity of sepsis, and
source of bacteremia (Table 3). Surprisingly, patients with ad-
vanced age were more likely to have received monotherapy. For
this observation, no plausible explanation could be provided.
Outcome. The all-cause 28-day mortality was 40% (82 of 205
patients died). The effects of host-, infection-, and treatment-re-
lated factors on 28-day mortality were assessed in a univariate
analysis (Table 1). Adverse outcome appeared to be more likely
among females and patients with advanced age, a higher Charlson
comorbidity index, neutropenia, ultimately fatal or rapidly fatal
underlying disease, polymicrobial bacteremia, and severe sepsis or
septic shock. Strain-related characteristics (type of carbapen-
emase, PFGE types, and STs) as well as the timing of administra-
tion of effective antimicrobial therapy did not have any apparent
predictive value in the outcome. Mortality was higher in patients
who received monotherapy than in those treated with combina-
tion schemes (44.4% versus 27.2%; P = 0.018). The Kaplan-Meier
survival estimates over time were also significantly better for pa-
tients treated with combination therapy versus monotherapy (P =
0.003) (Fig. 1). Within the various treatment groups, the lowest
mortality rate (19.3%) was observed in patients treated with car-
bapenem-containing combinations, mainly due to the high effi-
cacy of the triple drug schemes and the carbapenem-aminoglyco-
side regimens (Table 2). Of note, among the patients who received
a carbapenem in combination with other active agents, the mor-
tality rate increased from 19.3% for a carbapenem MIC of =8
pg/ml to 35.5% for a MIC of >8 pg/ml. Moreover, the therapeu-
tic benefit provided by carbapenems was also reduced when this
class of agents were combined with inactive drugs (Table 4).
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TABLE 3 Characteristics of patients with carbapenemase-producing K.
pneumoniae bloodstream infections according to treatment regimen

Result for patients on:

Monotherapy ~ Combination

Characteristic (n=172) therapy (n = 103) P
Age, mean yr (SD) 66.5 (14.4) 58.4 (19.5) 0.002
Gender, no. (%) 0.846
Male 43 (59.7) 60 (58.3)
Female 29 (40.3) 43 (41.7)
Ward at onset of BSI, no. (%) 0.427
Non-ICU 33 (45.8) 41 (39.8)
ICU 39 (54.2) 62 (60.2)
Charlson comorbidity index, 2 (0-3) 2 (0-3) 0.474
median (IQR)
Severity of underlying disease, 0.376
no. (%)
Rapidly fatal 18 (25.0) 17 (16.5)
Ultimately fatal 16 (22.2) 27 (26.2)
Nonfatal 38 (52.8) 59 (57.3)
Neutropenia, no. (%) 0.483
No 65 (90.3) 96 (93.2)
Yes 7 (9.7) 7 (6.8)
Source of BSI, no. (%) 0.333
Non-urinary tract 65 (90.3) 97 (94.2)
Urinary tract 7 (9.7) 6(5.8)
Polymicrobial BSI, no. (%) 0.418
No 55 (76.4) 73 (70.9)
Yes 17 (23.6) 30 (29.1)
Severity of sepsis, no. (%) 0.629
Sepsis 49 (68.1) 73 (70.9)
Severe sepsis 8 (11.1) 14 (13.6)
Septic shock 15 (20.8) 16 (15.5)

The effect of treatment (combination therapy versus mono-
therapy) was further assessed in different subsets of patients (Fig.
2). Monotherapy had a declining therapeutic effect at different
stages of sepsis, resulting in increasing mortality in patients with
sepsis (34%), severe sepsis (49%), and septic shock (73%) as well
as in patients with rapidly fatal disease (83.3% mortality) com-
pared to those with nonfatal or ultimately fatal disease (31.5%
mortality). In contrast, combination therapy equalized the effect
on different patient categories and provided a significant thera-
peutic advantage over monotherapy in high-risk groups—pa-
tients with rapidly fatal underlying disease (odds ratio [OR] of
surviving for those receiving combination versus monotherapy,
0.08; 95% confidence interval [CI], 0.01 to 0.52; P = 0.001) (Fig.
2A) and patients with septic shock (OR of surviving for those
receiving combination versus monotherapy: 0.22; 95% CI, 0.05 to
1.0; P = 0.045) (Fig. 2B).

By entering the host-, infection-, and treatment-related vari-
ables with potential effect on mortality in the Cox proportional
hazards model, the factors ultimately fatal disease (hazards ratio
[HR] of death compared to nonfatal, 3.25; 95% CI, 1.51 to 7.03;
P = 0.003), rapidly fatal underlying disease (HR of death com-
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FIG 1 Kaplan-Meier survival estimates of patients with carbapenemase-pro-
ducing K. pneumoniae bloodstream infections according to treatment regi-
men: combination therapy (continuous line) versus monotherapy (dotted
line). P = 0.003 (log rank test).

pared to nonfatal, 4.20; 95% CI, 2.19 to 8.08; P < 0.001), and
septic shock (HR of death compared to sepsis, 2.15; 95% CI, 1.16
to 3.96; P = 0.015) were identified as independent predictors of
adverse outcome, whereas combination therapy remained an in-
dependent predictor of survival (HR of death for monotherapy
versus combination therapy, 2.08; 95% CI, 1.23 to 3.51; P = 0.006)
(Table 5).

DISCUSSION

The findings presented herein demonstrate that severe underlying
disease, septic shock, and treatment with a single active agent are
independent predictors for death in patients with CP-Kp BSIs,
while combination therapy provides significant survival benefit
that appears to be more pronounced when a carbapenem is in-
cluded in the regimen.

During the study period, the majority of K. pneumoniae BSIs
(60.6%) were caused by carbapenemase-positive organisms,
79.5% of which produced KPC or KPC and VIM and the remain-
der of which produced VIM. The patient population affected by
CP-Kps had several distinct characteristics; all episodes of BSIs
were either hospital or health care associated. Also, approximately
half of the infections occurred in critically ill patients, many of
whom had severe underlying disease. The all-cause 28-day mor-
tality of CP-Kp-infected patients was higher than that observed in
the patients infected with non-CP-Kps (40% versus 23%) (data
not shown) and in accordance with those reported by others
(10, 11).

In view of the high mortality associated with CP-Kp infections,

TABLE 4 Outcomes of 79 patients with CP-Kp bloodstream infections
treated with carbapenem combinations stratified by carbapenem MIC

Result for carbapenem combination with:

In vitro active agent(s) In vitro inactive agent(s)

Carbapenem  No. of patients Mortality, No. of patients Mortality,
MIC (wg/ml)  who survived/died % who survived/died %

=8 25/6 19.3 5/7 58.3

>8 20/11 35.5 4/2 33.3
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FIG 2 Graphic presentation of the effect of treatment (monotherapy [gray
bars] versus combination therapy [black bars]) by severity of underlying dis-
ease (A) and by severity of sepsis (B). Numbers above columns indicate the
number of patients.

as shown herein and in other studies (10, 11, 24, 25), it could be
hypothesized that at least some CP-Kp strains possess an increased
pathogenic potential. Yet, this notion has been challenged by our
analysis, in which no particular strain types were associated with
adverse outcomes. Moreover, recent experimental findings re-
vealed that the predominant KPC ST258 clone—responsible for a
significant proportion (51.5%) of BSIs in the present study—
should be considered a low-virulence organism (26). Based on
these observations, it appears that other factors, not related to
virulent traits of the organisms, should account for the apparent
high mortality associated with CP-Kp infections.

Indeed, the data presented here suggest that the nature and
severity of underlying diseases as well as the presence of septic
shock were of paramount importance in determining survival or
death. Also, antibiotic therapy per se had a significant impact on
outcome; treatment with a single antimicrobial agent was inde-
pendent predictor for death, while combination therapy was as-
sociated with lower risk of mortality. The latter effect was more
apparent among the patients in septic shock as well as in those
with severe underlying diseases.

To further assess the efficacy of treatment schemes, we divided
the patients who received combination therapy into two groups
on the basis of inclusion of a carbapenem. The respective analysis
showed that the carbapenem-containing regimens resulted in the
lowest mortality rate (19.3%), potentially indicating additive or
even synergistic effects: however, neither effect was further ex-
plored. Analogous findings have been presented in two studies
conducted in the United States and Italy that included cohorts of
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patients infected with KPC-producing K. pneumoniae (10, 11).
Also, a recent systemic review of the literature, including 432 pa-
tients with CP-Kp BSIs, came to the conclusion that treatment
with combination schemes, especially those containing a carbap-
enem, were far superior to either colistin or tigecycline mono-
therapy (27). It must be pointed out, however, that the positive
“carbapenem effect” is rather unlikely to occur against CP-Kps
either when these drugs are used in monotherapy or when their
MICs are =16 pg/ml, a limit that is in line with the EUCAST
breakpoint and the respective pharmacokinetic/pharmacody-
namic (PK/PD) features of this group of B-lactams (1, 11, 12, 28).
Based on the imipenem and meropenem Etest MIC distribu-
tions, approximately half of the patients (n = 105) for whom the
infecting organisms had MICs of =8 wg/ml, could have received
the potential therapeutic benefit of a carbapenem-containing
combination. Nevertheless, in the present series, only 31 patients
received such treatment. Apparently, this happened since the
treatment decision was based on the susceptibility results reported
by automated systems, which on several occasions had classified
the infecting organisms as carbapenem resistant (40% of the iso-
lates) (data not shown), while they were tested as “not resistant”
by Etest (29-31). The problem may be partly due to the fact that at
the time of the study, carbapenem susceptibility data were sub-
jected to expert rules interpretation. Yet, a systematic comparison
of the performance of broth microdilution, Etest, and the main
automated systems using CP-Kps from this setting is warranted.
Another treatment-related factor that could have affected out-
come is the time to initiation of effective antibiotic treatment.
Although it has been widely accepted that prompt initiation of
treatment during the initial critical hours of the infection process
has an important impact on survival (11, 32), in the present study
only a vague association was found between the timing of effective
treatment and outcome. We cannot provide a plausible explana-
tion for this observation; nevertheless, other investigators have
reported similar findings for this type of infection (9, 10, 33).

TABLE 5 Cox proportional hazards model of factors associated with
all-cause 28-day mortality in 175 patients with carbapenemase-
producing K. pneumoniae bloodstream infections

HR (95% CI) P

Variable

Age (per 1-yr increase) 1.01 (0.99-1.03) 0.198
Gender (female/male) 1.45 (0.82-2.55) 0.198
Severity of underlying disease

Ultimately fatal/nonfatal 3.25(1.51-7.03) 0.003

Rapidly fatal/nonfatal 4.20 (2.19-8.08) <0.001
Charlson comorbidity index 1.01 (0.85-1.20) 0.879
Severity of sepsis

Severe sepsis/sepsis 1.63 (0.74-3.59) 0.227

Septic shock/sepsis 2.15 (1.16-3.96) 0.015
Polymicrobial bacteremia

Yes/no 1.29 (0.74-2.23) 0.371
Ward at onset of bacteremia

ICU/non-ICU 1.36 (0.72-2.57) 0.342
Monotherapy/combination therapy 2.08 (1.23-3.51) 0.006
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The present study has several potential caveats. First, it was an
observational study without matching for confounders between
the treatment groups. Thus, several variables with potential effects
on mortality might have influenced the results. However, with the
exception of age, these variables were balanced in the two treat-
ment groups (monotherapy versus combination); additionally,
multivariate analysis was performed to control for such con-
founders. Second, at least during the first year of the study, it was
not common practice to administer a loading dose of colistin.
Thus, in an undefined number of patients, the PK/PD targets for
the latter agent might have been attained with some delay. Not-
withstanding its limitations, this study, which to our knowledge
included the so-far largest cohort of CP-Kp BSIs, provides infor-
mation that may assist physicians to adopt more effective ap-
proaches for treatment of CP-Kp infections.
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