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Abstract Purpose: To identify
the risk factors of ventilator-associ-
ated pneumonia (VAP) due to
difficult-to-treat (DTT) bacteria (i.e.,
Pseudomonas aeruginosa, Acineto-
bacter baumannii and oxacillin-
resistant Staphylococcus aureus), and
to assess the rate and the causes of
inappropriateness of empirical anti-
microbial therapy. Methods: In an
intensive care unit of a university
hospital, patients with VAP were
empirically treated with antibiotics
without activity against DTT bacteria
if the patients had no prior hospital-
ization or prior administration of
antibiotics, according to local guide-
lines. Results: Overall, the
empirical antimicrobial therapy was
appropriate in 190 (87%) out of 218
patients with VAP. Fifty (23%)
patients developed problems due to
DTT bacteria. The risk factors for
VAP due to DTT bacteria were shock
state, prior antimicrobial therapy,
prior stay in long-term care facilities
and late-onset VAP. Empirical anti-
microbial therapy was inappropriate
in 20 (40%) patients with VAP due to

DTT bacteria and 8 (5%) patients
with VAP due to non-DTT
(P = 0.001). Guidelines violations
(nine patients), bacteria not included
in antibiotic spectrum (eight patients)
and bacterial resistance (three
patients) were the causes of inappro-
priateness in case of DTT bacteria.
Conclusion: Despite the abundant
information for the treatment of VAP
and the establishment of guidelines,
too many patients with DTT bacteria
received inappropriate antimicrobial
therapy. Since 45% of the cases are
related to non-adherence to the local
protocol, there is room for improve-
ment by implementing educational
programs. Also, since DTT bacteria
are found in 23% of late-onset VAP,
empirical antibiotic treatment should
be directed against these pathogens.
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Introduction

The incidence of ventilator-associated pneumonia (VAP)
in intensive care units (ICU) ranges from 5 to around 30%
[1, 2]. Such infections prolong hospital stay and may
contribute to ICU mortality [3–5]. Despite guidelines on
the management of VAP [3, 4], recent reports emphasize

the emergence of difficult-to-treat bacteria [oxacillin-
resistant Staphylococcus aureus (ORSA), Pseudomonas
aeruginosa and Acinetobacter baumannii] [6–9]. Several
studies suggested that these microorganisms are important
determinants of patient survival [10, 11]. The appropri-
ateness of empirical antimicrobial therapy for VAP is a
key determinant for patient outcome [12–14].
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We performed a clinical investigation with the fol-
lowing objectives: (1) to identify the risk factors for
developing VAP due to difficult-to-treat bacteria com-
pared with non-difficult-to-treat bacteria, (2) to assess the
rate of inappropriateness of empirical antimicrobial ther-
apy according to local guidelines established by the local
ICU staff and the hospital microbiologists, and (3) to
identify the causes of inappropriateness.

Materials and methods

The study was conducted in a 16-bed ICU in an 800-bed
university hospital (Hôpital Nord, Marseille, France).
Informed consent and approval by the Ethics Committee
were waived due to the observational nature of the study.
During a 6-year period (January 2001–January 2007), all
patients admitted to the ICU requiring tracheal intubation
and mechanical ventilation for more than 48 h were
eligible for inclusion.

Patients

Patients with VAP were retrospectively included in the
cohort. The diagnosis of VAP was established when the
following criteria were fulfilled: (1) purulent bronchial
sputum, (2) body temperature [38 or \36�C, (3) white
blood cells [10,000 or \4,000 per mm3, (4) chest
radiograph showing new or progressive infiltrates, (5)
presence of at least one microorganism at a concentration
of C104 colony-forming units (cfu) per ml in bronchoal-
veolar lavage or 106 cfu/ml in tracheal aspirates. We
excluded episodes in which the final diagnosis was
rejected or undetermined due to the presence of an
alternative cause or in which no agreement on diagnosis
was reached. Senior intensivists and microbiologists
rejected or determined the final diagnosis of VAP.

The unit is set up on a closed organizational format,
with two weekly staff meetings, including a meeting
with the microbiology physicians. The plan of care was
decided during the daily round by the attending physi-
cian. The duration of prior antibiotic exposure was
recorded as a dichotomous variable with a threshold to
3 days to discriminate antimicrobial prophylaxis for
trauma patients (that can be prescribed up to 2 days) and
prior use of antimicrobial therapy. Prior broad-spectrum
antimicrobial therapy (third-generation cephalosporin,
amoxicillin–clavulanate association, fluoroquinolone
and antipseudomonal antibiotics) before VAP onset
was regrouped to constitute a new variable. Stress-ulcer
prophylaxis was used in patients with a past medical
history significant for ulcer, as described elsewhere [15].
Patients received early enteral nutrition if possible. They
underwent mechanical ventilation with the ventilator set

in volume-controlled mode. Heat and moisture exchan-
ger bacterial filters (Gibeck, Stockholm, Sweden) were
inserted between the endotracheal tube and the ventilator
circuit except in patients with acute respiratory distress
syndrome. Patients were placed in the semi-recumbent
position. Trauma patients received selective digestive
decontamination consisting of polymyxin E, gentamicin
and amphotericin B, as described elsewhere [16]. For the
first 3 days, systemic cefazolin (1 g 9 3 daily) was
given to all trauma patients. Selective digestive decon-
tamination was started on the day of admission and was
continued until the patients were weaned from
mechanical ventilation.

Empirical antimicrobial therapy

Antimicrobial therapy was administered according to our
local written guidelines, as described elsewhere [16].
Empirical antimicrobial therapy was initiated just after
microbiological sample collection. Ceftriaxone or amox-
icillin–clavulanate was used in the patients with early
onset VAP (\5 days) without recent prior hospitalization,
including long-term care facilities (within 30 days), or
prior antibiotic treatment (within 15 days). If intracellular
infection was suspected, macrolides were added at the
discretion of the attending physician. Gentamicin was
combined with a beta-lactam in patients with severe
sepsis. Patients who developed late-onset VAP (C5 days)
without prior hospitalization, prior administration of
antibiotics except for surgical prophylaxis and selective
digestive decontamination, and signs of severity defined
by the occurrence of acute respiratory distress syndrome
or severe sepsis or septic shock, were treated with cef-
triaxone (limited spectrum). In all other cases beta-
lactams with activity against P. aeruginosa (piperacillin–
tazobactam or ceftazidime) were used at the discretion of
the attending physicians (antipseudomonal antibiotics).
Carbapenems were kept as last-line therapy. Amikacin or
levofloxacin was added when criteria for severe sepsis or
septic shock were diagnosed. Vancomycin or linezolid (in
case of renal failure) was prescribed when ORSA was
suspected: previous colonization in patient’s microbio-
logical samples, medical patient with prior broad-
spectrum antimicrobial therapy over the previous 2 weeks
and gram stain with gram-positive cocci. Empirical anti-
microbial therapy was systematically reassessed from the
moment the microbiological results were available (i.e.,
on days 2–3). Microbiological findings were used to
determine whether the empirical treatment targeted the
identified bacteria. The clinical status of patients was
evaluated taking into account the evolution of prior organ
dysfunction and plasma lactate levels. According to the
antimicrobial susceptibility of the identified bacteria and
clinical progress, a decision was made to perform esca-
lation, de-escalation or maintain the initial treatment.
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Definitions

Details on the definitions of ‘‘difficult-to-treat bacteria,’’
‘‘antipseudomonal antibiotics,’’ ‘‘limited-spectrum anti-
biotics,’’ ‘‘inappropriate empirical antimicrobial therapy’’
[17], ‘‘clinical resolution,’’ ‘‘de-escalation’’ and ‘‘escala-
tion’’ are provided in the Electronic Supplementary Files.
The Clinical Pulmonary Infection Score (CPIS) was used
to assess the clinical response of patients to treatment
[18]. Death was related to VAP if the pulmonary infection
was a contributing factor to death in patients with
co-morbidity [16].

Microbiology

Collections and cultures of microbiologic samples were
performed as described elsewhere [16]. Detailed
description of microbiologic practices is reported in
Electronic Supplementary Files.

Variables

The following variables were recorded at ICU admission:
age, gender, comorbidities, prior hospitalization within
30 days, case mix, Glasgow Coma Scale score, prior anti-
biotic treatment within 15 days and Simplified Acute
Physiology Score (SAPS) II [19]. The following variables
were recorded on the day of sample collection: body tem-
perature, white blood cell count, PaO2/FIO2 ratio and
lactate plasma level [2 mmol/l. The duration of mechan-
ical ventilation and length of ICU stay were also recorded.

Statistical analysis

A descriptive analysis was performed. Statistical calcula-
tions were performed using SPSS software version 15.0.
The distribution of continuous variables was checked; if the
distribution was normal, data were expressed as mean
values ± standard deviation (SD). For ordinal variables or
if the distribution was not normally distributed, data were
expressed as median values with interquartile range
(quartile 25–75%). For categorical variables, percentages
were computed. Comparisons of quantitative values of
dichotomous variables were performed with the Student’s
t test or Mann–Whitney U test for non-normally distributed
variables. Comparisons of percentages were performed
with Fisher’s exact test. A multidimensional analysis by
logistic regression using the forward Wald stepwise model
was used to determine which items were the most pertinent
in the predictive model. After univariate analysis, values
were included when significance was \0.25 or in the case
of clinical relevance. Calibration was the difference
between the predicted and observed value by stratification;

the Hosmer–Lemeshow test was used [20]. A p value[0.1
indicates good calibration. Discrimination is the aptitude to
distinguish the true positive and true negative among the
patients; the area under the receiver-operating character-
istic curve was used [21]. For each decision criterion,
sensitivity and specificity were computed. Briefly, an area
up to 50% indicates a random phenomenon. A large area
with a low p value indicates a good discrimination. Pre-
dictive positive and negative value and percentage of
appropriately classified patients by the model were also
computed. All comparisons were two tailed, and a p value of
\0.05 was required to exclude the null hypothesis.

Results

Among 6,172 admissions during the 6-year study period,
218 patients requiring tracheal intubation for more than
48 h developed VAP (Table 1). The bacteria responsible
for VAP are listed in Table 2. Fifty patients developed
VAP due to difficult-to-treat bacteria (Table 3). Seventy-
six (35%) patients developed early-onset VAP. Among
them, nine (4%) patients had risk VAP due to difficult-to-
treat bacteria. One hundred forty-two (65%) patients
developed late-onset VAP. Among them, 41 (19%)
patients had VAP due to difficult-to-treat bacteria.

Risk factors for difficult-to-treat bacteria

The variables identified by univariate analysis included in
the stepwise logistic regression model were: medical
patients, smoking status, medication (corticosteroids, anti-
acids), recurrent tracheal intubations, tracheotomy, con-
comitant shock, prior exposure to antibiotics within
15 days, prior stay in hospital or long-term care facilities
within 30 days, and late-onset VAP. Prior hospitalization
was found in 23 (46%) patients with VAP due to difficult-
to-treat bacteria, as compared with 27 (16%) patients with
VAP due to non-difficult-to-treat bacteria (p = 0.001).
Forty-two (84%) patients with VAP due to difficult-to-
treat bacteria were exposed to antimicrobial therapy
within the previous 2 weeks, as compared with 114 (68%)
patients with VAP due to non-difficult-to-treat bacteria
(p = 0.001). Twenty-five (50%) patients with VAP due to
difficult-to-treat bacteria and 25 (15%) patients with VAP
due to non-difficult-to-treat bacteria received prior broad-
spectrum antimicrobial therapy (p \ 0.001). Among 66
medical patients, 21 (42%) patients developed VAP due
to difficult-to-treat bacteria, as compared with 45 (68%)
patients with VAP due to non-difficult-to-treat bacteria
(p = 0.04). The incidence of VAP with difficult-to-treat
bacteria (n = 22; 44%) and non-difficult-to-treat bacteria
(n = 97; 58%) was similar in trauma patients treated with
selective digestive decontamination.
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The independent risk factors for acquiring VAP due to
difficult-to-treat bacteria were concomitant shock state,
prior antimicrobial therapy for longer than 3 days, prior
hospitalization or stay in long-term care facilities, and late-
onset of VAP (Table 4). The discrimination of the model
was acceptable with an area under the curve at 0.78 (0.71–
0.87) (p \ 0.001, R2 = 0.29). One hundred sixty-eight
(77%) patients were adequately classified with a cutoff
providing a sensitivity of 54% and specificity of 83%.

Rate and causes of inappropriateness of the empirical
antimicrobial therapy in patients with difficult-to-treat
bacteria

Empirical antimicrobial therapy was inappropriate in 20
(40%) patients with VAP due to difficult-to-treat bacteria
and in 8 (5%) patients with VAP due to non-difficult-to-treat

bacteria (p \ 0.001). Thirty-two (30%) patients with VAP
due to difficult-to-treat bacteria were treated with anti-
pseudomonal antibiotics, compared with 31 (18%) patients
with VAP due to non-difficult-to-treat bacteria (p \ 0.001).
The causes of inappropriateness are reported in Fig. 1. In
nine (45%) cases, guideline violation was responsible for
inappropriateness in case of difficult-to-treat bacteria.
Especially, eight patients with late-onset VAP and risk
factors for difficult-to-treat bacteria were treated with non-
antipseudomonal antibiotics. In the other cases, the causes
were linked to the presence of multidrug-resistant bacteria,
despite guidelines being strictly followed.

Outcomes

Empirical antimicrobial therapy was de-escalated in 108
(50%) patients on day 3 (2–5), including 27 (54%)

Table 1 Characteristics of patients with ventilator-associated pneumonia

All patients
(n = 218)

Difficult-to-treat
bacteria (n = 50)

Non-difficult-to-treat
bacteria (n = 168)

p

Gender (male/female) 168/50 32/18 136/32 0.02
Age, years (mean ± SD) 43 ± 16 44 ± 16 43 ± 17 0.66
COPD, n (%) 40 (18) 12 (24) 28 (17) 0.33
Congestive heart failure, n (%) 15 (7) 2 (4) 13 (7) 0.53
Chronic renal failure, n (%) 7 (3) 1 (2) 6 (4) 0.99
Diabetes mellitus, n (%) 14 (6) 2 (4) 12 (7) 0.53
Prior antibiotic use, n (%) 158 (72) 42 (84) 115 (68) 0.001
Medical admission, n (%) 66 (30) 21 (42) 45 (27) 0.06
Surgical admission, n (%) 33 (15) 26 (15) 7 (14) 0.97
Trauma admission, n (%) 119 (55) 22 (44) 97 (58) 0.12
Glasgow coma scale, median (IQR) 9 (5–14) 10 (6–15) 7 (5–13) 0.008
Early-onset VAP 76 (35) 9 (18) 67 (40) 0.007
Late-onset VAP 142 (65) 41 (82) 101 (60)
Onset of VAP, days, median (IQR) 6 (4–10) 7 (6–15) 6 (3–9) 0.002

COPD Chronic obstructive pulmonary disease, IQR interquartile range VAP ventilator-associated pneumonia

Table 2 Microbiological
pathogens associated with
ventilator-associated
pneumonia (VAP)

Microorganisms Early-onset
VAP (n = 76)

Late-onset VAP
(n = 142)

Total
(n = 218)

%

Difficult-to-treat bacteria
Oxacillin-resistant S. aureus 2 7 9 3
Acinetobacter spp. 1 11 12 5
Pseudomonas aeruginosaa 7 24 31 11

Non-difficult-to-treat bacteria
Oxacillin-susceptible S. aureus 34 42 76 28
Streptococcus pneumoniae 3 6 9 3
Hemophilus influenzae 18 25 43 16
Enterobacteriae 14 43 57 22
Klebsiella pneumoniae 3 8 11 4
Escherichia coli 4 12 16 6
Proteus mirabilis 1 12 13 5
Enterobacter spp. 6 10 16 6
Serratia marcescens 0 1 1 1
Others 2 3 5 2

a P. aeruginosa were susceptible to ticarcilline, ceftazidime and imipenem in 4, 22 and 30 cases,
respectively
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patients with difficult-to-treat bacteria and 81 (48%) with
other bacteria (p = 0.6). The antimicrobial therapy was
administered for 10 (7–15) days in the patients with VAP
due to difficult-to-treat bacteria, compared with 8 (7–10)
days for those with VAP due to non-difficult-to-treat
bacteria (p = 0.03). The duration of mechanical ventila-
tion was prolonged in the patients with VAP due to
difficult-to-treat bacteria [14 (9–27) vs. 11 (6–18) days,
p = 0.01].

Death was attributable to VAP in 7 (14%) patients
with VAP due to difficult-to-treat bacteria and 22 (13%)
patients with VAP due to non-difficult-to-treat bacteria
(p = 0.7). With respect to resolution of VAP, there was
no significant difference between patients with VAP due
to difficult-to-treat bacteria and those with VAP due to
non-difficult-to-treat bacteria (Table 3). Recovery was
delayed in the patients with VAP due to difficult-to-treat
bacteria, compared with those with VAP due to non-

Table 3 Characteristics of study population according to microorganisms

Variables Difficult-to-treat bacteria Non-difficult-to-treat bacteria

Entire cohort
(n = 50)

Appropriateness
(n = 30)

Entire cohort
(n = 168)

Appropriateness
(n = 160)

SAPS II, median (IQR) 42 (27–52) 34 (23–44) 45 (35–52) 44 (35–53)**
Polymicrobial infection, n (%) 19 (38) 9 (30) 43 (26) 39 (24)
Appropriateness of antimicrobial therapy, n (%) 30 (60) 160 (95)*
Adequacy of antimicrobial therapy (CPIS \ 6 at day 8), n (%) 20 (40) 15 (50) 103 (61)* 102 (64)
Duration of antibiotic treatment, days, median (IQR) 10 (7–15) 9.5 (7–14) 8 (7–10)* 8 (7–10)
Duration of mechanical ventilation, days, median (IQR) 14 (9–27) 14 (10–26) 11 (6–18)* 12 (7–18)**
Length of ICU stay, days, median (IQR) 31 (17–58) 34 (22–64) 25 (15–38) 25 (16–40)**
Recovery, n (%) 36 (72) 24 (80) 138 (82) 135 (84)
Time to recover, days, median (IQR) 8 (5–12) 7 (5–12) 7 (5–9)* 7 (5–8)
ICU death, n (%) 19 (38) 10 (33) 45 (27) 40 (25)
Death related to VAP, n (%) 7 (14) 4 (13) 22 (13) 19 (12)

CPIS Clinical pulmonary infection score, SAPS simplified acute
physiology score, IQR interquartile range, ICU intensive care unit,
VAP ventilator-associated pneumonia
* Comparison between global difficult-to-treat bacteria with
p \ 0.05

** Comparison between appropriateness of antimicrobial therapy
only with p \ 0.05

Table 4 Independent risk factors for ventilator-associated pneumonia due to difficult-to-treat bacteria

Variables OR 95% CI Se (%) Sp (%) PPV (%) NPV (%)

Prior hospitalization or stay in long-term facility 3.6 1.6–8.3 46 15 47 16
Late-onset ventilator-associated pneumonia 3.2 1.3–7.7 82 60 29 12
Prior antimicrobial therapy (for longer than 3 days) 3.0 1.3–6.9 84 68 27 13
Concomitant shock state 3.0 1.3–6.9 82 55 31 11

OR Odds ratio, CI confidence interval, Se sensitivity, Sp specificity, PPV predictive positive value, NPV negative predictive value

Fig. 1 Description of the 20
patients given inappropriate
empirical antimicrobial therapy
in patients with difficult-to-treat
bacteria. DTT Difficult-to-treat,
ORSA oxacillin-resistant
Staphylococcus aureus
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difficult-to-treat bacteria [8 (5–12) days vs. 7 (5–9) days,
p = 0.02]. After adjustment for the appropriateness of
antimicrobial therapy, 24 (80%) out of 30 patients with
VAP due to difficult-to-treat bacteria recovered, as com-
pared with 135 (84%) out of 160 patients with VAP due to
non-difficult-to-treat bacteria (p = 0.6) (Fig. 2).

Discussion

In the present study, the independent risk factors of VAP
due to difficult-to-treat bacteria were previous antibiotic
exposure (less than 2 weeks), recent hospitalization over
the last month, concomitant shock state and late-onset of
VAP. Empirical antimicrobial therapy was inappropriate
in 40% of the patients with VAP due to difficult-to-treat
bacteria and 5% in case of non-difficult-to-treat bacteria.
In almost half of the cases, inappropriate empirical anti-
microbial therapy for difficult-to-treat bacteria was due to
non-adherence to the local guidelines.

For most of the patients with treatment failure, this
was explained by the prescription of ceftriaxone despite
the presence of risk factors for difficult-to-treat bacteria.
The guidelines clearly state that in such patients, an an-
tipseudomonal agent should have been prescribed. Thus,
there is room for improvement, for instance by estab-
lishing educational programs and updating our guidelines

according to local microbiologic data. The use of ceftri-
axone is now excluded for late-onset VAP since late-onset
by itself is an independent risk factor for difficult-to-treat
bacteria. The other failures are due to the intrinsic limi-
tations of any guidelines. Indeed, no guidelines can cover
all potential pathogens responsible for VAP, whether or
not due to difficult-to-treat bacteria.

In agreement with previous studies, we found that
prior medical history is a major determinant for the choice
of the empirical antimicrobial therapy [16, 17, 22–24].
Recent hospitalization and prior use of antibiotics are key
factors for selecting patients at high risk of difficult-to-
treat bacterial carriage. The occurrence of concomitant
septic shock was associated with an increased rate of VAP
due to difficult-to-treat bacteria. The incidence of lung
infection-related septic shock has increased during the last
decade [25]. In parallel, the incidence of septic shock due
to multidrug-resistant pathogens is also increasing [25].
Thus, antipseudomonal antibiotics should probably be
used in most patients with septic shock due to VAP.
Finally, the time of onset of VAP remains an important
determinant for the presence of difficult-to-treat bacteria.
In line with the literature, we found that a period of 4 days
before VAP occurrence was an independent risk factor of
difficult-to-treat bacteria [24, 26].

Several studies showed that the appropriateness of
empirical antimicrobial therapy for VAP is associated
with the rate of mortality [13, 14, 22]. However, this

Fig. 2 Clinical outcome
according to different difficult-
to-treat (DTT) and non-DTT
bacteria. ORSA Oxacillin-
resistant Staphylococcus aureus
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relationship remains unclear in the cases of difficult-to-
treat bacteria. The present study was not designed to
assess this issue specifically and probably underpowered
in that regard.

To minimize the risk of emergence of antibiotic
resistance, our guidelines demand a reappraisal of initial
antimicrobial therapy as soon as the bacteria responsible
for VAP are identified. Hence, the empirical antimicrobial
therapy was deescalated in 27 (54%) of the patients with
difficult-to-treat bacteria. In agreement with our previous
findings, we showed here that de-escalation is possible in
a large number of patients with VAP, even when infection
is caused by difficult-to-treat bacteria [16]. This finding
contrasts to that obtained in a prior study, since only three
percent of treatments were deescalated in patients with
difficult-to-treat bacteria [27]. In order to reduce the
emergence of multidrug-resistant bacteria, the duration of
antimicrobial therapy should not exceed 8 days [28].
However, this recommendation remains unclear in the
cases of non-fermenting gram-negative bacteria [28]. Our
data show, within the study period, VAP due to difficult-
to-treat bacteria were treated for around 10 days.

Our study has several limitations. This was a single-
center study. Our findings may be attributed to institution-
specific variables. Thereby, it raises the possibility of
institutional bias either in patient selection or in other
institutional practices. Thus, one can only draw very
limited conclusions about guideline performance and
rates of guideline non-adherence since institutional fac-
tors likely play a large role in physician prescribing
culture, bacterial ecology, antibiotic resistance rates and
patient severity of illness. Most of our patients were
trauma patients (55%) who received antimicrobial

prophylaxis due to various procedures and selective
digestive decontamination. The impact of 3 days of sys-
temic antibiotic on commensal flora remains matter of
debate [29]. However, in a prior study, we showed the
weak ecological impact of prolonged use of selective
digestive decontamination in our ICU [30]. Finally, we
found that the duration of mechanical ventilation was
longer for patients with difficult-to-treat bacteria than in
those with non-difficult-to-treat bacteria. This is still true
after adjustment for the appropriateness of empirical
antibiotic treatment. One cannot exclude that this finding
was related to co-morbidities, although the severity score
was higher in the patients with non-difficult-to-treat
bacteria than in those with difficult-to-treat bacteria.

In conclusion, our empirical antibiotic treatment was
appropriate in 87% of the patients with VAP. In this
population, prior hospitalization, late-onset VAP, prior
antimicrobial therapy and concomitant shock increase the
risk factors for VAP due to difficult-to-treat bacteria.
Empirical antimicrobial therapy was inappropriate in 40%
of the patients with VAP due to difficult-to-treat bacteria.
Guideline violation occurred in half of the cases of
inappropriateness. Thus, it seems important to implement
‘‘bundle of care’’ with feedback information. However,
inappropriateness due to non-adherence to guidelines
represented only 6% of the treated patients. In other
studies, compliance with guidelines was far from this
level [31]. On the other hand, another way to improve
appropriateness is to update our guidelines in accordance
with microbiologic data and recommend broad-spectrum
antimicrobial therapy for late-onset VAP.
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