
Introduction

Noninvasive positive pressure mechanical ventilation
(NPPV) applied with a face mask is increasingly used
in patients with acute respiratory failure because it is
more convenient and it reduces morbidity and mortality
compared with mechanical ventilation through an endo-
tracheal tube [1, 2]. Nosocomial pneumonia is usually
defined as pneumonia developing L 2 days after hospi-

tal admission and not incubating at that time. The over-
all incidence rate of nosocomial pneumonia is approxi-
mately 0.6 per 100 discharges [3] but rises to 8.9 % of ad-
missions in patients staying in the intensive care unit
(ICU), as recently reported [4]. Among ICU patients,
nosocomial pneumonia occurs predominantly in those
receiving tracheal intubation (TI) and mechanical venti-
lation [4]. Nosocomial pneumonia is henceforth refer-
red to as ventilator-associated pneumonia (VAP). The
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Abstract Objective: To evaluate the
impact of noninvasive positive pres-
sure mechanical ventilation (NPPV)
on ventilator-associated pneumonia
(VAP).
Design: Prospective observational
study.
Setting: Medical intensive care unit
(ICU) of a university teaching hos-
pital.
Patients: Cohort of 320 consecutive
patients staying in the ICU more
than 2 days and mechanically venti-
lated for L 1 day.
Measurements and results: VAP was
diagnosed when, satisfying classical
clinical and radiological criteria, fi-
beroptic bronchoalveolar lavage
and/or protected specimen brush
grew L 104 and L 103 CFU/ml, re-
spectively, of at least one microor-
ganism. Patients were classified into
four subgroups according to the way
in which mechanical ventilation was
delivered: NPPV then tracheal intu-
bation (TI) (n = 38), TI then NPPV
(n = 23), TI only (n = 199), and
NPPV only (n = 60). Occurrence of

VAP was estimated by incidence
rate and density of incidence. Risk
factors for VAP were assessed by
logistic regression analysis. Twenty-
seven patients had 28 episodes of
VAP. The incidence rates for pa-
tients with VAP were 18% in
NPPV-TI, 22% in TI-NPPV, 8 % in
TI, and 0 % in NPPV (p < 0.0001).
The density of incidence of VAP was
0.85 per 100 days of TI and 0.16 per
100 days of NPPV (p = 0.04). Logis-
tic regression showed that length of
ICU stay and ventilatory support
were associated with VAP.
Conclusions: There is a significantly
lower incidence of VAP associated
with NPPV compared to tracheal
intubation. This is mainly explained
by differences in patient severity
and risk exposure.
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current pathogenesis of VAP favors the invasion of the
lower respiratory tract by microorganisms from re-
peated microaspirations of endogenously colonized oro-
pharyngeal secretions and also from exogenous contam-
ination of secretions of the upper airways, for example
during respiratory care [5]. The endotracheal tube per
se is an important single factor contributing to VAP [6].
Endotracheal tubes can promote VAP through impair-
ment of cough and mucociliary clearance, accumulation
above and leaking around the cuff of contaminated se-
cretions, or increased bacterial binding to the surface of
bronchial epithelium [7]. With NPPV, the risk of aspira-
tion of colonized or infected oropharyngeal secretions is
likely to be reduced. In this case, we have no tracheal
prosthesis, the patient can freely expectorate, and vocal
cords are not kept open. But NPPV might promote
VAP. For example, gastric hyperinflation may occasion-
ally occur in patients receiving NPPV so that the naso-
gastric tube may be inserted as a preventive means; na-
sogastric tubes have been implicated in nosocomial
pneumonia [8]. Unwittnessed aspirations cannot be ex-
cluded with NPPV, especially if transparent masks are
not used. Even though the trachea is free of a prosthesis
with NPPV, the patient is, however, connected to a ven-
tilator circuit, filter, or humidifier, which may marginal-
ly increase the risk of VAP [8]. Finally, during the ICU
stay, patients are prone to colonization or infection
through cross-transmission of pathogens via health-
care workers' hands.

Overall, intuitively, one could expect that NPPV
should reduce the occurrence of nosocomial pneumo-
nia. However, to our knowledge, no study has specifical-
ly addressed this issue. Therefore we conducted this pro-
spective study to test the working hypothesis that a low-
er incidence rate of VAP should be found with NPPV. In
addition, we also aimed at analyzing the influence of
VAP on patient outcome in the ICU.

Patients and methods

Our 14-bed, mostly medically oriented ICU, belongs to a 1000-bed
teaching hospital of the University of Lyon, France. Between No-
vember 1993 and October 1995, 1165 consecutive patients were
discharged from our ICU. Among them, 625 patients discharged
after an ICU stay longer than 2 consecutive days were prospective-
ly included in our nosocomial infections prevention and surveil-
lance program (see below). Among these 625 patients, the 320
who had been mechanically ventilated for at least 24 h represent
the prospective dynamic cohort upon which the present study is
based.

Delivery of mechanical ventilation

We used mechanical ventilation to treat acute respiratory failure,
which was defined as the presence of at least two of the follow-
ing criteria: (1) severe dyspnea; (2) respiratory rate > 25 or

< 6 breaths/min; (3) signs of respiratory distress with use of acces-
sory muscles or abdominal paradox; (4) partial pressure of oxygen
in arterial blood (PaO2) < 60 mm Hg breathing room air; (5) partial
pressure of carbon dioxide in arterial blood > 45 mm Hg or pH
< 7.25.

NPPV

Our team, including medical staff, nurses, and respiratory thera-
pists, is well trained to deliver NPPV. It is systematically used for
the treatment of nonintubated patients admitted to our ICU for
acute respiratory failure, unless one of the following exclusion cri-
teria is present: (1) unconsciousness; (2) cardiorespiratory arrest;
(3) shock; (4) clinical impression of imminent respiratory exhaus-
tion; (5) acute cardiac arrythmias or cardiac ischemia; (6) inability
to cooperate or fit the facial mask; (7) upper airway obstruction;
(8) risk of massive inhalation (vomiting) or of airway obstruction
(copious secretions). If any of these criteria were present, mechan-
ical ventilation was performed invasively. NPPV is also used after
extubation in a difficult-to-wean patient. Our practice of NPPV
can be summarized as follows. The face mask initially applied is
an oronasal one, tightly fitting to avoid leaks (Respironics, Murrys-
ville, Penna., USA). Additional oxygen is supplied to obtain a per-
cutaneous oxygen saturation P 90%, which is measured by a pulse
oximeter. A nasogastric tube is not routinely inserted. The patient
is either connected to a home ventilator (DP 90, Taema, Anthony,
France; Onyx, Nellcor-Puritan-Bennett, Anthony, France; Ven-
til +, Nellcor-Puritan-Bennett, Anthony, France) or to ICU venti-
lators (Cesar, Taema, Anthony, France). The mode of mechanical
ventilation is fixed by the physician in charge but is usually an in-
spiratory pressure support. During the first 24 h, NPPV is per-
formed continously until there is improvement in the respiratory
condition. NPPV is then delivered intermittently and its duration
progressively reduced. NPPV is withdrawn if the PaO2 is
L 75 mmHg and the respiratory rate < 25 breaths/min without
any ventilatory support. The same schedule is applied when
NPPV is used to facilitate weaning after extubation.

TI

In our ICU, tracheal intubation is usually performed through the
oral route using the Mallinckrodt Hi-Lo endotracheal tube (Mal-
linckrodt Laboratories, Athlone, Ireland). However, when patients
were intubated nasally before admission to our ICU, our policy was
not to reintubate orally unless needed. Mechanical ventilation is
provided by ICU ventilators (Cesar, Taema, Anthony, France).
Air flowing through the inspiratory limb of the ventilator circuit is
humidified by means of heat and moisture exchangers (Fisher-Pay-
kel Healthcare, Auckland, New Zealand).

Prevention of VAP

To prevent VAP, we followed the recommendations of the ªComiteÂ
Technique Nationale des Infections Nosocomialesº [8a]. In parti-
cular: no selective digestive decontamination, patients were main-
tained in the semi-recumbent position, sucralfate was used to pre-
vent upper digestive tract hemorrage, gold standard of care for tra-
cheal suctioning, teeth and mouth cleaning, maintenance of re-
spiratory therapy equipment, and disinfection of bronchoscopy
tubes according to standardized protocols.
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Data collection

For the purpose of the present study, a standardized record form
was used to collect data on patients on ICU admission, risk factors
for nosocomial infections, ventilatory support methods, occurrence
of VAP, and patient outcome. The data were prospectively gath-
ered by the infection control nurse during her daily visit to our
ICU. The data were validated by the medical staff, then stored in
a database.

Characteristics of patients at ICU admission

Age, sex, date of entry, origin (home, hospital), Simplified Acute
Physiology Score (SAPS) [9], type of admission (medical patients,
including poisoning and trauma if the patients had not undergone
surgery before admission, and postoperative patients), and prior
antibiotic use were recorded. The primary diagnosis [10] was not
in the record chart but was assessed later.

Risk factors for nosocomial infections

The following risk factors for nosocomial infections were recorded:
diabetes mellitus requiring medication, immunosuppressive condi-
tions (neutrophil count < 500/mm3, acquired immunodeficiency
syndrome, malignancies, steroids, immunosuppressive drugs), na-
sogastric tube, and intravenous sedation. The presence of severe
underlying chronic respiratory failure was checked for on admis-
sion, defined by the presence of chronic dyspnea, abnormal pul-
monary function tests, and impaired arterial blood gases, and clas-
sified as obstructive, restrictive, or mixed chronic respiratory fail-
ure.

Ventilatory support methods

Periods of ventilatory support with either tracheal intubation or
NPPV, or both, were identified. The dates of tracheal intubation
and extubation and the beginning and the withdrawal of NPPV
were recorded. Patients requiring reintubation(s) for any reason
were checked and the date(s) and number of reintubations record-
ed. Accordingly, the patients were classified a priori into the fol-
lowing four groups: (1) the NPPV-TI group, consisting of patients
receiving NPPV first then tracheal intubation because of failure
of NPPV, (2) the TI-NPPV group, where patients received the op-
posite schedule (tracheal intubation then NPPV after extubation),
(3) the TI group, in which patients received mechanical ventilation
only invasively, and (4) the NPPV group, where patients received
mechanical ventilation only noninvasively. For each group, we
computed the total duration of mechanical ventilation as the time
from the onset to the end of each period of ventilatory support. In
the TI and NPPV groups, the duration was equal to the time spent
with tracheal intubation and NPPV, respectively. In the two mixed
groups, this duration equals the number of days the patients spent
with each method. Therefore, in these last two groups, we also
computed the total duration of TI as well as that of NPPV sepa-
rately. By doing this we attempted to measure the exposure ade-
quately. Patients undergoing tracheostomy were analyzed together
with those tracheally intubated.

VAP occurrence

To establish the diagnosis of VAP, we used a similar approach for
all patients. VAP was suspected when there was a new infiltrate
on chest X-ray associated with a temperature L 38.5 °C, or white
blood cell count > 10000/mm3, or purulent sputum, or tracheal as-
pirates observed at least 48 h after ICU admission and onset of
mechanical ventilation. When VAP was suspected, fiberoptic
bronchoscopy was performed to obtain samples from the lower re-
spiratory tract by either protected specimen brush (PSB) or
bronchoalveolar lavage (BAL). VAP was diagnosed when thresh-
olds L 103 CFU/ml for PSB and/or L 104 CFU/ml for BAL were
obtained [11]. The antimicrobial regimen was not changed before
bronchoscopy.

Patient outcome

Patients were prospectively followed up to ICU discharge. Survival
status and date of discharge were recorded.

End-points and statistical analysis

Occurrence rate of VAP

This was estimated in two different ways. At first, we divided the
number of patients with VAP by the total number of exposed pa-
tients to obtain the incidence rate for patients with VAP; further-
more, we divided the total number of episodes of VAP by the total
number of exposed patients to obtain the incidence rate of VAP.
Second, we computed the density of incidence of VAP by dividing
the number of episodes of VAP by the time (days) spent with ei-
ther TI or NPPV. For a given patient, we inferred an episode of
VAP from either TI or NPPV if it had occurred L 2 days after the
beginning of TI or NPPV. The density of incidence was expressed
as the number of VAP per 100 days of TI or per 100 days of
NPPV. The time delay of occurrence of VAP was computed from
ICU admission and from the onset of the ventilatory support.

The first end-point of our study was VAP occurrence

We attempted specifically to analyze this end-point regarding the
extent to which the way of delivering mechanical ventilation could
play a role in VAP occurrence. At first we compared the incidence
rates and the densities of incidence of VAP according to the venti-
latory support. Second, we performed a global analysis of the risk
factors of VAP by univariate tests. Finally, all the significant factors
for VAP were selected and entered into a logistic regression model
to estimate the odds ratio of VAP. A stepwise logistic regression
analysis was performed, using conditional output and a probability
of rejection fixed at 0.10. The discrete variables entered into the lo-
gistic regression model were referred from the absence of the vari-
able in a given patient. For instance, as far as the sedation variable
is concerned, its effect as a risk factor was measured relatively to
the absence of sedation. The variable corresponding to the four
groups of patients and types of mechanical ventilation was a four-
level variable. In the logistic regression model, its impact was
tested relative to the NPPV group, which was considered as the
one at the lowest risk.
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Second end-point

The second end-point was patient outcome during his or her ICU
stay. We compared survivors and nonsurvivors by univariate tests
for the same variables we used to compare patients with and with-
out VAP. Then, we entered into a logistic regression model those
variables which were significant in the univariate analysis, and the
occurrence of VAP as well.

The values of continuous variables are expressed as mean ± SD.
The discrete variables are expressed as crude numbers and
percentage of the corresponding group. The continuous variables
were compared by analysis of variance and the discrete variables
by the chi-square test and the p of Fisher's exact test with an unilat-
eral formulation. The data were stored in the Epi Info database
[12]. For statistical analysis, we used the SPSS software package
(SPSS for Microsoft Windows V 6.0.1, SPSS, Chicago, Ill., USA).

Results

The mean age of the 320 patients (198 males) was
60 ± 18 years and the mean SAPS 13.4 ± 4.8. Of these,
185 patients were admitted from home and 135 from
other wards. A total of 293 patients entered our ICU be-
cause of an acute medical illness and a further 27 after
an emergency surgical procedure. The presence of
chronic respiratory failure was identified on admission
in 80 patients (chronic obstructive pulmonary disease
in 53, restrictive in 26, and mixed chronic respiratory
failure in 1). Among the risk factors for infection, we
numbered 45 patients with diabetes mellitus, 65 with
malignancies or immunosuppressive drugs, 13 with neu-
tropenia, and 3 with the acquired immunodeficiency
syndrome. The primary diagnosis was distributed
among respiratory (127), neurological (56), poisoning
(38), cardiovascular (33), infection (22), gastrointestinal
(15), metabolic disturbances (4), and miscellaneous (25)
causes.

Mechanical ventilation

Altogether, 265 patients were mechanically ventilated
during their first 24 h of ICU stay, 183 with TI and 82
with NPPV. The distribution of the patients according

to their mechanical ventilation schedule was as follows:
38 patients (11.9 %) received NPPV then TI, 23 patients
(7.2 %) received TI then NPPVafter extubation, 199 pa-
tients (62 %) were mechanically ventilated only with TI,
and 60 patients (18.8 %) received only NPPV. Hence,
121 of our patients (38 %) received NPPV during their
ICU stay. The total duration of ventilatory support was
significantly different among the four groups, being
higher for patients receiving the combined forms of me-
chanical ventilation than for those receiving a single
modality (Table 1). Forty patients were reintubated, 6
in the NPPV-TI group, 7 in the TI-NPPV group, and 27
in the TI group. The four groups also differed in age,
SAPS, admission from home or other ward, and pre-
sence of chronic respiratory failure, diabetes mellitus,
immunosuppression, nasogastric tube, and intravenous
sedation (Table 2).

Incidence of VAP

Overall, 28 episodes of VAP occurred in 27 patients,
leading to a crude incidence rate of patients with VAP
of 8 %. The incidence rates of VAP were significantly
different among the four groups (p < 0.001) (Table 3).
Table 4 provides the bacteriological results of the first
episodes of VAP, together with the time from both ICU
admission and onset of mechanical ventilation. On aver-
age, VAP was diagnosed 15.7 ± 10.9 days after ICU ad-
mission and 12.3 ± 9.8 days after onset of mechanical
ventilation (Table 4).

Densities of incidence of VAP

No patient in the NPPV group developed VAP and only
1 episode of VAP was attributed to NPPV among the
patients receiving NPPV preceded by TI (Table 4). Two
episodes of VAP could not have been attributed to ei-
ther type of mechanical ventilation, according to chro-
nological criteria (patients 10 and 12 in Table 4). Hence,
the densities of incidence of VAP were 0.85 per 100 days
of TI (= 25/2954) and 0.16 per 100 days of NPPV (= 1/
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Table 1 Length of ICU stay and of mechanical ventilation according to type of ventilatory support. Values are mean ± SD (NPPV non-
invasive positive pressure mechanical ventilation, TI tracheal intubation)

NPPV-TI
(n = 38)

TI-NPPV
(n = 23)

TI
(n = 199)

NPPV
(n = 60)

p value

Length of ICU stay (days) 30.4 ± 28.8 33.2 ± 21.8 14.7 ± 17.1 8.2 ± 5.9 < 0.00001
Length of ventilation (days) 22.6 ± 22.3 24.8 ± 18.5 8.9 ± 11.6 6.3 ± 5.5 < 0.00001
Length of NPPV (days) 3.4 ± 4.9 5.3 ± 5.2 0 6.3 ± 5.5 < 0.005a

Length of NPPV (h) 36.7 ± 53.2 24.7 ± 22.2 0 52.9 ± 58.7 NSa

Length of TI (days) 19.2 ± 20.4 19.5 ± 16.9 8.9 ± 11.6 0 < 0.00001b

a Excluding TI group
b Excluding NPPV group



631). This difference was significant (c 2 = 2.53, Fisher's
exact test, p = 0.04). The relative risk of VAP between
TI and NPPV periods was 5.34 (95 % confidence inter-
val 0.72 to 39.34).

Risk factors for VAP

Patients with VAP stayed in the ICU and were mechani-
cally ventilated longer than patients without VAP (Ta-
ble 5). However, the two groups showed no difference
for the duration of NPPV. Chronic respiratory failure,
diabetes, and immunosuppression were the significantly
different factors between the two groups (Table 6). By
using multivariate analysis, the duration of ICU and
NPPV-TI, TI-NPPV, and TI groups were the variables
which independently explained VAP occurrence (Ta-
ble 7).

Patient outcome

Eighty-five patients died during their ICU stay, resulting
in an ICU fatality rate of 26.6%. Mortality was 47 %
(18/38) in the NPPV-TI group, 8.7 % (2/23) in the TI-
NPPV group, 29.1 % (58/199) in the TI group, and
11.7 % (7/60) in the NPPV group (p < 0.001). Mortality
for the patients with VAP was 33.3 % (9/27) versus
25.9 % in those without VAP (NS). Between nonsurvi-
vors and survivors, the mean age was 68 ± 13 versus
58 ± 18 years (p < 0.0001), SAPS 16 ± 5 versus 12 ± 4
(p < 0.0001), total duration of mechanical ventilation
14 ± 17 versus 10 ± 13 days (p < 0.05), total duration of
TI 13 ± 16 versus 8 ± 12 days (p < 0.01), total duration
of NPPV 1 ± 3 versus 2 ± 5 days (p < 0.05), nasogastric
tube in 85 versus 72% (p < 0.02), intravenous sedation
in 68 versus 37% (p < 0.000001), diabetes mellitus in 22
versus 11 % (p < 0.05), and prior use of antibiotics in 33
versus 15% (p < 0.001). The covariates indepedently as-
sociated with ICU death were age, prior use of antibio-
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Table 2 Risk factors for ventilator-associated pneumonia. Univariate comparisons between type of ventilatory support (SAPS Simpli-
fied Acute Physiology Score, COPD chronic obstructive pulmonary disease)

NPPV-TI
(n = 38)

TI-NPPV
(n = 23)

TI
(n = 199)

NPPV
(n = 60)

p value

Age (years/mean ± SD) 64.5 ± 13.9 64.7 ± 20.2 58.2 ± 18.1 64.6 ± 16.7 < 0.05

Gender (% male) 55 78 62 58 NS

SAPS (mean ± SD) 13.9 ± 4.2 15.5 ± 5.0 13.5 ± 5.1 11.7 ± 3.4 < 0.01

Origin (n) NS
Home 18 15 117 35
Hospital 20 8 82 25

Type of admission (n) NS
Medical 38 22 162 58
Postoperative 0 1 37 2

Chronic respiratory failure (n) < 0.00001
COPD 13 8 15 17
Restrictive 6 4 8 8
Both 0 0 1 0

Diabetes mellitus (n) 9 5 24 7 < 0.05

Immunosuppression (n) < 0.01
Neutropenia 6 0 5 2
AIDS 0 0 2 1
Malignancies or steroids or
immunosuppressive drugs

11 5 43 6

Nasogastric tube (n) 35 21 179 7 < 0.00001

Intravenous sedation (n) 16 16 110 2 < 0.00001

Table 3 Incidence rates of VAP according to group. Values are numbers (%)

Total
(n = 320)

NPPV-TI
(n = 38)

TI-NPPV
(n = 23)

TI
(n = 199)

NPPV
(n = 60)

p value

Patients with VAP 27 (8) 7 (18) 5 (22) 15 (8) 0 (0) < 0.001
Episodes of VAP 28 (9) 8 (21) 5 (22) 15 (8) 0 (0) < 0.001



tics, NPPV-TI group, TI-NPPV group, sedation, and
SAPS (Table 8). The logistic regression analysis ex-
cluded VAP at the first step.

Discussion

In this study, we found that (1) the incidence of VAP
was significantly different between patients grouped

according to the way in which mechanical ventilation
was delivered; (2) the density of incidence of VAP
was significantly lower during NPPV than during TI;
(3) the logistic regression analysis extracted the length
of ICU stay and the mechanical ventilation schedule
as the independent risk factors for VAP; (4) ICU
mortality was no different regardless of whether pa-
tients developed VAP, after controlling for the risk
factors.
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Table 4 Microbiological results, time of occurrence, and type of ventilatory support for the first episode in 27 patients with VAP
(MV mechanical ventilation, ESBL extended-spectrum beta lactamase)

Patient Microorganisms isolated Time of occurence Ventilatory support

Days from
admission

Days from
onset of MV

Subgroups Suspected
cause

1 Pseudomonas sp. (no serotype) 28 26 NPPV-TI TI

2 Pseudomonas aeruginosa (serotype 12) 18 16 NPPV-TI TI

3 Pseudomonas aeruginosa (serotype 12)
Pseudomonas sp (no serotype)

17 6 NPPV-TI TI

4 Pseudomonas aeruginosa (serotype 12) 25 24 NPPV-TI TI

5 Pseudomonas aeruginosa (serotype 11)
Morganella morganii

14 13 NPPV-TI TI

6 Methicillin-resistant Staphylococcus aureus
Pseudomonas aeruginosa (serotype 11)

32 30 NPPV-TI TI

7 Pseudomonas aeruginosa (serotype 6) 34 31 NPPV-TI TI

8 Haemophilus influenzae 10 10 TI-NPPV TI

9 Pseudomonas aeruginosa (serotype 6) 29 5 TI-NPPV NPPV

10 Escherichia coli 37 1 TI-NPPV ?

11 Pseudomonas aeruginosa (serotype 6) 15 15 TI-NPPV TI

12 Methicillin-sensitive Staph.aureus 9 1 TI-NPPV ?

13 Escherichia coli 2 2 TI TI

14 Haemophilus influenzae 11 11 TI TI

15 Proteus vulgaris; Escherichia coli 29 28 TI TI

16 Pseudomonas aeruginosa (serotype 5) 25 25 TI TI

17 Klebsiella pneumoniae 4 4 TI TI

18 Escherichia coli 5 5 TI TI

19 Pseudomonas aeruginosa (serotype 11)
Acinetobacter baumanii

19 19 TI TI

20 Moraxella catarrhalis 2 2 TI TI

21 ESBL Klebsiella pneumoniae 2 2 TI TI

22 Pseudomonas aeruginosa
ESBL Enterobacter aerogenes

13 13 TI TI

23 Escherichia coli 5 5 TI TI

24 Aspergillus fumigatus 6 6 TI TI

25 ESBL Enterobacter aerogenes 20 20 TI TI

26 Methicillin sensitive Staph.aureus;
Pseudomonas aeruginosa;
Haemophilus influenzae;
Citrobacter freundii

5 5 TI TI

27 Pseudomonas aeruginosa (serotype 10)
Proteus mirabilis

8 8 TI TI



Obviously, however, the methodology of an epide-
miological observational study, even though prospec-
tive, suffers from several limitations. At first, as ex-
pected, the distribution of risk factors for VAP was not
identical between the mechanical ventilation groups.
Thus, the patients who received only NPPV during their
ICU stay were not only less severely ill but also less ex-
posed to the risk factors of nosocomial infections we
analysed. Second, one could argue that VAP had not
been diagnosed in a consistent way ± for instance, be-
cause the fiberoptic procedure would not be used in the
patients with NPPV so as to prevent the risk of respira-
tory worsening, which could lead to tracheal intubation.
In fact, Antonelli et al. reported the safety of fiberoptic

BAL with NPPV in eight hypoxemic patients [12 a].
This is also our practice and experience [12 b].

One could also argue that the best methodology to ad-
dress this question would be a randomized trial compar-
ing invasive and noninvasive ventilatory support. How-
ever, even though this issue is certainly very important,
it seems unlikely, and in a sense unethical, that a rando-
mized controlled trial would be carried out with the oc-
currence of VAP as the major end-point (see below). In
addition, such a randomized trial would be applied to se-
lected patients, i. e., to those in whom immediate intuba-
tion had not been required. As a matter of fact, the stu-
dies published to date on this topic have focused their
end-points on short-term physiological effects, subse-
quent need for tracheal intubation, ICU mortality, and
length of ICU stay [2, 13±23]. To our knowledge, in the
four randomized studies comparing noninvasive me-
chanical ventilation to the conservative approach for
treating acute respiratory failure [2, 20±22], only one [2]
provided data pertaining to the occurrence of pneumo-
nia. In this study, seven patients treated without NPPV
versus two patients receiving noninvasive mechanical
ventilation did develop pneumonia [2]. It must be said
that the proportions of patients with pneumonia were
not different between the two groups and that neither
was the VAP occurrence a specific end-point nor were
the diagnostic criteria of VAP defined in this study [2].
Hence, the methodology we used seems to be a valid,
though limited, approach to this problem.

What do the statistical differences in incidence rates
and densities of incidence of VAP we observed between
noninvasive and invasive mechanical ventilation really
mean? Basically, our univariate statistical analysis
showed that the difference in incidence rates of VAP
among the four groups did not reflect the effect of
chance. Similarly, the difference in the densities of inci-
dence appears to be significant by using the p of Fisher's
exact test, which is the reference test for this purpose.
However, the confidence interval of the relative risk
does embody the value of 1; this discrepancy could be
attributed to the unequality between the two groups in
both the number of patients and the duration of me-
chanical ventilation. This imbalance is probably the
main explanation of the lack of significance of the very
high levels of relative risks for VAP associated with ven-
tilatory support in the logistic regression analysis.
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Patients with VAP
(n = 27)

Patients without VAP
(n = 293)

p value

Length of ICU stay (days) 40.67 ± 28.77 14.44 ± 16.68 < 0.0001
Length of ventilation (days) 28.77 ± 23.21 9.58 ± 12.13 < 0.0001
Length of NPPV (days) 2.00 ± 4.60 1.97 ± 4.13 NS
Length of NPPV (h) 13.88 ± 30.13 16.32 ± 39.15 NS
Length of TI (days) 26.77 ± 21.52 7.61 ± 11.51 < 0.0001

Table 5 Length of ICU stay
and of mechanical ventilation
in patients with and without
VAP. Univariate comparisons.
Values are mean ± SD

Table 6 Risk factors for VAP. Univariate comparisons. Values are
number (%) unless otherwise indicated

Patients
with VAP
(n = 27)

Patients
without
VAP
(n = 293)

p value

Age (years/mean ± SD) 59 ± 19 61 ± 18 NS

Gender (% male) 48 63 NS

SAPS (mean ± SD) 14.5 ± 5.7 13.3 ± 4.7 NS

Origin NS
Home 15 (55.6) 170 (60)
Hospital 12 (44.4) 123 (40)

Type of admission NS
Medical 27 (100) 254 (86)
Postoperative 0 39 (14)

Chronic respiratory failure < 0.01
COPD 6 (22) 47 (16)
Restrictive 3 (11) 23 (8)
Both 1 (4) 0

Prior use of antibiotics 7 (26) 57 (20) NS

Diabetes mellitus 8 (30) 37 (13) < 0.01

Underlying immunosup-
pressive condition < 0.05
Neutropenia 1 (4) 12 (4)
AIDS 1 (4) 2 (1)
Malignancies or steroids
or immunosuppressive drugs 11 (41) 54 (18)

Nasogastric tube 24 (89) 218 (74) NS

Intravenous sedation 18 (67) 126 (43) NS



Whether or not VAP can induce a higher mortality in
ICU patients is a still controversial issue [24, 25]. In our
study, the occurrence of VAP did not affect the outcome
of the patients during their ICU stay. In addition, our
study provides results on the interaction between the
patient ICU outcome, on the one hand, and the risk fac-
tors for VAP and the mechanical ventilation schedule,
on the other hand. At the last step of the logistic regres-
sion analysis (Table 8), only NPPV-TI and TI-NPPV
were still present in the model. The former exhibited
an apparent protective effect regarding ICU mortality,
whereas the opposite was true for the latter. This sug-
gests that, with the other risk factors for mortality being
controlled for, starting mechanical ventilation noninva-
sively might improve patient outcome. This is in contra-
diction to the univariate analysis. We have no clear ex-
planation for this discrepancy with our present data ex-
cept that our study was not designed to investigate death
risk factors. However, this result is in line with the ran-

domized trial of Brochard et al. [2]. Moreover, this ef-
fect of mechanical ventilation on mortality is indepen-
dent of its effect on VAP occurrence in our study.

In summary, we found, as expected, that the use of
face-mask NPPV was associated with a significantly
lower incidence of VAP compared to the use of invasive
ventilatory support. Predictably, this result may be ex-
plained by differences in patient severity, distribution
of risk factors for VAP, and duration of exposure be-
tween the two methods of ventilation. In selected pa-
tients, NPPV is thus effective in reducing the need for
TI, the length of ICU stay, the in-hospital mortality,
and also the risk of VAP, as shown above. In view of
these results, nosocomial infection surveillance and pre-
vention programs should take into account the mode of
ventilatory support in their records. The present results
should be confirmed in a multicenter epidemiological
study.
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Variable b Wald RR 95Cl p value

Length of ICU stay 0.04 18.68 1.04 0.13±1.07 0.0001
NPPV-TI group 2.11 0.09 8.21 0±6477745 0.7654
TI-NPPV group 4.06 0.15 58.04 0±4 × 1010 0.7012
TI group 7.63 0.13 2064.03 0±9 × 1010 0.7181
Constant − 4.82 0.83 0.3620

Table 7 Logistic regression
model for VAP (b regression
parameter, Wald Wald coeffi-
cient estimating the percentage
of contribution of each covari-
ate to the overall estimation,
RR relative risk, 95Cl 95 %
confidence interval)

Variable b Wald RR 95Cl p value

Age 0.04 13.10 1.04 0.13±1.06 0.0003
Prior use of antibiotics 0.81 5.74 2.26 0.0003±4.33 0.0166
SAPS 0.15 19.60 1.16 0.09±1.23 0.0001
Sedation 1.28 17.17 3.59 0±6.54 0.0001
NPPV-TI group − 0.94 4.97 0.39 0.28±0.88 0.0258
TI-NPPV group 2.46 8.57 11.74 0±59.22 0.0034
Constant − 6.97 26.64 0.0001

Table 8 Logistic regression
model for ICU death
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