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Ventilator-associated pneumonia in long-term ventilator-assisted
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Background: Information on the characteristics of pneumonia in long-term ventilator-assisted
individuals is scarce. We evaluate the incidence, risk factors and outcome of ventilator-associated
pneumonia (VAP) in a large series of chronically ventilated patients.

Methods: All patients assisted in a chronic ventilator-dependent unit were prospectively followed up
for the development of VAP. Patients with a new and persistent lung infiltrate and a purulent tracheal
aspirate were suspected to have VAP. Pneumonia was considered microbiologically confirmed in the
presence of (1) a positive blood culture and/or (2) >10° CFUmI™" in quantitative bacterial culture of
tracheal aspirates or >103CFUmI™" in quantitative mini-bronchoalveolar lavage cultures.

Results: In total, 100 consecutive long-term ventilated individuals with spinal cord injury (mean age
49 years) were prospectively followed up. The length of mechanical ventilation before admission in the
unit was 54 £ 37 days, and the follow-up after admission was 119 + 127 days. There were 32 episodes of
VAP in 27 patients (1.74 episodes per 1000 days of mechanical ventilation). By logistic regression
analysis, hypoalbuminaemia (P=0.03), administration of antacids (P=0.002) and length of mechanical
ventilation (P=0.05) were independent risk factors for VAP. The most frequently isolated organisms
were Pseudomonas aeruginosa (62%), methicillin-resistant Staphylococcus aureus (25%) and Acineto-
bacter baumannii (15%); 9 (28%) episodes were polymicrobial. Antimicrobial treatment, including
monotherapy in 66%, was successful in most patients. Only three patients (11%) died in relation to

VAP.

Conclusions: Patients on long-term ventilation are at significant risk for the development of VAP, but

the mortality is low.
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Introduction

Ventilator-associated pneumonia (VAP) is a frequent com-
plication of mechanical ventilation. Its rate of occurrence
ranges from 10 to 70% depending on the population studied
and on the criteria used to establish the diagnosis.' The
clinical importance of VAP is demonstrated by several
investigations, suggesting that its occurrence is an indepen-
dent determinant of mortality for critically ill patients
requiring mechanical ventilation.>* Crude mortality rates
vary from 25 to 50%, whereas directly attributable mortality
is 27%.* In patients who receive mechanical ventilation, 5%
remain unweanable after 4 weeks and have been classified as
chronic ventilator-dependent patients. It is more appropriate
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to refer to these patients as long-term ventilated-associated
individuals.®

Acute spinal cord injury is a devastating event whose
incidence varies from country to country, according to
cause, methodology applied, and national and local database
registries.6 In the United States, its incidence ranges from 28
to 50 injuries per million persons per year.” In other parts of
the world, the incidence varies from 10 to 83 injuries per
million persons per year.® Patients with cervical spinal cord
injuries have respiratory dysfunction and are unable to
sustain spontaneous breathing, which predisposes them to
respiratory complications and respiratory failure. Pulmonary
complications are the leading cause of death in this
population, with most respiratory death attributed to
pneumonia.®® In the last 15 years, there has been an
increase in the incidence of patients with high-level quad-
riplegia (C1-C4) and represent approximately one-third of
the patients with spinal cord injury, and 50% of them have a
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complete lesion.>® Most of them require mechanical
ventilation either temporary or permanently.

The overall number of patients who administered long-
term mechanical ventilation has progressively increased,
because of advances in medical care. In the United States, the
incidence of long-term ventilator-assisted individuals in-
creased from 11419 cases per year in 1990 to 43 700 cases per
year in 1998.'° Most of the studies that analyze the clinical
and epidemiological characteristics of VAP refer to patients
receiving mechanical ventilation for periods of <4 weeks."?
Very few studies have analyzed these characteristics in
patients with long-term ventilator-assisted individuals,'*'?
and to our knowledge, the overall characteristics of VAP has
never been evaluated in this group of patients. In this study,
we aimed to analyze the incidence, chronology, risk factors
and the outcome of VAP in long-term ventilator-assisted
individuals.

Materials and methods

Setting, patient selection and study design
Our hospital is a 227-bed institution for spinal cord-injured
patients, including a 6-bed intensive care unit, and a chronic
ventilator-dependent unit with 16 beds. In general, patients
are usually admitted in this hospital within 60 days of injury.
In this study, we prospectively evaluated a cohort of long-
term ventilator-assisted individuals. Inclusion criteria
included patients ventilated for >30 days. The neurological
level for this analysis was stratified into five groups: (1)
Cl-bulbar, (2) C2, (3) C3-C4, (4) C5-C8 and (5) dorsal.
Patients were classified into two categories according to the
cause of spinal cord injury (medical and traumatic). The
following information was recorded: patient’s age, sex,
severity of underlying medical condition stratified as rapidly
fatal, ultimately fatal or not fatal, according to the criteria of
McCabe and Jackson,'® and comorbidities. Potential risk
factors for VAP at the time of admission and in each episode
of pneumonia were also recorded and included intensive
care unit stay duration, recent infection, use of a nasogastric
tube, gastrostomy tube, endotracheal tube, administration of
histamine-2-receptor antagonists, antacids, enteral nutri-
tion, parenteral nutrition, witnessed aspiration, preexisting
pulmonary disease, nonpharmacological consciousness de-
pression or coma, sedative agents, bronchoscopy, adminis-
tration of previous antibiotics, duration of mechanical
ventilation and administration of steroids. Other variables
measured included serum albumin on admission, presence
of anaemia, reintubation, stress ulcer, decubitus ulcer and
deglutition disorders. All patients were prospectively and
daily followed up by one of the investigators who recorded
any relevant data until they were successfully weaned from
mechanical ventilation, discharged from the hospital while
receiving mechanical ventilation or until death.

Clinical diagnosis of VAP

Clinical suspicion of VAP was defined by a new and
persistent infiltrate on chest radiography associated with at
least one of the following: purulent tracheal secretions, body
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temperature of at least 38.3°C and leukocytosis.! In addi-
tion, other baseline variables were recorded: body tempera-
ture, leukocyte count and severity of pneumonia (mild,
moderate or severe). The assessment of acute lung injury
included evaluation of the chest radiograph and arterial
oxygenation using the PaO,/FiO, coefficient (partial pressure
of arterial oxygen to the fraction of inspired oxygen).> We
defined the presence of the acute respiratory distress
syndrome as the presence of a generalized pulmonary
infiltrate and a lung injury score >2.5,'* and the presence
of shock as systolic arterial pressure of <90 mm Hg with
signs of peripheral hypoperfusion or need for continuous
infusion of vasopressor or inotropic agents.

Microbiological diagnosis of VAP

In all patients, three blood cultures were obtained. Tracheo-
bronchial aspirates (TBAs) and/or mini-bronchoalveolar lavages
(mini-BALs) were routinely obtained when VAP was clinically
suspected. In addition, TBAs were also taken every 15 days in
all patients to evaluate bacterial colonization of the lower
respiratory tract. TBAs were obtained by sterile means using
a Lukens suction catheter and collected in a mucus collector
(Sherwood Medical, Tullamore, Ireland). Mini-BALs were
carried out with a single-sheathed, plugged, telescoping
catheter. A 50-cm sterile catheter with a 1.7mm internal
diameter occluded by a polyethylene glycol plug (Combi-
cath, Plastimed, Saint-Leu-La-Forét, France) was inserted into
the distal airways and wedged in a peripheral bronchus. The
plug was expelled with 10ml of air, and a second sterile
catheter (58 cm in length, 0.8 mm internal diameter) was
then passed through the first catheter and advanced to the
sample site. A 20 ml aliquot of physiological saline was
injected through the internal catheter, and at least 2ml was
suctioned for microbiological examination. Respiratory
samples were considered purulent if a Gram stain showed
> 25 neutrophils per high-power field. TBAs and mini-BALs
were cultured by quantitative methods.'® In both samples,
serial dilutions performed in sterile saline were inoculated
into the following agar media: 5% sheep blood, chocolate
and Sabouraud dextrose. All cultures were incubated at 37 °C
under aerobic (sheep blood and Sabouraud dextrose) and 5%
CO,-enriched (chocolate agar) atmosphere. Identification of
microorganisms and antimicrobial susceptibility testing
were carried out using an automated method (MicroScan,
Siemens, CA, USA). Susceptibility breakpoints were deter-
mined following the CLSI guidelines.'® Microbiologically
confirmed cases of VAP required the isolation of bacteria in
significant quantities: >10°CFUml™! for TBAs, and
>10°CFUmI™! for mini-BAL samples.'®

Definitions

We considered an episode of microbiologically confirmed
pneumonia when there was a clinical suspicion of VAP in
addition to a positive blood culture and/or a significant
bacterial culture in TBAs and/or in mini-BAL. We considered
tracheal colonization when the TBAs culture was positive in
the absence of clinical signs of lower respiratory tract
infection and persistent colonization was defined as the
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isolation of the same bacterial species in three or more
consecutive cultures.

Initial choice of antibiotics was based on the results of the
Gram stain of the TBAs, on the results of the bacterial growth
in colonized patients and on the recommendations of the
American Thoracic Society for hospital-acquired pneumo-
nia.! Results of quantitative cultures were used to adjust
therapy.

Mortality directly related to VAP was predetermined to be
present when a patient died during an episode of nosocomial
pneumonia and the death could not be directly attributed to
any other cause.

Statistical analysis

Results are expressed as mean *s.d. Differences between
categorical variables were assessed by y*-test (Fisher’s exact
test when appropriate). Continuous variables were compared
by Mann-Whitney U-test. To analyze the effect of risk factors
and pneumonia, we used multivariate analysis using logistic
regression including all variables found to be significantly
associated with VAP by univariate analysis (P<0.05). Data
were processed by STATA 8.0.

Results

A total of 100 consecutive long-term ventilator-assisted
patients were enrolled in the study. The patients (25 women
and 75 men) had a mean age (*s.d.) of 49 (+17) years. In all,
67% had a nonfatal underlying disease, 32% ultimately fatal
and 1% a rapidly fatal disease. The most frequent comorbid
illnesses were diabetes (11%) and high blood pressure (17%),
whereas 42% of the patients did not present any associated
disease. The spinal cord injury level was traumatic in 74%
and the level was above C4 in 58%. All patients had a
tracheostomy and were followed up for 119+ 127 (10-524)
days. The total length of stay in the intensive care unit was
52+ 36 days, and the total length of mechanical ventilation
at admission was 54+37 days. A total of 65 patients
presented persistent colonization, which was caused in the
majority of cases (61%; 40 cases) by Pseudomonas aeruginosa.
All patients included in the study had received broad-
spectrum antimicrobial therapy at different times during
their admission.

During the study period, 32 episodes of VAP were
diagnosed in 27 patients (27%); 5 patients had more than
one episode. The incidence of pneumonia in the population
studied was 6.3 cases per 100 patients per year and the
density of incidence was 1.74 per 1000 days of mechanical
ventilation.

In univariate analysis, factors significantly associated with
an increased risk of VAP included underlying disease,
anaemia, hypoalbuminaemia, previous use of antacids, low
level of consciousness, previous pulmonary disease and
duration of mechanical ventilation (Table 1). By regression
logistic analysis, hypoalbuminaemia (P=0.03), previous use
of antacids (P=0.002) and duration of mechanical ventila-
tion (P=0.05) were independently associated with an
increased risk of VAP.
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Table 1 Risk factors for ventilator-associated pneumonia in patients on
long-term ventilation

Characteristic Patients with Patients without P-
pneumonia (%) pneumonia (%)  value
Ultimately fatal underlying 12 20 0.083
disease
Anaemia 26 59 0.03
Hypoalbuminaemia 25 53 0.02
Antacids 9 6 0.003
Low level of consciousness 10 10 0.01
Previous pulmonary disease 9 9 0.02

Duration of mechanical 211+£159 148+119 0.04

ventilation (days)

Table 2 Clinical characteristics and outcome of long-term ventilator-
assisted patients with VAP

Characteristic Patients
Age, years (mean ts.d.) 50+18
Male sex, n (%) 20 (74%)
Mean duration of MV before admission, days (mean+s.d.) 126+190

Previous antimicrobial therapy (%) 100

Body temperature, °C (mean +s.d.) 38.5°C+0.5
Blood cell count, cellsmm™2, (mean £5s.d.) 11500 + 3600
PaO,/FiO;, mmHg, (mean s.d.) 235+105
Bacteraemia, n (%) 3 (9%)
Shock, n (%) 7 (22%)
Acute respiratory distress syndrome, n (%) 1 (3%)
Admission to the intensive care unit, n (%) 3 (11%)
Attributable death, n (%) 3 (11%)

Abbreviations: MV, mechanical ventilation; VAP, ventilator-associated pneu-
monia.

Clinical characteristics of the patients with pneumonia
and the outcome are shown in Table 2. Only three patients
presented bacteraemia, and the observed attributable mor-
tality rate was 11%. Chest X-ray findings included unilateral
alveolar infiltrates (34%) and bilateral alveolar infiltrates
(63%). One chest X-ray was compatible with respiratory
distress (3%).

In all 32 episodes of pneumonia, the Gram stain of the
TBAs and/or mini-BAL samples revealed the presence of
microorganisms. Significant counts of TBAs cultures were
observed in 31 out of the 32 episodes of pneumonia and in
18 out of the 22 mini-BAL samples that were cultured. A total
of 49 microorganisms were cultured from TBAs and/or mini-
BAL in the 32 episodes of pneumonia (1.5 microorganisms
per pneumonia). The most frequently isolated microorgan-
isms were P. aeruginosa (62%), methicillin-resistant Staphylo-
coccus aureus (25%) and Acinetobacter baumannii (12%). Nine
(28%) episodes were polymicrobial, and three patients with
persistent colonization by P. aeruginosa presented recurrent
episodes of VAP (Table 3).

All patients were eventually treated with an appropriate
antibiotic regimen that was active against the bacteria
isolated from their respiratory secretions. Empirical therapy
always included an antimicrobial regimen with antipseudo-
monal activity. Monotherapy was administered to 21
patients (17 with monomicrobial pneumonia and 4 with
polymicrobial pneumonia) and 18 of them presented a
favourable evolution (86%).



Table 3 Microorganisms isolated from 32 episodes of VAP

Microbiological isolate No.

Gram-negative bacilli
Pseudomonas aeruginosa 2
Acinetobacter baumannii
Enterobacter cloacae
Serratia marcescens

NN KO

Gram-positive cocci
Staphylococcus aureus
MRSA 8
Coagulase-negative staphylococci

w

_

Fungi
Candida spp. 2
Aspergillus spp. 1
Polymicrobial 9

Abbreviations: MRSA, methicillin-resistant S. aureus; VAP, ventilator-associated
pneumonia.

Discussion

Our study shows a significant rate of occurrence of VAP
in long-term ventilated patients (27% with an incidence of
6.3 cases per 100 patient-years). However, in contrast to
what could be expected, patients seldom require intensive
care and the evolution is favourable with a low rate of
attributable mortality.

There is scarce information on the frequency of develop-
ment of VAP in long-term ventilated individuals. Jackson
and Groomes!” reported that 63% of patients with C1-C4
quadriplegia developed pneumonia. In a short series of 37
long-term ventilated patients, 57% developed VAP.!! These
higher frequencies in comparison with our study could be
due to the low number of patients included in these series,
and because of differences in underlying diseases and in
study designs.

We have had the opportunity to evaluate risk factors
associated with VAP in this population. The length of
mechanical ventilation was an independent factor associated
to VAP, similar to other studies findings.!! In the study of
Fagon et al.,* each day that the patient received endotracheal
intubation and mechanical ventilation, the crude rate of VAP
increased by 1-3% and the risk of death increased 2- to 10-
fold. In long-term ventilation, a single study found a daily
incidence of 0.002 VAP per ventilator day,'® which is very
similar to our own results (1.74 per 1000 days). Antacids was
another factor associated with an increased risk of VAP
Antacids are commonly used for prophylaxis against stress
gastritis and ulceration, but may increase the frequency of
gastric colonization by enteric Gram-negative bacilli and
possibly the incidence of pneumonia. The third independent
risk factor independently associated with VAP in our study
was hypoalbuminaemia, a characteristic frequently found in
patients with chronic conditions.'®

As indicated above, the most frequently isolated micro-
organisms producing VAP were P. aeruginosa, methicillin-
resistant S. aureus and A. baumannii. Persistent colonization
was found in a high proportion of patients infected with
P. aeruginosa, and after the first episode of pneumonia caused
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by this organism, three patients had a recurrent episode. This
could be explained by the fact that this microorganism can
be directly inoculated into the tracheobronchial tree without
first appearing in the oropharyngeal secretions of intubated
patients.'® In a prospective study, the frequency and etiology
of pneumonia was directly influenced by previous anti-
biotic therapy.® The high incidence of infections due to
P. aeruginosa, methicillin-resistant S. aureus and A. baumannii
in our series could be due to the previous use of antimicro-
bials in all patients. Another factor that explains the high
incidence of infections due to these microorganisms is the
length of mechanical ventilation. Trouillet et al.?® showed
that the cumulative risk for pneumonia caused by Acineto-
bacter spp. was 3.4% at 10 days, 20% at 20 days and 48% at
30 days after the onset of mechanical ventilation and
therefore was increasing nonlinearly with the duration of
ventilation. This risk was similar to the risk for ventilator-
associated pneumonia caused by P. aeruginosa. The 28% of
polymicrobial infections reported herein is in agreement
with previous data from intensive care unit patients
ventilated for >48h, in which 40-62% of whom developed
polymicrobial pneumonia.?®

In our study, monotherapy with only one effective
antimicrobial agent resulted in a favourable outcome.
Current consensus suggest that patients with suspected
VAP should initially be treated with a broad-spectrum
antibiotic regimen aimed at covering all likely bacterial
pathogens. This regimen should subsequently be narrowed,
according to the results of cultures of microbiological
samples and their sensitivity profiles. Initial use of combina-
tion therapy reduces the likelihood of inappropriate therapy,
and has been recommended to avoid the emergence of anti-
microbial resistance and to enhance the killing produced by
antimicrobials acting synergistically, particularly against VAP
produced by P. aeruginosa.> However, Garnacho-Montero
et al*' demonstrated that monotherapy with only one
active antibiotic provided similar outcomes compared with
combination therapy with two active antimicrobials, and
suggested that switching to monotherapy once the suscept-
ibility is documented was feasible and safe even against
P. aeruginosa.

Several studies have suggested that the mortality attribu-
table to VAP, particularly late-onset infection with antibiotic-
resistant pathogens, is >10%.>%'® Crude mortality rates of
30-75% have been reported for nosocomial pneumonia
caused by P. aeruginosa and/or Acinetobacter spp. with the
highest rates reported in ventilator-dependent patients.?? In
a short series of long-term ventilated patients, VAP was
associated with a high mortality rate (56%).'! In our study,
the rate of attributable mortality was low (11%).

In summary, we have found that the incidence of VAP in
long-term ventilator-assisted patients is significant, although
lower than it has been estimated in a few reports. Both the
incidence of bacteraemia and the mortality are low, even
when the majority of the causal microorganisms were
multiresistant. In general, the outcome was favourable with
monotherapy with only one active antimicrobial as
a consequence of the surveillance and the optimization
of the microbiology laboratory resources. The length of
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mechanical ventilation, previous use of antacid drugs and
hypoalbuminaemia are the main risk factors associated with
VAP and select a subgroup of patients predisposed to develop
this infection.
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