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Hospital-acquired pneumonia (HAP) is the second most common nosocomial
infection in the critically ill patient and is associated with the greatest mortality and increased morbidity and cost of care. The major risk factor for the development of HAP in
intensive care is the occurrence of intubation and mechanical ventilation, giving rise to
the term ventilator-associated pneumonia (VAP). Incidence of VAP varies in different populations of critically ill patients and generally ranges from 9 to 20%, with an overall rate of
10 to 15 cases per 1,000 ventilator days. The cumulative risk of developing VAP is ~1%
per day of mechanical ventilation (MV). The crude mortality rate of VAP is 60% and the
estimates of attributable risk range from 27 to 43%. Mortality from VAP is influenced by
host factors, the virulence of the pathogens, and the adequacy of initial antimicrobial
therapy. The etiologic agents for VAP differ according to the population studied, duration
of hospital stay, time after intubation, and prior antimicrobial therapy. Risk factors include nonmodifiable factors like age, chronic obstructive pulmonary disease, severe head
trauma, and multiple trauma, and modifiable factors like large volume gastric aspiration,
duration of MV, elevated gastric pH, histamine type 2 blocker therapy, ventilator circuit
change frequency, self-extubation, and reintubation. The impact that diagnosis using invasive diagnostic techniques may have on the epidemiological characteristics of VAP are
unknown, but may potentially reduce problems resulting from misclassification of this
entity.
KEYWORDS: Ventilator-associated pneumonia, antimicrobial therapy, intensive care
unit, mechanical ventilation
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H

ospital-acquired pneumonia (HAP) is defined as parenchymal lung infection occurring more
than 48 hours after admission to the hospital. Most cases
of HAP are associated with use of mechanical ventilation, although some cases occur in absence of this risk.1
Associated factors in nonventilated patients include
outbreaks associated with bronchoscopy,2 noninvasive
ventilation,3 and superinfection with bacteria after initial viral infection (for example, when pneumonia due to
Staphylococcus aureus follows hospitalization for pneumonia due to influenza virus A).4 Aspiration of oropharyngeal contents represents a hazard for hospitalized
patients whether they are intubated or not.5 Patients
who have undergone surgery may develop pneumonia
regardless of whether their intubation during surgery
required further ventilator assistance.6
According to surveillance data from the National
Nosocomial Infections Surveillance (NNIS) System,
pneumonia is the second most common nosocomial
(hospital-associated) infection in the intensive care unit
(ICU), accounting for 27% of all nosocomial infections
in ICUs, and 86% of all HAP was associated with mechanical ventilation7 (Fig. 1). In the ICU, therefore, the
epidemiology and microbiology associated with HAP
closely resemble that for ventilator-associated pneumonia (VAP). Thus, the remainder of this article focuses
mainly on epidemiology and microbiology of VAP.
VAP is defined as development of clinical signs
and symptoms of pneumonia occurring more than 48
hours after intubation and mechanical ventilation.8 VAP
is associated with significant morbidity, hospital cost,
and mortality.7,9 VAP has been further categorized as
early-onset (occurring within the first 4 days of mechanical ventilation) and late-onset (which develops 5
or more days after initiation of mechanical ventilation).10 The causative organisms and prognosis differ in
these two categories; however, this difference is also affected by the hospital stay prior to ICU admission.10,11

The pathogenesis of VAP requires bacterial colonization of the aerodigestive tract and the aspiration of
contaminated secretions into the lower airways. Insertion
of the endotracheal tube not only compromises the natural barrier between oropharynx and trachea, but may
also facilitate the pooling and leakage of the contaminated secretions around the endotracheal tube cuff, and
finally entry of bacteria into the lung.12 Several other factors such as supine position, frequency of ventilator circuit change, tracheal suctioning, and contaminated respiratory care equipment are additional risk factors for
aspiration of these contaminated secretions. The role of
the gastrointestinal tract as a source of oropharyngeal and
tracheal colonization remains controversial.13–15 Several
studies have shown a sequence of events leading to colonization from the stomach to the trachea, with increasing
frequency in direct correlation to the gastric pH—27 to
45% of patients have primary colonization of the gastric
juice and subsequent colonization of the tracheobronchial tree 2 days later.16–19 In addition, other studies
have shown, by means of various diagnostic techniques,
that the gastric juice of intubated patients is aspirated
into the tracheobronchial tree within a few hours.20–23 In
contrast, some studies failed to show that the gastropulmonary route of infection is important for development
of VAP.13,24,25 For example, in a study by de Latorre et al,
19 of 72 patients developed tracheal colonization after
pharyngeal or gastric colonization by the same organisms. In 10 of 12 patients who developed VAP, the microorganisms responsible had already colonized the trachea, but only 10 of the 21 responsible microorganisms
isolated from VAP had previously colonized the pharynx
or stomach.24 Furthermore, the use of antimicrobial therapy to eliminate gastric organism reservoirs has generally
failed to prevent VAP.26,27 Thus, the relationship between
VAP and tracheal, pharyngeal, and gastric colonization
remains to be defined for intubated patients on mechanical ventilation.

Figure 1 Nosocomial infection rates in the
medical intensive care units (MICUs) in the
United States. National Nosocomial Infections
Surveillance Study data from 1992 to 1997 in
181,993 patients in 112 MICUs. (Adapted from
Richards MJ, Edwards JR, Culver DM, Gaynes
RP. Nosocomial infections in medical intensive
care units in the United States. National Nosocomial Surveillance System. Crit Care Med
1999;27:887–892.)
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Our understanding of VAP remains limited despite several studies describing different aspects of its
epidemiology. The greatest limitation of available reports is the almost uniform reliance on nonspecific clinical and radiographic criteria to define cases of nosocomial pneumonia.28 Unfortunately, these conventional
criteria have been unable to reliably diagnose cases of
nosocomial pneumonia that have been confirmed by autopsy, histopathology, or other more stringent diagnostic approaches. Moreover, even criteria for histological
diagnosis of pneumonia may not be universally accepted.29–32 Estimates of occurrence and of microbiology are hindered by these problems with diagnosis.
Currently, there is no well-accepted “gold standard” for diagnosis, but rather, there are a variety of diagnostic procedures with variable sensitivity and specificity.33,34 The variability in diagnostic accuracy has fueled
controversies for the last 2 decades on the role of invasive
diagnostic techniques for establishing VAP. Bronchoscopy with the use of bronchoalveolar lavage (BAL) or
protected specimen brush (PSB) has greater specificity
than a clinical diagnosis.33,34 Nonbronchoscopic methods,
such as blinded BAL or quantitative endotracheal aspiration, with and without use of a clinical pulmonary infection score, are more specific than clinical diagnosis.33–35
Invasive diagnostic techniques for bacteriological confirmation of suspected VAP are thought to have potential
promise.36 Regardless of the diagnostic method used, the
American Thoracic Society, in a consensus statement,
suggested empiric initial therapy based on the severity of
the patient’s disease and the stage of onset, using antibiotics to cover certain pathogens in patients with specific
risk factors.12 This extensive use of empiric treatment
hinders true classification of a patient as having pneumonia, interferes with assessment of the true microbiological
picture, promotes selection of multiple drug-resistant
pathogens, and increases hospital costs.
With these limitations in mind, this discussion
will provide an update on epidemiological considerations on nosocomial pneumonia in intubated and mechanically ventilated patients. The issues discussed in
this review include the incidence, mortality, morbidity,
economic impact, microbiology, and risk factors.

INCIDENCE
The incidence of VAP varies by type of ICU and among
different critically ill patient populations. The data from
NNIS and a similar study from Europe suggested that
the majority of ICU infections are associated with mechanical ventilation.7,9 Over a decade ago, the European
Prevalence of Infection in Intensive Care (EPIC) study
revealed that almost 50% of prevalent ICU infections
were VAP.9 Other studies have shown that VAP accounted for more than 50% of nosocomial infections in

mechanically ventilated patients.37,38 Rates of pneumonia are increased six- to 21-fold for intubated patients
and show a further rise with the duration of mechanical
ventilation.39–42 The incidence of VAP ranges from six
to 52 cases per 100 patients, depending upon the population studied.37,40,43–46
Crude rates of VAP are usually 1 to 3% per day of
intubation and mechanical ventilation.47 In a study by the
Canadian Critical Care Trials Group, 177/1014 (17.5%)
of patients developed VAP 9.0 ± 5.9 days after ICU admission (median 7 days, interquartile range 5, 10 days).
The risk of developing VAP increased cumulatively, with
an overall rate of 14.8 cases per 1000 ventilator days.
These investigators found that the VAP rates were 3% per
day for the first week of ventilation and decreased to 2%
per day in the second week of ventilation and 1% per day
in the third week and thereafter. This decreasing hazard
suggested a high risk of early VAP and low risk of developing VAP in long-term residents of the ICU. In contrast, however, other studies have shown that the incremental risk of developing pneumonia is virtually constant
throughout hospital stay and is around 1% per day of mechanical ventilation. For example, in a study by Fagon
and coworkers, the actuarial risk of VAP was 6.5% at 10
days, 19% at 20 days, and 28% at 30 days of ventilation.48
In the NNIS study, rates of VAP varied from
five cases per 1000 ventilator days in pediatric patients to
16 cases per 1000 ventilator days in patients with thermal injury and trauma.7 Rates of VAP are generally
higher in surgical ICU patients than in medical ICU patients.35,45 In a study by Kollef,35 VAP occurred more often
in cardiothoracic patients (21.6%) compared with surgical patients (14%) and medical patients (9.3%) (Fig. 2).
The NNIS data analysis, which allows hospitals
to compare the rates of nosocomial infections in their
institution to national experience, is an important infection control tool. For example, infection control surveillance data for VAP from our institution, Crawford W.
Long Hospital, a community hospital with academic affiliation in Atlanta, Georgia, has shown the rate of VAP
to be 11 cases per 1000 ventilator days in cardiothoracic
patients, seven cases per 1000 ventilator days in the surgical patients, and eight cases per 1000 ventilator days
in the medical ICU patients over the last 1-year period.
Comparing these rates with the NNIS standard (Fig. 3)
assists in focusing the implementation of infection control measures in the two ICUs where local rates equal or
exceed those reported by NNIS.
How does employing invasive diagnostic techniques change the epidemiological landscape of VAP?
The impacts that BAL or PSB may have on these estimates of occurrence are unclear. In general, the incidence of VAP in studies in which invasive diagnostic
methods are used is lower when compared with rates in
those studies in which the diagnosis is made by clinical
criteria alone (Fig. 4) (Table 1).35,44,47–57
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Figure 2 Incidence rates of different critically ill patient populations. Adapted from Kollef.35

Based on the data presented, it appears that the
incidence of VAP varies in different critically ill patient
populations, and generally ranges from 9 to 20%, even
with the use of stringent diagnostic criteria. Depending
on the population studied, overall rates can also be expressed as about 10 to 15 cases per 1000 ventilator days
for ICU patients. The cumulative risk of developing
VAP is around 1% per day of mechanical ventilation.

MORTALITY
Nosocomial pneumonia in intubated and mechanically
ventilated ICU patients is not only common, but is also
associated with significant morbidity and mortality.8
Crude mortality rates are generally higher in patients
with VAP than in those without VAP.58,59 Although urinary tract infections are the most common nosocomial
infections, their attributable mortality rate is usually less
than 4%. In comparison, the attributable mortality im-

pact of nosocomial pneumonia is much higher—up to
27%.58 The mortality rate appears to be two- to 10-fold
higher in patients with VAP than in those without
VAP.40,44,53,60 In a case-control study of 200 patients
who died in the hospital, nosocomial pneumonia was a
contributing factor in 60% of patients with infectionrelated mortality. In addition, a review of 1000 autopsy
reports showed that pneumonia was associated with
7.5% of the deaths and was the most common nosocomial infection contributing to death.61,62
There are data to suggest that mortality rates associated with VAP are linked to the bacterial organism
recovered. Mortality rates in patients with VAP associated with isolation of aerobic gram-negative bacilli
(GNB), especially nonfermenters, are considerably
higher than those for infections associated with recovery of other gram negative and gram-positive pathogens.48,63,64 In one study, death rate attributed to Pseudomonas aeruginosa or Acinetobacter pneumonia was 87%,

Figure 3 Ventilator-associated pneumonia (VAP) incidence rate at Crawford Long Hospital as compared
with National Nosocomial Infections Surveillance
(NNIS) System data over 1-year period. (Unpublished
data from M Maher and J Steinberg.) CLH, Crawford
Long Hospital; NNIS, National Nosocomial Infections
Surveillance System; CT surgery, cardiothoracic surgery; SICU, surgical intensive care unit; CCU, coronary care unit; MICU, medical intensive care unit.
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Figure 4 Incidence rate (mean) of ventilator-associated pneumonia (VAP) based upon diagnostic criteria utilized: clinical alone
(26.2%)35,44,49,50,52 versus protected specimen brush/ bronchoalveolar lavage (PSB/BAL) (16.4%).48,54–57

compared with a death rate of 55% in pneumonias attributed to other organisms.48 Similarly, in a study by
Kollef and coworkers, patients with VAP associated with
high-risk pathogens (P. aeruginosa, Acinetobacter spp.,
and Stenotrophomonas maltophilia) had a mortality rate
(65%) that was significantly higher than that of patients
with late onset VAP due to other organisms (31%) or
patients without late onset VAP (37%).63 In a study by
Rello and coworkers, mortality due to VAP caused by

methicillin-resistant Staphylococcus aureus (MRSA) was
found to be 86% as compared with 12% mortality in
VAP associated with methicillin-sensitive strains of
Staphylococcus aureus (MSSA).65
In contrast to crude mortality rates, Fagon et al
demonstrated that the mortality rate attributable to
VAP (“attributable mortality”), using a case-control
methodology, was 27%, and the risk ratio for death was
2.0.58 Again, the mortality rate increased to 43% when
the causative agent was P. aeruginosa or Acinetobacter
spp. (the risk ratio was 2.5).58 Attributable mortality
also depends on the type of patient population studied.35,66 For example, in a study by the Canadian Critical Care Trials group, the attributable mortality was
higher for medical patients than for surgical patients.66
There are data to suggest that mortality can be
altered by the type of diagnostic technique utilized. A
study by Fagon et al evaluated the efficacy of an invasive
strategy utilizing both PSB and BAL compared with
the traditional, noninvasive strategy.36The invasive management strategy was based on direct examination of
bronchoscopic PSB samples or BAL samples and their
quantitative cultures. The noninvasive (clinical) management strategy was based on clinical criteria, isolation
of microorganisms by nonquantitative analysis of endotracheal aspirates, and clinical practice guidelines. These
investigators found that those patients who received invasive management had reduced mortality at day 14
(16.2%) compared with patients who received clinical
management (25.8%). Patients in the invasive strategy
group also had decreased organ dysfunction, more
antibiotic-free days, and less colonization or infection
with candida species. It appeared that a reduction in

Table 1 Incidence of Ventilator-Associated Pneumonia
Incidence (%) by Diagnostic Criteria
Investigator

Year of
Publication

Reference

Clinical

ClinicalPSB/BAL

PSB/BAL

Craven
Kerver
Driks
Salata
Langer
Fagon
Torres
Kollef
Baker
Fagon
Timsit
Cook
Tejada Artigas

1986
1987
1987
1987
1989
1989
1990
1993
1996
1996
1996
1998
2001

44
49
50
51
52
48
53
35
54
55
56
47
57

21
67
18
—
9
—
—
16
—
—
—
—
—

—
—
—
41*
—
—
24
—
—
—
—
24
—

—
—
—
—
—
12
—
—
5
28
15
—
22

*Clinical-autopsy diagnosis
PSB, protected specimen brush; BAL, bronchoalveolar lavage.
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mortality was conferred because of appropriate initial
antibiotic selection based upon a more accurate diagnostic technique. Furthermore, using an invasive strategy resulted in the reduction of misclassification of
“true”pneumonia.
Other studies suggest that mortality from VAP is
positively influenced by correct diagnosis and appropriate initial antimicrobial treatment.67 In contrast, several
studies have shown increased fatality in VAP associated
with inappropriate initial therapy.43,67–69 For example, in
a study by Alvarez-Lerma, the attributable mortality
and number of patients who developed shock after the
onset of VAP were significantly higher for patients with
inappropriate initial antimicrobial therapy than for other
patients67 (Fig. 5).

MORBIDITY AND ECONOMIC IMPACT
Several investigators have reported that nosocomial
pneumonia increased the duration of hospitalization twoto threefold compared with patients without pneumonia.58,59 In a study by Ibrahim et al, patients who developed VAP had significantly longer stays in the ICU
(23.9 days vs 5.9 days) and in the hospital (38.6 days vs
15.2 days) compared with patients without VAP.59 Also,
in the study by Fagon and coworkers, the mean length
of stay was 34 days with VAP and 21 days for matched
ventilator-assisted patients without VAP.58
In a study by the Canadian Critical Care Trials
group, patients with VAP stayed in the ICU 4.3 days
longer and had a trend toward an increase in risk of
death.66 The attributable ICU length of stay was longer
for medical than surgical patients (6.5 versus 0.7 days,
p < 0.004), and for patients thought to be infected with
“high risk” organisms (Pseudomonas species, Acinetobacter, Stenotrophomonas, and MRSA) as compared with
“low risk” organisms (all others) (9.1 versus 2.9 days).
Although more specific data are needed, hospital
costs appear to be dramatically increased in survivors of
nosocomial pneumonia. A precise evaluation of such

costs associated with VAP is difficult, as it depends on a
wide variety of factors that differ from one hospital to
another, one country to another, and so forth. The average excess hospital charges for nosocomial pneumonia
was estimated to be US$1255 per patient in 1982 in a
study by Pinner and coworkers,70 and US$2863 per patient in 1985 in another study by Beyt and coworkers.71
A study by Croce and coworkers in a trauma ICU suggested that discontinuing antibiotics after negative bronchoscopic cultures could lead to savings of more than
US$1700 per patient with suspected VAP.72

MICROBIOLOGY
The bacteria recovered from patients with VAP may vary
by the method of diagnosis and population studied.
About half of VAP cases are polymicrobial,8 so it is difficult to define the role of individual microorganisms in
the genesis of this infection. Nosocomial pathogens may
be part of the host’s endogenous flora or may be acquired
from other patients, staff, devices, or the hospital environment. Early-onset VAP, occurring during the first 4
days of mechanical ventilation, is often associated with
recovery of bacteria such as Streptococcus pneumoniae,
Hemophilus influenzae, Moraxella catarrhalis, or (uncommonly) anaerobes, especially if the patient has not previously received antibiotics. By comparison, bacteria associated with late-onset VAP, occurring > 4 days after
admission, more commonly are Pseudomonas aeruginosa,
Acinetobacter or Enterobacter spp., or MRSA (Fig. 6).
Many of the recovered strains of GNB such as P. aeruginosa and Acinetobacter spp., and of gram-positive cocci
such as S. aureus, are resistant to many antibiotics.
S. aureus is isolated in approximately 20 to 40%
of cases and is particularly common in persons with intravenous drug abuse, neurological disease, thermal injury, or wound infection, and in patients who have received prior antibiotic therapy or have had a prolonged
stay in the ICU. Compared to patients with VAP asso-

Figure 5 Effect of adequacy of initial antimicrobial therapy on mortality rates for ventilator-associated pneumonia (VAP).43,67–69
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Figure 6 Pathogens most frequently associated with nosocomial pneumonia in the intensive care unit. [National Nosocomial Infections Surveillance (NNIS) System report. Data summary from January 1990–May 1999, issued June 1999. Am J Infect Control
1999;27:520–532.]

ciated with MSSA, those whose cases are associated
with MRSA are often older and significantly more
likely to have had previous chronic lung disease, antibiotic therapy, steroid therapy, and > 6 days of mechanical
ventilation. Bacteremia, shock, and mortality are usually
higher in the MRSA group.65
As already noted, increased rates of polymicrobial infection in VAP have been shown in several studies.48,73–75 In a study by Fagon et al of 52 consecutive
cases of VAP diagnosed by PSB, 40% of the cases were
polymicrobial.48 Aerobic GNB, including Escherichia coli,
Klebsiella pneumoniae, Enterobacter spp., Serratia spp., P.
aeruginosa, and Acinetobacter spp., are most frequently
isolated, particularly in patients with late-onset disease
or a serious underlying disease.48,73–75
High rates of H. influenzae, S. pneumoniae, MSSA,
or susceptible Enterobacteriaceae were constantly found
in early-onset VAP, whereas recovery of P. aeruginosa,
Acinetobacter spp., MRSA, and multiresistant GNB was
significantly more frequent in late-onset VAP.12,76,77 This
different distribution between early- and late-onset
VAP is linked to frequent administration of prior antimicrobial therapy before recognition of late-onset
VAP.78 The paradigm of early-onset and late-onset VAP
loses its significance in patients who have been on broad
spectrum antibiotics prior to inubation and mechanical
ventilation.
Potential pathogens like anaerobes, fungi, Legionella, viruses, and even opportunistic pathogens like
Pneumocystis carinii are not commonly reported in
VAP.79–82 However, it is likely that some of these

agents are underreported due to difficulties involved in
the diagnostic techniques used to identify their presence. The probability of recovering anaerobes is particularly high in patients with aspiration and orotracheal
intubation.79
Interpreting the clinical relevance of a positive
culture for fungi poses a problem in mechanically ventilated patients. More frequently, yeasts are isolated from
the respiratory tract in the apparent absence of disease.
Candida species are very commonly isolated. For example, one study looked at the relevance of isolating Candida spp. from 25 nonneutropenic patients who had
been on mechanical ventilation for at least 72 hours.82
Multiple cultures and biopsy specimens were collected
by bronchoscopic techniques soon after the patient’s
death. Only two patients had evidence of invasive pneumonia, as demonstrated by histologic examination of 10
patients who had at least one biopsy specimen positive
for Candida spp. Many of the bronchoscopic procedures
yielded positive cultures for Candida spp. but did not
contribute to diagnosis of invasive disease. Based on this
study, use of bronchoscopic and nonbronchoscopic
techniques currently appears to be insufficient for the
diagnosis of Candida pneumonia.

RISK FACTORS
Risk factors that are likely to increase the frequency of
aspiration, increase the quantity of the microorganism
inoculated, impair local respiratory tract defenses, or
impair systemic immunity have been demonstrated in

421

Downloaded by: Inova Health System. Copyrighted material.

EPIDEMIOLOGY AND MICROBIOLOGY OF HOSPITAL-ACQUIRED PNEUMONIA/PATEL ET AL

SEMINARS IN RESPIRATORY AND CRITICAL CARE MEDICINE/VOLUME 23, NUMBER 5 2002

Table 2 Risk Factors for Ventilator-Associated Pneumonia
Modifiable

Nonmodifiable

Host

Ventilator and
Airway Management

General ICU
Management or
Intervention

Increased age
Cardiorespiratory disease
Chronic obstructive pulmonary disease
Adult respiratory distress syndrome
Coma
Neurosurgery
Head trauma, multiple trauma
Burns
Organ system failure
Duration of mechanical ventilation
Intracuff pressure < 20 cm H2O
Reintubation and Tracheostomy
24-hour circuit changes, PEEP
Enteral nutrition
Supine positioning
Large-volume gastric aspiration
Histamine-2-receptor antagonists or antacids
Paralytic agents
Antibiotics
Transport out of the ICU

ICU, intensive care unit; PEEP, positive end-expiratory pressure.

several studies of VAP.11,35,37,39,44,47,53,83–85 Factors that
might be expected to increase the risk of nosocomial
VAP can be divided into two categories: modifiable and
nonmodifiable (Table 2). Modifiable risk factors include duration of mechanical ventilation, large-volume
gastric aspiration, alterations in gastric pH, histaminetype 2 receptor blocker or antacid therapy, ventilator
circuit changes at 24-hour intervals, positive end-expiratory pressure, reintubation or self-extubation, and tracheostomy, whereas nonmodifiable risk factors include
age, chronic obstructive pulmonary disease, severe head
trauma, multiple trauma, and fall–winter season.
Alteration in gastric pH has been directly associated with gastric colonization by bacteria and subsequent development of VAP. Several studies have shown
lower rates for VAP in patients who received sucralfate,
a gastroprotective agent, rather than for agents that
neutralize gastric secretions (antacids) or block gastric
acid secretion (H2 blockers).50,85–88 In a randomized
study of 244 mechanically ventilated patients that compared stress ulcer prophylaxis with antacids, ranitidine,
or sucralfate, late-onset VAP was observed in only 5% of
the patients in the sucralfate group as compared with
16% and 21% in patients who received antacids or ranitidine, respectively.86 Patients in the sucralfate group
also had a lower median gastric pH and less frequent
gastric colonization compared with the other groups.
Molecular typing showed that 84% of the patients with
late-onset, gram-negative bacterial pneumonia had gastric colonization with the same strain before develop-

ment of VAP. Other investigations have suggested that
sucralfate may not be associated with a lower incidence
of VAP.89,90 In fact, Markowicz et al demonstrated that
the use and duration of sucralfate exposure were associated with an increased risk of VAP in a selected acute
respiratory distress syndrome (ARDS) population.90
Prolonged intubation has been associated with
persistent tracheal colonization and subsequent pneumonia. The role of early tracheostomy has been controversial in prevention of VAP, with some studies showing
benefit91–93 and other studies failing to show any benefit.94–96 Furthermore, the implementation of noninvasive ventilation has been associated with decreased rates
of VAP3 (Fig. 7).

SUMMARY
HAP is the second most common nosocomial infection
in the critically ill patient and is associated with the
greatest mortality and increased morbidity and cost of
care. The major risk factor for the development of HAP
is the occurrence of intubation and mechanical ventilation. VAP is the most common cause of nosocomial infection–related mortality. The incidence of VAP varies
among different critically ill patient populations. The
pathogens causing VAP are most likely to be multiresistant organisms, making empiric antibiotic choices potentially more problematic. Mortality associated with
VAP is influenced by the virulence of the causative
pathogens, inappropriate initial antimicrobial therapy,
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and host defense mechanisms. VAP is associated with
increased ICU stay, hospital stay, and increased cost of
care. Risk factors for developing VAP are diverse and
include some modifiable risk factors. Targeting the
modifiable risk factors may decrease the incidence and
mortality related to this common ICU problem. In addition, it may also have an economic impact on the
healthcare of the patient. Additional research is needed
to further evaluate new preventive strategies and health
care–related issues for VAP as well as for other sources
of HAP.

REFERENCES
1. Lentino JR. Nosocomial pneumonia: more than just ventilator-associated. Current Infectious Disease Reports 2001;3:
266–273
2. Weber DJ, Rutala WA. Lessons from outbreaks associated
with bronchoscopy. Infect Control Hosp Epidemiol 2001;22:
403–408
3. Girou E, Schortgen F, Delclaux C, et al. Association of noninvasive ventilation with nosocomial infections and survival in
critically-ill patients. JAMA 2000;284:2361–2367
4. Sethi S. Bacterial pneumonia: managing a deadly complication of influenza in older adults with comorbid disease. Geriatrics 2002;57:56–61
5. Rebuck JA, Rasmussen JR, Olsen KM. Clinical aspirationrelated practice patterns in the intensive care unit: a physician
survey. Crit Care Med 2001;29:2239–2244
6. Arozullah AM, Khuri SF, Henderson WG, Daley J. Development and validation of a multifactorial risk index for predicting postoperative pneumonia after major noncardiac surgery.
Ann Intern Med 2001;135:847–857
7. National Nosocomial Infections Surveillance (NNIS) System. National Nosocomial Infections Surveillance (NNIS)
System Report, Data Summary from Jan 1992–June 2001, Issued August 2001. Am J Infect Control 2001;29:404–421
8. Lynch JP III. Hospital-acquired pneumonia: risk factors, microbiology and treatment. Chest 2001;119(suppl):S373–S384
9. Vincent JL, Bihari DJ, Suter PM, et al. The prevalence of
nosocomial infection in intensive care units in Europe: results

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of the European Prevalence of Infection in Intensive Care
(EPIC) study. JAMA 1995;274:639–644
Langer M, Cigada M, Mandelli M, Mosconi P, Tognoni G.
Early onset pneumonia: a multicenter study in intensive care
units. Intensive Care Med 1987;13:342–346
Rello J, Ausina V, Ricart M, Castella J, Prats G. Impact of
previous antimicrobial therapy on etiology and outcome of
ventilator-associated pneumonia. Chest 1993;104:1230–1235
American Thoracic Society. Hospital-acquired pneumonia in
adults: diagnosis, assessment of severity, initial antimicrobial
therapy, and preventive strategies. Am J Resp Crit Care Med
1996;153:1711–1725
Torres A, el-Ebiary M, Gonzalez J, et al. Gastric and pharyngeal flora in nosocomial pneumonia acquired during mechanical ventilation. Am Rev Respir Dis 1993;148:352–357
Garrouste-Orgeas M, Chevret S, Arlet G, et al. Oropharyngeal or gastric colonization and nosocomial pneumonia in
adult intensive care unit patients: a prospective study based on
genomic DNA analysis. Am J Respir Crit Care Med 1997;
156:1647–1655
Bonten MJ, Gaillard CA, de Leeuw PW, Stobbering EE.
Role of colonization of the upper intestinal tract in the pathogenesis of ventilator-associated pneumonia. Clin Infect Dis
1997;24:309–319
Atherton ST, White DJ. Stomach as source of bacteria colonizing respiratory tract during artificial ventilation. Lancet
1978;2:968–969
Hillman KM, Riordan T, O’Farrell SM, Tabaqchali S. Colonization of the gastric contents in critically ill patients. Crit
Care Med 1982;10:444–447
du Moulin GC, Paterson DG, Hedley-Whyte J, Lisbon A.
Aspiration of gastric bacteria in antacid-treated patients: a
frequent cause of postoperative colonization of the airway.
Lancet 1982;1:242–245
Donowitz LG, Page MC, Mileur BL, Guenthner SH. Alteration of normal gastric flora in critical care patients receiving
antacid and cimetidine therapy. Infect Control 1986;7:23–26
Torres A, Serra-Batles J, Ros E, et al. Pulmonary aspiration of
gastric contents in patients receiving mechanical ventilation:
the effect of body position. Ann Intern Med 1992;116:
540–543
Strong RM, Condon SC, Solinger MR, Namias BN, ItoWong LA, Leuty JE. Equal aspiration rates from postpylorus
and intragastric-placed small-bore nasoenteric feeding tubes:

Downloaded by: Inova Health System. Copyrighted material.

Figure 7 Association of noninvasive ventilation
with nosocomial pneumonia survival in critically ill
patients. Adapted from Girou et al.3 NIV, noninvasive ventilation; inv vent, invasive ventilation; NI,
nosocomial infection; NP, nosocomial pneumonia;
ABX, antibiotics; CMR, crude mortality rate.

SEMINARS IN RESPIRATORY AND CRITICAL CARE MEDICINE/VOLUME 23, NUMBER 5 2002

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

a randomized, prospective study. J Parenter Enteral Nutr
1992;16:59–63
Winterbauer RH, Durning RB, Barron E, McFadden MC.
Aspirated nasogastric feeding solution detected by glucose
strips. Ann Intern Med 1981;95:67–68
Spray SB, Zuidema GD, Cameron JL. Aspiration pneumonia; incidence of aspiration with endotracheal tubes. Am J
Surg 1976;131:701–703
de Latorre FJ, Pont T, Ferrer A, Rossello J, Palomar M, Planas
M. Pattern of tracheal colonization during mechanical ventilation. Am J Respir Crit Care Med 1995;152:1028–1033
Bonten MJ, Gaillard CA, van Tiel FH, Smeets HG, van der
Geest S, Stobbering EE. The stomach is not a source for colonization of the upper respiratory tract and pneumonia in
ICU patients. Chest 1994;105:878–884
Stoutenbeek CP, van Saene HK, Miranda DR, Zandstra DF,
Binnendijik B. The prevention of superinfection in multiple
trauma patients. J Antimicrob Chemother 1984;14(suppl
B):S203–S211
Bonten MJ, Kullberg BJ, van Dalen R, et al. Selective digestive decontamination in patients in intensive care. J Antimicrob Chemother 2000;46:351–362
Koeman M, van der Ven AJ, Ramsay G, Hoepelman IM,
Bonten MJ. Ventilator-associated pneumonia: recent issues
on pathogenesis, prevention and diagnosis. J Hosp Infection
2001;49:155–162
Corley DE, Kirtland SH, Winterbauer RH, et al. Reproducibility of the histologic diagnosis of pneumonia among a
panel of four pathologists: analysis of a gold standard. Chest
1997;112:458–465
Marquette CH, Copin MC, Wallet F, et al. Diagnostic tests
for pneumonia in ventilated patients: prospective evaluation
of diagnostic accuracy using histology as a diagnostic gold
standard. Am J Respir Crit Care Med 1995;151:1878–1888
Rouby JJ, Martin De Lassale E, Poete P, et al. Nosocomial
bronchopneumonia in the critically ill: histologic and bacteriologic aspects. Am Rev Respir Dis 1992;146:1059–1066
Kirtland SH, Corley DE, Winterbauer RH, et al. The diagnosis of ventilator-associated pneumonia: a comparison of
histologic, microbiologic, and clinical criteria. Chest 1997;
112:445–457
Niederman M, Torres A, Summer W. Invasive diagnostic
testing is not needed to routinely to manage suspected ventilator-associated pneumonia. Am J Respir Crit Care Med
1994;150:565–569
Chastre J, Fagon J. Invasive diagnostic testing should be routinely used to manage ventilated patients with suspected
pneumonia. Am J Respir Crit Care Med 1994;150:570–574
Kollef MH. Ventilator-associated pneumonia: a multivariate
analysis JAMA 1993;270:1965–1970
Fagon JY, Chastre J, Wolff M, et al for the VAP Trial Group.
Invasive and noninvasive strategies for management of suspected ventilator-associated pneumonia. Ann Intern Med
2000;132:621–630
Chevret S, Hemmer M, Carlet J, Langer M. Incidence and
risk factors of pneumonia acquired in intensive care units: results from a multicenter prospective study on 996 patients.
Intensive Care Med 1993;19:256–264
Alvarez-Lerma F, Palomar M, Martinez-Pellus AE, et al. Aetiology and diagnostic techniques in intensive care-acquired
pneumonia: a Spanish multicenter study. Clin Intens Care
1997;8:164–170
Celis R, Torres A, Gatell J, et al. Nosocomial pneumonia: a
multivariate analysis of risk and prognosis. Chest 1988;93:
318–324

40. Cross A, Roup B. Role of respiratory assistance devices
in endemic nosocomial pneumonia. Am J Med 1981;70:
681–685
41. Haley R, Hooten T, Culver D, et al. Nosocomial infections in
U.S. hospitals, 1975–76: estimate frequency by selected characteristic of patients. Am J Med 1981;70:947–959
42. Langer M, Mosconi P, Cigada M, et al. Long-term respiratory support and risk of pneumonia in critically ill patients.
Am Rev Respir Dis 1989;140:302–305
43. Luna CM, Vujacich P, Niederman MS, et al. Impact of BAL
data on the therapy and outcome of ventilator-associated
pneumonia. Chest 1997;111:676–685
44. Craven D, Kunches L, Kilinsky V, Lichtenberg DA, Make BJ,
McCabe WR. Risk factors for pneumonia and fatality in patients receiving continuous mechanical ventilation. Am Rev
Respir Dis 1986;133:792–796
45. George D. Epidemiology of nosocomial ventilator-associated
pneumonia. Infect Control Hosp Epidemiol 1993;14:163–169
46. Cook D. Ventilator-associated pneumonia: perspectives on
the burden of illness. Intensive Care Med 2000;26:S31–S37
47. Cook DJ, Walter SD, Cook RJ, et al for the Canadian Critical
Care Trials Group. Incidence of and risk factors for ventilator-associated pneumonia in critically ill patients. Ann of Intern Med 1998;129:433–440
48. Fagon JY, Chastre J, Domart Y, et al. Nosocomial pneumonia
in patients receiving continuous mechanical ventilation:
prospective analysis of 52 episodes with use of protected specimen brush and quantitative culture techniques. Am Rev
Respir Dis 1989;139:877–884
49. Kerver AJ, Rommes JH, MevissenVerhage EA, et al. Colonization and infection in surgical intensive care patients: a
prospective study. Intensive Care Med 1987;13:347–351
50. Driks MR, Craven DE, Celli BR, et al. Nosocomial pneumonia in intubated patients given sucralfate as compared with
antacids or histamine type 2 blockers: the role of gastric colonization. N Engl J Med 1987;317:1376–1382
51. Salata RA, Lederman MM, Shales DM, et al. Diagnosis of
nosocomial pneumonia in intubated, intensive care unit patients. Am Rev Respir Dis 1987;135:426–432
52. Langer M, Mosconi P, Cigada M, Mandelli M. Long-term
respiratory support and risk of pneumonia in critically ill patients. Intensive Care Unit Group of Infection Control. Am
Rev Respir Dis 1989;140:302–305
53. Torres A, Aznar R, Gatell J, et al. Incidence, risk and prognosis factors of nosocomial pneumonia in mechanically ventilated patients. Am Rev Respir Dis 1990;142:523–528
54. Baker AM, Meredith JW, Haponik EF. Pneumonia in intubated trauma patients: microbiology and outcomes. Am J
Respir Crit Care Med 1996;153:343–349
55. Fagon JY, Chastre J, Vaugnat A, Trouillet JL, Novara A, Gibert C. Nosocomial pneumonia and mortality among patients
in intensive care units. JAMA 1996;275:866–869
56. Timsit JF, Chevret S, Valcke J, et al. Mortality of nosocomial
pneumonia in ventilated patients: influence of diagnostic
tools. Am J Respir Crit Care Med 1996;154:116–123
57. Tejada Artigas A, Bello Dronda S, Chacon Valles E, et al.
Risk factors for nosocomial pneumonia in critically ill trauma
patients. Crit Care Med 2001;29:304–309
58. Fagon JY, Chastre J, Hance AJ, Montravers P, Novara A,
Gilbert C. Nosocomial pneumonia in ventilated patients: a
cohort study evaluating attributable mortality and hospital
stay. Am J Med 1993;94:281–288
59. Ibrahim EH, Tracy L, Hill C, Fraser VJ, Kollef MH. The occurrence of ventilator-associated pneumonia in a community
hospital. Chest 2001;120:555–561

Downloaded by: Inova Health System. Copyrighted material.

424

60. Graybill P, Neu H, Aswapokee P, et al. Nosocomial pneumonia: a continuing major problem. Am Rev Respir Dis 1973;
108:1130–1140
61. Gross P, Neu H, Aswapokee P, et al. Deaths from nosocomial
infections: experience in a university hospital and a community hospital. Am J Med 1980;68:219–223
62. Freeman J, Rosner B, McGowan J. Adverse effects of nosocomial infection. J Infect Dis 1979;140:732–740
63. Kollef MH, Silver P, Murphy DM, Trovillion E. The effect of
late-onset ventilator-associated pneumonia in determining
patient mortality. Chest 1995;108:1655–1662
64. Brewer SC, Wunderink RG, Jones CB, Leeper KV Jr. Ventilator-associated pneumonia due to Pseudomonas aeruginosa.
Chest 1996;109:1019–1029
65. Rello J, Torres A, Ricart M, et al. Ventilator-associated pneumonia by Staphylococcus aureus: comparison of methicillinresistant and methicillin-sensitive episodes. Am J Respir Crit
Care Med 1994;150:1545–1549
66. Heyland DK, Cook DJ, Griffith L, Keenan SP, Brun-Buisson
C, for the Canadian Critical Care Trials Group. The attributable morbidity and mortality of ventilator-associated pneumonia in critically ill patients. Am J Respir Crit Care Med
1999;159:1249–1256
67. Alvarez-Lerma F. Modification of empiric antibiotic treatment in patients with pneumonia acquired in the intensive
care unit. ICU-Acquired Pneumonia Study Group. Intensive
Care Med 1996;22:387–394
68. Rello J, Gallego M, Mariscah D, et al. The value of routine
microbial investigation in ventilator-associated pneumonia.
Am J Respir Crit Care Med 1997;156:196–200
69. Kollef MH, Bock KR, Richards RD, Hearns ML. The safety
and diagnostic accuracy of minibronchoalveolar lavage in patients with suspected ventilator-associated pneumonia. Ann
Intern Med 1995;122:743–748
70. Pinner RW, Haley RW, Blumenstein BA, Schaberg DR, Von
Allmen SD, McGowan JE. High cost of nosocomial pneumonias. Infect Control 1982;3:143–149
71. Beyt BE Jr, Troxler S, Cavaness J. Prospective payment and
infection control. Infect Control 1985;6:161–164
72. Croce MA, Fabian TC, Shaw B, et al. Analysis of charges associated with diagnosis of nosocomial pneumonia: can routine bronchoscopy be justified? J Trauma 1994;37:721–727
73. Chastre J, Trouillet JL, Vaugnat A, et al. Nosocomial pneumonia in patients with acute respiratory distress syndrome.
Am J Respir Crit Care Med 1998;157:1165–1172
74. Bryan CS, Reynolds KL. Bacteremic nosocomial pneumonia:
analysis of 172 episodes from a single metropolitan area. Am
Rev Respir Dis 1984;129:668–671
75. Torres A, Puig de la Bellacasa J, Xaubet A, et al. Diagnostic
value of quantitative cultures of bronchoalveolar lavage and
telescoping plugged catheters in mechanically ventilated patients with bacterial pneumonia. Am Rev Respir Dis 1989;
140:306–310
76. Rello J, Sa-Borges M, Correa H, Leal SR, Baraibar J. Variations in etiology of ventilator-associated pneumonia across
four treatment sites: implications for antimicrobial practices.
Am J Respir Crit Care Med 1999;160:608–613
77. Trouillet JL, Chastre J, Vaugnat A, et al. Ventilator-associated
pneumonia caused by potentially drug-resistant bacteria. Am
J Respir Crit Care Med 1998;157:531–539
78. Rello J, Ausina V, Ricart M, Castella J, Prats G. Impact of
previous antimicrobial therapy on the etiology and outcome
of ventilator-associated pneumonia. Chest 1993;104:1230–
1235

79. Dore P, Robert R, Grolier G, et al. Incidence of anaerobes in
ventilator-associated pneumonia with use of a protected specimen brush. Am J Respir Crit Care Med 1996;153:1292–
1298
80. Kirby BD, Snyder KM, Meyer RD, Finefold SM. Legionnaires’ disease: report of sixty-five nosocomially acquired
cases of review of the literature. Medicine (Baltimore) 1980;
59:188–205
81. Girod JC, Reichman RC, Winn WC, Klaucke DN, Vogt RL,
Dolin R. Pneumonia and nonpneumonic forms of legionellosis: the results of a common-source exposure to Legionella
pneumophilia. Arch Intern Med 1982:142:545–547
82. el-Ebiary, M Torres A, Fabregas N, et al. Significance of the
isolation of Candida species from respiratory samples in critically ill, non-neutropenic patients: an immediate postmortem
histologic study. Am J Respir Crit Care Med 1997;156:
583–590
83. Antonelli M, Moro ML, Capelli O, et al. Risk fators for early
onset pneumonia in trauma patients. Chest 1994;105:224–228
84. Cunnion KM, Weber DJ, Broadhead WE, Hanson LC,
Pieper CF, Rutala WA. Risk factors for nosocomial pneumonia: comparing adult critical-care population. Am J Respir
Crit Care Med 1996;153:158–162
85. Daschner F, Kappstein I, Engels I, et al. Stress ulcer prophylaxis
and ventilation pneumonia: prevention by antibacterial cytoprotective agents? Infect Control Hosp Epidemiol 1988;9:59–64
86. Prod’hom G, Leuenberger P, Koerfer J, et al. Nosocomial pneumonia in mechanically ventilated patients receiving antacid,
ranitidine, or sucralfate as prophylaxis for stress ulcer: a randomized controlled trial. Ann Intern Med 1994;120:653–662
87. Tryba M. The gastropulmonary route of infection: fact or fiction? Am J Med 1991;91:S135–S146
88. Tryba M. Sucralfate versus antacids or H2-antagonists for
stress ulcer prophylaxis: a meta-analysis on efficacy and pneumonia rate. Crit Care Med 1991;19:942–949
89. Cook, DJ, Reeve BK, Guyatt GH, et al. Stress ulcer prophylaxis in critically ill patients: resolving discordant metaanalyses JAMA 1996;275:308–314
90. Markowicz P, Wolff M, Djedaini K, et al. Multicenter
prospective study of ventilator-associated pneumonia during
acute respiratory distress syndrome: incidence, prognosis, and
risk factors. Am J Respir Crit Care Med 2000;161:1942–
1948
91. Brook AD, Sherman G, Malen J, Kollef MH. Early versus
late tracheostomy in patients who require prolonged mechanical ventilation. Am J Crit Care 2000;9:352–359
92. Lesnik I, Rappaport W, Fulginiti J, Witzke D. The role of
early tracheostomy in blunt, multiple organ trauma. Am Surg
1992;58:346–349
93. Rodriguez JL, Steinberg SM, Luchetti FA, Gibbons KJ,
Taheri PA, Flint LM. Early tracheostomy for primary airway
management in the surgical critical care setting. Surgery
1990;108:655–659
94. Niederman MS, Ferranti RD, Zeigler A, Merrill WW,
Reynolds HY. Respiratory infection complicating long-term
tracheostomy: the implication of persistent gram-negative
tracheobronchial colonization. Chest 1984;85:39–44
95. El-Naggar M, Sadagopan S, Levine H, Kantor H, Collins VJ.
Factors influencing choice between tracheostomy and prolonged translaryngeal intubation in acute respiratory failure: a
prospective study. Anesth Analg 1976;55:195–201
96. Sugerman HJ, Wolfe L, Pasquale MD, et al. Multicenter, randomized, prospective trial of early tracheostomy. J Trauma
1997;43:741–747

425

Downloaded by: Inova Health System. Copyrighted material.

EPIDEMIOLOGY AND MICROBIOLOGY OF HOSPITAL-ACQUIRED PNEUMONIA/PATEL ET AL

Downloaded by: Inova Health System. Copyrighted material.

