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810 Epidemiology Pneumonia is a common complication among patients 
requiring mechanical ventilation. Prevalence estimates vary between 
6 and 52 cases per 100 patients, depending on the population stud-
ied. On any given day in the ICU, an average of 10% of patients will 
have pneumonia—VAP in the overwhelming majority of cases. The 
frequency of diagnosis is not static but changes with the duration of 
mechanical ventilation, with the highest hazard ratio in the first 5 
days and a plateau in additional cases (1% per day) after ~2 weeks. 
However, the cumulative rate among patients who remain ventilated 
for as long as 30 days is as high as 70%. These rates often do not reflect 
the recurrence of VAP in the same patient. Once a ventilated patient 
is transferred to a chronic-care facility or to home, the incidence of 
pneumonia drops significantly, especially in the absence of other risk 
factors for pneumonia. However, in chronic ventilator units, purulent 
tracheobronchitis becomes a significant issue, often interfering with 
efforts to wean patients off mechanical ventilation (Chap. 323).

Three factors are critical in the pathogenesis of VAP: colonization of 
the oropharynx with pathogenic microorganisms, aspiration of these 
organisms from the oropharynx into the lower respiratory tract, and 
compromise of the normal host defense mechanisms. Most risk factors 
and their corresponding prevention strategies pertain to one of these 
three factors (Table 153-7).

The most obvious risk factor is the endotracheal tube, which 
bypasses the normal mechanical factors preventing aspiration. While 
the presence of an endotracheal tube may prevent large-volume aspi-
ration, microaspiration is actually exacerbated by secretions pooling 
above the cuff. The endotracheal tube and the concomitant need 

for suctioning can damage the tracheal mucosa, thereby facilitating 
tracheal colonization. In addition, pathogenic bacteria can form a 
glycocalyx biofilm on the tube’s surface that protects them from both 
antibiotics and host defenses. The bacteria can also be dislodged dur-
ing suctioning and can reinoculate the trachea, or tiny fragments of 
glycocalyx can embolize to distal airways, carrying bacteria with them.

In a high percentage of critically ill patients, the normal oropha-
ryngeal flora is replaced by pathogenic microorganisms. The most 
important risk factors are antibiotic selection pressure, cross-infection 
from other infected/colonized patients or contaminated equipment, 
and malnutrition. Of these factors, antibiotic exposure poses the great-
est risk by far. Pathogens such as P. aeruginosa almost never cause 
infection in patients without prior exposure to antibiotics. The recent 
emphasis on hand hygiene has lowered the cross-infection rate.

How the lower respiratory tract defenses become overwhelmed 
remains poorly understood. Almost all intubated patients experience 
microaspiration and are at least transiently colonized with patho-
genic bacteria. However, only around one-third of colonized patients 
develop VAP. Colony counts increase to high levels, sometimes days 
before the development of clinical pneumonia; these increases suggest 
that the final step in VAP development, independent of aspiration and 
oropharyngeal colonization, is the overwhelming of host defenses. 
Severely ill patients with sepsis and trauma appear to enter a state of 
immunoparalysis several days after admission to the ICU—a time that 
corresponds to the greatest risk of developing VAP. The mechanism 
of this immunosuppression is not clear, although several factors have 
been suggested. Hyperglycemia affects neutrophil function, and tri-
als suggest that keeping the blood sugar level close to normal with 
exogenous insulin may have beneficial effects, including a decreased 
risk of infection. More frequent transfusions also adversely affect the 
immune response.

Clinical Manifestations The clinical manifestations are generally the 
same in VAP as in all other forms of pneumonia: fever, leukocytosis, 
increase in respiratory secretions, and pulmonary consolidation on 
physical examination, along with a new or changing radiographic infil-
trate. The frequency of abnormal chest radiographs before the onset of 
pneumonia in intubated patients and the limitations of portable radio-
graphic technique make interpretation of radiographs more difficult 
than in patients who are not intubated. Other clinical features may 
include tachypnea, tachycardia, worsening oxygenation, and increased 
minute ventilation.

Diagnosis No single set of criteria is reliably diagnostic of pneumonia 
in a ventilated patient. The inability to identify such patients compro-
mises efforts to prevent and treat VAP and even calls into question 
estimates of the impact of VAP on mortality rates.

Application of clinical criteria consistently results in overdiag-
nosis of VAP, largely because of three common findings in at-risk 
patients: (1) tracheal colonization with pathogenic bacteria in 
patients with endotracheal tubes, (2) multiple alternative causes 
of radiographic infiltrates in mechanically ventilated patients, 
and (3) the high frequency of other sources of fever in critically ill 
patients. The differential diagnosis of VAP includes a number of 
entities such as atypical pulmonary edema, pulmonary contusion, 
alveolar hemorrhage, hypersensitivity pneumonitis, acute respira-
tory distress syndrome, and pulmonary embolism. Clinical findings 
in ventilated patients with fever and/or leukocytosis may have alter-
native causes, including antibiotic-associated diarrhea, sinusitis, 
urinary tract infection, pancreatitis, and drug fever. Conditions 
mimicking pneumonia are often documented in patients in whom 
VAP has been ruled out by accurate diagnostic techniques. Most 
of these alternative diagnoses do not require antibiotic treatment; 
require antibiotics different from those used to treat VAP; or require 
some additional intervention, such as surgical drainage or catheter 
removal, for optimal management.

This diagnostic dilemma has led to debate and controversy. The major 
question is whether a quantitative-culture approach as a means of elimi-
nating false-positive clinical diagnoses is superior to the clinical approach 

 TABLE 153-7   PATHogEnIC MECHAnISMS AnD CoRRESPonDIng PREvEnTIon 
STRATEgIES foR vEnTILAToR-ASSoCIATED PnEuMonIA

Pathogenic Mechanism Prevention Strategy
Oropharyngeal colonization with 
pathogenic bacteria

Elimination of normal flora Avoidance of prolonged antibiotic 
courses

Large-volume oropharyngeal  
aspiration around time of  
intubation

Short course of prophylactic  
antibiotics for comatose patientsa

Gastroesophageal reflux Postpyloric enteral feedingb;  
avoidance of high gastric residuals, 
prokinetic agents

Bacterial overgrowth of stomach Avoidance of prophylactic agents 
that raise gastric pHb; selective 
decontamination of digestive tract 
with nonabsorbable antibioticsb

Cross-infection from other colonized 
patients

Hand washing, especially with 
alcohol-based hand rub; intensive 
infection control educationa;  
isolation; proper cleaning of reusable 
equipment

Large-volume aspiration Endotracheal intubation;  
rapid-sequence intubation  
technique; avoidance of sedation; 
decompression of small-bowel 
obstruction

Microaspiration around endotracheal 
tube

Endotracheal intubation Noninvasive ventilationa

Prolonged duration of ventilation Daily awakening from sedation,a 
weaning protocolsa

Abnormal swallowing function Early percutaneous tracheostomya

Secretions pooled above  
endotracheal tube

Head of bed elevateda; continuous 
aspiration of subglottic secretions 
with specialized endotracheal tubea; 
avoidance of reintubation; minimiza-
tion of sedation and patient transport

Altered lower respiratory host 
defenses

Tight glycemic controlb; lowering of 
hemoglobin transfusion threshold

aStrategies demonstrated to be effective in at least one randomized controlled trial.  
bStrategies with negative randomized trials or conflicting results.
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