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Editorial

Relationship between microaspiration of gastric contents and 
ventilator-associated pneumonia
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Incidence of microaspiration of gastric contents

Aspiration of gastric contents is common in critically 
ill patients, and has been identified as a risk factor for 
ventilator-associated pneumonia (VAP). A prospective 
mul t i center  s tudy,  u s ing  peps in  a s  a  marker  o f 
microaspiration of gastric content reported that 88.9% of 
the 360 included patients experienced at least one episode 
of microaspiration (1). However, in many patients this event 
is not followed by any negative impact on patient outcome. 
The recent multicenter BestCuff study reported that 
67% of patients had abundant microaspiration of gastric 
contents, defined by the presence of pepsin in at least 30% 
of tracheal aspirates (2).

Pathophysiology and diagnosis of gastric 
content microaspiration 

Microaspiration of contaminated oropharyngeal and 
gastric secretions around the tracheal cuff is the main 
route of entry of bacteria into the lower respiratory tract 
in intubated critically ill patients. Bacterial growth in 
the stomach of critically ill patients is favored by enteral 
nutrition, alkalization of gastric contents, and the presence 
of bilirubin in gastric secretions. Tracheobronchial 
colonization could progress to VAP when the quantity 
and virulence of bacteria are high. Local and general host 
defences also play an important role in the transition from 
colonization to VAP. Progression of secretions from the 
space above the cuff into the lower respiratory tract depends 
on mechanical ventilation, tracheal tube, enteral nutrition, 

and patient-related factors (3) (Figure 1). 
The gold standard for diagnosing microaspiration of 

gastric contents is technetium 99 m. However, the use 
of this radioactive marker is not allowed in the ICU, and 
patients have to be transferred to the radiology department 
to perform the diagnosis. However, intrahospital transport 
of critically ill patients is associated with considerable 
potential for misadventure, and could be a life threatening 
endeavor. Further, transport of critically ill patients outside 
the ICU has been identified as a risk factor for VAP. 
Recently, the presence of pepsin in tracheal secretions has 
been suggested as a marker for microaspiration of gastric 
contents in critically ill patients (1,4). This marker is easy 
to use in routine in critically ill patients. However, its short 
window of detection (2–3 h after an aspiration event) is the 
main limitation. 

Pulmonary consequences of microaspiration

The potential negative impact of microaspiration of 
gastric contents is related to the presence of bacteria 
in these secretions, and to the direct lesions caused by 
gastric juice. In fact, gastric juice of critically ill patients is 
proinflammatory, and stimulates human pulmonary cells in 
vitro, resulting in increased histologic damage (5).

The role of the stomach in the pathogenesis of VAP 
has been a matter for debate. Several studies identified 
the bacteria responsible for VAP in gastric contents, 
suggesting a causal role for microaspiration of gastric 
contents. A randomized controlled study compared the 
impact of antacid, ranitidine, or sucralfate on gastric 
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bleeding, bacterial colonization, and VAP in a cohort of 
244 patients (6). Whilst gastric bleeding incidence was not 
different between the three groups, patients who received 
sucralfate had significantly lower median gastric pH, gastric 
colonization, and late-onset VAP rates. Interestingly, 
using molecular typing 84% of patients with late-onset 
VAP related to Gram negative bacteria had gastric 
colonization with the same bacteria before VAP occurrence. 
Further indirect evidence of the role of the stomach 
in the pathogenesis of VAP came from observational  
studies (7), and from randomized controlled studies 
evaluating the impact of systemic digestive decontamination, 
semirecumbent position, or continuous control of 
cuff pressure on VAP incidence (4,8,9). Metheny and  
colleagues (1) performed a prospective study to determine 
the impact of abundant microaspiration of gastric 
contents on VAP incidence. Pepsin was measured in 6,000 
tracheal aspirates, coming from 360 intubated patients 
receiving enteral nutrition. Abundant microaspiration was 
independently associated with VAP occurrence. Other 
independent risk factors included deep sedation, and 
neuromuscular blocking agent use.

However, the above-discussed studies have important 

limitations. In addition, several studies did not confirm the 
role of the stomach in the pathogenesis of VAP, suggesting 
that microaspiration of contaminated oropharyngeal 
secretions might be the first step of the colonization of 
lower respiratory tract (10). Further, a large multicenter 
study was conducted in 449 adults requiring invasive 
mechanical ventilation for >48 h, and enteral nutrition 
to evaluate the non-inferiority of the absence of residual 
gastric volume monitoring, compared with measurement 
of gastric residual volume every 6 h (11). Intolerance to 
enteral nutrition was based only on regurgitation and 
vomiting in the intervention group and based on residual 
gastric volume greater than 250 mL at any of the 6 hourly 
measurements and regurgitation or vomiting in the 
control group. Whilst no significant difference was found 
in the incidence of VAP, other ICU-acquired infections, 
mechanical ventilation duration, ICU stay length, or 
mortality rates; the proportion of patients receiving 
100% of their calorie goal was significantly higher in 
the intervention, compared with the control group. The 
results of this study suggest that the stomach might play 
a marginal role in the pathogenesis of VAP. However, 
the higher incidence of vomiting in intervention group 

Enteral nutrition
Mechanical 
ventilation

Tracheal tube
Patient-related 

factors

Gastric  
distension

Loss of integrity 
of esophageal 
sphincter

Gastroesophageal 
reflux

Impossible 
closure of vocal 
cords

PVC cuff

Underinflation of 
tracheal cuff

Zero PEEP
Tracheal 
suctioning

Low peak 
inspiratory 
pressure

Supine position
Sedation

Hyperglycemia
Viscosity of 
secretions

Tracheal 
diameter

Figure 1 Risk factors for microaspiration of gastric contents in critically ill patients. PVC, polyvinyl chloride; PEEP, positive end-expiratory 
pressure.
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suggests that microaspiration might have occurred more 
frequently in this group compared with control group. 
Therefore, another interpretation of the results could 
be that the higher proportion of patients who received 
a better nutrition support in the intervention group 
might have improved host defense against microaspirated 
bacteria. Previous studies have clearly shown a significant 
relationship between nutritional status and the risk for 
ICU-acquired infection (12). Recently, the results of the 
large randomized controlled multicenter trial NutriRéa 2 
confirmed that enteral nutrition, compared with parenteral 
nutrition, was not associated with increased risk for  
VAP (13).

In spite of the questionable role of the stomach in the 
pathogenesis of VAP, preventive measures, other than 
those related to enteral nutrition, aiming at preventing 
microaspiration of gastric contents and oropharyngeal 
secretions should be performed in critically ill patients, as 
their risk factors are similar.

Conclusions 

Microaspiration of gastric contents is common intubated 
in critically ill patients. Prevention of microaspiration 
of contaminated oropharyngeal and gastric secretions is 
helpful to prevent VAP. However, whilst enteral nutrition is 
a risk factor for vomiting and probably for microaspiration 
of gastric contents, its beneficial effects on nutritional status 
are probably more important for host defense than its side 
effects. Further studies should better investigate the impact 
of enteral nutrition on microaspiration of gastric contents, 
and its beneficial effects on the immune status of critically 
ill patients.
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