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ABSTRACT 
In this review we will outline the reasons for the clinical assumption that 
the endotracheal tube is the main source of VAP. We have used literature 
searches in PubMed, EMBASE and Google to obtain the information 
included in this review. Ventilator-associated pneumonia (VAP) is a 
hospital acquired infection of the lung that occurs after approximately 48 
h of tracheal intubation and mechanical ventilation. We consider VAP a 
misnomer, the true cause of this infection of lung parenchyma is not 
primarily caused by mechanical ventilation but by presence of an 
endotracheal tube. The presence of an endotracheal tube (ETT) 
represents a major risk factor, as it disrupts the natural protective barriers 
of the upper airway, allowing direct access to the tracheobronchial tree. 

As a result, many different endotracheal tube designs have been 
introduced including different cuff designs, silver coated tubes and tubes 
with supraglottic suction capabilities. None of these tube designs have 
significantly decreased the incidence of VAP. Other clinical strategies to 
reduce the incidence include patient positioning, gastric 
decontamination and mouth hygiene with antimicrobial soap. Only a 
combination of the above-mentioned strategies has demonstrated 
reduction in the incidence of VAP. 
 
The prevention and diagnosis of VAP continues to present a clinical 
conundrum although many factors are involved, we state that the major 
culprit is the introduction of endotracheal intubation longer than 48 hours. 
With the introduction of AI the development of prevention and treatment 
algorithms in concert with clinical and experimental research is required 
to continue to ameliorate this life threatening complication.  
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Introduction 
Ventilator-associated pneumonia (VAP) is a 
nosocomial infection of the lung that occurs after 
approximately 48 h of tracheal intubation and 
mechanical ventilation.1 Up to 36% of critically ill 
patients are affected and this induces significant 
antibiotic prescription use which accounts for as 
much as half of all antibiotic use in the ICU.2,3 VAP 
also increases hospital length of stay and 
healthcare costs and is associated with increased 
patient morbidity and mortality.4 Over the years 
many clinical protocols have been proposed to 
reduce the incidence of VAP.  We consider VAP a 
misnomer, the true cause of this infection of lung 
parenchyma is not primarily caused by mechanical 
ventilation but by presence of an endotracheal 
tube.5,6 As a result many different endotracheal 
tube designs have been introduced including 
different cuff designs, silver coated tubes and 
tubes with supraglottic suction capabilities. None 
of these tube designs have significantly decreased 
the incidence of VAP. The first cuffs were made 
from latex and require high pressures to seal the 
airway. The high-pressure seal protected the 
airways from gastric content aspiration, however, 
caused major airway injuries.7 A different cuff 

design was introduced in the 70s.8 This cuff had a 
diameter that was larger than the tracheal diameter 
and resulted in less pressure on the tracheal wall 
compared to the latex cuffs. The issue with the new 
design is that since it is larger than the tracheal 
diameter the cuff does not completely inflate. The 
resulting folds in the cuff material allow fluids to 
leak past the cuff into the airways what has been 
termed microaspiration. Several studies have 
demonstrated the fluid leak past the cuff both 
during animal and human studies.9 Other clinical 
strategies to reduce the incidence include patient 
positioning, gastric decontamination and mouth 
hygiene with antimicrobial soap. Only a 
combination of the above-mentioned strategies 
has demonstrated reduction in the incidence of 
VAP. In this review we will outline the reasons for 
the clinical assumption that the endotracheal tube 
is the main source of VAP. We have used literature 
searches in PubMed, EMBASE and Google to 
obtain the information included in this review. 
 

Etiology 
Figure 1 below shows the several predisposing 
factors which may cause pneumonia in mechanically 
ventilated and intubated ICU patients. 

 

 
 

Fig. 1 | Mechanisms of ventilator-acquired pneumonia. 1 External factors associated with ICU therapies include 
mechanical ventilation, sedation and paralysis agents and semi-recumbent positioning; 2 Endotracheal tube prevents 
glottis closure and provides direct communication to the lungs, allowing microaspiration of secretions from the nasal 
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sinuses and oropharynx. The endotracheal cuff is at risk of deflation, movement and small folds, allowing pooled 
secretions to leak. Bacterial biofilm can form around the endotracheal tube, which can then become dislodged by 
movement or suctioning; 3 In re
inflammatory response lead to inflamed, edematous and infected alveoli. Abbreviations: ICU = intensive care unit; AM 
= alveolar macrophages. Figure 1 was created with BioRender.com released under a Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 International license (https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en) 
 
Ventilator-associated pneumonia should not be 
confused with tracheitis. Tracheitis is the presence 
of clinical signs of purulent tracheal discharge, 
fevers, respiratory distress, and the presence of 
bacteria and white blood cells in the tracheal 
aspirate without radiological signs of pneumonia. 
Ventilator-associated pneumonia includes clinical 
signs of purulent tracheal discharge, fevers, 
respiratory distress, and micro-biological signs of 
the presence of microorganisms along with white 
blood cells in the tracheal aspirate along with 
radiological evidence of pneumonia. Ventilator-
associated pneumonia is most typically bacterial. 
Common organisms are Staphylococcus aureus 
(28.4 %), Pseudomonas aeruginosa (25.2 %), and 
other gram negatives such as Klebsiella and 
Enterobacter species (26.6%).10,11 In a large 
retrospective review completed in the ICU settings 
of three hospitals, microbiology was the same 
across adult and pediatric hospitals however, 
polymicrobial infections are increasing. Anaerobic 
bacteria are a rare source of Ventilator-associated 
pneumonia and can play a role in polymicrobial 
infections. Nosocomial viruses and fungi are rare 
causes of pneumonia in immunocompetent hosts. 
Antibiotic-sensitive community-acquired organisms 
is most likely the cause of early pneumonia (less 
than 4 days after admission), and late pneumonia 
(more than 4 days) is more likely due to antibiotic-
resistant organisms.10,11 

 

The presence of an endotracheal tube (ETT) 
represents a major risk factor, as it disrupts the 
natural protective barriers of the upper airway, 
allowing direct access to the tracheobronchial tree 
12,13 -volume, low-pressure 
cuff may minimizes gross, aspiration but does not 
prevent micro aspirations. Other risk factors 
include entrainment of pooled secretions, loss of 

cuff pressure and ETT movement13-15. Silent micro-
aspiration may be a result of pooled secretions 
from the oropharynx, nasal sinuses and stomach, 
which are susceptible to leaking below the cuff 5,16-

18. Epithelial damage and impeded cough, 
swallowing and mucociliary clearance are all results 
of the ETT presence 13,19,20. ICU therapies, such as 
sedation, paralysis, positive pressure ventilation 
and the influence of gravity associated with semi-
recumbent positioning enhance respiratory 
compromise. 13,19,21,22. 
 

Biofilm initiates within hours of intubation and is 
found on the ETT surface in 95% of mechanically 
ventilated patients is an additional source of 
VAP13,23-26 (Fig. 1). The biofilm can become 
dislodged and acts as a reservoir for infective 
microorganisms, which may enter the distal airways 
and subsequently lead to VAP.13,23-26. The longer 
the duration of mechanical ventilation, the greater 
the incidence of VAP 30 

 

Treatment and Management 
Once ventilator-associated pneumonia is 
suspected and appropriate culture samples are 
sent, empirical therapy will be based on the 
duration of intubation and hospitalization, prior or 
current antibiotic therapy, the severity of clinical 

susceptibility patterns. Initial broad-spectrum 
therapy with coverage of gram-negative bacilli, 
including P. aeruginosa, and possibly methicillin-
resistant S. aureus is generally appropriate. 
Treatment is then narrowed based on subsequent 
culture data and clinical and radiographic 
findings.30-32 Below are the risk factors which when 
mediated will reduce the incidence of ventilator-
associated pneumonia: (1) treatment strategies 
that reduce the incidence of colonization of 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
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oropharynx or stomach, (2) strategies that reduce 
gastric reflux and aspiration like depressed mental 
status, supine position, nasogastric tubes, (3) 
reduction of duration of intubation and mechanical 
ventilation, and (4) remove factors that interfere 
with adequate pulmonary toilet, thoracic or 
abdominal surgery or immobilization 31,32.  
 

Additional strategies for decreasing the incidence 
of ventilator-associated pneumonia are: (1) 
judicious use of reflux medications, (2) removal of 
unnecessary nasogastric tubes, and (3) daily 
evaluation of readiness to extubate, pain-control, 
and maintenance of mechanical ventilation system 
are all part of protocols ICUs use to decrease the 
rate of ventilator-associated pneumonia.29,30 
 

The use of endotracheal tube with subglottic 
suction for removal of potential harmful matter may 
be controversial. We include a review of this clinical 
intervention which was our response to Society for 
Healthcare Epidemiology (SHEA)31. The 
recommendations attempted to assist hospitals in 
prioritizing and implementing strategies to prevent 
ventilator-associated pneumonia (VAP) in adults, 
children, and neonates.28 These new recommendations 
update their published 2014 preventions 
strategies, and several recommendations have 
been added, removed, or changed. According to 
the new guidelines, although subglottic secretion 
drainage (SSD) has been shown to lower VAP rates, 
there is insufficient evidence about its impact on 
the duration of mechanical ventilation, length of 
stay (LOS), mortality, and costs.32 However, 2 
recent meta-analyses have demonstrated that use 
of endotracheal tubes (ETTs) with SSD reduced 
VAP rates by 44%  50%.33,34 Further, routine use of 
SSD may reduce the risk of postoperative VAP in 
patients undergoing cardiac surgery, with those 
undergoing intraoperative continuous and 32 
intermittent SSD reporting a 70%34 reduction in the 
rate of postoperative VAP.36 Although these 
findings are very promising, they were not 
considered when reclassifying SSD recommendations 
in the new guidelines. Studies that have evaluated 
reductions in the duration of mechanical ventilation 

with SSD are limited to patients expected to 
require >48 72 hours of mechanical ventilation. 
However, it is difficult to determine, at the time of 
intubation, which patients will remain on 
mechanical ventilation >48 hours.33  
 

Even so, a recent meta-analysis reported that SSD 
delayed time to VAP by 2.66 4.04 days.35 In regard 
to cuff material, the new guidelines contend that 
ultrathin polyurethane cuffs are inconsistently 
associated with lower VAP rates and have no, or 
negative, impact on duration of mechanical 
ventilation, LOS, or mortality. The main reference 
used to make this determination was a study that 
reported that polyurethane cuffs did not reduce 
bacterial colonization or VAP compared with 
cylindrical PVC cuffs.37 However, tracheal 
colonization was already present at the time of 
intubation in  several patients, and determining 
whether the cuff influenced tracheal colonization in 
these patients was difficult.36 Regarding ETT cuff 
shape, the guidelines suggest that tapered ETTs 
are inconsistently associated with lower VAP rates 
and have no, or negative, impact on duration of 
mechanical ventilation, LOS, or mortality. The only 
referenced study for tapered cuffs is a meta-
analysis that reported no difference in VAP rates or 
outcomes when tapered cuffs were used.38 
However, additional factors, including cuff 
underinflation, may influence risk of 
microaspiration over time. None of the included 
studies accounted for cuff-pressure management 
in the prevention of VAP. Underinflation, even 
when episodic, can lead to microaspiration of 
secretions regardless of cuff shape.38 In previous 
research examining intraoperative aspiration and 
its association with postoperative pneumonia using 
dye above the cuff at time of intubation, the use of 
tapered-shaped cuffs had a protective role against 
aspiration (ie, no dye leaked into the trachea).39 
This publication was not cited in the new 
guidelines. We understand that demonstrating that 
any of the ETT characteristics mentioned reduces 
mortality, LOS or days on ventilation, a sample size 
of thousands would be necessary for a single 
randomized controlled trial. The prevention of VAP 
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is achieved through a bundled approach, with a 
variety of measures and interventions instituted at 
the same time to reduce the incidence of VAP. An 
evaluation of different strategies to reduce VAP 
reported that very high compliance rates, >90%, 
were significantly associated with reduction in VAP 
rates, with long-term compliance contributing to 
VAP rates close to zero.40 No single characteristic 
of the ETT will result in significant reduction of VAP; 
however, neglecting the published information 
does not justify recommendations to not use the 
devices.31 

 

Discussion 

The cuff on the endotracheal tube plays an 
important role in protecting the airways from gastric 
content while allowing for positive pressure 
ventilation. The presence of an endotracheal tube 
(ETT) represents a major risk factor for VAP, as it 
disrupts the natural protective barriers of the upper 
airway, allowing direct access to the 
tracheobronchial -
volume, low-pressure cuff may minimizes gross, 
aspiration but does not prevent micro aspirations. 
Additional risk factors include entrainment of 
pooled supraglottic secretions, poor cuff pressure 
management and ETT movement during change in 
position of the patient12-14. Silent micro-aspiration 
may be a result of pooled secretions from the 
oropharynx, nasal sinuses and stomach, which may 
be accessing the airways through folds in the cuff 5, 

15-17. Epithelial damage and impeded cough, 
swallowing and mucociliary clearance are all results 
of the ETT presence 12,18,19. Common ICU therapies, 
such as sedation, paralysis, positive pressure 
ventilation and the influence of gravity associated 
with semi-recumbent positioning adds to the risk 
of developing VAP. 12,18,20,21 
 
Therefore, we disagree with the published SHEA 
recommendation of the utilization of ETTs with 
lumen for subglottic secretion drainage (SSD) and 
agree with Lorente et.al that it can help prevent 
VAP in patients requiring mechanical ventilation for 
more than 48 hours.41

Conclusion 

The diagnosis of VAP continues to present a clinical 
conundrum although many factors are involved, we 
state that the major culprit is the introduction of 
endotracheal intubation longer than 48 hours. With 
the introduction of AI the development of 
prevention and treatment algorithms in concert 
with clinical and experimental research is required 
to continue to ameliorate this life threatening 
complication. 
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