
A d v i s o r y  B o a r d

Richard Branson, MS, RRT, FAARC 
Professor of Surgery 

University of Cincinnati College of 
Medicine

Cincinnati, OH

Kathleen Deakins, MS, RRT, NPS
Supervisor Pediatric Respiratory Care

Rainbow Babies & Children’s Hospital of 
University Hospitals

Cleveland, OH

William Galvin, MSEd, RRT, CPFT, AE-C, FAARC
Program Director, Respiratory Care Program

Gwynedd Mercy College, 
Gwynedd Valley, Pa.

Carl Haas, MS, RRT, FAARC
Educational & Research Coordinator

University Hospitals and Health Centers
Ann Arbor, MI

Richard Kallet, MSc, RRT, FAARC 
Clinical Projects Manager 

University of California Cardiovascular Research Institute 
San Francisco, CA

Neil MacIntyre, MD, FAARC 
Medical Director of Respiratory Services 

Duke University Medical Center 
Durham, NC

Tim Myers, BS, RRT-NPS
Pediatric Respiratory Care 

Rainbow Babies and Children’s Hospital 
Cleveland, OH

Tim Op’t Holt, EdD, RRT, AE-C, FAARC 
Professor, Department of Respiratory Care and 

Cardiopulmonary Sciences University of Southern 
Alabama 

Mobile, AL

Helen Sorenson, MA, RRT, FAARC 
Assistant Professor, Dept. of Respiratory Care 

University of Texas Health Sciences Center 
San Antonio, TX

Clinical
Foundations
A Patient-focused Education Program 
for Anesthesia Care Professionals

This program is sponsored by  
Teleflex Medical Incorporated

Visit Clinical Foundations online at 
www.clinicalfoundations.org

Archives • Free CRCEs

www.clinicalfoundations.org

2011-0111   V1

Prevention of Ventilator-Associated Pneumonia 
by Teresa A. Volsko, MHHS, RRT, FAARC

According to the Centers for Disease Control and Prevention (CDC), pneumonia ac-
counts for approximately 15% of all hospital-associated infections, including 27% of all 
infections acquired in intensive-care units and 24% of those in coronary care units.  Of 
the many risk factors for acquiring hospital-associated bacterial pneumonia, mechanical 
ventilation (and associated endotracheal intubation) is the most common.

The CDC’s National Nosocomial Infection Surveillance System (NNIS) reported that 
in 2002, the median rate of ventilator-associated pneumonia (VAP) in NNIS hospitals 
ranged from 2.2 per 1000 ventilator-days in pediatric ICUs to 14.7 per 1000 ventilator-
days in trauma ICUs. Other investigators report that patients receiving continuous me-
chanical ventilation have 6 to 21 times the risk of developing hospital-associated pneumo-
nia compared with patients who are not receiving mechanical ventilation.1 Because of this 
high risk, most of the research on hospital-associated pneumonia over the past 20 years 
has been focused on VAP.

The bacteria responsible for VAP are mostly Staphylococcus aureus, Pseudomonas aerugi-
nosa, and Enterobacteriaceae, but infectious agents differ widely depending on the pa-
tients in the ICU, duration of hospital stay, and prior antimicrobial therapy.  VAP is as-
sociated with a significant mortality risk. According to one review, the mortality rate for 
VAP, defined as pneumonia occurring more than 48 hours after endotracheal intubation 
and initiation of MV, ranges from 24% to 50% and can reach 76% in some settings or 
when lung infection is caused by high-risk pathogens.2  Although appropriate antimi-
crobial treatment of patients with VAP can significantly improve outcomes, the optimal 
strategy is to prevent infection in the first place, especially in an era of antibiotic-resistant 
bacteria. 

Putting VAP Guidelines into Practice:  Roundtable Discussion
Moderator: Dean Hess PhD, RRT, FAARC

Patient safety and quality of care have received increasing scrutiny in recent years. There 
is no dispute that patient care errors result in bad outcomes and increased costs. In the 
near future, such errors will likely impact reimbursement. Starting in 2009, Medicare will 
not cover the costs of preventable conditions, mistakes, and infections resulting from a 
hospital stay. From the perspective of the respiratory therapist, conditions such as noso-
comial pneumonia -- specifically (VAP) -- likely will fall into the category of preventable 
conditions. Thus, it is imperative that the respiratory therapist implement practices to 
prevent VAP, as this will be increasingly scrutinized from the perspectives of quality, cost, 
and reimbursement. In this roundtable discussion, 3 respiratory therapists present their 
thoughts on implementation of VAP guidelines.
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Ventilator-associated pneumonia (VAP) 
is among the most common causes of 
hospital-acquired infections among 
patients admitted to intensive care 

units and often develops in intubated patients 
supported by mechanical ventilation for >48 
hours as a result of bacterial contamination. 
Colonized microorganisms in the lower air-
way may result from a multitude of sources. 
Differences in study methodology and patient 
case mix can influence the reported incidence 
of VAP.  Recognition of potential risk factors 
for VAP are important for the development 
and implementation of comprehensive pre-
vention strategies. Reducing bacterial contam-
ination from upper airway and gastrointesti-
nal reservoirs minimizes the risk of aspirated 
colonized secretions. Barriers to reduce trans-
mission from contaminated equipment and 
direct care providers are also required.

Incidence, Morbidity, and Mortality
Nosocomial infections typically affect 

patients with compromised immunity due to 
age, presence of underlying disease, or medi-
cal intervention. Also, increasingly aggressive 
medical and therapeutic interventions have 
created a cohort of particularly vulnerable pa-
tients. Nosocomial infection rates are highest 
among individuals treated in intensive care 
units (ICU) and are often associated with 
poor patient and financial outcomes in terms 
of increased morbidity and mortality.1  

The lower respiratory tract is the most 
common site for hospital acquired infections, 
which occur at a rate of 300,000 in acute 
care facilities across the United States annu-
ally.2  Intubated patients receiving mechanical 
ventilation are at particular risk for acquired 
infections of the lower respiratory tract. Ven-
tilator-associated pneumonia can develop in 
intubated patients supported for >48 hours 
by mechanical ventilation due to bacterial 
contamination from a variety sources, rang-
ing from medical equipment and health care 
providers, to aspiration of bacterially colo-
nized secretions.3 A diagnosis of VAP is in-
dicated when the following clinical findings 
are present: fever >38.3ºC, worsening of gas 
exchange, aspiration of purulent tracheo-
bronchial secretions, leukocytosis, and ra-
diological evidence of pulmonary infiltrates 
with microbiological evidence of pulmonary 
pathogens.4 The incidence of VAP reported in 
the literature varies. Disparities are attributed 
to differences in patients, variations in diag-
nostic criteria, and sensitivity and specificity 

discrepancies in microbiological testing. The 
National Nosocomial Infections Surveillance 
Systems Report reports a median infection 
rate of 2.2 to 14.7 cases per 1000 ventilator 
days among adult ICU patients, account-
ing for up to 47% of all hospital acquired 
infections for this population.5 Health care 
delivery costs associated with the diagnosis 
and treatment of VAP are significant and are 
commonly a result of poor outcomes, such 
as prolonged duration of mechanical ventila-
tion, and increased ICU and hospital length 
of stay. In addition, VAP is associated with 
higher crude mortality rates, ranging from 20 

- 70%.6  Evidence-based strategies aimed at 
preventing VAP should be multi-dimensional 
and should combine measures to reduce the 
risk of aspirating colonized secretions with 
approaches aimed at minimizing transmis-
sion of pathogens from direct care givers and 
medical devices.   

Reducing Sources of Colonizing  
Bacteria
Oral Hygiene

Colonization of the oral cavity is an im-
portant precursor in the development of VAP. 
The Centers for Disease Control and Preven-
tion (CDC) report that in 76% of confirmed 
VAP cases, the same pathogen colonized the 
oral cavity and the lower respiratory tract.7  

Routine dental and oral hygiene, including an 
oral chlorhexidine rinse administered twice 
daily, is effective in reducing the incidence of 
VAP.8 Proper oral and dental hygiene in com-
bination with the use of a chlorhexidine rinse 
provide a cost-effective measure for minimiz-
ing one of the risk factors associated with 
VAP.

Artificial Airways and Airway Care
The oropharynx and subglottic space can 

function as a reservoir for secretions and a 
supportive environment for bacterial growth. 

Saliva, sinus drainage and gastric secretions 
can accumulate in the subglottic space. Gas-
troesophogeal reflux is a contributory factor 
to the presence and collection of gastric secre-
tions in the posterior pharynx. The literature 
reports an increased incidence of gastric colo-
nization and secretion accumulation with the 
use of nasogastric tubes for enteral nutrition.9 

It is essential to maintain adequate nutritional 
status in critically ill patients, especially those 
receiving mechanical ventilation. Monitor-
ing residual gastric volume can help prevent 
gastric overdistention during enteral feedings 
and assist the clinician in balancing the risks. 

Altered level of consciousness and im-
paired mucociliary clearance can contribute 
to the pooling of secretions in the oropharynx 
and compromise the body’s natural defense 
mechanisms against aspiration. Innocula-
tion of the lower respiratory tract may occur 
as the endotracheal tube passes through the 
contaminated region of the oropharynx dur-
ing the intubation procedure. Mucosal injury 
also facilitates bacterial colonization of the 
lower respiratory tract. This trauma may re-
sult from procedures performed to establish 
or remove an artificial airway, or routine air-
way care. Mucosal trauma may occur during 
insertion of the endotracheal tube. Tracheal 
trauma may also occur once the artificial air-
way is established. The use of excessive cuff 
pressures, endotracheal tube migration, or 
inadvertent extubation contribute to mucosal 
irritation and cellular damage.10  Endotrache-
al tube cuffs are designed to seal the airway 
which will prevent volume loss during me-
chanical ventilation and minimize the risk of 
aspiration. Although there are different types 
of cuff designs, the high volume, low pressure 
cuff is very popular. During inflation, the cuff 
conforms to the tracheal wall, rather than seal-
ing against it. This safety feature prevents the 
formation of a tight seal and minimizes the 
pressure exerted on the tracheal walls, lower-
ing the probability of impeding tissue perfu-
sion and mucosal damage. Concomitant use 
of cuff inflation techniques such as the mini-
mal leak technique, and minimal occluding 
volume further reduce the incidence of mu-
cosal blood flow impedance and subsequent 
tracheal wall damage. However, techniques to 
protect the integrity of tracheal wall tissue in-
crease the likelihood that pooled, bacterially 
colonized subglottic secretions will leak into 
the trachea and contaminate the lower respi-
ratory tract.11 

Meticulous attention to the tracheal seal 
is essential to minimize the threat of aspira-
tion, especially with the use of cuff pressures 
<20 cm H

2
O.12  Removal of pooled secretions 

prior to routine cuff maintenance or manipu-
lation of the cuff and endotracheal tube may 
prevent a direct pathway for secretions to 
be aspirated into the lower airway. However, 
this measure has little effect on microaspi-
ration prophylaxis. Recent developments in 
endotracheal tube design make it possible 
to intermittently or continuously aspirate 

Prevention of Ventilator-
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subglottic secretions. The specially designed 
endotracheal tubes incorporate a suction lu-
men along the lateral aspect of the tracheal 
airway. The distal end of the lumen is ellip-
tical and terminates just above the proximal 
aspect of the cuff. The proximal end of the 
lumen allows for attachment to a vacuum sys-
tem. Studies support the role of continuous 
aspiration of subglottic secretions in delay-
ing the onset and overall incidence of VAP.13  
In addition to subglottic secretion drainage, 
semi-recumbent patient positioning has been 
recognized as a practical, cost-effective inter-
vention. Elevating the head of the bed at a 30 
to 45 degree angle, especially during enteral 
feedings, enhances diaphragmatic excursion, 
and reduces the volume of gastric secretions 
and the risk for aspiration.14,15 Not all ICU pa-
tients are candidates for semi-recumbent po-
sitioning. Identification of appropriate candi-
dates and adherence to the degree of back rest 
elevation is essential to positive outcomes. 

Endotracheal suctioning is an essen-
tial component of care and instrumental to 
maintaining airway patency and bronchial 
hygiene. There are two types of suctioning 
techniques. The open system requires inter-
ruption of the patient-ventilator circuit in 
order to introduce a single-use sterile catheter 
into the endotracheal tube. The manual resus-
citator, used to provide oxygenation prior to 
secretion aspiration or during patient trans-
port, can be a potential source for bacterial 
contamination of the airway and for acquired 
infection. Routine cleaning can reduce bacte-
rial contamination from colonized secretions 
retained within the device.16 Capping when 
the device is not in use allows for protection 
from environmental cross-contamination.  

Closed suction systems enable the re-
moval of airway secretions without discon-
necting the patient from the ventilator circuit. 
The suction catheter is encased in a plastic 
reservoir and placed in line with the venti-
lator circuit proximal to the endotracheal 
tube adaptor. Since suctioning can transpire 
without disconnecting the patient from the 
ventilator circuit, the integrity of the patient-
ventilator circuit remains intact. This lowers 
the probability of cross-contamination. As an 
added benefit, closed suction systems reduce 
the development of hypoxemia by preserving 
set levels of positive end expiratory pressure 
(PEEP) and the patient’s lung volume.17

In a systematic review of randomized 
trials involving the endotracheal suctioning 
technique, Niel-Weise and colleagues found 
no evidence supporting the use of either suc-
tioning system on the incidence of VAP.18 The 
authors attribute methodological limitations 
for the inconsistent results obtained through 
this review. Currently, there are no CDC rec-
ommendations regarding the preferential use 
of open or closed suction techniques or the 
frequency of change for closed or multi-use 
suction devices.

Secretions in the artificial airway may 
adhere to the inner lumen of the endotra-

cheal tube creating a supportive environment 
for bacterial growth and biofilm formation. 
Biofilm-encased bacteria are typically resis-
tant to normal cellular defenses. The bacteria 
can easily become dislodged during routine 
airway care, such as suctioning, leading to 
contamination of the lower respiratory tract. 
Prophylactic measures, such as the use of an-
tibacterial agents to coat the internal surfaces 
of tracheal tubes are currently under inves-
tigation. This protective measure is aimed at 
reducing the onset and severity of bacterial 
colonization. The use of a silver-sulfadiazine 
coating has been instrumental in reducing 
secretion accumulation, bacterial growth and 
VAP in animal models.19,20 

Minimizing Risk of Cross-Contamina-
tion
Ventilator circuit maintenance and hu-
midifier selection

Disposable, single-use circuits or reus-
able circuits are commercially available for 
use with mechanically ventilated patients. A 
heated wire may be incorporated into the cir-
cuit to reduce condensate formation, lower-
ing the risk of colonization and subsequent 
spread throughout an ICU.21 The choice of 
circuit is usually based on institutional pref-
erence. A number of randomized controlled 
trials and observational studies are available 
with regard to the frequency of ventilator cir-
cuit changes and risk of VAP, and the topic is 
a subject of much debate. Several studies sup-
port a longer circuit change interval, on the 
basis that it can reduce the cost of equipment 

and staff time. Although there are no reported 
harmful effects associated with the practice, 
studies fail to report significant reductions 
in VAP rates.22 Similarly, the American Asso-
ciation for Respiratory Care evidence-based 
guidelines on the care of the ventilator circuit 
do not recommend routine ventilator circuit 
changes for infection control purposes.23  
However, the maximum duration of time 
ventilator circuits can be safely used was not 
established.

Manipulation or breaks in the ventilator 
circuit may inherently occur during the course 
of routine care of the mechanically ventilated 
patient. The administration of medicated 
aerosol therapy, for example, may necessitate 
interruption of the ventilator circuit integrity 
on several occasions. If a passive humidifica-
tion device is used, the circuit would be bro-
ken to remove the humidification device prior 
to the delivery of aerosolized medications by 
small volume nebulizer or metered dose inhal-
er to prevent filtering of aerosolized particles 
and reduced aerosol delivery to the patient.24  
Similarly, the integrity of the ventilator circuit 
would be compromised after the completion 
of therapy to replace the humidification de-
vice. Even if active humidification is used, the 
ventilator circuit may be interrupted, simply 
to place the medicated aerosol device inline 
with the ventilator circuit. 

However, products are currently avail-
able which are marketed to reduce ventilator 
circuit breaks.  To minimize the circuit inter-
ruptions in association with medicated aero-
sol therapy, manufacturers have developed 

Figure 4. Aerosolized particles redirected through a 
separate piece of tubing (CircuVent® Smiths Medical)

Figure 1. Spring loaded MDI Cannister (Courtesy  
Teleflex Medical)

Figure 2. Small Volume Nebulizer (Courtesy of  
Teleflex Medical)

Figure 3. Aerosolized particles redirected through 
center of device (Gibeck® Humid-Flo®, Teleflex  
Medical)
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products that can be permanently integrated 
into the ventilator circuit, such as collapsible 
spacers and aerosol tee’s with a spring loaded 
valves. The use of one-way or spring loaded 
valves allow MDI canisters and small volume 
nebulizers can be directly connected to or 
removed from the ventilator circuit without 
interrupting circuit integrity (Figures 1 and 
2). Manufacturers have incorporated bypass 
valves into the design of passive humidifica-
tion devices. The valves are controlled by the 
caregiver and allow aerosolized particles to be 
redirected away from the hygroscopic media, 
either through the center of the device (Fig-
ure 3) or through a separate piece of tubing 
(Figure 4).  There is a theoretical basis to sup-
port interest in such products in terms of a 
reduced risk of mean airway pressure, fluc-
tuations in FIO

2
 and loss of tidal volume with 

ventilator circuit interruptions.25 However, 
further study is needed to determine if they 
can effectively prevent ventilator-associated 
pneumonia.

Warming and humidifying of inspired 
gases are integral components of care for 
mechanically ventilated patients. Artificial 
humidification can be accomplished with 
active or passive systems. Active humidifiers 
warm and moisturize inspired gas as it passes 
across or over a heated water bath. The use 
of heated wire circuits to decrease condensate 
and minimize interruptions or breaks in the 
patient ventilator circuit are instrumental in 
reducing the incidence of VAP.26 Passive hu-
midifiers, also known as heat and moisture 
exchangers (HMEs), employ a hygroscopic 
or hydrophobic material to trap heat and hu-
midity from the patient’s exhaled gas, which 
are then delivered back to the patient on the 
following inhalation. Device selection is de-
pendent upon the length of ventilatory sup-
port, the presence and severity of pulmonary 
pathology, and the viscosity and characteris-
tics of tracheobronchial secretions.  

With respect to VAP prevention, several 
factors must be considered when selecting 
humidification devices. A systematic review 
of the literature reported that the incidence 
of VAP is not affected by the type of HME or 
the duration of use. In fact, prolonging the 
use of an HME further reduces the risk of 
cross-contamination and results in consider-
able cost savings.27 

Hand Hygiene
Decontamination of hands before and 

after patient contact is crucial for reducing 
person to person transmission of bacteria. 
Soap and water should be used when the care-
giver’s hands are visibly soiled with body flu-
ids. Alcohol-based antiseptic agents, however, 
are acceptable alternatives, but do not negate 
the use of soap and water. It is important for 
healthcare providers to follow manufacturers’ 
recommendations for the maximum frequen-
cy of use of these waterless cleansing agents. 
Compliance with routine hand washing after 
contact with mucus membranes, respiratory 

secretions, or objects contaminated with re-
spiratory secretions is important for the pre-
vention of VAP, along with the use of protec-
tive barriers such as gloves.28  Staff education 
and surveillance of hand washing compliance 
are instrumental in obtaining and maintain-
ing positive preventive outcomes measures. 

Conclusions
Ventilator associated pneumonia is a 

frequent complication for patients receiving 
mechanical ventilation. This nosocomial in-
fection is associated with increased healthcare 
costs and significant morbidity and mortal-
ity. Accurate clinical diagnosis of VAP can be 
problematic, but is an essential component of 
care. Interventions must begin with an un-
derstanding of the many factors contributing 
to the pathogenesis of this disease. Compre-
hensive preventive strategies must address the 
reservoirs and sources of bacterial coloniza-
tion in addition to minimizing the routes of 
bacterial transmission. Useful prophylactic 
measures include upper and lower airway 
care, patient positioning, adherence to evi-
dence- based guidelines for the manipulation 
and decontamination of respiratory equip-
ment and adherence to hand hygiene.
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Moderator:	 Dean Hess, PhD, RRT, FAARC

Panelists:	 Richard Kallet, MSc, RRT, FAARC

	 Mike Gentile, RRT, RCP, FAARC

	 David Vines, MHS, RRT

Hess: Patient safety and quality of care have 
received increasing scrutiny in recent years. 
There is no dispute that  patient care errors 
result in bad outcomes and increased costs . 
In the near future, such errors will likely im-
pact reimbursement. Starting in 2009, Medi-
care will not cover the costs of preventable 
conditions, mistakes, and infections resulting 
from a hospital stay. From the perspective of 
the respiratory therapist, conditions such as 
nosocomial pneumonia—specifically venti-
lator-associated pneumonia (VAP) — likely 
will fall into the category of preventable con-
ditions. Thus, it is imperative that the respira-
tory therapist implement practices to prevent 
VAP, as this will be increasingly scrutinized 
from the perspectives of quality, cost, and re-
imbursement. In this roundtable discussion, 3 
respiratory therapists present their thoughts 
on implementation of VAP guidelines.

Do you think that an invasive procedure like a 
bronchoscopic or mini-BAL with quantitative 
cultures is necessary for the diagnosis of VAP; 
or is a tracheal aspirate sufficient? Should a 
standard diagnostic protocol be developed?  
Do respiratory therapists in your hospital per-
form mini-BAL?  

Gentile: The diagnosis of VAP is a fiercely 
debated topic among 2 separate groups.  One 
group uses a clinical strategy which includes 
tracheal aspirates, and the other group em-
ploys a bacteriologic strategy that uses lower 
respiratory secretions.  A lower respiratory 
tract specimen obtained via bronchoscope or 
mini-BAL can identify the specific causative 
organism of pneumonia.  The mini-BAL can 
assist in the quantitative diagnosis of  VAP 
and improve specificity.  For the most part, 
my institution uses the bacteriologic strategy 
in order to properly guide antibiotic therapy. 

A universal and standard protocol should be 
developed for the diagnosis of VAP, especially 
in light of the probable reductions we will see 
in Medicare payments for hospital-acquired 
infections. Many institutions are performing 
a mini-BAL procedure at the time of patient 

admission or intubation to evaluate  possible 
pneumonia. Respiratory therapists routinely 
perform mini-BAL procedures in my hospi-
tal with great proficiency.  This was originally 
performed by physicians only, but was quickly 
transferred to the respiratory therapists.  

Kallet: Tracheal aspirates are probably suf-
ficient for a diagnosis, but the problem is 
that reliance upon tracheal aspirates and 
nonquantitative cultures probably leads to 
overdiagnosis of VAP and excessive antibiotic 
usage.  Although a recent major randomized 
controlled trial showed no difference either in 
outcomes or targeted therapy,1 they excluded 
two major categories of patients — those 
with suspected Pseudomonas species and 
MRSA infections — so I think we need to be 
cautious in how we apply those results to our 
own patient populations. Both MRSA and 
Pseudomonas pulmonary infections are com-
mon at our hospitals.  

At this juncture we use tracheal aspirates for 
diagnosis.  Although our critical care divi-
sions would like to adopt mini-BAL and 
quantitative cultures as the standard of care, 
we are meeting stiff resistance from the lab-
oratory medicine people who are not con-
vinced that the evidence justifies the huge in-

crease in workload.  Given the dire economic 
constraints placed upon our public hospitals, 
this is a legitimate concern.  I absolutely sup-
port standardized diagnostic protocols for 
VAP, and respiratory therapists should play an 
integral role.  Select members of our respira-
tory therapy staff perform mini-BAL, but at 
this juncture, it is only as part of a research 
protocol.

Vines:  I think that tracheal aspirate is suf-
ficient for diagnosing VAP. At the University 
of Texas Hospital, we follow the Centers for 
Disease Control (CDC) guidelines for diag-
nosing ventilator associated pneumonia.2  In 
most cases the clinical criteria of fever, puru-
lent sputum production, and new infiltrate 
or progression of a pulmonary infiltrate 
will be enough to start treatment.  The tra-
cheal aspirate is sent for a semiquantitative 
analysis that detects mild, moderate, or heavy 
growth.  Some physicians use bronchoscopic 
techniques to obtain samples for a quantita-
tive culture. This is preferred by the infection 
control department.

I can certainly see the benefit of a standard-
ized diagnostic protocol for VAP, especially 
for understanding prevalence and applica-
tion of research findings.  The complexity of 
diagnosis and controversy around diagnostic 
procedures for VAP would significantly hin-
der the development of this protocol.   

What strategies do you use to minimize mi-
croaspiration? Also, do respiratory therapists 
at your hospital regularly monitor cuff pres-
sures? 

Gentile: Patients at our institution undergo 
specific oral care and decontamination to 
minimize micro-aspiration.  We evaluated 
devices that promote subglottic aspiration 
of secretions and found no clinical benefit or 
measurable outcome improvement, and they 
significantly increased cost.  Furthermore, pa-
tients intubated at outside facilities and trans-
ferred to our institution required removal of 
the standard endotracheal tube and reintuba-
tion with a subglottic aspiration device.  This 
procedure is not without inherent risks and 
was deferred in most cases. We use the mini-
mum leak technique to monitor endotracheal 
cuff pressure.  This practice is also part of our 
infection control process which includes not 
transporting cuff monitoring devices from 
patient to patient.   

Kallet: Our strategies to minimize microaspi-
ration include maintaining HOB at 30o C or 
more in all patients, with the exception of 
those in shock or those who have other con-
traindications, such as spinal fractures.  We 
do use continuous lateral rotational therapy 
in these patients.  We don’t use the special 
endotracheal tubes that allow for subglottic 
secretion drainage (SSD).  When we piloted 
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these tubes, we found that the suction ports 
became routinely clogged.  The tubes are 
expensive and are quite labor intensive.  Al-
though my understanding is that the design 
and functioning of the SSD tubes have im-
proved, we have not re-examined them.  We 
do not routinely monitor endotracheal tube 
(ETT) cuff pressures as we found the pro-
cedure often leads to inadvertent aspiration 
of secretions. This is because the additional 
tubing volume of the manometer system 
caused volume to leak from the cuff.  We use 
Pressure-Easy, a spring-loaded valved system 
which maintains cuff pressure at 25 cm H

2
O.  

This obviates the need to manually check cuff 
pressures, and reduces the risk of inadvertent 
aspiration that is inherent in the manual ma-
nometer systems.

Vines: At the University of Texas Hospital, 
we use the Institute for Healthcare Improve-
ment’s Ventilator Bundle to prevent VAP.  The 
bundle has four components: (1) elevation 
of the head of the bed (HOB) by 30 and 45 
degrees, (2) interruption of sedation to assess 
readiness for extubation, (3) prophylaxis for 
deep vein thrombosis, and (4) prophylaxis 
for peptic ulcer disease.  In addition to these 
interventions, we also provide oral care, we 
monitor cuff pressures and change circuits 
when they malfunction or become visibly 
soiled. Of these strategies to prevent VAP, 
maintaining the HOB at 30° to 45º C and rou-
tinely monitoring cuff pressure should help 
minimize micro-aspiration.

The data on endotracheal and tracheostomy 
tubes for subglottic aspiration of secretions is 
not convincing enough to justify the expense.  
I would recommend that the institution first 
develop a comprehensive program to prevent 
VAP as recently described in an article by 
Murray and Goodyear-Bruch.3  Then add the 
endotracheal tube with subglottic aspiration 
to determine if they reduce the occurrence of 
VAP in your ICU setting.  If they do, great!  If 
not, discontinue their use.

As for your question concerning the monitor-
ing of cuff pressures, our respiratory thera-
pist monitors cuff pressures at least every 12 
hours.  The cuff pressure is maintained at 20 
to 25 cm H

2
O.

Do you use inline suction catheters on a rou-
tine basis?

Gentile: We have used inline suction cath-
eters on all mechanically ventilated patients 
since their introduction.  In addition to of 
our VAP prevention strategy, the use of inline 
suction catheters avoids the need to discon-
nect the patient from the mechanical ventila-
tor, thus preserving mean airway pressure and 
recruited lung volume. 

Kallet: Yes, inline suction catheters are a 
standard of care at our institution.  This is 
done primarily as part of our VAP bundle, 
but it has the added benefit of reducing the 
risk of derecruitment and arterial oxygen de-
saturation during suctioning in patients on 
high levels of PEEP and FiO

2
.  As we care for 

a patient population at extraordinarily high 
risk for tuberculosis, inline suction catheters 
provide a further benefit in reducing environ-
mental risks to the clinicians.

Vines: We use inline suction catheters on a 
routine basis to avoid   breaking the circuit. 
The infection control department recom-
mends the use of inline suction catheters but 
it is not required.  I do believe that not break-
ing the circuit on a routine basis plays a role  
in preventing VAP. Every time a healthcare 
provider breaks the circuit, they create an op-
portunity to contaminate the circuit. There is 
one randomized trial that reported no signifi-
cant difference in VAP rate between no rou-
tine changes and daily changes of the in-line 
suction catheter.

Is elevation of the head of the bed (HOB) a 
useful strategy to prevent VAP? What can be 
done to improve compliance?

Gentile: As we’ve discussed, elevation of the 
head of the bed is a fundamental part of VAP 
prevention and is a component of the widely 
accepted Institute for Healthcare Improve-
ment’s “Ventilator Bundle”.  Elevation of the 
head of the bed at 30 to 45 degrees has been 
associated with significant VAP reduction.

Kallet: I agree. Elevated HOB strategy has 
been shown to be a very simple and effective 
strategy to reduce VAP.4 It works by limiting 
gastric regurgitation and thereby decreasing 
the ease with which gastric secretions can 
reach the hypopharynx.  There is convincing 
evidence that elevated HOB reduces the pres-
ence of gastric secretions in the lower respi-
ratory tract by more than 50%.5,6 It is worth 
emphasizing that the overwhelming source of 
VAP is the gastrointestinal tract.

Vines: Everyone is correct about the value of 
elevating HOB, but maintaining staff compli-
ance is the main difficulty with this recom-
mendation.  Reminders on the nursing flow 
sheet and in the room may be helpful.  Even 
a line on the wall behind the bed to indicate 
that the HOB is to low may serve as an ad-
ditional reminder.  Staff and family education 
on the need for the HOB to remain elevated is 
also beneficial in improving compliance.    

Would an antimicrobial coating on endotra-
cheal tubes be useful for preventing and miti-
gating VAP? What do you see as advantages 
and disadvantages of this approach? 

Gentile: Coating endotracheal tubes with 
an agent such as chlorhexidine or silver has 
great potential to decrease the incidence of 
VAP.  This technology is now being evaluated 
in large, multicenter, randomized controlled 
trials.  The prospective advantages include 
reduction in biofilm accumulation, decreased 
bacterial colonization in the ventilator circuit, 
lungs, and endotracheal tube, and ultimately 
a reduction in VAP.  The possible disadvan-
tage may be a significantly increased cost for 
endotracheal tubes.  

Kallet: I think incorporating an antimicro-
bial coating into ETT or tracheal tubes would 
helpful in reducing the contributions of bio-
film to the development of VAP.  That being 
said, however, I really think the emphasis 
should be on better cuff design and perfect-
ing the design of tubes that provide SSD by 
improving the suction capabilities and per-
haps by facilitating instillation of chlorhexa-
dine into the area above the cuff.  The major 
disadvantage of the silver coating (and SSD 
tubes) is economic.  Is it really justified us-
ing these expensive devices? For example, SSD 
tubes cost about 15 times as much as a stan-
dard ETT in most mechanically ventilated pa-
tients when the average duration of mechani-
cal ventilation is often less than 4 days.7 It is 
often difficult to predict who is going to re-
quire a prolonged course of mechanical ven-
tilation. Also, it is not feasible to change over 
to a special ETT in patients who do require 
prolonged mechanical ventilation because 
the act of changing the artificial airway itself 
markedly increases the risk of VAP.

Vines: In my opinion, the use of antimicro-
bial coated endotracheal tubes to eliminate    
biofilm has not been effective in reducing 
VAP. In theory, the advantage of eliminating 
the biofilm is the prevention of organisms 
becoming dislodged during suctioning and 
contaminating the lungs.  The disadvantage 
may be the development of antibiotic resis-
tant organisms that may result in multiresis-
tant microorganism VAP.   
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What is the single most important strategy 
that respiratory therapists can use to prevent 
VAP? 

Gentile: Oddly enough, respiratory thera-
pists can help prevent the risk of VAP by 
avoiding endotracheal intubation of a patient, 
if safely possible. Noninvasive positive pres-
sure ventilation (NPPV) may be an effective 
alterative to endotracheal intubation and is 
growing in acceptance and popularity.  If a 
patient requires intubation, then weaning, 
daily assessment of readiness to extubate, and 
mechanical ventilator discontinuation should 
occur as soon as it is medically safe for the pa-
tient to be without an artificial airway.  Also 
imperative for the prevention of VAP is infec-
tion control practices and universal precau-
tions.  

Kallet: I think the single most important 
thing we can do as clinicians is to ensure 
that we maintain an elevated HOB position 
whenever possible.  Although I think there 
are other techniques that may be helpful in 
preventing VAP, at this juncture, the clinical 
evidence is fairly ambiguous.  In contrast, the 
evidence from studies of patient positioning 
are the most persuasive and unambiguous.
 
Vines: VAP is a complex disease and requires 
a holistic team approach to prevent its occur-
rence.  It is important for everyone to par-
ticipate in maintaining the elevated HOB and 
good hand washing procedures.  Respiratory 
therapists also need to avoid breaking the cir-
cuit for routine infection control changes. The 
therapist should prevent the accumulation 
of water and secretions in the circuit from 
draining back down the endotracheal tube.  
Maintaining cuff pressure between 20 and 25 
cm H

2
O and good humidity and bronchial 

hygiene are other factors the therapist should 
pay special attention to.  Daily assessment of 
the patient’s readiness for the discontinuation 
of mechanical ventilation can help avoid the 
development of VAP.  Respiratory therapists 
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should pay attention to the little details; they 
can make a big difference.

Summary
In this discussion, Richard Kallet, Mike Gen-
tile, and David Vines have provided impor-
tant and useful insights related to the preven-
tion and diagnosis of VAP. Their responses to 
these important questions are a model for all 
respiratory therapists as we develop strate-
gies in our own hospitals to prevent VAP. As 
respiratory therapists, we will be increasingly 
held accountable for patient safety within our 
sphere of clinical responsibly including pre-
vention of VAP.  I think Rich, Mike, and David 
did a very nice job addressing the questions 
that we posed to them.
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1. 	 What is the most effective measure used to pre-
vent person-to-person transmission of bacteria.

	 a. 	 The routine use of gown and gloves
	 b. 	 Hand washing before and after patient contact
	 c. 	 Strict isolation measures
	 d. 	 Protective eyewear
2. 	 What action is recommended to prevent microaspi-

ration of subglottic secretions during 		
endotracheal tube cuff maintenance?

	 a. 	 Deflate and inflate the cuff as needed
	 b. 	 Hyperventilate the patient prior to cuff manipulation
	 c. 	 Suction above the cuff prior to cuff deflation
	 d. 	 Perform vigorous oral care before manipulating 	

	 cuff pressures
3. 	 Which of the following best describes the rationale 

for the use of semi-recumbent positioning?
	 a. 	 Prevents decubitus formation of the lumbar region
	 b. 	 Reduces the risk of accidental extubation
	 c. 	 Facilitates patient orientation to time and place 
	 d. 	 Decreases the volume of gastric secretions and risk 	

	 of aspiration
4. 	 Which of the following agents is effective in redu-

ing the incidence of VAP when incorporated into 
an oral hygiene plan

	 a. 	 Commercially prepared mouthwashes
	 b. 	 Chlorohexidine rinse preparations
	 c. 	 Half-strength hydrogen peroxide and sterile water
	 d. 	 Sterile normal saline solution
5. 	 Which of the following is the current CDC recom-

mendation regarding the preferential 		
use of suction devices?

	 a. 	 Closed suction systems should be used and changed 	
	 every 24 hours

	 b. 	 Open suction technique reduces the incidence of VAP

	 c. 	 No CDC recommendations exist with regard to 	
	 preferential use of suction devices.

	 d. 	 Multi-use suction devices should be changes with 	
	 the ventilator circuit

6. 	 Selection of an artificial humidification device is 
dependent upon

	 a. 	 Length of ventilatory support
	 b. 	 Presence and severity of pulmonary pathology
	 c. 	 Viscosity and characteristics of airway secretions
	 d. 	 All of the above
7. 	 Endotracheal suctioning is essential in 
	 a. 	 Maintaining airway patency and bronchial hygiene
	 b.	 Preventing mucosal injury form impedance of 	

	 capillary blood flow
	 c. 	 Minimizing microaspiration of pooled subglottic 	

	 secretions
	 d. 	 Reducing the formation of bacterial biofilm
8. 	 The most common type of endotracheal tube cuff is
	 a. 	 Foam
	 b. 	 High pressure, low volume
	 c. 	 High volume, low pressure
	 d. 	 Tight to the shaft
9. 	 What is the incidence, reported by the CDC, of the 

same pathogen colonizing the oral cavity and 
lower respiratory tract?

	 a. 	 26%
	 b. 	 49%
	 c. 	 65%
	 d.	 76%
10. 	What strategy(ies) can be used to minimize mi-

croaspiration
	 a. 	 Oral care
	 b. 	 Head of bed elevated by 30 to 45 degrees

	 c. 	 Routine monitoring of ETT cuff pressure
	 d. 	 All of the above
11. 	Inline suction catheter are used in VAP prevention 

strategy to:
	 a. 	 avoid disconnecting patient from mechanical 	

	 ventilator
	 b.	 improve subglottic suctioning
	 c. 	 diagnosis of VAP
	 d. 	 none of the above
12. 	Breaking the circuit can contribute to VAP by:
	 a. 	 preventing arterial oxygen desaturation during 	

	 suctioning 
	 b.  	 increasing opportunity to contaminate the circuit
	 c. 	 minimize interruption of sedation to assess readiness 	

	 for extubation
	 d. 	 reduce risk of inadvertent aspiration
13. 	What technological change promises to reduce risk 

of VAP?
	 a. 	 lower respiratory tract specimen obtained via 	

	 bronchoscope or mini BAL
	 b. 	 endotracheal tubes that allow for subglottic secretion 	

	 drainage
	 c. 	 coating endotracheal tubes with an agent such as 	

	 chlorhexidine or silver 
	 d. 	 all of the above


