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Pathogens Associated with the Intensive Care Unit Environment -
Considerations for the Respiratory Therapist
by John Davies, MA RRT FAARC

Ventilator-associated pneumonia (VAP) is the most common nosocomial pulmonary in-
fection and accounts for a significant proportion of the 1.7 million infections and 99,000
associated deaths each year in American hospitals. Methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant enterococcus (VRE) are of growing concern due
to their ease of transmission via medical devices and hospital personnel. Other pathogens
causing VAP include Staphylococcus aureus, Streptococcus pneumonia and Hemophilus in-
fluenzae, Pseudomonas aeruginosam, Acinetobacter species and Enterobacter species. A clear
diagnosis of VAP requires a combination of findings from clinical signs, chest X-ray, and
analysis of bronchial alveolar lavage. Although there are several natural defense systems
against infection, these are often breached through the use of indwelling devices, such as
catheters, and inadequately sterilized mechanical ventilation equipment, such as endotra-
cheal tubes, ventilator circuits, humidifiers, medication nebulizers and suction catheters.
Methods to prevent VAP include effective handwashing with antimicrobial preparations,
education of hospital staff, thorough sterilization of equipment, and implementation of
protocols such as the VAP bundle. Modified equipment is now available to limit the likeli-
hood of infection.

Panel Discussion: Ventilator-Associated Pneumonia and the Role of the
Respiratory Therapist

Moderator: Harvey E. Marshall, MD
Panelists: Stephen Kantrow MD

Ruben Restrepo MD, RRT, FAARC

Kathleen Arias MS, CIC
Ventilator-associated pneumonia (VAP) is a significant cause of morbidity and mortality
in the ICU setting. As the healthcare professional who is primarily responsible for care of
the ventilated patient, it is essential that the respiratory therapist understand the factors
that lead to the development of VAP and employ interventions such as the use of special-
ized endotracheal tubes and implementation of VAP bundles that are proven to decrease
its incidence. Identification of VAP is not a straightforward task and antibiotic treatment
guidelines are highly variable. Through a better understanding of the likely microbial
pathogens, the respiratory therapist can also assist with VAP diagnosis and treatment. A
team-oriented approach is required to improve VAP clinical outcomes. In this panel, 3
experts discuss strategies for preventing and treating VAP.
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any potentially harmful
pathogens exist through-
out the hospital, espe-
cially in intensive care
units (ICUs). Patients in these areas are
generally sicker and tend to have com-
promised immune systems. Along with
contact transmission, these patients
have many other routes for pathogen
transmission into the body. For example,
indwelling catheters and endotracheal
tubes can act like a superhighway for
bacterial invasion. Fortunately, several
strategies have been devised to help pre-
vent ventilator-associated pneumonia
(VAP) in the hospital setting. Guidelines
created by the Society for Healthcare
Epidemiology of America (SHEA) out-
line reasons for concern, identify strat-
egies to prevent and combat VAP, and
provide recommendations for imple-
mentating, monitoring, and measur-
ing performance of VAP programs.'?
Respiratory therapists are key players
in the fight against VAP, but in order to
be effective, they must stay current on
emerging guidelines and recommenda-
tions. In this article, we discuss common
pathogens associated with ICU infec-
tions and how these infections can be
prevented, with a special emphasis on
the role of the respiratory therapist.
Nosocomial pathogens in the ICU
commonly affect the urinary tract, the
bloodstream or the pulmonary system.
The main organisms producing blood-
stream and urinary tract infections in-
clude Staphylococcus aureus (Gram posi-
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According to the Centers for
Disease Control and Prevention
(CDQ), healthcare-associated
infections account for an
estimated 1.7 million infections
and 99,000 associated deaths
each yearin American

hospitals alone.

tive) and Enterobacter species (Gram
negative). Other Gram negative patho-
gens that cause urinary and blood-
stream infections include Acinetobacter,
Serratia, Klebsiella, Pseudomonas aerugi-
nosa and Escherichia coli. These micro-
organisms generally gain access to the
host through indwelling catheters, such
as foleys, CVCs and PICCs.
Ventilator-associated pneumonia is
the most common nosocomial pulmo-
nary infection’ and is divided into 2 cat-
egories: Early and late onset. Early onset
VAP occurs 48-96 hours after intuba-
tion. Pathogens causing early onset VAP

include S. aureus (Methicillin-sensitive),
Streptococcus pneumonia and Hemophi-
lus influenzae, as well as other less com-
mon agents. In general, these pathogens
are susceptible to antibiotic therapy.
Late onset VAP is usually caused by
antibiotic-resistant organisms such as
P, aeruginosa, Methicillin-resistant S.
aureus (MRSA), Acinetobacter species
and Enterobacter species (Table 1). The
microorganisms responsible for pro-
ducing VAP may differ depending on
patient population as well as duration
of stay in the ICU. However a meta-
analysis involving 24 different studies
(1689 episodes) found that the most
common pathogens were P. aeruginosa
(24.4%), S. aureus (20.4%, both Meth-
icillin-sensitive and resistant strains),
Enterobacter species (14.1%, E. coli and
Proteus species were the most prevalent
in this group), H. influenzae (9.8%) and
Streptococcus species (8.0%).*

How important is it to prevent the
spread of nosocomial infections? Ac-
cording to the Centers for Disease Con-
trol and Prevention (CDC), healthcare-
associated infections account for an
estimated 1.7 million infections and
99,000 associated deaths each year in
American hospitals alone. A 2002 re-
port identified a total of 394,288 ICU-
associated infections’. Pneumonia and
urinary tract infections accounted for
26% of this total while bloodstream and
surgical site infections accounted for
21% and 7%, respectively. Today MRSA
is of particular concern in acute care set-
tings due to its ease of transmission by
contact and its potent resistance to anti-
biotics, rendering many of the accepted
treatment regimens useless. While anti-
biotic therapy is out of the scope of this
discussion, it is important to bear in
mind that antibiotic resistance imparts
a new dimension of therapeutic com-
plexity.

MRSA was first isolated in the
United States in 1968. By the early 1990s,
MRSA accounted for 20% to 25% of
S. aureus isolates from hospitalized pa-
tients.” In 1999, MRSA accounted for




>50% of S. aureus isolates from ICU
patients in the National Nosocomial In-
fection Surveillance (NNIS) system; in
2003, 59.5% of S. aureusisolates in NNIS
ICUs were MRSAS. A study in 2007 esti-
mated that 94,360 invasive MRSA infec-
tions occurred in the United States in
2005 and that these infections were as-
sociated with death in 18,650 cases.® It
was also estimated that bacteremia was
the result in 76% of the MRSA infec-
tions while pneumonia was 16%?.

Vancomycin-resistant enterococcus
(VRE) shares a commonality with MRSA
in its ease of transmission through con-
tact and in antibiotic resistance. A simi-
lar rise in prevalence has occurred with
VRE. From 1990 to 1997, the prevalence
of VRE in enterococcal isolates from
hospitalized patients increased from
<1% to approximately 15%.” VRE ac-
counted for almost 25% of enterococ-
cus isolates in NNIS ICUs in 1999 and
28.5% in 2003.%8

Accurate data on the epidemiology
of VAP are limited by the lack of stan-
dardized criteria for its diagnosis. Gen-
erally speaking, VAP can be defined as
the inflammation of lung parenchyma
caused by infectious agents that were
not present in the lower respiratory tract
at the outset of mechanical ventilation.
Definitive diagnosis of VAP is difficult
and is usually based on systemic signs of
infection, new or worsening infiltrates
on chest x-ray, and bacterial evidence
of parenchymal infection. Bacterial evi-
dence is usually obtained from bronchial
alveolar lavage fluid.’ Tracheal aspirates
are more often than not inconclusive for
use as a diagnostic tool. However, sam-
pling of the upper airway secretions may
help predict the microorganisms in-
volved in VAP." Differences in VAP rates
among institutions can be due to the
types of patients seen as well as proce-
dural anomalies. Certainly, institutions
whose populations are more more at-
risk (e.g. immunocompromised and/or
critically ill patients) could potentially
have higher VAP rates. Institutional fac-
tors could also affect the perceived VAP

The risk of developing
pneumonia increases
from 3 to 10 times
when the patient is
intubated and receiving
mechanical ventilation.

rates. These factors include surveillance
strategy, diagnostic techniques, and mi-
crobiology and laboratory procedures.
A study looking at the comparison of 3
clinical definitions of VAP with autopsy
findings showed poor correlation.! The
etiology of VAP itself can also be vari-
able, depending on the time of onset,
duration of hospitalization, population
studied and hospital setting.*

Hospital-acquired infections
associated with increases in ICU and
hospital length-of-stay, costs, morbidity
and mortality."” The risk of developing
pneumonia increases from 3 to 10 times
when the patient is intubated and re-
ceiving mechanical ventilation.* In par-
ticular, the reported mortality attribut-
able to VAP is in the neighborhood of
20% to 30% higher than with the un-
derlying disease alone.* The prognosis
is worse when VAP is caused by gram-
negative rather than gram-positive bac-
illae because the latter are susceptible to
antibiotic therapy. Organisms that have
developed antibiotic resistance are far
more virulent. This is especially true
with MRSA.

VAP risk factors can be associated
with the patient (age, chronic lung
disease and acute respiratory distress
syndrome), the environment (lack of
adherence to hand washing, improper
disinfection of medical equipment, in-
appropriate patient position and in-
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adequate isolation procedures) or the
device (endotracheal tubes, humidifica-
tion devices and ventilator circuits).

A normal respiratory tract has a variety
of defense mechanisms such as ana-
tomic barriers (glottis and larynx),
cough reflexes, mucociliary lining and
a phagocytic system consisting of mac-
rophages and polymorphonuclear leu-
kocytes (neutrophils). Patients with an
endotracheal tube are at a disadvantage
in that their upper airway defenses are
bypassed, weakening their natural de-
fenses.

Pneumonia results from microbial
invasion of the normally sterile lower
respiratory tract. An infection implies
that the patient’s defense mechanism
has been activated and is directed at the
pathogen. The lung, and in particular
the lower respiratory tract, has a mul-
tifaceted system of defense. One of the
most important components is the re-
cruitment of neutrophils. The sequence
of events associated with infection con-
sists of initial interaction between bacte-
ria and alveolar epithelial cells and mac-
rophages. Neutrophil chemoattractants
and cytokines are released as a result.
Cytokines upregulate the expression of
cell adhesion molecules on capillary en-
dothelia and help mediate the migration
of neutrophils into the alveolar spaces
to battle the invaders. The neutrophils
then induce a necrotic cellular death.
Ultimately, a massive cellular death can
lead to extensive lung injury.

Pathogenesis of VAP can include
any of the following: aspiration of oro-
pharyngeal organisms, inhalation of
aerosolized bacteria, hematogenous
spread and seeding from the gastroin-
testinal tract. Oropharyngeal and gas-
trointestinal organisms can seep around
the endotracheal tube cuff. Inhalation
of bacteria can occur from a contami-
nated ventilator circuit, humidifier or
in-line medication nebulizers. Hema-
togenous spread involves transmission
from a distal site infection.

Routes of pathogen transmission
to the patient are related to either in-



dwelling devices, devices associated
with mechanical ventilation or person-
nel. Indwelling devices include items
such as catheters (IV, urinary, arterial
lines), feeding tubes and endotracheal
tubes. Bacteria can adhere to these ar-
tificial surfaces resulting in the forma-
tion of biofilms. This occurs because a
conditioning layer of host proteins gets
deposited on the surface of the catheter
when it is inserted. Bacteria become at-
tached by receptor-ligand binding. The
bacteria then produce an exopolymer
(biofilm) which protects them from the
host immune system. Bacteria encased
in a biofilm are more resistant to anti-
microbial therapy. Once the biofilm is
broken, the encased bacteria will flood
into the urinary system, bloodstream or
lungs.

Devices related to transmission
with regards to mechanical ventilation
include endotracheal tubes, ventilator
circuits, humidifiers, medication nebu-
lizers and suction catheters. The mere
presence of an endotracheal tube pro-
vides the accessible route for pathogens
to enter the lower respiratory tract. As
with catheters, biofilms can form in
and around endotracheal tubes. A study
using an electron microscope showed
that in 25 endotracheal tubes, 96% had
partial bacterial colonization and 84%
were completely coated with bacteria.”’
Microaspiration of secretions from the
upper respiratory tract is facilitated by
leakage around the endotracheal tube
cuft, impaired swallowing and oral de-
fense mechanisms, and supine position-
ing.*

Upper airway, oral secretions and
gastric juices contain many of the
pathogens responsible for producing
VAP. The mean prevalence of oral colo-
nization with VAP-associated patho-
gens was 63% with the most common
of these being P. aeruginosa and Entero-
bacter species along with gram-positive
cocci such as S. aureus.™

Contamination of ventilator circuits,
humidifiers, nebulizers and suction
catheters can all lead to transmission

Upper airway, oral secretions
and gastric juices contain
many of the pathogens

responsible for producing VAP.

of pathogens to the lower respiratory
tract, either directly or in the form of
an aerosolized bacterial cloud. The use
of a contaminated suction catheter will
introduce pathogens directly, as will in-
advertent spilling of circuit condensate
into the tracheobronchial tree. (This can
happen with simple procedures such as
turning or repositioning the patient.)

Personnel-related issues include not
employing universal precautions (hand
washing gloves, gowns) and disinfectant
procedures. Why is this important? The
terms colonization and infection have
been used to describe bacterial popula-
tions within a host. Colonization refers
to the presence of a bacterial pathogen
with no host response. That is, the bac-
teria are present but the patient has not
mounted an immune response. A pa-
tient can be colonized but not infected.
This is more commonly seen outside of
the ICU environment where the degree
of illness is less severe. Healthcare work-
ers may even be colonized with some of
these pathogens but, in the presence of
a healthy immune system, infection is
kept in check. However, colonized in-
dividuals represent a threat to compro-
mised patients so efforts must be made
to prevent transmission. Lack of educa-
tion in regards to pathogen transmis-
sion and/or lack of adherence to proto-
cols (staffing or supervision issues) have
the potential to create spikes in ICU in-
fection rates.

Multiple factors can contribute to
the spread of infection in the ICU. Prop-
er identification of these factors and the
adoption of effective safeguards need

to be in place to effectively barricade
pathogen transmission. Effective hand
washing is probably the most important
factor in terms of infection spread.”
The use of soap or antimicrobial solu-
tions can drastically reduce pathogenic
spread from healthcare worker to pa-
tients. Gowns are generally not used
when caring for every patient. However,
they should be employed as part of a
universal precaution initiative for pa-
tients infected with antibiotic resistant
pathogens. Education and surveillance
systems help inform clinicians on how
to operate safely in the ICU environ-
ment and identify trends in either suc-
cess or failure of protocols. Specific pre-
vention of VAP is also multifaceted and
includes prudent usage of antimicro-
bials (to reduce the possibility of resis-
tance), keeping respiratory equipment
and accessories properly cleaned, and
scrupulous hand washing.

Many institutions employ what is
termed the “VAP bundle” to help reduce
the incidence of VAP. Components of
the bundle include: 1) Avoidance of en-
dotracheal intubation, if possible; and
minimizing the duration of mechanical
ventilation, 2) The use of orotracheal
and orogastric tubes to prevent hos-
pital-acquired sinusitis, 3) Avoidance
of heavy sedation and neuromuscular
blockade, 4) Endotracheal tube cuff
pressure > 20 cm HZO, 5) Prevention
of ventilator circuit condensate in the
lower respiratory tract, 6) Head of the
bed raised 30-45 degrees, 7) Oral care
and, 8) Hand hygiene.

NIV is associated with a decreased
duration of mechanical ventilation
and ICU stay.' Daily assessments for
spontaneous breathing and extubation
will help reduce the amount of time
with an endotracheal tube in place and
length of time on a mechanical venti-
lator. Avoidance of heavy sedation and
neuromuscular blockade will help de-
crease the time on the ventilator. Inline
suction units prevent breaks in the cir-
cuit which help reduce the incidence of
bacterial introduction as well as alveolar



de-recruitment. Keeping the same in-
line suction catheter in place will result
in secretion pooling; but these secre-
tions would consist only of the patient’s
own bacterial flora. Using a different
catheter for each suction encounter will
heighten the chances of contamination
from the surrounding environment. It
has also been recently suggested that
saline instillation before tracheal instil-
lation may reduce the incidence of VAP
though the induction of a cough and
possible washout of the biofilm layer.”
Keeping the endotracheal tube cuff in-
flated to a pressure >20 cm H,O will
slow the incidence of microaspiration
of oral pathogens from around the cuff
into the lower respiratory tract. Endo-
tracheal tubes with subglottic suction
have the potential to minimize pooling
of secretions on the cuff. However, dif-
ficulties with keeping the suction lumen
clear in the presence of thick, tenacious
secretions and prolapse of the tracheal
mucosa into the subglottic suction port

Figure 1. OSMO (Teleflex Medical)

Table 1.Causative organisms of ventilator-associated pneumonia

EARLY ONSET
Staphylococcus aureus (Meth sensitive)
Streptococcus pneumonia
Hemophilus influenzae
Proteus species
Serratia species
Klebsiella pneumoniae
Escherichia coli

sometimes hamper their effectiveness.'®
Also, these tubes tend to have a larger
outer diameter for the same size inner
lumen, so potential hazards exist with
the intubation procedure itself. Damage
to the tracheal wall and resultant muco-
ciliary transport compromise can add
to the risk of VAP.

Modification to endotracheal tubes
themselves hold some promise in reduc-
ing the rate of VAP. A newly developed
cuff material appears to have potential
to also reduce microaspiration. The
Kimberly-Clark Microcuff Adult Endo-
tracheal Tube incorporates this type of
cuff. It consists of microthin polyure-
thane which may create a better seal by
minimizing channel openings within
folds formed when the cuff is inflated.
Further research needs to be done with
this device. Another potential option is
the use of endotracheal tubes lined with
silver nitrate."” The silver nitrate coat-
ing interferes with the creation of the
bacterial biofilm. This may result in the
delay of onset and/or a decrease in the
severity of VAP. An example of this type
of endotracheal tube is the Agento IC
developed by C.R. Bard, Inc. However,
these types of endotracheal tubes tend
to be more expensive, so cost assessment
must be taken into account. As with
the new cuff material, more research is
needed to determine if these theoretical
improvements translate into VAP rate
reductions.

Protocols regarding changing of
the ventilator circuit have evolved sig-
nificantly over the years. It is no longer
recommended that ventilator circuits be
changed on a routine basis, but rather
they should be changed when visibly

LATE ONSET
Pseudomonas aeruginosa
MRSA
Acinetobacter species
Enterobacter species

soiled to prevent the spread of contami-
nants pooled in the circuit.?’ Also, in an
effort to reduce the number of ventila-
tor circuit disconnects, the SHEA guide-
lines recommend that the circuit remain
closed during condensate removal to
reduce the possibility of cross con-
tamination.” As was the case with the
endotracheal tubes, new technology is
being developed to reduce the number
of ventilator circuit disconnects due to
excessive condensate. An example is the
OSMO™ from Teleflex Medical. (Figure
1). The theory behind the OSMO is that
it incorporates a unique media that pro-
motes the condensation of water vapor
from exhaled gas. OSMO is designed to
reduce circuit condensation, thereby re-
ducing clinician intervention. Another
innovation is the use of in-line nebuliz-
ers with a 1-way tee valve connector that
allows for draining of the medication
cup without breaking the circuit. Drain-
ing will prevent pooling and possible
contamination that would get delivered
along with the medication in aerosol
form. The same can be said of the active
humidifier. Although it is not recom-
mended that humidifiers be changed on
a regular basis, they should get changed
if there are any signs of visible contami-
nation.

Heat Moisture Exchangers (HMEs)
have been suggested as preventa-
tive measures to stop the spread of
VAP. Evidence suggests that the use of
HMEs and active heated humidifiers
are comparable in terms of VAP.* How-
ever, HMEs have the potential of getting
clogged with secretions and increasing
the work of breathing. In addition, the
need to remove the HME to administer




Figure 2. Gibeck Humid-Flo HME device
(Teleflex Medical)

regular aerosol treatments increases the
risk for bacterial invasion and alveo-
lar de-recruitment. New advances are
being made with HMEs as well. One
such device is the Gibeck® Humid-Flo®
HME from Teleflex Medical (figure 2). It
is designed to remain in the circuit even
in the event of aerosolized medication
delivery. It employs a rotating collar that
can open a separate channel for medica-
tion delivery. It has 2 channels, one for
passive humidification and a second for
medication delivery. The collar mere-
ly gets rotated to select the intended
channel and a circuit disconnect is not
needed. By reducing the number of cir-
cuit disconnects, the potential exists to
reduce VAP rates.

There are a variety of pathogens
capable of producing infections in com-
promised hosts in the ICU environment.
Some of them, in particular MRSA and
VRE, are readily transmitted by contact
and increasing with alarming frequency.
Many of these infections are prevent-
able. Attention must be paid to routes of
transmission and programs developed
to help block these routes in order to
reduce the frequency of ICU infections
and the associated costs and morbidity.
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Moderator:
Harvey E. Marshall, MD
Assistant Professor of Medicine
Division of Pulmonary, Allergy,
and Critical Care Medicine

Duke University

Panelists:
Stephen Kantrow mMD
Ruben Restrepo MD, RRT, FAARC
Kathleen Arias MS, CIC

he diagnosis of VAP requires

a thorough understanding of

clinical signs and the micro-

bial pathogens involved. Pre-
vention and treatment also requires
education, care in handling medical
devices, and appropiate use of antibi-
otics. In this panel discussion, we ask 3
experts to discuss issues related to the
differential diagnosis of VAP, how one
should choose antibiotics, what to do
if respiratory tract cultures are nega-
tive, endotracheal tube modifications
that impede infections, use of the VAP
bundle, and other methods for decreas-
ing the likelihood of VAP.

What clinical criteria should be used to
define ventilator-associated pneumonia
(VAP) and what is the difference be-
tween VAP and tracheobronchitis?

Kantrow: VAP is suspected in patients
with a new infiltrate on chest radiograph
more than 2 days after intubation when
at least one clinical feature of infection
(fever, leukocytosis or purulent sputum)
is present. These criteria are sensitive for
VAP, however, confirming the presence

of pneumonia with confidence is more
difficult. Cultures of the lower respira-
tory tract that yield pathogenic organ-
isms in large quantity support the diag-
nosis of VAP. Negative lower respiratory
cultures in the absence of new antibiot-
ics in the past 3 days make this diagnosis
less likely. Cultures may be obtained by
sampling distal airway purulence or air-
spaces or can be obtained from a more
proximal airway site via endotracheal
aspiration.' Infection may also occur in
the trachea and bronchi without obvi-
ous involvement of the airspaces. In the
setting of fever, leukocytosis and puru-
lence in the airway without radiograph-
ic evidence of pneumonia, the diagnosis
of nosocomial tracheobronchitis should
be considered. Cultures of endotracheal
aspirates are typically positive for bacte-
rial pathogens in patients with this in-
fection, and antibiotic therapy is associ-
ated with improved clinical outcomes.?

Restrepo: VAP is a nosocomial pneu-
monia that develops more than 48
hours after endotracheal intubation.’
The clinical criteria used to support or
suspect the diagnosis of VAP includes
new or progressive pulmonary infil-
trate with fever, leukocytosis, and pu-
rulent sputum. Additionally, the patient
may appear tachypneic, hypoxemic, or
in need for more ventilatory support.
Clinical suspicion of VAP requires ra-
diologic and microbiological confirma-
tion. Ventilator-associated tracheobron-
chitis (VAT) is a relatively new term to
define an intermediate process between
tracheal colonization and VAP.>*¢ Dis-
criminating between VAT and VAP can
be challenging. VAT should be suspect-

ed in intubated patients with clinical
signs of lower respiratory tract infection
(fever, leukocytosis, and purulent spu-
tum), with a Gram stain demonstrat-
ing the presence of microorganisms
and polymorphonuclear leukocytes in
the absence of a new or progressive in-
filtrate on the chest radiograph. Since
VAT may appear to be an important risk
factor for VAP, early detection of respi-
ratory colonization by monitoring tra-
cheal aspirates is critical in the initiation
of targeted antibiotic therapy. The most
common pathogens for VAT and VAP
include Pseudomonas aeruginosa, fol-
lowed by Acinetobacter baumannii, En-
terobacter spp, and methicillin-resistant
Staphylococcus aureus (MRSA).71°

Arias: The clinical diagnosis of VAP is
difficult and is complicated by the lack
of a standard diagnostic protocol for
identifying pneumonia. VAP is gener-
ally defined as nosocomial, or health-
care associated, pneumonia (i.e. was not
clearly present or incubating at the time
of admission) in a patient on mechani-
cal ventilation for >48 hours.? Criteria
used to identify VAP have been noted
by Drs. Restrepo and Kantrow. However,
because these findings are nonspecific
they cannot be used alone to definitively
establish the presence of VAP. Addition-
al clinical signs used to identify pneu-
monia include dyspnea, rales, and wors-
ening gas exchange. It should be noted
that criteria used for surveillance (i.e. to
calculate VAP incidence rates) often dif-
fer from criteria used to clinically diag-
nose and treat a patient for VAP. Many
hospitals use the definitions of the
CDC’s National Healthcare Safety Net-
work (NHSN) for surveillance purposes,
however, these criteria were not devel-
oped for use as a clinical definition."
For instance, in the NHSN surveillance
definition for VAP, there is no minimum
period of time that the ventilator must
be in place in order for pneumonia to
be considered ventilator-associated. In
other words, in the NHSN surveillance
system, pneumonia is reported as VAP if



the patient was intubated and ventilated
at the time of or within 48 hours be-
fore the onset of pneumonia. The ATS/
IDSA guidelines for the management of
adults with pneumonia note that tra-
cheobronchitis should be considered
when fever, leukocytosis, purulent spu-
tum, and a positive culture of a sputum
or tracheal aspirate are present without
a new lung infiltrate. While many of the
signs of tracheobronchitis mimic those
of VAP, a major difference is the absence
of an infiltrate in tracheobronchitis.

In a patient with VAP, what factors
should guide the choice of antibiotics?

Kantrow: Empiric therapy is recom-
mended for patients suspected to have
VAP. Timely collection of respiratory
sample for microbiology is important,
and antibiotic therapy should not be de-
layed until culture results are available.’
Pathogens to consider when choosing
antibiotics for VAP include Pseudomo-
nas aeruginosa, Klebsiella pneumoniae
and Acinetobacter species. Antibiotics
likely to be effective against resistant
gram negative organisms should be ad-
ministered initially, with consideration
given to specific organisms endemic
in the intensive care unit or previous
patient location (e.g. ESBL-expressing
Klebsiella or pan-resistant Acineto-
bacter species). Initial antibiotic therapy
should also provide appropriate cover-
age for resistant gram positive organ-
isms, especially methicillin-resistant
Staphylococcus aureus (MRSA). Early
onset VAP is more likely than later on-
set VAP to be caused by drug susceptible
bacteria. However, additional risk fac-
tors for resistant pathogens should be
sought to determine appropriate antibi-
otic therapy. Recent antibiotic therapy or
hospitalization within the past 90 days,
immune suppression, nursing home
residence, chronic dialysis, and wound
care all increase the likelihood of har-
boring multidrug resistant pathogens at
the time of admission. Local patterns of
nosocomial infection and antimicrobial
resistance are often unique and should

Early onset VAP is more likely
than later onset VAP to be
caused by drug susceptible

bacteria.

guide the antibiotic strategy.

Restrepo: The presence of risk factors
for multidrug resistance (MDR) patho-
gens such as late onset disease, positive
cultures, presence of an underlying
disease, and antibiotic therapy in the
preceding 3 months typically guide the
selection of antibiotic therapy. However,
knowledge of resident flora, local sus-
ceptibility and resistance rate trends in
the ICU have shown to be invaluable in
creating institution-specific guidelines
for appropriate empiric antibiotic ther-
apy.'"” Empiric broad-spectrum, mul-
tidrug therapy is typically recommend-
ed until pretherapy results are available.
If antibiotic therapy was administered
prior to the diagnosis of VAP, coverage
for MRSA, Acinetobacter spp, and Le-
gionella should be considered. Once the
pathogen and its susceptibility pattern
are identified, the antibiotic regimen
should be narrowed.

Arias: Antimicrobial selection should
be guided by the likely microbial etiol-
ogy of the pneumonia, the common re-
spiratory pathogens seen in the hospital
and the community, and the antibiotic
susceptibility and resistance patterns in
those pathogens.

If respiratory tract cultures are negative,
should empiric antibiotic therapy be dis-
continued?

Kantrow: Respiratory tract cultures
can be obtained distally at the site of
lung infection with bronchoscopic or
nonbronchoscopic techniques, or from

central airways via endotracheal aspira-
tion. Samples collected by experienced
operators at the site of suspected infec-
tion can establish a diagnosis of VAP
and identify the etiologic agent, guiding
subsequent therapy. Culture negative
samples collected from the distal air-
ways decrease the likelihood of VAP, and
may allow discontinuation of antibiotic
therapy, particularly when the clinical
suspicion of pneumonia is not high.
Endotracheal aspirates from proximal
airway secretions do not distinguish be-
tween bacterial colonization, infection
in the airways and pneumonia. How-
ever, when the endotracheal aspirate
sample is adequate and antibiotics have
not been started or changed in the past
3 days, negative cultures decrease the
likelihood of VAP. If antibiotic therapy
is not discontinued based upon culture
results, the clinician may still use culture
data to make important decisions about
de-escalation. For patients with a good
response to antibiotics, therapy can be
narrowed as culture results become
available. When there is no evidence
of resistant gram negative rods such as
Pseudomonas and Acinetobacter in the
endotracheal aspirate, antibiotic thera-
py can be discontinued on day 7 or 8.

Restrepo: Serial assessment of clinical
status and culture results 48-72 hours
after initiation of antibiotic therapy are
the best parameters for de-escalating
or discontinuing therapy. If the patient
shows clinical improvement and cul-
tures are negative, antibiotic therapy
could be safely discontinued after 72
hours.>!>¢

Arias: Discontinuation of empiric ther-
apy should be based on improvement
or deterioration of the patient’s clinical
status.

Are there modifications of the endotra-
cheal tube that can diminish the inci-
dence of VAP?

Kantrow: After endotracheal intuba-
tion, colonization of the endotracheal



tube and lower airway mucosa occurs
as contaminated secretions from the si-
nuses, oropharynx and/or the stomach
enter the subglottic space. Two modi-
fications of the endotracheal tube have
been found in randomized controlled
trials to decrease the incidence of VAP.
First, impregnation of the endotracheal
tube with an antibacterial substance
(silver or chlorhexidine) can decrease
the biofilm formed by bacteria and
subsequent inoculation of the lung.”
Second, a modified endotracheal tube
with a port for continuous aspiration of
subglottic secretions may limit entry of
bacteria laden secretions into the lung.'®
In addition, maintenance of cuff pres-
sure greater than 20 cm H,0 in a con-
ventional endotracheal tube can oppose
inoculation of the lung from this reser-
voir and decrease VAP.

Restrepo: Formation of antibiotic-
resistant biofilms in the inner surface
of the endotracheal tube (ETT) within
hours of intubation and aspiration of
secretions into the lower airway play a
critical role in the incidence of VAP.” A
silver-coated ETT has been designed to
decrease the incidence of VAP by pre-
venting bacterial colonization, biofilm
formation, and its subsequent embo-
lization to the lower airways.”*** A
large clinical trial recently found that
patients receiving a silver-coated ETT
had a statistically significant reduc-
tion in the incidence of VAP."” Another
specially designed ETT that provides
continuous aspiration of subglottic se-
cretions (CASS) decreases the risk of
VAP especially in patients expected to
require ventilatory support for more
than 72 hours.'®* Although the silver-
coated ETT is radically more expensive
than the standard ETT, its use has been
associated with important hospital sav-
ings.* These 2 specially designed tubes,
however, cost more than the standard
ETT.

Is the implementation of a VAP bundle a
valuable strategy? Are there any pitfalls

Formation of antibiotic-
resistant biofilms in the inner
surface of
the endotracheal tube (ETT)
within hours of intubation and
aspiration of secretions into the
lower airway play a critical role

in the incidence of VAP."”

or weaknesses of such an approach?

Kantrow: A VAP bundle is a systems-
based approach to implementing clini-
cal strategies with established benefit to
decrease the incidence of VAP. Imple-
mentation of a VAP bundle is likely to
increase adherence to best available
practices. Challenges include the fact
that there is frequently not a consensus
about the strength of evidence and cost
effectiveness of interventions placed
within the bundle. Future studies may
demonstrate that interventions cur-
rently held to be beneficial are not actu-
ally helpful, even while they are widely
implemented. For this reason, it is im-
portant to adapt the systems based ap-
proach over time with new data. A pit-
fall to assessing the impact of bundle
implementation is that the targeted
outcome measure may be susceptible to
bias in reporting. That may be the case
for VAP, where confirmatory testing is
not consistently performed.

Restrepo: The VAP bundle is an evi-
dence-based strategy that can be cred-
ited for a dramatic reduction of VAP
rates in the ICU over the last few years.”

However, lack of a clear definition of
the components of the bundle and ad-
equate staffing may hamper the imple-
mentation of a protocol to reduce VAP.
The Institute for Healthcare Improve-
ment (IHI) Ventilator bundle contained
4 evidence-based practices to improve
outcomes of patients requiring me-
chanical ventilation, semi-recumbent
position, daily ‘sedation vacation’ and
daily extubation readiness assessments,
peptic ulcer disease prophylaxis, and
deep venous thrombosis. Except for
daily awakening and implementation of
spontaneous breathing trials, the other
strategies do not allow early liberation
from mechanical ventilation. However,
implementation of the IHI bundle was
associated with a reduction on VAP inci-
dence and many institutions adopted it
as a VAP bundle. Other common listed
patient care practices to reduce VAP in-
clude CASS, and oral hygiene; however,
they have not been routinely identified
as part of the Ventilator bundle.

Although head bed elevation appears
relatively simple to implement, multiple
studies have found low compliance.”*”
The CASS may be applied to all intubat-
ed patients. However, the ETT needs to
be available when the patient is first in-
tubated so reintubation is avoided, and
it also requires additional suction regu-
lators to be setup. While oral hygiene im-
proves patient comfort and has no side
effects, it is labor intensive and its com-
pliance greatly depends on adequate
staffing of the ICU. Reduction in ven-
tilator circuit changes is associated with
reduction of overall costs but no strong
correlation has been found between
circuit replacement frequency and VAP
rates. Earlier weaning reduces risks as-
sociated with mechanical ventilation in-
cluding VAP. Its benefit in reducing VAP
incidence is then limited to those pa-
tients who can be weaned shortly after
being intubated. It is also labor intensive
for it requires close monitoring of a pa-
tient with lighter sedation and possibly
more prompt to experiencing anxiety



and self extubation. While the evidence
behind the use of histamine type-2 an-
tagonists or sucralfate as well as the use
of DVT prophylaxis to reduce VAP inci-
dence are still controversial, they should
be retained as components of the Venti-
lator Bundle.?®

Arias: Many hospitals that have imple-
mented VAP bundles have been able to
demonstrate significant reductions in
VAP rates.®” Many hospitals have in-
corporated into their practice bundles
additional evidence based strategies
aimed at preventing VAP. These include:
oral hygiene, removal of subglottic se-
cretions, hand hygiene, and education
of personnel who care for patients on
ventilators regarding prevention of
VAP.?%! Several obstacles limit the
ability to measure the potential effi-
cacy of VAP bundles. These obstacles
include: difficulty in obtaining an ac-
curate diagnosis of VAP, the variety of
definitions used to identify VAP, the in-
ability to precisely determine the impact
of each bundle component in prevent-
ing VAP, the use of different VAP bundle
components in published reports, and
the implementation of a variety of ad-
ditional infection prevention strate-
gies at the same time the VAP bundle
is implemented.” Since most studies
of the efficacy of VAP bundles have
been conducted in critical care settings,
the effectiveness of implementing VAP
bundles in other settings has not been
determined.

What other measures, protocols, prac-
tices can the respiratory therapist em-
ploy that have been determined to/or
may decrease the incidence of VAP?

Kantrow: The respiratory therapist
plays a key role in several aspects of me-
chanical ventilation that can affect the
risk of VAP. Implementation of non-
invasive ventilator support in carefully
selected patients can avoid endotracheal
intubation and subsequent VAP. Un-
necessarily prolonged mechanical ven-
tilation carries a daily risk of infection

The respiratory therapist plays
a critical role in preventing
VAP by using aseptic technique
to avoid contaminating
medications, fluids and
equipment, maintaining
endotracheal tube cuff
pressure above 20 cm of water,
promoting early extubation,
avoidance of reintubation, and

use of noninvasive ventilation.

and can be avoided by adhering to a
protocol of daily sedation interruption,
respiratory assessment and spontane-
ous breathing trials where indicated.”
Reintubation carries an increased risk
of VAP as well, and can be avoided by
carefully determining readiness for ex-
tubation and by avoiding accidental ex-
tubation.

Restrepo: Addition to the Ventilator
Bundle of other evidence-based patient
care practices such as oral decontamina-
tion with chlorhexidine antiseptic, and
subglottic secretion drainage in patients
expected to be mechanically ventilated
for more than 72 hours is a very effec-
tive VAP prevention strategy.”’”* Other
recommendations for VAP prevention
include the use of the orotracheal route
of intubation, the change of heat and
moisture exchangers every 5-7 days

and as clinically indicated, and the use
of closed endotracheal suction systems
(in-line suction).” Strong involvement
of respiratory therapists in educational
programs has been associated with sig-
nificant reductions of VAP rates.’*-*

Arias: In addition to the practices noted
above, the respiratory therapist plays a
critical role in preventing VAP by using
aseptic technique to avoid contaminat-
ing medications, fluids and equipment,
maintaining endotracheal tube cuff
pressure above 20 cm of water, pro-
moting early extubation, avoidance of
reintubation, and use of noninvasive
ventilation, appropriately cleaning, dis-
infecting and sterilizing respiratory
devices, and using barrier precautions
such as gloves.**!
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Questions

What is biofilm?

a. Lining of a stethoscope
b. Bacteria exopolymer

¢ Film on anatomy

d. None of the above

How much more likely are mechanically ventilated
patients to get pneumonia?

a. Twice as likely
b. The same

¢ 20times

d. 3-10times

VRE and MRSA are spread mainly by droplet nuclei?

a. True
b. False

What factors contribute to differences among vari-
ous institutions in VAP rates?

a. Surveillance strategy
b. Diagnostic techniques
¢. Type of ventilator used
d. a+b

How many deaths are associated with VAP each
year in the United States?

a. 800,000
b. 2000

¢. 99,000
d. 210,000

This program has been approved for 2.0 contact
hours of continuing education (CRCE) by the
American Association for Respiratory Care (AARC).
AARC is accredited as an approver of continuing
education in respiratory care.

To receive continuing education credit, simply do
the following:

o
2.

Read the educational offering (both articles).

Complete the post-test for the educational
offering online at www.saxetesting.com/cf.
The questions are the same as above

Complete the learner evaluation.

To earn 2.0 contact hours of continuing
education, you must achieve a score of 75%
or more. If you do not pass the test, you may
take it again one more time. You will not be
charged to take the test a second time.

Upon completion, you may print out your
certificate immediately. If you are an AARC
member, your results are automatically
forwarded to the AARC.

Accreditation expires Jan. 07,2019 (RTs).

This article is no longer sponsored.

You may still take this test and receive
accreditation, however there is a
nominal fee ($10.00) to cover the cost of
accreditation and scoring. You may take
this test 2 times at no additional charge.

6. VAP does not occur in the first 5 days of mechani-

cal ventilation?

a. True
b. False

7. What is the name of the orginization that wrote

the VAP practice guidelines?
a. OMNI
b. PETCO
¢. ASHE
d. SHEA

8. What s not part of the “VAP bundle”

a. Orotracheal vs nasotracheal tubes

b. Head of bed at 30-45 degrees

¢.  Use of filters on the expiratory limb of the ventilator
circuit

d. Hand hygiene

9. NIV and invasive mechanical ventilation have

similar VAP rates?

a. True
b. False

10. Which type of white blood cell causes cellular

death?

a. Mastcell
b.  Neutrophil
¢. Monocyte
d. Macrophage

Participant’s Evaluation

The goal of this program is to educate healthcare
professionals on Non-invasive Respiratory Support in the NICU

1.

What is the highest degree you have earned? Circle
one. 1. Diploma 2. Associate 3. Bachelor

4. Masters 5. Doctorate

Indicate to what degree the program met the
objectives:

Objectives
Upon completion of the course, the reader was able to:

1.

Describe what constitutes ventilator-associated

pneumonia.

Strongly Agree  Strongly Disagree
1 2 3 4 5 6

Identify opportunistic pathogens.

Strongly Agree  Strongly Disagree
1 2 3 4 5 6

Identify route of transmission for infection.

Strongly Agree  Strongly Disagree
1 2 3 4 5 6

Describe interventions that could decrease the rate
ventilator-associated pneumonia.

Strongly Agree  Strongly Disagree
1 2 3 4 5 6

Please indicate your agreement with the following
statement. “The content of this course was presented
without bias of any product or drug.”

Strongly Agree  Strongly Disagree
1 2 3 4 5 6

11. What practices can the respiratory therapist

employ that have been determined to/or may de-
crease the incidence of VAP?

a. Implementation of non-invasive ventilator support in
carefully selected patients

b. Oral decontamination with chlorhexidine antiseptic

¢ Subglottic secretion drainage

d. Allof the above

12. Impregnation of the endotracheal tube with an

antibacterial substance can decrease the biofilm
formed by bacteria

a. True
b. False
Answers
A B CD A B
1 0000 9 OO
A B CD A B CD
2 O0O00O0 10 0000
A B A B CD
3 00 1M1 0000
A B CD A B
4 JOO O 1200
A B CD
5 OO00dd
A B
6 10
A B CD
7 OO4Odd
A B CD
8 L

All tests must be
taken online at
http://www.saxetesting.com/crce/



