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Abstract

Ventilator-associated pneumonia (VAP) represents one of the most common infections in patients
requiring endotracheal tubes with mechanical ventilation. It is a major healthcare burden measured
by increased hospital costs, greater number of ICU days, longer duration of mechanical
ventilation, and higher mortality. However, despite widely accepted recommendations for
interventions designed to reduce rates of VAP, there are surprisingly few studies that validate the
ability of these interventions to improve patient outcomes, namely fewer intensive care unit (ICU)
or hospital days, and mortality. Possible reasons for this absence of convincing data include the
inability to correctly diagnose VAP and/or an overly expansive interpretation of what the evidence
in the literature supports. As advances in our understanding of VAP improve, and new
technologies to reduce VAP become available, studies should directly assess patient outcomes
before the health care community broadly requires specific prevention approaches in clinical
practice.

Case Presentation

A woman was admitted to the National Institutes of Health Clinical Center because of
worsening diarrhea and abdominal pain approximately one year after a matched-related stem
cell transplant (SCT) for a hematological malignancy. Her prior clinical course had been
complicated by graft-versus host disease, Clostridium difficile infection, and re-activation of
cytomegalovirus infection. She developed abdominal pain and distention, tachypnea and
tachycardia over the next 24 hours. A CT scan of the chest and abdomen revealed bilateral
pulmonary infiltrates and dilatation of the transverse colon. She was admitted to the
intensive care unit (ICU), intubated, and started empirically on vancomycin, meropenem,
levofloxacin and anidulafungin. A bronchoalveolar lavage (BAL) recovered no respiratory
pathogens. She remained intubated for eight days, improved, and was then extubated.
However, she failed to ventilate adequately and was re-intubated on ICU day 10. A chest x-
ray and CT scan showed worseninginfiltrates (Figure 1). Her antibiotics were changed to
linezolid, meropenem, levofloxacin, colistin, tigecycline, anidulafungin and foscarnet. She
underwent BAL that again revealed no pathogens. The following day a tracheal aspirate
grew multidrug resistant (MDR) Acinetobacter baumannii. She developed septic shock,
worsening hypoxia, and died several days later. On autopsy, the lung pathology showed
bacterial pneumonia (Figure 2) and lung culture grew MDR Acinetobacter baumannii. The
antibiotic susceptibility pattern matched the tracheal aspirate.
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This case illustrates the difficulty in diagnosing VAP. While this was a complicated patient,
making the diagnosis of VAP is difficult even in less complex patients. Negative pre-
mortem BAL cultures in patients with VAP are well documented and attributed to
concurrent antimicrobial therapy, collection of specimens from noninvolved areas of the
lung, and dilution of the specimen resulting in an insufficient quantity of bacteria.® It is no
surprise that given the difficulty in making a clinical diagnosis of VAP, definitive studies on
management and prevention of VAP have yielded inconclusive or inconsistent results.

This Grand Rounds will review the clinical impact and pathogenesis of VAP, the role of the
oral microbiome in the development of VAP, and the strategies recommended in the
guidelines published by the American Thoracic Society and the Infectious Disease Society 2
that provide the basis for the Institute of Healthcare Improvement’s (IHI) bundle to prevent
ventilator associated adverse events.

Clinical Impact of Ventilator Associated Pneumonia

Defining the incidence of VAP is complicated because there is often overlap with other
lower respiratory infections such as ventilator-associated tracheobronchitis.? The incidence
varies and depends on the surveillance strategy employed, case mix, case definition,
diagnostic procedures, and the way in which rates are expressed.3

VAP is one of the major causes of nosocomial infection in intubated patients.* In studies
examining the association between VAP and patient outcomes, VAP has been associated
with increased lengths of ICU stay and higher mortality, although the attributable mortality
due to VAP is controversial.> Hospital costs are higher in patients with VAP.5 Lastly, the
isolation of MDR organisms from intubated patients with pulmonary dysfunction suggests
that management of VAP is becoming more difficult.” Despite the general agreement about
the morbidity, excess cost, and the need to prevent VAP, controversy exists about
definitions for VAP and strategies for its prevention.

Two organizations have issued separate definitions of VAP, which use different timelines to
meet criteria (Table 1). It is important to note that these are surveillance definitions, which
are less rigorous than clinical definitions. Most institutions use the less rigorous surveillance
definitions to monitor their rates, which have been devised to simplify and standardize the
diagnosis of VAP. However, even with careful adherence to the definition, there is high
inter-observer variability in the interpretation of evidence for VAP.1 The difference in the
timelines is also problematic when comparing institutional rates against benchmarks. For
example, the rate of VAP will be higher if the NHSN definition is used because it will
include cases that occur within the first 48 hours of intubation, which the ATS/IDSA
definition excludes. Therefore, inter-institutional comparisons and benchmarks may not be
valid.

Despite the uncertainties of the diagnosis, hospitals and clinicians are under pressure from
legislators and regulatory agencies to implement VAP prevention strategies. This comes as
legislators consider requiring hospitals to publicly report VAP rates and the Centers for
Medicare and Medicaid consider adding VAP to the list of hospital-acquired conditions that
are non-reimbursable. Yet reporting rates of VAP will not be meaningful until measured
rates are reliable and prevention strategies produce concomitant reductions in meaningful
clinical outcomes.

Risk Factors for VAP

Although any patient with an endotracheal tube (ETT) in place is at risk for VAP, certain
patients are at higher risk. Across numerous studies that use distinct definitions for VAP,
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consistent risk factors include underlying chronic lung disease, age >70, depressed levels of
consciousness, aspiration, elevating gastric pH, and previous antibiotic exposure.8-10 Poor
prognostic indictors include inappropriate antibiotic therapy, high severity of underlying
disease, the presence of bacteremia, and time to onset of VAP.11 12 patients with late onset
VAP (>7days) have higher mortality rates than patients with early onset VAP. The
distribution of MDR organisms are significantly more frequent in patients with late-onset
VAP.11.12 Thjs difference in distribution pattern is linked to the frequency in which patients
have had prior antimicrobial therapy and to the local epidemiology.

Microbiology

Accurate data on the microbiology of VAP are limited by the absence of standardized
criteria for diagnosis. The prevalence of pathogens vary considerably, depending on the
patient population, the duration of hospitalization and mechanical ventilation (MV), prior
exposure to antibiotics, and criteria used for diagnosis.13 The etiology will depend on the
patient’s risk for MDR pathogens and the hospital’s local microbiology, and may be
suggested by knowledge of microorganisms with which the patient is colonized.

Pathogenesis

VAP is directly linked to colonization of the oral cavity with potential respiratory pathogens
that are aspirated. Leaking of the oral flora around the ETT occurs in virtually all patients
(Figure 3).14 15 Biofilms on the ETT provide a direct route for bacteria into the lower
airways.16 Other pathways such as sinus or gastric colonization, inhalation of aerosolized
bacteria from contaminated healthcare devices, and bacteremia with hematogenous spread
play much smaller roles.?

Recent investigations have closely examined the oral microbiome as a means to understand
how changes in the microbial community can contribute to the development of VAP.
Knowledge of the oral microbiome had been limited in the past by lack of sensitive and
specific microbiologic methods to identify bacteria that cannot be cultured by routine
methods. This obstacle has become less limiting recently, with the use of next-generation
sequencing to characterize microbial communities.’

VAP and Oral Microbiome

The human oral microbiome is composed of all microbial species in the oral cavity. The
teeth, gingival, tongue and oral mucosa all support unique and distinctive bacteria in healthy
individuals.8 Individuals with iliness, taking antibiotics or immunosuppressants may have
very different flora. This results from a reduction in microbial diversity from antibiotic
selection that contributes directly to pathogen selection through loss of microbial
competition.1®

In order to characterize the bacteria in the oral pharynx and in the concominant secretions
from the lungs of intubated patients, investigators have studied oral swabs from the tongues
and BAL from intubated patients.2® Clone libraries, molecular sequencing, and standard
cultures were performed and demonstrated that the majority of VAP patients had the same
bacteria in their oral cavaties as in their lungs, suggesting that the mouth flora was the
source of bacteria in the lungs. Importantly, they also found that more than half of the
pathogens found in the lung were not identified by routine culture.

In a similar study another group of investigators sampled supragingival plaque from 100

intubated critically ill trauma patients.?! Tracheal aspirates were collected, and in 30
patients, BAL fluid was obtained. In 60% of the patients, respiratory pathogens were
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identified from oral specimens. Eighteen of the 30 who had BALSs had further analysis using
pulse-field gel electropheresis (PFGE) to identify potential respiratory pathogens. These
patients had more than one respiratory pathogen identified in all three sampled sites. The
majority of isolates that were recovered from the plaque genetically matched the organisms
from the BAL by PFGE pattern.

Taken in total, these studies suggest that when a patient develops VAP, the bacteria in their
lung secretions are the similar to the bacteria that are present in their oral flora, and are more
numerous than previously demonstrated. Further, pneumonia may be caused by either
previously recognized organisms or by pathogens not previously identified by standard
culture methods. If bacterial community changes in the mouth could be monitored using
more comprehensive culture-independent methods in a timely and cost-effective manner,
surveillance of the mouth for reduction in microbial diversity and pathogen selection may
help predict and guide therapy for patients who develop VAP.

PREVENTION STRATEGIES FOR VAP

Bundles

Bundles are a set of processes of care that, when instituted as a group, provide more robust
results than when each process is instituted individually. This is particularly true when
components interact with each other synergistically or when partial execution fails to
achieve the desired result.22 Credit for delivering each component can only be obtained if
the entire bundle is executed correctly. In other words, credit for delivery is all or none.

In order for a bundle to be effective, each component must have an explicit rationale.22
There should be a logical relationship between the elements (additive and not antagonistic),
and there should be strong evidence that each component improves the targeted outcome.22
The Institute for Healthcare Improvement (IHI) has developed a ventilator-bundle that
incorporates several strategies to prevent morbidity associated with the ventilator. Three
elements of this bundle target VAP, while two other elements target stress ulcer prevention
and prevention of thromboembolic disease (Table 2).23 The IHI ventilator bundle has been
broadly adopted by many hospitals as part of an effort to reduce VAP, and is often
mistakenly called a VAP bundle. It is instead a “ventilator associated adverse-event” bundle,
with the element requiring histamine-2-antagonsists for stress ulcer prophylaxis at odds with
preventing VAP,24 and no relationship between the element requiring deep venous
thrombosis prophylaxis and preventing VAP.

Elevation of the Head of Bed

Elevating the head of the bed to 45° at all times is one of the recommendations to prevent
VAP. The strategy is based on the observation that gastric reflux and aspiration of gastric
contents into the lung may be prevented by placing the patient in a semi-recumbent position
with the head of the bed elevated to 30-45°.25 In two small studies, aspiration and VAP
were reduced by almost three-fold for patients with the head of the bed at 45°, compared to
patients who were supine.10: 25 Elevating the head of the bed is better than having the patient
supine, but a 45° elevation is difficult to achieve,2% because patients who are sedated are
unable to maintain their head in an upright position. Further, patients who are hypotensive
cannot have the head of the bed elevated to 45°. Lastly, semi-recumbency fails to take into
account the gravitational forces that facilitate leakage of pooled secretions around the
ETT,27 and may increase the risk of thromboembolism and hemodynamic instability.28

The benefit for the semi-recumbent position was shown in studies in which the controls
were supine. A study comparing 45° to standard-of care (10°) showed no difference in rates
of VAP, although 45° was rarely achieved (28.1° was achieved).26 It is not clear that 45° are
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necessary. It is possible that 10° are sufficient compared to being supine, and that additional
elevation makes no difference.

Daily Interruption of Sedation

Using daily interruptions of sedation to assess the patient’s readiness to extubate has been
incorporated into the IHI ventilator bundle because it reduces the duration of MV.29
Spontaneous awakening trials added to spontaneous breathing trials improve ventilator
weaning, and shorten the number of ICU and hospital days.3 Since duration of MV is a risk
for the development of VAP, reducing the number of days of MV should correlate to a
reduced rate of VAP.23 However, there are no published studies that demonstrate a
reduction in VAP rates utilizing this strategy. Further, this strategy is not without risks.
Reducing a patient’s sedation increases the risk for pain, anxiety and self-extubation.
Neither study enrolled surgical or trauma patients whose needs for analgesia may be
different than medical patients. For this reason, daily interruption of sedation may be best
applied to selected patients in whom the benefit outweighs these risks.

Chlorhexidine Oral Care

Because the pathophysiology of VAP involves aspiration of contaminated secretions into the
respiratory tract, efforts have been made to decontaminate the mouth with chlorhexidine in
order to prevent VAP. Although chlorhexidine has been shown to be useful in preventing
VAP in the trauma and cardiac surgery patient population, it has not shown benefit for any
other patient group.31-33 Given that the trauma and cardiac surgery patient populations
studied had short periods of intubation, it is thought that chlorhexidine may simply delay the
onset of VAP. Chlorhexidine mouth care had no mortality benefit, and had no impact on the
number of ventilator days or days in the ICU, but was added to the IHI bundle for all
ventilated patients, despite the paucity of evidence showing benefit for most patients.

Another decontamination strategy studied to reduce VAP is selective decontamination of the
digestive tract (SDD). This strategy uses a combination of non-absorbable antibiotics in the
oropharynx and the gastrointestinal tract combined with an intravenous cephalosporin.

Several meta-analyses have demonstrated that the use of SDD is associated with significant
reductions in the incidence of VAP and lower rates of hospital mortality, particularly among
surgical patients.34-36 However, in the largest multicenter study published to date, there was
no difference in crude mortality in patients receiving SDD compared to controls.3” Only
after adjusting for covariates was there a reduction in mortality by 3.5% for patients
receiving SDD. In this study, SDD had marked effects on the bacterial ecology in the ICUs,
with rising rates of ceftazadime resistance in the respiratory tract during the intervention and
continued resistance in the gastrointestinal tract after discontinuation of SDD.38 Whether
SDD is effective and safe remains controversial.

Novel Strategies Not Included in the Current Ventilator Bundle

Positioning

A new approach to positioning has been evaluated in an animal model of VAP, and is now
being studied in humans. In the first published animal study, sheep were randomized to
either a head-up position to mimic a semi-recumbent position, or head-down position with
the ETT/trachea below the horizontal plane 3°. Half of the sheep in the head-down position
received enteral feedings and half did not. Sheep in the head-down position were placed in a
rotational system that allowed turning the animal from side to side at a timed interval.
Animals were ventilated for 72 hours and then sacrificed. Histologic and microbiologic
evaluation demonstrated that sheep in the head-up position had heavy bacterial colonization
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of the lungs and a significant decrease in PaO2/Fio2. The sheep in the head down position
had no evidence of bacterial colonization, VAP or impaired PaO2/Fi02.3°

The first clinical trial in humans to study the relationship of positioning and bacterial
colonization randomized 60 intubated infants to either supine or lateral position (keeping the
orientation of the ETT/trachea at or below the horizontal plane).40 After 5 days of MV,
tracheal cultures were positive in 26/30 infants in the supine group and 9/30 in the lateral
group (p<0.05). Maintaining a ventilated adult patient in a lateral position has been tested
successfully in a pilot study 41 for feasibility, and a larger randomized multi-center study has
been designed to assess whether the lateral head-down position may prevent VAP in
adults.42

These studies reinforce the importance of patient positioning but suggest that the current
practice of elevating the head of the bed may not be the best strategy as aspiration and
gravitational forces create a continuous bacterial challenge to the ETT. Using gravity to help
move secretions away from the ETT cuff may make sense if this positioning can be
maintained safely in critically ill patients.

Subglottic Suctioning

Secretions in the upper airways of intubated patients pool above the ETT cuff, allowing for
leakage of contaminated secretions into the lower airway. In several studies, the effect of
using an ETT that has a separate dorsal lumen, which allows continuous aspiration of the
subglottic secretions, was compared with that of a conventional ETT.43-45 Although studies
showed a beneficial effect of continuous suctioning of subglottic secretions on the incidence
of VAP, none showed a corresponding effect on mortality rate, length of stay in the ICU, or
duration of MV. Additionally, the aspiration port clogs easily and the continuous suction has
the potential to injure the oropharynx and proximal airway.

Preventing Biofilm Formation

Biofilms form on surfaces of ETTs when bacteria encounter surfaces and “settle” on that
surface, up-regulating genes involved in matrix production.*® The recognition of these
biofilms has resulted in the development of several approaches aimed at limiting their
formation. One approach is to incorporate an antiseptic such as silver onto the intra-luminal
surface of the ETT. Some studies have shown a reduction in the incidence of VAP and
delayed time to VAP, however, reductions in days of ventilation, hospital stays, or mortality
have not been demonstrated.4’

Mucus Shaver

A novel approach to keeping the ETT free from secretions is the mucus shaver, a concentric
inflatable catheter for removal of mucus from the interior lumen of the ETT.#2 The normal
method for cleaning and preventing occlusion of the ETT is to insert a small flexible suction
catheter to the distal portion of the ETT and withdraw it slowly while maintaining suction.
This method leaves residual secretions, which may organize into biofilms. Residual bacteria
may also spread to the lower airways via micro-aspiration causing pneumonia.

To improve the process, a group of investigators designed a molded silicon rubber tube with
2 shaving rings that allow for a complete cleaning of the ETT with one pass. The device is
inserted to the distal portion of the ETT, inflated such that the shaver’s edge is in contact
with the interior lumen of the ETT, and withdrawn over a period of 3—-6 seconds, removing
all accumulated mucus. This device was first tested in mechanically ventilated sheep.*8 The
ETTs that were cleaned with the mucus shaver showed no colonization or residual
secretions. The device has subsequently been tested in humans in a small, randomized
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controlled trial 4% At the time of extubation, 1/12 tubes in the mucus shaver group was
colonized, while 10/12 in the control group was colonized (p<0.001).

This approach would represent an intriguing advance in our ability to clean and maintain an
ETT free from mucus and biofilms if larger trials show efficacy.

Despite broad implementation of a bundled strategy aimed at preventing ventilator-
associated adverse events in many hospitals, there are no convincing published reports of
reductions in VAP using this bundle. Two studies that have reported on the effectiveness of
implementing the ventilator bundle did not report adherence rates to the bundle.50: 51
Another study evaluating this bundle reported a 95% compliance with the bundle and an
associated reduction in VAP, but investigators acknowledged that the reduction may have
resulted from a confounding concurrent improvement program that focused on care of the
ventilated patient with multidisciplinary teams and daily goal-setting rather than adherence
to the bundle.52

No large randomized study has demonstrated that reducing VAP using any VAP prevention
strategy, including those in the IHI bundle, translates into any meaningful clinical outcome
including reduced mortality (Supplemental Table 3). This likely stems from the non-
specificity of VAP definitions, resulting in mislabeling benign events as VAP and
misdiagnosing non-infectious pulmonary dysfunction as VAP.53

Before clinicians broadly adopt a bundled strategy in all patients, the evidence should first
demonstrate that implementing the bundle would improve patient outcomes. While bundles
are an important advance in healthcare delivery and have the potential to improve clinical
outcomes, healthcare providers should rely on rigorous studies demonstrating that a bundle
is effective and not harmful, so that resources can be directed to the most productive
strategies for preventing complications and limiting morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
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Figure 2.

Lung Pathology.

Lung parenchyma showing abundant bacterial elements (hematoxylineosin stain; original
magnification _40x).

JAMA. Author manuscript; available in PMC 2014 March 12.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

O’Grady et al. Page 13
Table 1
Definitions of VAP
CDC National Healthcar e Safety Network > American Thoracic Society and I nfectious
Disease Society of America?
Timeline Pneumonia in persons who had a device to assist or control Pneumonia that occurs more than 48- 72
respiration continuously through a tracheostomy or by hours after intubation
endotracheal intubation within the 48-hour period before the
onset of infection, inclusive of the weaning period
Clinical signs Change in pulmonary secretions or impaired gas exchange and Change in pulmonary secretions or impaired

systemic signs of infection

gas exchange and systemic signs of infection

Radiographic evidence

New or progressive opacities

New or progressive opacities

Microbiologic evidence

None required

None required
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Components of the IHI Ventilator Bundle

Table 2

Intervention Target for Prevention
Elevation of the head of the bed to 45 degrees VAP
Daily sedation vacations and assessment of readiness to extubate | VAP
Daily oral care with chlorhexidine VAP

Proton pump inhibitors or H2 receptor antagonists

Peptic Ulcer Disease

Anticoagulants or compression devices

Deep Venous Thrombosis
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