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Abstract

Ventilator-associated pneumonia (VAP) is one of the most frequent ICU-acquired infections. Reported incidences vary
widely from 5 t0 40% depending on the setting and diagnostic criteria. VAP is associated with prolonged duration of
mechanical ventilation and ICU stay. The estimated attributable mortality of VAP is around 10%, with higher mortality

rates infsurgical ICU patients and in patients with mid-range severity scores at admission. Microbiological confirma-
tion of infection is strongly encouraged. Which sampling method to use is still a matter of controversy. Emerging
microbiological tools will likely modify our routine approach to diagnosing and treating VAP in the next future.
Prevention of VAP is based on/minimizing the [exposure to mechanical\ventilation and encouraging early liberation.
Bundles that combine multiple prevention strategies may improve outcomes, but large randomized trials are needed
to confirm this.[Treatment should be limited to 7 days|in the vast majority of the cases. Patients should be reassessed
daily to confirm ongoing suspicion of disease, antibiotics should be narrowed as soon as antibiotic susceptibility
results are available, and clinicians should|consider stopping antibiotics if cultures are negative

Keywords: Ventilator-associated pneumonia, Bronchoscopy, Mechanical ventilation, Bronchoalveolar lavage,
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Introduction

Ventilator-associated pneumonia (VAP) is defined by
infection of the pulmonary [parenchyma in patients
exposed to invasive mechanical m for |at least
48 h and is part of ICU-acquired pneumonia. VAP
remains one of the j/most common infections in patients
requiring invasive mechanical Ventilation. Despite recent
advances in microbiological tools, the epidemiology and
diagnostic| criteria for VAP are still controversial, com-
plicating the interpretation of treatment, prevention,
and outcomes studies. VAP imposes a significant eco-
nomic burden. A recent cost evaluation from the USA
estimated that the attributable cost of VAP to be $40,144
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(95% CI $36,286—$44,220) [1]. We will focus this review
on current understanding of the epidemiology, diagnosis,
prevention, and treatment of ventilator-associated pneu-
monia. Other conditions such as ventilator-associated
tracheobronchitis are not detailed.

Epidemiology

Incidence

VAP is reported to affect 5-40% of patients receiving
invasive mechanical ventilation for [more than 2 days,
with large variations depending upon the country, ICU
type, and criteria used to identify VAP [2—4]. VAP rates
in North American hospitals have been reported to
be as low as 1-2.5 cases per 1000 ventilator-days [5].
European centers, however, report much higher rates.
The -VAP/CAP study, for example, reported an
incidence density of [18.3 VAP episodes per 1000 ven-
tilator-days [6]. Lower—middle-income countries also
report higher rates compared to US hospitals and high-
income countries in particular (18.5 vs 9.0 per 1000
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ventilator-days; P=.035) [7]. These large discrepancies
are at least in part explained by differences in defini-
tions, differences in how definitions are applied, diag-
nostic limitations of all definitions, and differences in
microbiological sampling methods [8]. The daily risk of
VAP peaks between days 5-9 of mechanical ventilation,
whereas the mmence is closely [related to
total duration of mechanical ventilation [9,10T.
~The Centers for Disease Control and Prevention’s
National Healthcare Safety Network (NHSN) has
reported large decreases in the incidence of VAP for
both medical and surgical ICUs over the past 15 years
[11]. These results were not confirmed, however, by an
analysis using a stable definition for VAP conducted
by the Medicare Patient Safety Monitoring System
(MPSMS) from 2005 through 2013 [12]. The incidence
of VAP was roughly 10% throughout the study period
in a selected population of patients of at least 65 years
with principal diagnoses of acute myocardial infarc-
tion, heart failure, pneumonia, and selected major sur-
gical procedures [12]. These discrepancies suggest the
possibility of variations in how surveillance criteria
are applied and support the use of more objective sur-
veillance parameters [13]. Comprehensive research to
identify novel diagnostic biomarkers could be of inter-
est in this context.

Incidence rates greatly vary based on the studied (pop-
ulation, For example, VAP rates as high as m%
ventilator-days have been reported in cancer patients
[14]. A high incidence is also reported in trauma patients
(17.8% in one series of 511 patients) [15], explained
at least in part by the alteration of immune function
after major traumatic injury, aspiration resulting from
brain injury and lung contusion [6]. The increased inci-
dence observed in chronic obstructive pulmonary dis-
ease (COPD) patients might be explained by prolonged
duration of invasive mechanical ventilation (muscular
weakness), high incidence of microaspiration and bacte-
rial colonization (defective mucociliary clearance), and
altered local and general host defense mechanisms [16].
Acute respiratory distress syndrome (ARDS) is also asso-
ciated with a high risk of VAP. Even with the use of lung-
protective strategies,Mze as high as 29% has been
reported [10] among ARDS patients in general and 35%
in patients receiving extra-corporeal membrane oxygena-
tion (ECMO) [17].

Aée oes not appear to be particularly lassociated with
risk of [pneumonia in ventilated patients. A secondary
analysis of a European cohort study [18] reported 13.7
VAPs per 1000 ventilation days in middle-aged (45—
64 years) patients, 16.6 in old patients (65—74 years), and
13.0 in very old patients (>75 years). Logistic regres-
sion analysis was unable to identify a higher risk of VAP

Take-home message

en
considering a diagnosis of ventilator-associated pneumonia (VAP).
ﬂis recommended for the treatment of
most patients with VAP for those with disease
ﬁfactors for resistant pathogens being treated
in settings with low rates of resistance. De-escalation to a mono-

therapy once culture results are available and treating for a total of
7 days is recommended for most patients.

among elderly patients [18]. In contrast, male gender
is generally recognized as an independent Tisk factor
for VAP [19]. The most important risk factor for VAP,
however, is likely the underlying medical conditions of
mechanically ventilated patients including their comor-
bidities and severity of illness. Accounting for difference
in patient populations and VAP definitions is crucial for
the implementation of suitable surveillance programs,
analyzing differences in VAP rates between different
ICUs, and evaluating potential therapeutic approaches,
and prevention strategies. The systematic use of /inci-

dence densig as a garameter to evaluate VAP epiderﬁo-
ogy would also be helpfulto reach these latter objectives.

Outcomes

Although Jall-cause mortality associated with VAP has
been reported to be asw there is still consider-
able controversy regarding the extent to which VAP con-
tributes to death in ICU patients. In contrast, VAP has
been consistently associated with prolonging duration of
both mechanical ventilation and ICU stay.

Different methods have been used to evaluate the
attributable m of VAP. Observational cohort
studies done in the nineties reported conflicting results
[20, 21]. However, these studies included heterogenous
populations and were not prospective [22]. As the risk of
acquiring VAP is not constant throughout the duration
of mechanm risk is higher diiring the
first 10 daxsz, there is a risk ofﬁdum
and |discharge acting as gmpﬁg endpom (the sick-
est patients may have very short lengths of stay because
of early death). More sophisticated statistical approaches
have therefore been used, such as multistate and compet-
ing risks models, to estimate the attributable mortality of
VAP. A competing risk survival analysis, treating ICU dis-
charge as a competing risk of ICU mortality among 4479
patients treated in [French ICUs, reported that the ICU
mortality attributable to was very low, about 1% on
day 30 and 1.5% on day 60 [23]. In|[ARDS patients,alde
morﬁt‘ rates of up to 41.8% have been reported in

patients jwith VAP versus g!”l’lé in patients without| VAP
(P=0.05) [10]. However, after adjusting for confounding
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factors, VAP was no longer associated with ICU death
[10]. Even after using a multistate approach controlling
for the same risk factors, the occurrence of a bacterial
VAP was not associated with the risk of ICU death [10].
This is consistent with recent reports in cancer patients
[14] and in traumatic brain injury patients [24], in which
VAP was not associated with death.

Another approach to limit the risk of biases related
to the presence of confounding factors is to use rand-
omized-controlled trials evaluating the preventive effects
on VAP and mortality. Based on aggregate data from 58
randomized studies on VAP prevention, the estimated
attributable mortality rate of VAP was 9% [25]. A simi-
lar approach using individual patient data for meta-anal-
ysis, including 6284 patients from 24 VAP prevention
trials, estimated an attributable mortality of 13%, with
higher mortality rates in surgical ICU patients and in
patients with mid-range severity scores at admission (i.e.,
Acute Physiology and Chronic Health Evaluation scores
[APACHE 2] 20-29 and Simplified Acute Physiology
Score [SAPS 2] scores of 35-58 [26] In contrast, attrib-
utable mortality was close to zero in trauma patients,
medical patients, and patients with low or high sever-
ity of illness scores [26]. [Antimicrobial resistant patho-
gens may increase t@rates associated with
VAP although this is/controversial [18, 27]}. In summary,
VAP is associated with prolonged duration of mechani-
cal ventilation and prolonged ICU stay, whereas mortal-

ity is mainly driven by patients’ underlying conditions
and 1"ness severlg. Future studies should focus on more

homogeneous groups of patients in order to better eluci-
date the differential contributions of underlying disease,
type, and number of organ failures and pathogen identity
and resistance profile to the risk of death associated with
VAP.

Microorganisms responsible for VAP
The organisms associated with VAP vary according to
many factors including duration of mechanical venti-
lation, length of hospital and ICU stays before VAPs,
timing and cumulative exposure to antimicrobials, the
local ecology, and the occurrence of any potential epi-
demic phenomena in a given ICU. Usual Gram-negative
microorganisms involved in VAP are Pseudomonas aer-
uginosa, [Escherichia coli, Klebsiella pneumoniae, and
Acinetobacter species; StaphW aureus is the major
Gram-positive| microorganism [28-33]. It is generally
recognized that |early-onset [VAP gwithin the first 4 days
of hospitalization) in prevﬁym—‘f xpatientsno
receiving [antibiotics usually involves normal joropharyn-
eal flora, whereas late-onset VAP (occurring after at
east 5 days of hospitalization) and VAP in patients with
sk factors for multidrug| resistant (MDR) pathogens

are more likely to be due to MDR pathogens [34]. How-
ever, MDR pathogens may be isolated in learly-onset
VAP, mainly in the presence of certain risk factors such
as antimicrobial exposure within the preceding 90 days
[34—36]. Some reports have found comparable rates of
MDR pathogens in patients with learly- versus [late-onset
VAP [27, 36, 37]. Other risk factors for MDR pathogens
generally recognized include prior colonization or infec-
tion with MDR pathogens, Ah preceding VAP, acute
renal reﬁlmm therapy prior to VAP, and the presence
of [septic shock at time of VAP [34]. The recent Interna-
tional Guidelines of the European Respiratory Society,
European Society of Intensive Care Medicine, European
Society of Clinical Microbiology and Infectious Diseases
and Asociacién Latinoamericana del Térax suggested
that additional [risk factors| should be taken into account
such as high local rates of MDR pathogens, recent pro-
longed hospital stay (55 days of hospitalization) and
previous colonization with pathogens [38]. Resist-
ance to third- and fourth-generation cephalosporins
in Enterobacteriaceae strains due to the expression of
acquired extended-spectrum p-lactamases (ESBLs) and/
or AmEC E-lactamases is a major worry [39]. The spread
of [carbapenemase-producing strains is also a growing
concern. MDR isolates of Pseudomonas aeruginosa are
increasingly prevalent [40]; one-half to two-thirds of
Acinetobacter baumannii strains causing VAP are cur-
Tently carbapenem-resistant [41]. Colistin resistance has
increased following rising rates of colistin consumption
to treat extensively drug-resistant (XDR) organisms [42].
VAP may be caused by multiple pathogens which can
complicate the therapeutic approach [32, 43, 44]. Fungi
rarely cause VAP [45]. Candida spp. is the mosticommon
yeast isolated in respiratory samples [46]. Colonization
of the lower respiratory tract by Candida spp. affects up
to 27% of mechanically ventilated patients and could be
associated with an increased isk of bacterial VAP, most
notably caused by Pseudomonas aeruginosa [47]. How-
ever, available data do not support a direct role of Can-
dida spp. as aWMn [45]. In a recent
report, the relationship between Candida spp. coloni-
zation and bacterial VAP was prospectively evaluated
in 213 patients presenting with multiple organ failure
[48]. Whereas 146 patients (68.5%) had tracheal coloni-
zation with Candida spp., no association with bacterial
VAP was found [48]. AspeW spp. (mainly Aspergil-
lus fumigatus) may be involved in some late-onset VAP,
particularly in patients with a|recent history of m
[49]. A recently proposed clinical algorithm assessed
the relevance of positive cultures and might be help-
ful for clinicians to decide whether to treat or not [50].
Finally, respiratory viruses including influenza, respira-
tory syncytial virus, and others may be responsible for
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VAP)| [51-54]. The Herpesviridae Herpes simplex virus
and Cytome: W(CMV) can cause viral reac-
ivation pneumonia in immunocompromised and non-
immunocompromised mechanically ventilated patients.
Histopathological evidence of HSV bronchopneumoni-
tis has been reported in up to of mechanically ven-
tilated patients with worsening respiratory status [55].
CMYV reactivation is observed in 20-30% of critically ill
patients, especially in those with multi-organ failure and
prolonged ICU stays [56, 57]. Histologically proven CMV
pneumonia has been reported in ARDS patients with
persistent clinical deterioration and @awe bronchoal-
veolar lavage bacterial culture [58-61]. Other viruses
have been identified in mechanically ventilated patients,
but their pathogenicity needs to be confirmed [62, 63].

Diagnosis of VAP

VAP diagnosis is traditionally defined by the concomi-
tant presence of the three following criteria: clinical sus-
picion, new or progressive and persistent radiographic
infiltrates, and positive microbiological cultures from
lower respiratory tract specimens [34, 38, 64, 65].

Clinical diagnosis

The first step to diagnose VAP is|clinical|suspicion. Many
criteria for suspecting VAP exist (fever, leukocytosis,
decline in oxygenation...), but their usefulness, alone or
in combination, is not sufficient to diagnose VAP [66].
Scores have been proposed to help improve diagnostic
accuracy, the most used being the Clinical Pulmonary
Infection Score (CPIS) developed by Pugin et al. [67]:
the joriginal description of this score is based on 6 vari-
ables (temperature, blood leukocytes, tracheal secretions
aspect, oxygenation, radiographic infiltrates, and semi-
quantitative cultures of tracheal aspirates with Gram
stain), and patients with a score above 6 are at risk of hav-
ing VAP. One randomized study found that using CPIS
to determine when to stop antibiotics led to less anti-
biotic consumption compared to a clinical strategy of
fixed durations of antibiotics [68]. However, using CPIS
to determine when to start antibiotics may be associated
with undue antibiotic use due to its low specificity, par-
ticularly as compared to obtaining lower respiratory tract
specimens for culture [69]. Therefore, recent guidelines
do [not recommend CPIS to diagnose VAP [34, 65]. VAP
should rather be suspected in patients with clinical signs
of infection, such as at least two of the following crite-
ria: new onset of fever, purulent endotracheal secretions,
leukocytosis or leucopenia, increase in minute ventila-
tion, decline in oxygenation, and/or increased need for
vasopressors to maintain blood pressure. These signs are
not specific for VAP, however, and can often be observed

in the many conditions that mimic VAP (e.g., pulmonary
edema, pulmonary contusion, pulmonary hemorrhage,
mucous plugging, atelectasis, thromboembolic disease,
etc.).

Although almost all definitions for suspecting (and
diagnosing) VAP include radiographic criteria (new or
progressive and persistent infiltrates), it is well known
that chest X-rays are neither sensitive nor specific for
VAPI [64, 66, 70]. Figures 1 and 2 display two patients for
whom radiological criteria were falsely negative (Fig. 1)
or not contributive (Fig. 2). Computed tomography (CT
scan may be a good alternative| since it is more‘sen& 1ve;
however, a strategy based on systematic lung CT-scan
has obvious drawbacks, the main issues being feasibility,
maintaining patient safety during transport, and avail-
ability. Lung| ultrasound has recently been proposed as
a diagnostic aid for VAP; however, data on its sensitivity
and specificity arelacking [71].

Biomarkers such as éreactive protein, procalcitonin
or soluble triggering receptor expressed on myeloid cells
(STREM-1) have been proposed as diagnostic markers for
VAP; however, they|lacklaccuracy and their use is, to date,
not‘recommended for VAP diagnosis [34, 65, 72-75].

More research is needed to identify sensitive and spe-
cific biomarkers that could help the clinician to diagnose
VAP, identify the causative pathogen, and guide antibi-
otic therapy. A translational approach, with application
of genomic, proteomic, and metabolomic methodologies,
may be helpful in improving our understanding of the
pathophysiology of VAP and helping identify judicious
biomarkers or profiles that could help clinicians [76].

In summary, there is no single clinical criterion, bio-
marker or score that is am
Therefore, VAP should be considered whenever there are
new signs of respiratory deterioration potentially attrib-
utable to infection (e.g., fever, purulent sputum, leukocy-
tosis, worsening oxygenation, unexplained hypotension,
or increasing vasopressor requirements), with or without
new or progressive pulmonary infiltrates. Once VAP is
suspected, the second step of the diagnostic workup is to
perform microbiological sampling (Fig. 3).

Microbiological diagnosis

Recently, scientific societies from North America and
Europe proposed recommendations to diagnose VAP [34,
38] (Table 1). The European guidelines [38] suggested
obtaining distal quanflga)!lve samples| before antibiotic
treatment, since it is known that, if[samples are obtained
after starting lantibiotic treatment, the results may be
altered or emerge as negative. The use of distal quanti-
tative cultures, which may be more specil% than blin

| P . J

non-directed) sampling techniques, may help to reduce
overutilization of antibiotics particularly if clinicians only
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Fig. 1 Chest X-rays and CT-scan of a 65-year-old man who developed ventilator-associated pneumonia. Chest X-ray performed the day VAP was
suspected seems normal (a), whereas the CT-scan performed the same day showed consolidation of the left inferior lobe (b, d). Bronchoalveolar
lavage yielded 10° Enterobacter aerogenes. The next day, chest X-ray showed progression of pulmonary infiltrates (c). VAP diagnosis based on chest
X-ray would have been delayed

start antibiotics in patients with positive gram stains,
positive cultures, or suspected septic shock [77].

Direct examination and |Gram staining use are con-
troversiall The American guidelines [34] suggest that
a high-quality Gram stain from a respiratory specimen
with numerous and predominant organisms provides
further support for the diagnosis of VAP. The absence of
microorganisms on Gram stain, however, doesnot reli-
ably 'exclude VAP, and so it is important to also Teview
culture results. The limited sensitivity and specificity of

Gram stain are another reason why we need to identify
additional rapid diagnostic strategies including bio-
markers and rapid microorganism identification and
susceptibility assays.

Presentations of diagnostic sampling techniques for
VAPs are sometimes confusing. Invasive techniques
are those which are distal and directed by bronchos-
copy, such as bronchoalveolar lavage (BAL), protected
specimen brush (PSB) or lung biopsies (an uncommon
sampling method). Blind min$1sing a plugged
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D

Fig. 2 Chest X-ray of a 35-year-old woman with HIN1 influenza-
associated acute respiratory distress syndrome (“white lungs”). She
developed fever, leukocytosis, purulent tracheal secretions and
bronchoalveolar lavage (obtained during fiber optic bronchoscopy)
yielded 10° Pseudomonas aeruginosa. Chest X-ray was unchanged
(same chest X-ray since 1 week) and obviously not useful for suspect-
ing/diagnosing ventilator-associated pneumonia

(or blind protected specimen brush
sampling technique which is
ecause there is
of the tip of
is considered as “non-invasive” even though bleeding
and pneumothoraces are possible complications.

These “invasive techniques” also present several
disadvantages: the need for qualified personnel to
perform these procedures (even though it is now a
conditional skill to become an intensivist in many
countries), potential risks for the patient (hypoxemia,
barotrauma, bleeding), and the associated costs espe-
cially when using disposable bronchoscopes. However,

obtaining using proximal samplin
as endotracheal aspirates may ﬁ
the presence of bacteria potentially lead to
unnecessary antibiotics use, and promotion of antibi-
otic resistance. However, they can be performed more
quickly and simply compared to bronchoscopy, with
fewer complications and resources (Fig. 3). A meta-
analysis of 5 randomized trials comparing invasive

microbiological sampling techniques with quantitative
cultures versus noninvasive sampling methods with
either quantitative or semiquantitative cultures did.
sy disnces i psns outcomes .
common dilemma is the question of whether to start
antibiotics when invasive quantitative culture results are
negative or below the diagnostic threshold for patients
with suspected VAP. The Infectious Diseases Society

of America (IDSA)/American Thoracic Socie
uidelines suggest

mig ess unnecessary antibiotic use,
which should reduce antibiotic-related adverse events
(such as Clostridium difficile emergence and rising anti-
biotic resistance) and costs. However, intensivists should
always use their clinical judgment to temper this decision
if there is other compelling evidence of pulmonary infec-
tion, if the patient received antimicrobial therapy prior
to microbiological sampling, if there is associated septic
shock, if the patient is immunocompromised, and/or if
the patient fails to improve despite managing potential
non-infectious causes of clinical deterioration.

Although not recommend by the recent

€ assoclated wi

negative many times. In such cases, giving a full course
(7 days, see below) of antibiotics may expose the patient
to prolonged undue antibiotics and may promote antibi-
otic resistance. Therefore, our recommendation is to

m if the clinical course is
avorable, an e likelihood of infection is low, antibiot-

ics could be stopped. Another solution is to use
the procalcitonin

mon situation is a-patient who receives antibiotics for
more than 48 h at the time of microbiological sampling
(whatever the indication, for an extrapulmonary infection
for example). If microbiological results are negative, that
suggests that the patient does not have VAP. Therefore,
no new antibiotics should be started, and the decision
on what to do with the current antimicrobial treatment
should be based on the initial indication.

diagnosis in the near-

One of the challenges in diagnosing VAP, whatever the
technique used (endotracheal aspirates or broncho-
scopic-guided BAL), is to decrease the time from sam-
pling to pathogen identification. Indeed, it currently
takes at leas using conventional microbiologi-
s) responsible for
o antimicrobial treat-
empiric broad-spectrum
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Clinical suspicion of VAP

®

Specific

Less antibiotics

\ 4 Large sample

Cheap (_Q
Tolerance
Easy to perform
- Y
Sensitive
Endotracheal aspirate
with semiquantitative or
quantitative culture
Specificity

Bronchoalveolar lavage
with quantitative culture

Sensitivity

Antibiotic use

Only microbiological
exams

Cost >

Tolerance

Special skills

Empirical antibiotic treatment

Consider stopping
antibiotics if negative

Definitive antibiotic treatment

h momomomm om om oam m m E E E E E E am mm omm omm o mm omm omm oam o
Fig. 3 |Schematic representation of VAP diagnosis and treatment. Clinical suspicion of VAP refers to the association of some of the following criteria:
fever, purulent sputum, leukocytosis, impaired oxygenation, unexplained hypotension or shock, new (or progression of ) pulmonary infiltrates on
chest X-ray (not always observed). Empirical treatment takes into account the underlying disease and its severity, the presence of risk factors for
multiple-drug-resistant pathogens (antibiotic therapy in the previous 90 days, hospital stay > 5 days, septic shock at VAP onset, ARDS prior to VAP
onset, acute renal replacement therapy prior to VAP onset, previous colonization with MDR pathogen) and local pattern of antimicrobial susceptibil-
ity. Immunocompromised patients, patients with empyema, lung abscess or necrotising pneumonia should receive prolonged antimicrobial course

(38]

antibiotics are often given [34, 38, 82]. One of the ke
issues in antimicrobial stewardship is to |decrease é
consumption of broad-spectrum antibiotics [82] both
by limiting their prescription and shortening their dura-
tion. Over the past few years, molecular methods have
been developed to decrease the time between sampling
organism identification, and determination of antibiotic
susceptibilities. For example, the use of polymerase chain
reaction (PCR) to detect bacterial DNA| can shorten the
time of organism identification and susceptibilities, but it
is|restricted to |specific pathogens and iresistance mecha-
nisms, for example mecA to detect methicillin resistance
in Staphyloccocus aureus strains [83]. Although this tech-
nique is not available to determine resistance patterns for
pathogens commonly responsible for VAP such as Pseu-
domonas aeruginosa [84] or it requires a positive culture
to detect resistance mechanisms [83], it is routinely used

in many places to allow for very early de-escalation and
narrowing of antimicrobial treatment in specific situa-
tions, for example to withdraw or withhold anti-MRSA
antibiotics (Fig. 4).

Recently, new tools using multiplex PCR directly
applied to fresh (bronchoscopic) samples have been
developed to identify pathogens. Some tests screen just
for the main pathogens responsible for VAP, and some
of them also screen for selected resistance mechanisms.
The pneumonia application of the Unyvero|system (Cure-
tis AG, Holzgerlingen, Germany) allows [testing for 20
different bacteria and one fungus, including those most
frequently responsible for VAD, as well as 19 resistance
markers, directly in clinical specimens, with a turna-
round time of 4 to 5 h [85]. Recent studies have evalu-
ated this new technique as compared to conventional
microbiological methods and found a concordance rate
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Table 1 |[Microbiological diagnosis of VAP according to recent guidelines [34, 38]

2016 Clinical Practice Guidelines by the Infectious Diseases Society

of America and the American Thoracic Society [ ]

2017 International ERS/ESICM/ESCMID/ALAT guidelines[ ]

Should patients with suspected VAP be treated based on the results of invasive
sampling (BAL, PSB, blind mini-BAL) with quantitative culture results, nonin-
vasive sampling (endotracheal aspiration) with quantitative culture results, or
noninvasive sampling with semiquantitative culture results?

Recommendation

We suggest noninvasive sampling with semiquantitative cultures to
diagnose VAP, rather than invasive sampling with quantitative cultures
and rather than noninvasive sampling with quantitative cultures (weak
recommendation, low-quality evidence)

If invasive quantitative cultures are performed, should patients with suspected
VAP whose culture results are below the diagnostic threshold for VAP (PSB with
< 10° CFU/mL, BAL with < 10* CFU/mL) have their antibiotics withheld rather
than continued?

Recommendation

Noninvasive sampling with semiquantitative cultures is the preferred
methodology to diagnose VAP; however, the panel recognizes that
invasive quantitative cultures will occasionally be performed by some
clinicians. For patients with suspected VAP whose invasive quantitative
culture results are below the diagnostic threshold for VAP, we suggest that
antibiotics be withheld rather than continued (weak recommendation,
very low-quality evidence)

In intubated patients suspected of having VAR, should distal quantitative
samples be obtained instead of proximal quantitative samples?
Recommendation

We suggest obtaining distal quantitative samples (prior to any antibiotic
treatment) in order to reduce antibiotic exposure in stable patients
with suspected VAP and to improve the accuracy of the results. (weak
recommendation, low quality of evidence)

We recommend obtaining a lower respiratory, tract sample (distal
quantitative or proximal‘quantitative or|qualitative culture) to focus and
narrow the initial empiric antibiotic therapy. (strong recommendation,
low quality of evidence)

BAL Bronchoalveolar lavage, PSB protected specimen brush, CFU colony-forming units

between the two techniques of 50-60% for pathogen
identification, and of 70-75% for identifying resistance
[85-88]. However, this kind of technique is limited by
the risk of over-detection, i.e., detection of DNA of non-
viable organisms, detection of pathogens at non-path-
ogenic thresholds, and the detection of non-pathogenic
organisms (i.e., colonizers WS). This
kind of technique will probably facilitate major advances
in the management of VAP in the near future, allowing
clinicians to tailor antibiotics within a few hours (Fig. 4).
However, improvements in the breadth and sensitivity of
the technique as well as studies evaluating the safety and
efficacy of rapid diagnostics to improve the suitability and
duration of antimicrobial treatment as well as impacts on
patients’ outcomes are needed before it can be routinely
recommended.

Surveillance

The clinical signs used to diagnose VAP are neither sen-
sitive nor specific either alone or in combination. [Even
lung biopsies are not definitive because of the uneven
Mt is highly unlikely that there
will be a worldwide consensus on how best to define and
conduct surveillance. This bespeaks the critical need for
further research to develop and validate new diagnostic
tools to support surveillance, prevention, and treatment
studies as well as quality improvement initiatives. This
need is particularly acute in the USA where regulators
and legislators have considered including hospitals’ VAP

rates in benchmarking and reimbursement policies. In
this context, the US Centers for Disease Control and Pre-
vention developed the concept of ventilator-associated
events (VAE), a surveillance strategy designed to broaden
the focus of surveillance to encompass multiple causes of
respiratory deterioration in ventilated patients, not just
pneumonia, to make surveillance more objective, and to
allow for the possibility of automated surveillance using
electronic clinical data. The definition includes subcri-
teria to try to identify the subset of VAEs that might be
infection-related and which might be due to pneumonia
in particular, but there are no data to suggest that VAE
definitions are any more (or less) accurate than tradi-
tional surveillance definitions [13].

While lower respiratory tract surveillance cultures may
help to predict the involvement of MDR microorganisms
in patients that develop VAP and thus decrease unnec-
essary broad-spectrum antibiotics use, there are no clear
data that this strategy improves clinical outcomes or low-
ers costs [89, 90].

Consensus diagnostic criteria that can be objectively
applied are needed to compare incidence rates between
hospitals and countries for the purposes of public health
planning and reimbursement.

Prevention of VAP

Many of our presumptions about how best to jprevent
VAP have recently been |challenged. Oral care with chlo-
‘thexidine and stress ulcgmagfnay be harm,
new data affirm the long-held fear that selective oral and
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Current workup process

Potential future
workup process

TIME Microbiological sampling
Niisroseo k Empiric treatment Multiplex
< 1hour e | guided by direct PCR
examination . .
examination
6 hrs.
(2036 e, | e
MALDI-TOF MS MALDI - TOF MS
24-36 hrs.
Specific, targeted
PCR
Antimicrobial

48-72 hrs.

susceptibility tests

VAP and their resistance to antimicrobials

Fig. 4 _for identification of pathogens responsible for VAP. To date, it takes 48-72 h. to identify

pathogen responsible for ventilator-associated pneumonia (VAP) and its susceptibility to antibiotics (purple boxes), delaying the definitive, targeted
treatment at that time (green boxes). Awaiting these results, physicians prescribe empiric broad-spectrum antimicrobial treatment. The use of
specific, targeted polymerase chain reaction (PCR) may allow shortening this time to 24-36 h., but for specific pathogens and specific resistance
mechanisms. A potential future workup process will be to use multiplex PCR (blue box) to identify within less than 6 h pathogens responsible for

secretion
of mechanical
- —95]. The practices most consistently

associated with earlier extubation and/or lower mortality
rates are those focused on
mechanical ventilation by
[96].

nterpreting the VAP prevention literature is challeng-
ing because many initiatives have been reported to lower
VAP rates, but the limitations of VAP diagnostic tools
and criteria make it difficult to discern the true effect of
prevention strategies [97].

Unless and until we develop sensitive and specific
markers for the presence or absence of VAP, providers
are advised to consider more objective outcomes when

to invasive
and

evaluating the potential merits of proposed preven-
tion strategies [98]. These include duration of mechani-
cal ventilation, ICU length-of-stay, ventilator-associated
events, antibiotic utilization, and mortality. Comparing
prevention measures’ impacts on VAP rates versus more
objective outcomes can sometimes lead to surprising dis-
crepancies. For example, meta-analyses of randomized
trials of oral care with chlorhexidine suggest this inter-
vention may lower VAP rates but increase mortality [99,
100]. We will use this lens to briefly review common VAP
prevention strategies.

Several recent trials evaluated the potential ben-

nfortunately,
olyurethane to be any

or polyvinyl
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at preventing VAP or improving objective out-
comes [101-104]. Likewise, *
minimize inadvertent drops in

endotracheal tube cuff pressure was at prevent-
ing VAP, decreasing length-of-stay, or lowering mortal-

migration,
meta-analysis of

ed cuff pressure systems,
analysis was limited by* substantial heter-
ogeneity, and limited evaluation of secondary outcomes
[106].

secretion drainage has F been
associate with_rates in both individual ran-
domized trials and meta-analyses but does
to _ the time to _ -
prevent ventilator-associated events, or

ity rates [94]. Earlier meta-analyses did suggest a pos-
sible impact on time to extubation and ICU discharge
but were confounded by ambiguous study results and
high levels of heterogeneity [94, 107]. Two studies have

reported an association between subglottic secretion
drainage and less antibiotic utilization, but a third did

meta-analy-
i
ates, perhaps
some of the antisep-
tic triggering acute 5,99, 100, 111, 112].
A cluster randomized de-adoption study is currently
underway to better characterize the safety and effective-
ness of oral chlorhexidine for ventilated patients [113].
Elevating the head of the bed to prevent reflux of gastric
secretions into the lungs is the most commonly practiced
intervention to prevent VAP [114, 115] but is supported
by surprisingly few randomized trials. A Cochrane
review of 8 randomized trials enrolling 759 patients did
report collectively fewer clinically suspected VAPs in
patients randomized to

effect on microbiologically confirme
M [116]. Some invesigators have
othesized that putting patients in the_

ay be a better way to prevent VAP by recruiting
o carry oral secretions away from the lungs. A
this hypothesis, but the trial was
events among
[117].

gravi
recent stud

is one

been associated with
. This strategy is widely practiced in
but practitioners elsewhere have been
o adopt antibiotic decontamination for fear that it
might promote antibiotic resistance, particularly in ICUs
with high baseline rates of antibiotic-resistant bacteria
and antibiotic utilization.

presumably by decreasing the incidence
of infections requiring treatment [120]. Nonetheless,
a recent cluster randomized trial of oral and digestive
decontamination in

may protect patients from VAP by modu-
e microbiome and inhibiting colonization
with invasive pathogens. Some randomized trials have
reported lower VAP rates, but this signal is not present
on meta-analysis restricted to double-blinded studies
[121]. A large multicenter study is currently underway
[122].

has been associated with
rates in some observational studies and in a
recent meta-analysis of randomized trials [92, 123, 124].
A large randomized trial of
however, reported
monia rates [125].
laxis had a

requirements or
randomized trials are underway.
The prevention practices that have most consistently
been associated with objective outcomes for
ventilated patients have been those focused on
to invasive
y using high flow oxygen or ventilation
as alternatives to intubation, lightening sedation, using
spontaneous breathing trials to prompt early extubation,
and early mobilization [126, 127]. These interventions
appear to be synergistic insofar as minimizing sedation
facilitates mobilization and early extubation. Observa-
tional studies of quality improvement collaboratives have
reported that bundling these practices together is asso-
ciated with earlier extubation and lower mortality rates
[128-131]. It will be important, however, to confirm
these findings in randomized trials given the many poten-
tial sources of bias in observational studies [132]. Table 2
summarizes current knowledge about VAP prevention.
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Table 2 Summary of the current knowledge about VAP prevention [162]

Intervention Probable impact on VAP rates Comments

Head-of-bed elevation [116]

endotracheal tube cuffs and ultrathin polyure-
thane [102, 104]

Automated endotracheal tube cuff‘pressure monitoring
[106]

TR

Oral care withchlorhexidine [99, 100, 112] Unclear

Selective oral and digestive decontamination [93, 119]

Probiotics [163] Unclear

SHESSICER prophylaxis (92, 123, 125]

VAP prevention bundles [128]

May lower rates

May lower rates

-Iovver rates

Likely lowers VAP rates

_VAP rates

Likely lower VAP rates

Understudied, few and contradictory randomized trials

In vivo studies document persistently high rates of sub-
clinical aspiration despite the theoretical advantages of
these designs

Understudied, merits further evaluation

Extensively studied but despite lower VAP rates no impact
on duration of mechanical ventilation, ICU length-of-
stay, ventilator-associated events, or mortality. Unclear
impact on antibiotic utilization

Extensively studied. Most individual studies negative.
Meta-analysis of open-label studies suggest lower VAP
rates but meta-analysis of double-blind studies find
no impact. May increase mortality rates. Oral care with
sterile water preferred

Extensively studied. Less net antibiotic utilization and
lower mortality rates in Dutch studies. No impact on
mortality in units with high baseline rates of antibiotic
resistance and antibiotic utilization

Many studies but most of limited quality, mixed results.
Lower VAP rates on meta-analysis but no signal when
restricting to double-blind studies

Observational studies and some meta-analyses suggest
higher VAP rates but a recent large randomized trial
found no impact

Extensively studied, almost exclusively in before-after and
time-series analyses. May be associated with lower mor-
tality rates. Most benefit likely from minimizing sedation
and encouraging early extubation

Treatment of VAP

Intravenous (IV) antimicrobial therapy is the cornerstone
of VAP treatment. Physicians face a dilemma, however,
between avoiding ineffective treatment, inappropri-
ate initial antimicrobial treatment being associated with
increased mortality [133]; and on the other hand, reduc-
ing the consumption of broad-spectrum antibiotics, the
latter being associated with increased bacterial resistance
[134]. Therefore, treatment of VAP should be a two-step
process: the first step islempiric treatment, the choice and
immediacy of treatment being driven by disease severity
(i.e., mortality risk) and risk faﬁ of MDR pathogens;
and the second step is|definitive treatment, for which cli-
nicians should try to avoid overuse of antibiotics.

Empirical treatment

The choice and timing of antimicrobial agents used
should take into account four parameters: |severity of the
current illness, [type and number of 'underlying %seases
and their severity, [risk factors for pathogens, and
the [local pattern of antimicrobial susceptibility. Risk
factors for MDR pathogens include hiﬁh $>25%) local
prevalence of pathogen resistance, lantibiotic therapy

in the previous 90 days, hospital stay >5 days, septic

I
renal replacement therap
vious colonization with

shock at VAP onset, ARDS |prior| to VAP onset, acute
rior to VAP onset and pre-
pathogens [34, 65]. In
non-immunocompromised patients with |early-onset
VAP and no risk factors for MDR pathogens (as defined
above), mo-nwerapy with narrow-spectrum| antibiotic
(non-pseudomonal third generation cephalosporin) can
be used (Table 3) [38] (this situation is not mentioned
in the IDSA/ATS guidelines [34]). In other situations,
initial empiric treatment should include a broad-spec-
trum p-lactam targeting Pseudomonas aeruginosa and/
or ESBL-producing Enterobacteriaceae (ceftazidime,
cefepime, piperacillin—tazobactam or a carbapenem) plus
a non-P-lactam antipseudomonal agent, such as amino-
glycosides (amikacin or tobramycin) or fluoroquinolones
(ciprofloxacin or levofloxacin) (Table 3). The choice of the
B-lactam agent should take into account previously used
antibiotics, local pattern of susceptibilities and patient
colonization with MDR pathogen. For example, a car-
bapenem should be preferred in patients colonized with
ESBL-producing Enterobacteriaceae. Indeed, although
carbapenem are overprescribed in ESBL carriers, 7—10%
of episodes in these patients are due to an -
producing Enterobacteriaceae, and it seems difficult not


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1



Table 3 [Suggested initial empirical antimicrobial treatment of ventilator-associated pneumonia. Adapted from recent

guidelines [34, 38, 65, 73]
Situation

Early VAP (<5 days), without MDR bacteria risk factor®

.V/-\P (=5 days),

-factors for MDR bacteria

AND

Known IMRSA colonization, or high (>20%) MRSA
prevalence in the unit

Known with
Enterobacteriaceae or Pseudomonas aeruginosa
susceptible only to new beta-lactam agents

Therapeutic class

Non-antipseudomonal B-lactam

B-lactam active against Pseudomonas aeruginosa

Non {-lactam antipseudomonal agent

Agent active against MRSA

New B-lactam agent

Agent

Amoxicillin/clavulanic acid'
OR
Third generation cephalosporin

Cefepime2gq8h
OR

Ceftazidime 2gq8h

OR

Piperacillin-tazobactam 4 g g 6 h
OR

Meropenem 2gg8h
Amikacin 25 mg/kg/day

OR

Ciprofloxacin 1200 mg/day
Vancomycin 30-45 mg/kg/day
OR

Linezolid 600 mg/12 h

Ceftolozane—tazobactam 3 g g 8 h*

OR

Meropenem-vaborbactam 4 g q 8 h*
OR

Imipenem-relebactam 1.5 g q 6 h*

MDR risk factors include antibiotic therapy in the previous 90 days, hospital stay > 5 days, septic shock at VAP onset, acute respiratory distress syndrome prior to VAP
onset, acute renal replacement therapy prior to VAP onset, previous colonization with MDR pathogen

VAP Ventilator-associated pneumonia, MDR multidrug resistant, MRSA methicillin-resistant Staphylococcus aureus

*This situation and the corresponding antimicrobial agents are not mentioned in IDSA/ATS guidelines [34]

* According to [65]

* The empirical use of these agents should be restricted to patients colonized by specific pathogens (carbapenem-resistant Enterobacteriaceae or extensively drug-
resistant Pseudomonas aeruginosa), according to previous susceptibility testing showing that the pathogen is susceptible to the agent

to take into account this pathogen in the empirical anti-
microbial treatment [135, 136]. Moreover, it has been
shown that 63% of infection-related ventilator-associated

complications were neither VAP nor attributable to a
documented ICU infection [136], indicating that efforts

should be concentrated on the diagnostic strategy, to use
carbapenems only in patients with true infection, and to
withhold carbapenems when the likelihood of infection is
low.

The use of new beta-lactam agents (ceftazidime—
avibactam, ceftolozane—tazobactam, meropenem-—
vaborbactam, imipenem-relebactam) in the empirical
treatment of VAP should probably be reserved in patients
colonized with MDR/XDR pathogens, such as carbape-
nem-resistant Enterobacteriaceae or XDR Pseudomonas
aeruginosa susceptible only to these drugs.

The 2017 IDSA/ATS guidelines recommend empiric
coverage of methicillin-resistant Staph lococcus aureus
(MRSA) in patients who M'm in the pre-
ceding 90 days or those hospitalized in units with high
(>20%) or unknown MRSA prevalence among VAP
patients [34]. [European guidelines state that MRSA

coverage should be considered if the unit has >25% of
!gupzyiococcus aureus respiratory isolates as A
[38]. A recent study performed in the USA showed that
among 3562 patients with hospital-acquired pneu-
monia (not specifically VAP) in hospitals with MRSA
prevalence >20%, only 5% grew MRSA on respiratory
specimen culture, indicating that potentially 95% would
have been over treated by using the hospital-wide prev-
alence of MRSA instead of the VAP-specific prevalence
of MRSA [34, 137]. Moreover, MRSA VAP prevalence is
low in several countries [65]. Therefore, the empiric use
of an anti-MRSA agent should be restricted to units with
high (>20%) incidence| of VAP secondary to/MRSA, or in
patients already colonized by MRSA.

Pathogen-specific treatment

One of the goals for clinicians should be to avoid over-
use of antibiotics. First, antibiotics should be stopped if
no pathogen is retrieved. Indeed, many episodes of sus-
pected VAP are not VAP [64]. Second, in patients with
bacteriologically proven VAP, antibiotics should be nar-
rowed once culture results and susceptibility tests are
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available, including the following measures: withdraw-
ing of anti-MRSA antibiotics if no MRSA is recovered;
restriction of W to m-only susce
tiblel pathogens (ESBL-producing Enterobacteriaceae
infection, carbapenem-only susceptible Pseudomonas
aeruginosa or Acinetobacter spp.); and use of narrow-
spectrum agents in patients infected with susceptible
strains [82]. In patients with ESBL-producing Enterobac-
teriaceae VAP susceptible to plpgraam%
the use of this drug could be discussed as anm
to carbapenem since results of the Merino |trial may be
disputable [138—-141]. Moreover, the place of new beta-
lactam agents (ceftolozane—tazobactam, ceftazidime—
avibactam) as carbapenem-sparing agents remains to be
determined, since their impact on emergence of anti-
microbial resistance as compared to carbapenem is not
known. Their use should be reserved as last resort agents
in MDR/XDR difficult to treat pathogens (carbapenem-
resistant Enterobacteriaceae, XDR Pseudomonas aer-
uginosa...). Last, antimicrobial therapy can be safely
switched to monotherapy once pathogens responsible
for infection are identified and susceptibility results
have been obtained, even for non-fermenting Gram-
negative bacilli such as Pseudomonas aeruginosa [142].
Indeed, the usefulness of combination therapy is mostly
to increase the likelihood of appropriateness of treat-
ment rather than improving the prognosis of patients.
Therefore, double antipseudomonal coverage in patients
with Pseudomonas aeruginosa VAP with juncomplicated
course should be avoided once susceptibility tests are
available [143, 144].

Duration of treatment

Both European and US guidelines recommend that the
duration of antimicrobial treatment for VAP should not
exceed 7 days in most patients, including those infected
with non-fermenting Gram-negative bacilli (Pseu-
domonas aeruginosa, Acinetobacter spp....) [34, 38, 65,
145]. Longer course may be appropriate for/immunocom-
prom@gpatients and are likely necessary for patients
with empyema, lung abscess, or necrotising pneumonia
[38]. Shortening duration of antimicrobial below 7 days is
currently not recommended [34, 38, 65, 145], but some
authors have demonstrated that treatment duration can
be |customized based on procalcitonin kinetics and have
been able to treat some patients for <7 days using this
strategy [80, 81, 146].

Nebulisation

Nebulisation of antibiotics has grown in recent years,
but the ideal candidates to receive this treatment are not
well defined [147]. To date, nebulized antibiotics |cannot
be recommended as an alternative to the intravenous

route, partly because data are lacking on this indication,
partly because 10-20% o patwsvinth VAP have con-
current bacteraemia, and partly because multiple and
repeated daily use of nebulisation may prolong duration
of mechanical ventilation [148, 149]. The use of nebulised
antibiotics as an adjunctive treatment (i.e., in addition to
effective intravenous therapy) is also not recommended;
two recent randomized-controlled trials failed to dem-
onstrate [superiority of nebulised antibiotics (amikacin
alone or combined with fosfomycin) over placebo in
patients with VAP due to “traditional pathogens” [150,
151]. The use of nebulised antibiotics should therefore be
restricted to patients with VAP to XDR-Gram-negative
pathogens susceptible only to colistin or%m
[149]. Indeed, three meta-analyses found that in patients
infected with such pathogens, the use of nebulised colis-
tin combined with IV colistin led to better outcomes
compared to IV colistin alone [152—154]. Whether or not
nebulised antibiotics may decrease emergence of bacte-
rial resistance, as suggested by two studies performed
in patients with ventilator-associated tracheobronchitis,
remains to be determined [155, 156].

Future treatments

The use of pathogen-specific antibodies as an adjunctive
or preventive treatment is currently under investigation.
Aerucin (Aridis®) is an IgG mAb that binds to the Pseu-
domonas alginate exopolysaccharide involved in cellular
adhesion. A phase 2, placebo-controlled, double-blind
study to assess its safety and efficacy as adjunctive ther-
apy to standard antibiotics in patients with P aeruginosa
HAP/VAP (NCT00851435) has been performed recently,
but results are not yet available.

Recent studies have evaluated the usefulness of anti-
bodies to neutralize or inhibit specific S. aureus or P
aeruginosa virulence factors [157]. The purpose of this
kind of strategy is to reduce the risk for developing VAP
in patients colonized by these pathogens. Results of these
studies are promising, since a phase 2 trial targeting
Pseudomonas aeruginosa virulence factors showed trend
toward lower rate of infection due to this pathogen [158],
and the recently released results of the SAATELITE
study, that evaluated an antibody against Staphylococcus
aureus virulence factor, found also trend toward lower
incidence of Staphylococcus aureus pneumonia [159].
Although this strategy is more preventive than curative,
the usefulness of these anti-virulence agents as adjuvant
to antibiotics remains to be evaluated.

Should viruses|reactivations be ftreated?

There is no definitive answer to this question. The recent
PTH trial suggested that acyclovir does not change the
number of ventilator-free days in patients presenting with
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HSV oropharyngeal reactivation disease [160]. Intrigu-
ingly, however, the same study reported a near significant
decrease in mortality among patients randomized to acy-
clovir [160]. Antiviral prophylaxis using valganciclovir or
valacyclovir was able to decrease blood reactivation in a
randomized study involving 124 patients [161]. However,
the lvalacyclovir arm was halted prematurely because of
hig}m by 28 days without clear explanation
[161]. In another interventional trial, ganciclovir prophy-
laxis did not reduce plasma interleukin 6 levels in criti-
cally ill CMV-seropositive adults [57]. The ganciclovir
group did, however, have more ventilator-free days in
both the intention-to-treat population and in the sepsis
subgroup [57]. More research is needed to evaluate the
precise clinical consequences of viral reactivations and
whether and how they should be managed.

Conclusions

Despite a lot of research, VAP remains one of the most
frequent ICU-acquired infections and is associated with
an increased mortality. Which sampling method to
use is still a matter of controversy. Emerging microbio-
logical tools will likely modify our routine approach to
diagnosing and treating VAP in the next future. Large
randomized trials are needed to confirm that bundles
that combine multiple prevention strategies may improve
outcomes. Trleatment should be limited to 7 days in the
vast majority of the cases. Further research is needed to
identify and assess new therapeutic approaches.
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