Chapter 3
Current Issues in Ventilator-Associated
Pneumonia

3.1 Background

Infections in critically ill patients account for a major proportion of the mortality,
morbidity, and cost associated with their care. Infection rate in critically ill patients
are about 40% and may be 50-60% in those remaining in the intensive care unit
(ICU) for more then 5 days.' Pneumonia acquired in the ICU (after 48 h intuba-
tion) ranges from 10% to 65%,>* and respiratory infections account for 30-60% of
all infections acquired in the ICU.>® Mortality rates of ventilator-associated pneu-
monia (VAP) have been very high (30-70%) and may account for 15% of all deaths
in the ICU. "~ When controlled for severity of underlying disease and other factors
the attributable mortality of VAP range from 0% to 50% absolute increase, and
prolonged length of ICU stay (range 5—13 days).'” In a recent review of the clinical
and economic consequences of VAP from analysis of studies published after 1990,
the findings were: 10-20% of ICU-ventilated patients will develop VAP, and are
twice as likely to die compared to patients without VAP, with 6 extra days in the
ICU and an additional US$10019 hospital cost per case.''

Empiric broad-spectrum antimicrobials in the ICU for presumed pneumonia has
contributed substantially to the worldwide increase in antibiotic-resistant bacteria
in hospitals. This has compounded the problem of increasing morbidity, mortality,
and cost because of the challenge posed by these difficult-to-treat microorganisms,
particularly the use of expensive drugs and need for isolation.

This chapter will address emerging issues in VAP such as diagnosis, appropriate
management, and prevention.

3.2 Issues in the Diagnosis of VAP

Confirming a diagnosis of VAP is a most challenging and difficult task, but is
crucial for appropriate management. The criteria used for diagnosing VAP are
controversial with some studies relying on clinical and radiological findings and
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others on microbiological specimens. Differing criteria may largely account for the
variable rates of VAP reported from different centers — 5-85%. The standard
clinical criteria such as new or progressive infiltrates on chest radiographs, together
with fever, leukocytosis or leucopenia, and purulent tracheobronchial secretion are
of limited diagnostic accuracy. In studies using histologic analysis and culture of
lung samples immediately after death for confirmation of the diagnosis, the pres-
ence of new or progressing chest infiltrate with two of three clinical criteria had a
sensitivity of 69% and a specificity of 75% for the diagnosis of VAP.'? This is quite
understandable considering that there are several common causes of pulmonary
infiltrates in critically ill patients (i.e., pulmonary edema, ARDS, atelectasis,
and pulmonary hemorrhage) that can mimic pneumonia; and many intubated
patients have tracheobronchitis with purulent respiratory secretions, and may
develop fever and leucocytosis from a number of sources (such as urinary tract
infection, venous, or arterial catheter infections, Clostridium difficile colitis, drugs,
blood products, etc.).

Alternative clinical criteria such as the “clinical pulmonary infection score
(CPIS)” (a composite of clinical, microbiologic, and oxygenation-related criteria)
have not been consistently superior, even with addition of analysis of tracheobron-
chial secretion."*!'® The use of CPIS or Pugin score of >6 as recommended by
Pugin et al.'* resulted in a sensitivity of 77% and a specificity of 42%. Although
analysis of qualitative culture of tracheobronchial secretion is helpful in identifica-
tion of the underlying pathogen, it is not specific for the diagnosis of VAP. A
common abuse and overuse of antibiotics that we have observed in the ICU by
physicians is treatment of potential pathogens from purulent respiratory secretions
(tracheobronchitis), with no evidence of pneumonia (personal observation). There
is no evidence that antibiotics in these situations are of value and treatment of
tracheobronchitis in the ICU is not justified. On the other hand prompt and
appropriate treatment of VAP is beneficial and may have a major impact on
mortality and morbidity. Although appropriate antibiotics may improve survival
in VAP, empiric broad-spectrum antibiotics without clinical infection is potentially
harmful, increasing the risk for colonization and superinfection with multiresistant
bacteria, fungi (candidiasis), C. difficile colitis, and potential adverse events.
Numerous studies have documented the increase in multiresistant gram-negative
bacilli and gram-positive bacteria in hospital-acquired infection worldwide,>'> and
the ICU have been deemed “factories for creating, disseminating and amplifying
resistance to antibiotics.”'® The presence of methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin-resistant enterococci (VRE), multiresistant Pseudo-
monas aeruginosa, multiresistant Acinetobacter baumannii, extended-spectrum
beta lactamase (ESBL) producing coliforms (Escherichia coli, Klebsiella species,
Enterobacter species, Serratia marcescens, etc.) have become common isolates in
many tertiary ICUs.'® In the United States data from the National Nosomial
Infection Surveillance (NNIS) System from 2003 found that S. aureas was the
most common pathogen in VAP (27.8%), followed by P. aeruginosa (18.1%),
Enterobacter species (10%), Klebsiella pneumoniae (7.2%), and Acinetobacter
species 6.9%).7
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3.2.1 Microbiological Techniques for Diagnosis

While qualitative cultures of endobronchial aspirates yield a higher rate of false-
positive results (from tracheobronchial colonization), efforts were made to study
the role of quantitative analysis of cultures of respiratory secretions to aid in the
diagnosis of VAP in the past two decades. These techniques include simple
endobronchial aspiration (EA), use of bronchoscopic techniques with or without
protected devices, such as protected specimen brush (PSB), or protected catheter to
retrieve distal respiratory secretions by lavage (BAL).

Quantitative cultures of EAs with use of cutoff points between >10° and >10’
CFU/ml have been used, and is simple and practical to perform at anytime in any
ICU without fiberoptic bronchoscopy. Although some studies showed favorable
results with PBB cultures, with slightly higher sensitivity (82% vs 64%) and lower
specificity (83% vs 96%)'”; others found this technique was only modestly accurate
with sensitivity of 70% and relative specificity of <72% in diagnosing pneumo-
nia."®!” Most of the studies also used a standard clinical or microbiological criteria
as the reference for diagnosing VAP, which as mentioned before lacks accuracy. In
one study which compared results of EA quantitative cultures (using >10" CFU/ml)
with those of postmortem lung biopsy quantitative cultures, only 53% of the
microorganism isolated in EA samples were also found in lung tissue cultures,®
Thus indicating poor specificity.

Some investigators have found that quantitative cultures of BAL correlate well
with VAP diagnosis, but others have found mixed results and poor specificity
especially in patients with tracheobronchial colonization.”

Also there is a lack of consensus on the cutoff point for diagnosis; some
investigators use 10* and others 10° CFU/ml of at least one microorganism for
interpretative threshold. An International Consensus Conference in 1992 had
recommended >10* CFU/ml as the best threshold.?! To overcome the problem of
contamination present in the proximal airways, use of a protected transbroncho-
scopic balloon-tipped catheter to obtain BAL for quantitative culture has been used.
One study of 13 patients with pneumonia and 33 controls, with a threshold of 10*
CFU/ml, yielded a diagnostic sensitivity of 97% and a specificity of 92%.%?
Samples obtained by the protected BAL can also be examined directly by Giemsa
stain or the gram stain immediately after the procedure to enable intervention with
antimicrobial therapy before obtaining culture results. Several studies found that if
the Giemsa or gram stain was positive, where >3% or 5% BAL cells contained
intracellular bacteria, this correlated with most patients with pneumonia and nega-
tive for patients without pneumonia.'****** Furthermore, the morphological find-
ings on the stained specimens closely correlated with the bacterial cultures.

Other studies used the combination of the BAL procedures sampling and PSB
technique to try and improve the diagnostic accuracy. But the PSB by itself has
been extensively studied for quantitative cultures (using a special double-catheter
brush system with a distal occluding plug to reduce contamination). The PSB is
done with a fiberoptic bronchoscope, with cutoff threshold set at 10> CFU. Since
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0.01-0.001 ml of secretion is collected with PSB technique, >10° CFU of bacteria
represents 10°—10° CFU/ml of secretion.

Comparison of quantitative BAL and PSB microbiological findings has been
noted to have high correlation. In one study® the quantitative agreement was 83%
of the organisms isolated, and the qualitative results were significantly correlated
(rtho =0.46, p < 0.0001). Numerous studies have been done in patients with VAP to
assess quantitative BAL and PSB. Most of these studies were limited by small
sample size and use of clinical or microbiological criteria as the “gold standard” for
diagnosis. In studies evaluating both techniques a meta-analysis of 11 studies in 435
ICU patients found the overall accuracy BAL to be close to that of PSB.?

Blind-protected telescoping catheter (PTC) (or blind-protected brush PTB) without
bronchoscopy has been compared to quantitative BAL via bronchoscope to diagnose
VAP. Although blind PTC and PTB specimens have been reported to show very good
correlation with BAL in some studies,”’** provided the sample containing visible
secretions expelled from the catheter and both lungs are sampled, other studies
showed low concordance between blind and directed PSB samples (53%).30

Although there are numerous studies assessing quantitative cultures of various
respiratory samples (EA, BAL, blind, and directed PSB or PTC) for diagnosis of
VAP they have several shortcomings. Most of the studies involved small sample
size with pneumonia; there were frequent flaws and design-related biases,’' and
most important, the “gold standard” for diagnosis of VAP used is controversial and
not well-established. The “gold standard” for diagnosis of VAP in several studies
included autopsy or histopathology and cultures from open or percutaneous biop-
sies of lungs immediately after death. The correlation of the various sampling
techniques with histology and biopsy culture results is summarized in Table 3.1.
Eleven studies performed between 1984 and 2001, were reviewed,'>**™*! involving
378 subjects from the ICU with 209 (55%) with confirmed VAP. Seventy-two
percent of the cases received antibiotics within 48 h of the postmortem studies, thus
potentially affecting the accuracy of quantitative cultures in the majority of studies.
The sensitivity of quantitative PSB ranged from 15% to 100% (mean 54.6%) and
the specificity ranged from 50% to 100% (mean 74.6%), similar to the results of
BAL (bronchoscopic and mini-BAL combined) with mean sensitivity and specific-
ity of 51.3% and 79.8%, respectively. Unfortunately only five of the studies
assessed the clinical criteria for pneumonia compared to the gold standard, and
the mean sensitivity was 81% (range 69—100%) and the mean specificity 62.8%
(range 42—-85%). Thus, the clinical criteria for pneumonia were not inferior to more
invasive investigations and may be somewhat more sensitive. However, it is very
likely that prior antibiotics treatment before the quantitative cultures (within 48 h)
was responsible for the low sensitivity of these techniques.

There were a few studies assessing the accuracy of these invasive techniques for
diagnosis of VAP in animal models. In a canine model of S. pneumoniae infection
of 18 ventilated dogs quantitative cultures 24 h after infection from transbronchial
biopsy, protected-catheter brush, and percutaneous needle aspiration yielded sensi-
tivity of 100%, and specificity of 88% for needle aspiration, and 72% for both
catheter brush and transbronchial aspirations specimens.*? Fiberoptic bronchial
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aspirations specimens were found to be unreliable, and unfortunately quantitative
cultures were not performed.

In a baboon model of VAP (ventilated for 7-10 days), BAL recovered 74% of all
species present in lung tissue compared to 41% by PSB and 56% for needle
aspirates.”> Although false-positive rates for the three techniques were similar,
the specificity was not provided. Tracheal aspirations revealed 78% of the organism
but 40% of the species were not present in lung tissue.

In summary, quantitative cultures from BAL (with or without protected catheter)
or PSB have not been proven superior to clinical criteria for diagnosis of VAP. This
is reflected in the most recent consensus conference on VAP in 2001,44 when it was
acknowledged that there is no accepted “gold standard” for diagnosis, and no
superiority of any specific diagnostic method. The diagnosis of VAP was still
defined as the presence of new, persistent pulmonary infiltrates not otherwise
explained, appearing on chest radiograph (not present before intubation); and the
presence of at least two of the following criteria: (1) temperature >38°C, (2)
leukocytosis >10,000 cells/mm®, and (3) purulent respiratory secretions.**
A recent multicenter randomized trial of 740 patients in 28 ICUs in Canada and
the United States have confirmed these opinions.*® There were no differences in
outcome and overall use of antibiotics when two diagnostic strategies for VAP were
compared, BAL with quantitative culture and EA with nonquantitative culture.*®

3.2.2 New Diagnostic Methods for VAP

Several biological markers have been studied to improve the diagnostic accuracy of
VAP but with disappointing results. These include serum and bronchial procalci-
tonin levels,*”*® C-reactive protein,48 tumor necrosis factor alpha (TNFoc),49 and
other proinflammatory cytokines concentrations.*>>* The most promising investi-
gative tool to date appears to be the measurement of soluble triggering receptor
expressed on myeloid cells (sSTREM-1) from BAL fluid.

TREM-1 is a member of the immunoglobulin super family®' that is important in
the acute inflammatory response to infections,’* and the expression is up-regulated
on phagocytes on exposure to bacterial and fungal products. Neutrophils and
monocytes in tissues infected with bacteria express high levels of TREM-1, where-
as noninfectious inflammatory disorders weakly express TREM-1 on those calls.>
TREM-1 can be measured in body fluids in the soluble form as it is shed by the
membrane of activated phagocytes.

In a study of 76 patients admitted to the ICU with suspected infection and
fulfilling at least two criteria for the systemic inflammatory response syndrome
(SIRS) STREM-1 plasma levels were measured.”® Sepsis or septic shock was
diagnosed in 47 (62%) patients, and a plasma level of >60 ng/ml of STREM-1
was more accurate than any other clinical or laboratory findings for indicating
infection (sensitivity 96%, specifically, 89%).> The same investigators also
assessed STREM-1 in BAL fluid in patients admitted to the ICU with and without
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pneumonia.®® In a prospective study of 148 patients receiving mechanical ventila-
tion a rapid immunoblot technique (also available from R & D systems, with the
entire procedure taking less than 3 h), was used to measure STREM-1 in BAL fluid
(sensitivity 5 pg/ml),”* obtained by mini-BAL technique. Forty-six patients were
diagnosed with VAP (clinical criteria similar to the consensus conference in
2001),* 38 patients had community-acquired pneumonia, and 68 patients had no
pneumonia. A sSTREM-1 cutoff value of 5 pg/ml had a sensitivity of 98% and
specificity of 90% for presence of any pneumonia; and was the strongest predictor
of pneumonia, with an odds ratio of 41.5.5° The best clinical predictor of pneumo-
nia was a CPIS of >6 (odds ratio, 3.0).

In a more recent study from the Netherlands, BAL fluid and plasma were
collected sequentially on alternate days (from start of ventilatory support until
complete weaning) for measurement of STREM-1 levels by enzyme-linked immu-
nosorbent assay (ELISA) in 9 patients who developed VAP and 19 controls without
pneumonia.’® Plasma levels of sSTREM-1 did not change significantly in either
patient group, while BAL fluid levels increased towards significance with the
diagnosis of VAP but not in controls.”> A cutoff value of 200 pg/ml in BAL fluid
for sSTREM-1 on the day of pneumonia diagnosis had a sensitivity of 75% and
specificity of 84%.

3.3 Microbial Etiology of VAP

The causes of VAP can vary considerably by geographic location, local epidemiol-
ogy, patient characteristics, length of hospital stay, and duration of mechanical
ventilation. Most studies of VAP, however, find a predominance of gram-negative
bacilli and staphylococci that normally colonize the oropharynx and gut. The most
common pathogens include S. aureus, P. aeruginosa, Klebsiella species, Entero-
bacter species, Acinetobacter species, and S. marcescens, but the relative frequency
will vary from center to center. In early-onset VAP, soon after admission and <7
days on mechanical ventilation, S. pneumoniae, Haemophilus influenzae, and more
susceptible gram-negative bacilli, maybe the etiological agents.** Polymicrobial
infections with mixed bacteria have also been reported in up to 48% of all cases of
VAP.>” The importance of anaerobes is unknown due to inadequate studies and is
likely underestimated. The rates of isolation of anaerobes in VAP have been low in
most studies (1-3.5%),** but has been higher (23%) in one study.’® This suggests
that other studies may be using inadequate techniques for obtaining (oxygen
administration), transporting, and culturing respiratory secretions for anaerobes.
Atypical bacteria (Legionella pneumophila, Chlamydia pneumoniae, viruses (i.e.,
respiratory syncytial virus), and fungi have also been implicated at times, but these
pathogens have not been studied systematically and their role is presently unclear.’®

The method of obtaining specimen to confirm the etiology has been contentious,
with, advocates of deep endotracheal aspirates citing simplicity, easy to perform by
any ICU nurses, versus advocates of more invasive bronchoscopy techniques.
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However, recent studies have found similarities in obtaining clinically significant
pathogens from four procedures used (blind endotracheal aspiration, PSB, broncho-
scopic BAL, or directed brushings).’>*® Although, initial prospective studies
showed improved outcomes (mortality) with invasive versus noninvasive diagnos-
tic management for suspected VAP,*"*° more recent studies have not.*>** In the
most recent review and meta-analysis of this topic it was concluded that the
invasive strategies do not alter mortality in VAP, but affect antibiotic use and
prescribing.®>%® Although most investigators favored a more invasive approach,**
others recommended initial endotracheal aspiration for diagnosis, and reserve
invasive methods for patients not responding to initial empirical antibiotic treat-
ment.®*%” The latter course is reasonable and may allow more rapid intervention, as
a precise bacteriologic diagnosis is of paramount importance for therapeutic suc-
cess and cultures should be obtained before initiating therapy. Other areas where
initial invasive diagnostic procedures are warranted include immunocompromised
hosts (i.e., acquired immune deficiency syndrome [AIDS]), and BAL samples
should be sent for viral studies, mycobacterial and fungal smears and cultures,
cytology, and stain for Prneumocystis carinii.

3.4 Issues in Treatment of VAP

Treatment of VAP should be started in a timely manner with appropriate antibiotics
once the diagnosis is made. The results of cultures should not delay starting
empirical therapy, usually a broad-spectrum agent (or combination) to cover S.
aureus and gram-negative bacilli. There is some data to indicate that starting
therapy early in VAP lowers the mortality (trend) than delaying therapy for >48
h after the diagnosis was considered.®”%® Treatment may be guided by gram stain of
respiratory samples to assist in choice of antimicrobial agents, as the overall
accuracy in diagnosing VAP for any organism was 88% in one retrospective
study.®” A combination of gram stain and bacterial adenosine triphosphate (ATP)
assay have also been used for rapid diagnosis of BAL samples, with sensitivity of
95.3%, specificity of 54.9%, and negative predictive value of 97.6%.”° Thus a
negative result may allow use of narrow spectrum antimicrobial agents or with-
holding empiric therapy for suspected VAP.” Assaying for endotoxin from BAL
samples have also been used to diagnose gram-negative bacterial VAP as a rapid
test, but this is not generally available in most centers and appears to provide the
same accuracy as a gram stain (which is cheaper and easier to perform in any
clinical laboratory).”!

There is no consensus as to the initial empiric therapy for VAP, as this should
depend on the individual center’s experience with the prevalence and pattern of
antimicrobial-resistant bacteria. Factors that should be taken into consideration in
selecting an antibiotic include onset of pneumonia after ventilation, duration of
hospitalization, previous antimicrobial therapy, and underlying disease. Early onset
of VAP (<7 days of ventilation) in patients not previously treated with antibiotics
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may be due to more sensitive bacteria, such as in S. pneumoniae, H. influenzae,
methicillin-susceptible S. aureus, and enteric gram-negative bacilli. In this situation
it is recommended to use a single agent that has no anti-pseudomonal activity such
as ampicillin-sulbactam, -ceftriaxone, or -cefotaxime, newer fluoroquinolones, or
ertapenem.**

In cases of VAP occurring >7 days after ventilation, or previously treated with
antibiotics or hospitalized for prolonged periods, more resistant bacteria may be
responsible for pneumonia such as MRSA, P. aeruginosa, Acinetobacter species,
and multiresistant organisms. However, it would appear that the duration of venti-
lation before development of pneumonia is less important than the duration of
hospitalization and previous antibiotic therapy in predisposing to Pseudomonas or
more resistant bacterial infection.”* Initial therapy under these circumstances may
include a broad-spectrum coverage (such as imipenem or meropenem, piperacillin-
tazobacterum, or combination of agents) to cover the most prevalent bacteria
circulating in the ICU. Empiric therapy for MRSA is usually not necessary unless
the patient is known to be colonized or in close contact with a subject with MRSA,
and the respiratory sample shows gram-positive cocci in clusters. In a consensus
conference most investigators preferred to use a combination of an aminoglycoside
or a fluoroquinolone with an anti-pseudomonal, extended-spectrum B-lactam or a
carbapenem plus an aminoglycoside in late onset VAP, until cultures and suscepti-
bility are available, but there are no clinical trials available to support these guide-
lines.** Intuitively it seems rational that selection of an antimicrobial regimen
should be effective against recent pathogens that colonize the patient’s respiratory
tract. However, serial routine microbial cultures result in the initial management of
VAP has been found to be of limited value.”?

Does P. aeruginosa pneumonia require a combination therapy? It has been
standard practice in many centers and recommendation by most investigators to
use a combination of anti-pseudomonal, extended-spectrum f-lactam with an
aminoglycoside or with a fluoroquinolone (i.e., ciprofloxacin) for P. aeruginosa
pneumonia.”* However, the concept that dual therapy is superior to monotherapy or
less likely to develop antibacterial resistance is unproven. Despite this, since P.
aeruginosa pneumonia carries a poor prognosis with mortality rate that exceeds
40%" and the variable resistance pattern to extended-spectrum B-lactam agents and
ciprofloxacin (which is increasing in many centers)’ it is a reasonable recommen-
dation to use a combination of two agents.

The most common advocated practice for VAP is to maximize empirical anti-
microbial coverage with subsequent streamlining of therapy once culture and
sensitivity data are available.”®’” This appears to be a successful strategy but
studies using historical controls may suffer from significant bias. It has been
suggested that computer-assisted antibiotic prescription in ICUs may supplement
or replace such strategies in the future.”®

Duration of therapy for VAP was often variable and empirical with a tendency
for overtreatment. A recent randomized multicenter study of 402 patients with
VAP showed no difference in outcome between 8-day versus 15-day course of
antibiotic therapy and the recurrence rate was similar (28.9% and 26.0%), except
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P. aeruginosa was associated with higher recurrence in the shorter course group
(40.6% vs 25.4%).”® Thus shorter course of therapy may lead to less antibiotic
exposure and possible help reduce antimicrobial resistance in the ICU. Another
approach to limit antibiotic overuse in the ICU for low-risk patients with pulmonary
infiltrates with suspected pneumonia is to initiate monotherapy then stop antibiotic
therapy at 3 days for those with a CPIS < 6.” In this randomized, unblinded,
controlled study of 81 patients, the outcome was similar but patients receiving
earlier discontinuation of antibiotics had lower incidence of antimicrobial resis-
tance or superinfection, and lower mean antibiotic costs.”’

In the past when less active anti-pseudomonal B-lactam (carbenicillin) was
available and aminoglycosides were used by multiple dosing, there was concern
about inadequate endobronchial concentration of aminoglycoside for severe Pseu-
domonas or gram-negative pneumonia. Interest was generated by a few studies to
administer the aminoglycoside endobronchially via endotracheal tube or tracheos-
tomy to complement combined systemic therapy. In a double-blind randomized
study of gram-negative VAP, all patients received systemic tobramycin plus piper-
acillin or cefazolin and half the patients were randomized to receive 40 mg
tobramycin every 8 h or placebo instilled enotracheally.®® P. aeruginosa was the
main pathogen in 41% of 41 assessable cases. Although the causative pathogens
were eradicated from respiratory tract more frequently in those receiving endotra-
cheal tobramycin, there was no difference in the clinical outcome of the two
groups.®® In a more recent study of 38 VAP patients with a similar design half
the patients were randomized to receive either additional nebulized tobramycin (6
mg/kg/day) or placebo, once daily for 5 days.®! Extubation by day 10 was achieved
in 35% of patients receiving nebulized tobramycin and 18.5% of those in the
placebo group but the difference was not statistically significant.

Of growing concern in the past three decades is the emergence of Acinetobacter
nosocomial infection worldwide, especially in ICUs. This is alarming in view of the
ability of this gram-negative bacteria to accommodate diverse mechanisms of
resistance, with multiresistant strains to all available antibiotics occurring in local
outbreaks.®> A. baumannii, the most important of the three commonly isolated
species (including A. calcoaceticus, and A. Iwoffi), has shown dramatic increased
resistance to carbapenem from 9% in 1995 to 40% in 2004 in surveillance of 300
US hospitals.®* These nosocomial strains of Acinetobacter commonly demonstrate
extended-spectrum beta-lactamases (ESBL), alterations in cell-wall channels (por-
ins), antibiotic efflux pumps, aminoglycoside-modifying enzymes, mutations in the
genes gyrA and par C (conferring quinolone resistance), and serine or metallo-f3-
lactamases conferring resistance to carbapenems.®® The most frequent clinical
manifestation of Acinetobacter infection are VAPs and bacteremias (often from
vascular catheters).

VAP due to Acinetobacter occurs later in the ICU stay in patients on prolonged
ventilation, often previously treated with broad-spectrum B-lactams (third-genera-
tion cephalosporins and quinolones). The clinical effect of Acinetobacter VAP on
outcome has been variable. The major impact has been on longer ICU stays and
hospitalization when matched for severity of underlying illness, suggesting that
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coexisting conditions were the major predictors of outcome.®” Treatment of multi-
drug-resistant Acinetobacter VAP is a challenge with limited options. Recent
reports have been mostly small retrospective case series on the use of colistin
alone or in combination with rifampin (with success of 25-50%).' Tigecycline, a
new glycylcycline antibiotic, has in vitro activity against some A. baumannii
resistant strains but there is evidence of increased resistance.®' Susceptible strains
can be treated with sulbactam, imipenem, third-generation cephalosporins, or
aminoglycosides depending on in vitro susceptibility.

3.5 Prevention of VAP

There are several issues and areas of contention in the approach to prevent pneu-
monia in the mechanically ventilated patients. Obviously this would be worthwhile
as it should save lives, reduce mortality, decrease duration of ventilation and
hospitalization, and reduce costs. It would appear evident that the best way to
prevent VAP is to avoid intubation and mechanical ventilation but this is not
feasible in most instances. There has been much interest in the use of noninvasive
positive-pressure ventilation (NPPV) to prevent intubation and manage patients
with respiratory failure. In a recent review and meta-analysis of 12 studies, NPPV
showed a strong benefit in reducing pneumonia compared to standard ventilation
(relative risk 0.31, 95% CI 0.16 to 0.57, p = 0.0002).84 However, the strongest
evidence to support use of NPPV in patients with acute respiratory failure is in
patients with exacerbation of underlying chronic obstructive pulmonary disease.®
Patients with cardiogenic pulmonary edema and pulmonary contusion have also
been found to require lower intubation rates, whereas patients with a higher severity
score, an older age, ARDS or pneumonia, or fail to improve after 1 h of treatment,
the risk of failure with NPPV is higher.®® Thus in hypoxic acute respiratory failure
management with NPPV can be successful in selected patients.

Rotational beds, prone position and semi-recumbent position have been pro-
posed and investigated as simple measures to prevent VAP. These measures as
preventative techniques have recently been reviewed by Hess.®” Rotational therapy
uses a special kinetic bed designed to turn continuously, or nearly continuously, the
patient from side to side. A meta-analysis of studies evaluating the effect of
rotational bed therapy shows a decrease in risk of pneumonia but no effect on
mortality.®® Considering increased cost of these kinetic beds ($200/day), potential
for an advertent disconnection of intravenous catheters, they are not routinely
recommended but may be useful in select patients with neurologic problems or
surgical patients.®®

Prone positioning has been shown to increase alveolar oxygenation (PaO,) in
patients with ARDS and lung injury but no survival benefit.*” Two randomized
studies on prone positioning (4-8 h/day) compared to supine position has been
performed. One small study showed reduction in VAP (not statistically significant),
and a larger study in 21 ICUs found just significant lower VAP with prone
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positioning (20.6% vs 24.1%) but no improvement in mortality in both studies.***°
Thus prone positioning is not recommended as technical considerations preclude its
use and it is associated with increased complications such as pressure ulcers and
obstruction of the endotracheal tube.®”

Studies have shown that radiolabeled enteral feeding in mechanically ventilated
patients are more likely to be aspirated in the supine position compared to the semi-
recumbent position (head elevated at a 45 degree angle).®” One randomized study
have found that semi-recumbent position was associated with lower VAP compared
to the supine position (RRO.22, 95%, CI 0.05-0.92, p = 0.04).”" Since semi-
recumbent positioning is a low-cost, low-risk approach to preventing VAP it has
been recommended for routine positioning in the ICU by the Centers for Disease
Control and Prevention® and the Canadian Critical Care Society,'® despite the fact
that mortality was not improved in the randomized study.®® However, in a more
recent randomized, prospective study 109 patients were assigned supine position
(with backrest elevation of 10 degrees), and 112 to the semi-recumbent position
(target backrest elevation of 45 degrees) was not achieved 85% of the study time.
The achieved difference in the treatment position (28 degrees vs 10 degrees) did not
prevent the development of VAP.”?

In a small pilot study 35 patients on mechanical ventilation received continuous
lateral rotational therapy (CLRT) for 5 days, compared to 35 control patients
matched for age, gender, cause of respiratory failure, admission APACHE score,
received routine positional change.” The patients receiving CLRT had improved
oxygenation and reduced incidence of VAP compared to controls. Thus a large,
randomized, prospective study is warranted to confirm this observation. In another
small study 60 ventilated patients were randomized to receive chest physiotherapy
or sham physiotherapy, VAP occurred in 39% of the controls and 8% of the treated
group, p = 0.02.%° However, there were no differences in duration of stay or ICU
mortality. It is surprising that larger randomized control trials have not been
reported since this report in 2002 to confirm these results.

3.5.1 Antibiotic Prophylaxis for Prevention of VAP

Interest in the use of antibiotic prophylaxis for prevention of nosocomial pneumo-
nia has existed from the early 1970s. Although a randomized study in 1974 had
shown that gentamicin administered endotracheally could prevent gram-negative
pneumonia in patients with tracheotomies,”’® this method was not widely adopted
due to fears of antimicrobial-resistant bacteria developing.

The gastrointestinal tract is believed to play an important role in the pathogene-
sis of VAP, and gram-negative enteric bacteria colonizing the stomach and oro-
pharynx are the same bacteria isolated from respiratory secretions in VAP.
Interventions used to reduce the bacterial colonization and hence VAP include
selective decontamination of the digestive tract (SDD) with antimicrobials (topical
with or without systemic therapy), use of sucralfate for stress ulcer prophylaxis, and
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external feeding strategies that preserve gastric acidity, or lessen pooling of oro-
pharyngeal secretions.

Numerous studies have been published on antibiotic prophylaxis or SDD to
prevent VAP in the past two decades. In the most recent Cochrane Review of 36
trials involving 6,922 patients, 17 trials (N = 4,295 patients) tested a combination of
topical and systemic antibiotics, the average rate of respiratory tract infections and
mortality in the control group were 36% and 29%, respectively.97 There was a
significant reduction of both VAP (OR 0.35, 95% CI 0.29-0.41) and mortality (OR
0.78, 95% CI 0.68-0.89) and on average required 5 patients to be treated to prevent
one VAP, and 21 patients to prevent one death. In 17 trials (N = 2,664) that tested
topical antimicrobial alone, there was a significant reduction in VAP (OR 0.52,
95% CI, 0.43-0.63) but not in total mortality in the treated group.”” However, only
one of the trials explored the consequences of antibiotic resistance and superinfec-
tion as a result of prophylaxis. With accumulating evidence of increasing antimi-
crobial resistance in the ICU, and evidence that SDD promotes gram-positive
bacterial infections, most guidelines do not recommend routine antibiotic prophy-
laxis in the ICU, 092977100

Efforts to reduce heavy colonization of oropharyngeal bacteria by improving
oral hygiene and use of topical antiseptics have received little attention in the
scientific literature as a means of prevention of VAP. Oral hygiene is compromised
in ICU patients by the presence of intubations tube, nasogastric catheter, heavy
sedation, anticholinergic drugs, and mouth breathing all impair salivation and
normal swallowing mechanism and allow bacterial overgrowth. Unfortunately,
little is known about the efforts of oral care interventions in ICU patients on
mechanical ventilation and development of VAP.'"!

Chlorhexidine is a broad-spectrum antibacterial agent (bactericidal for both
gram-negative and gram-positive bacteria), that is not absorbed through mucosa
or skin, and is the recommended antiseptic of choice for preoperative preparations.
It is also available as an oral rinse to prevent and treat gingivitis. An advantage of
chlorhexidine is the absence of any significant bacterial resistance and good safety
profile when used topically. Two previous randomized, placebo-controlled studies
were performed before intubating and continued therapy throughout the ICU stay in
patients undergoing elective cardiac surgery.'%'% Both studies showed a reduc-
tion in nosocomial pneumonia, but was significant only for one study,'®* and for a
subgroup of those at highest risk of pneumonia in the other.'®

In a prospective, nonrandomized, controlled study in a surgical ICU patient’s
intubated for mechanical ventilation for the 5 months were given standard care with
ventilator weaning protocol (controls).'® During the following 5 months 0.12%
chlorhexidine gluconate oral rinse was added twice daily to all intubated patients
(N = 95 for both groups). The addition of chlorhexidine led to a significant
reduction and delay in the occurrence of VAP (37% overall, 75% for late VAP,
p < 0.05). The median duration of mechanical ventilation and length of stay in the
ICU or hospital, between the groups were no different.'® This type of design,
however, may lead to biases that could influence results.

A recent randomized, placebo-controlled multicenter trial on the value of
antiseptic oral decontamination in 228 nonedentulous patients on mechanical
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ventilation has been reported.'® A 0.2% chlorhexidine gel or placebo gel on
gingival and dental surfaces was applied three times daily during the entire ICU
stay. No difference was observed in the incidence of VAP, duration of ventilation,
mortality, or length of stay, but the number of positive dental plaque cultures was
significantly lower in the treated group (29% vs 66%, p < 0.05).'*

3.5.2 Maintaining Gastric Acidity to Prevent VAP

It is a routine practice in ICUs to give stress ulcer prophylaxis to prevent upper
gastrointestinal hemorrhage. However, gastric colonization with potentially patho-
genic bacteria increases with decreasing acidity, and these enteric pathogens are the
potential causes of VAP from aspiration. Medications used for stress ulcer prophy-
laxis that alter gastric pH include antacids, H2 antagonists, and proton pump
inhibitors, which increase bacterial colonization of the stomach and may increase
the risk for VAP. Sucralfate, which is a gastric cytoprotective agent that enhances
natural mucosal barrier, is an alternative prophylactic agent that may reduce VAP.
Seven meta-analysis of 20 randomized trials on the benefit of sucralfate therapy
compared to H2 antagonists have been reported.'® Four of the seven meta-analysis
found a significant decrease in VAP with sucralfate, and three also found a
reduction of mortality with sucralfate.”® Three other meta-analyses found similar
but insignificant trends in reduction of VAP with use of sucralfate. Thus sucralfate
has been recommended for stress ulcer prophylaxis in patients with low to moderate
risk for gastrointestinal bleeding (absence of bleeding tendency or need for prolong
mechanical ventilation). 10,92

In patients at high risk for gastrointestinal bleeding H2 antagonists or a proton
pump inhibitor are preferred for stress ulcer prophylaxis. In these circumstances
other methods to reduce gastric enteric bacterial overgrowth are needed. A recent
pilot study has examined the benefit of acidifying feeding formula using potassium
sorbate to reduce bacterial burden.'®® Sixteen patients on mechanical ventilation
were randomized to receive acidified formula (PH 4.25) and 14 controls received
standard formula. The number of organisms isolated in each patient per week and
the quantity of bacteria (colony forming units/ml) of gastric aspirates were signifi-
cantly higher in the controls.'®

There was no difference in gastrointestinal bleeding between the two groups.
Thus large, randomized clinical trials to assess prevention of VAP and bleeding risk
in patients requiring H2 antagonists or proton pump inhibitor are warranted with
this acidified feeding formula. A previous randomized study of acidified feeding
formula used hydrochloric acid added to the formula in critically ill patients, all on
sucralfate with 120 enrolled but 95 analyzed with primary outcome measure being
bacterial colonization of gastric contents, and secondary outcome VAP.'%’ Bacterial
colonization was significantly less in the acidified treatment group 2% versus 43%;
VAP was less than half in the acid feeds (6.1%) versus control group (15%) but
sample size was too small to show any significant difference.
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3.5.3 Methods to reduce Aspiration

Pooling of oropharyngeal secretions above the endotracheal tube cuff may play a
role in aspiration of bacteria-laden fluid and subsequent VAP. Thus methods to
reduce or drain subglottic secretions require use of specially designed endotracheal
tube with a separate dorsal lumen that opens into the subglottic region.

In a recent meta-analysis of five randomized studies with 896 patients enrolled,
subglottic secretions drainage reduced the incidence of VAP by nearly half (RR =
0.51, 95% CI 0.37-0.71), mainly within 7 days of intubation.'® Secretion drainage
shortened the duration of mechanical ventilation by 2 days and the length of ICU
stay by 3 days and delayed the onset of pneumonia by almost 7 days. Thus
subglottic secretion appears effective in preventing early-onset VAP in patients
requiring mechanical ventilation for >3 days. Although no beneficial effect on
mortality was reported, it would be cost-effective even though the specialized
endotracheal tubes cost about 25% more than standard endotracheal tubes, and
there is no significant harm reported with this technique. This method for preven-
tion of VAP has been recommended by the CDC and other guidelines.lo’w’92

Few other methods to reduce oropharyngeal or gastric content aspiration have
been examined in randomized studies. One approach is to use gel lubrication of the
tracheal tube cuff to reduce pulmonary aspiration. In a small pilot study of 36
anesthetized patients and 9 ICU patients with tracheostomies, lubricated cuffs were
compared to non-lubricated cuffs leakage of dye placed in the subglottic space'®.
Dye leakage was 11% in the lubrication group and 83% in the non-lubrication
group of anesthetized patients, p < 0.001. In the ICU patients with lubricated cuff
tracheostomy tubes leakage first occurred after a mean of 48 h (range 24—120 h).
Thus for patients with prolonged intubation/ventilation changing or reinserting the
tube with fresh lubrication every 48 h would be a practical limitation.

Use of large-bore nasogastric tube may promote gastroesophageal reflux and
pulmonary aspiration in ICU patients. In a pilot study of 30 patients on mechanical
ventilation 16 received external feeding through a small-bore tube and 14 received
no tube feeding, all in the semi-recumbent position, and aspiration of gastric
contents was assessed by radioisotope technique.''® There were no gastric contents
aspirations in both groups, but patients with large-bore nasogastric tubes should
have been assessed as well. This hypothesis has not been tested in any large,
randomized clinical trials.

The mere presence of a nasogastric tube is considered a risk factor for develop-
ment of VAP. Alternatively, gastrostomy can be used for administration of external
feedings. A previous randomized study had found no benefit of small-bowel
feeding versus gastric feeding, when the nasoenteric tube was placed in the duode-
num versus the stomach.''" Two recent meta-analysis reviewed the evidence from
randomized control trials comparing gastric with post-pyloric feeding (3 studies).
Heyland et al.''* found a significant reduction in VAP with post-pyloric feeding
(OR 0.76, 95% CI 0.59-0.99), while Marick and Zaloga''® found a nonsignificant
trend in reduction of VAP with post-pyloric feeding.
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In a recent small, randomized study in patients mechanically ventilated for
stroke or head injury, 20 subjects were allocated for gastrostomy and 21 for
nasogastric tube (controls) for 3 weeks.''"* VAP developed in 12.5% of patients
with gastrostomy and 44.4% with nasogastric tube, but the overall duration of
hospitalization and mortality were no different. This study needs to be confirmed
by larger studies, and the result is suggestive that for patients with central nervous
system deficit on ventilation, gastrostomy feeding is preferable to nasogastric
feeding when prolong ventilatory support is needed.

3.5.4 Ventilator Circuit and VAP

In recent years, the relationship of respiratory care equipment and VAP has been
undergoing scrutiny by several studies. Several randomized, controlled studies have
examined the effect of antibacterial humidification strategies, such as the replace-
ment of heated humidifiers by heat and moisture exchangers, in preventing VAP.
In a meta-analysis of eight studies conducted between 1990 and 2003 revealed a
reduction in a relative risk of VAP (0.7) with heat and moisture exchanges particu-
larly in patients on mechanical ventilation for 7 days (RR0.57)."'> Also, those heat
and moisture exchangers do not need to be changed more than every 5 days.
However, for wider applicability further studies were recommended because of
patient selection and exclusion for patients with high risk of airway occlusion.

There is potential for cross-infection in the ICU of multiresistant bacteria, or
contamination of the patients’ airway by extrinsic microorganism during the tradi-
tional suction of the airway by disconnection from the ventilator (open system). In
the past several years there have been several randomized, prospective studies of
VAP pneumonia in patients using closed versus open suction system. Most of the
studies enrolled insufficient number of patients to demonstrate a significant differ-
ence (<100 patients), and as yet no meta-analysis have been published. However,
two large studies are worthwhile reviewing. Combes et al."'® enrolled 54 patients to
closed suction and 50 to open suction, and the rate of VAP was lower with the
closed suction group, 7.32 versus 15.89/1,000 patient days, p = 0.07. A much larger
randomized study of 443 patients, recently found no difference in mortality or VAP
between open or closed suctioning, 17.59 versus 15.94/1,000 ventilation-days but
the cost per day for the closed suction was more expensive.'!”

3.5.5 Summary of Prevention

Several methods are available that have been shown by randomized, controlled
studies to reduce the incidence of VAP. Surprisingly, most of these techniques have
not resulted in improved survival.

Before intubation and mechanical ventilation attempts should be made to give a
trial of NPPV for at least an hour in selected patients (exacerbation of COPD,
cardiogenic pulmonary edema, and pulmonary contusion). The available evidence
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suggests that semi-recumbent position should be used routinely, rotational therapy
should be considered in selected patients, and prone position should not be used as a
technique to reduce VAP. Sucralfate rather than H2 antagonists in patients at low to
moderate risk for gastrointestinal tract bleeding should be used for prophylaxis.
Aspiration of subglottic secretions should be routinely practiced to decrease VAP,
but closed tracheal suctioning is not superior to an open system. Small bowel
feeding rather than gastric feeding for patients requiring prolonged mechanical
ventilation (>7 days) may be considered but the value is still controversial.

Selected patients with low risk of airway occlusion (tenacious secretions etc.),
intubation for >7 days can benefit from heat and moisture exchangers, which may
not be changed more than every 5 days. Although selective decontamination of the
upper digestive tract is of proven value, it is not routinely recommended as the risk
of widespread antimicrobial resistance is a major concern.

3.6 Future Directions

A noninvasive method of confirming VAP or a clinical “gold standard” for the
diagnosis is still elusive. The most promising technique to date is to measure BAL
fluid s-TREM-1 concentration. Further large prospective studies are needed to
confirm its utility with autopsy/open lung biopsies as “gold standard” for VAP.
Moreover, controls without VAP should include septic patients from other sources;
patients with lung cancers and tracheobronchitis without pneumonia to confirm the
specificity.

New innovative methods to prevent VAP should be investigated. Development
of substances to block adhesion of bacteria to oropharyngeal and gastric mucosa
may be of benefit to prevent VAP, rather than antimicrobial prophylaxis. For
example, cranberry juice (or its metabolite) can prevent adhesion of enteric coli-
form bacteria to the uroepithelium and has been shown to decrease recurrent urinary
tract infections.

A recent study on the long-term prognosis of VAP has shown that the in-hospital
mortality was 42.3%, but also the estimated after discharge mortality was substan-
tial at 1, 3, and 5 years, 25.9%, 33.6%, and 44.7%, resperctively.''® The 5-year
estimated mortality of the survivors is just less than 50%. Thus, there should be
great impetus for clinicians and intensivists to try and prevent VAP.

Rapid methods to identify and determine antibiotic susceptibility to the organ-
isms causing VAP are needed and should be studied. A recent prospective, rando-
mized study over 2 years in Spain demonstrated the utility of direct E-test (AB
Biodisk) of respiratory samples in VAP.'' In 250 patients with VAP, 167 were
enrolled in the direct E-test and 83 in the standard methods of susceptibility, results
were available to the clinicians with a mean of 1.4 days by direct E-test versus
4.2 days by the standard method. This method of rapid antimicrobial susceptibility
resulted in decreased antibiotic consumption, C. difficile colitis, and fewer days on
mechanical ventilation with significant cost savings.''” One of the limitations of
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this method is the unreliability of direct E-test with polymicrobial infection.'*’
Novel molecular technologies, using real-time PCR and peptide nucleic acid
fluorescent in situ hybridization (PNA-FISH), are now available that can provide
rapid identification of resistant bacteria such as MRSA in 1 h."?! These techniques
need to be studied in respiratory secretions of VAP and would facilitate more
targeted therapy, less utilization of unnecessary agents such as vancomycin. This
would likely improve outcome with less superinfection and predisposition to
proliferation of resistant bacteria.

Should a newer macrobide be used in combination with other antimicrobials for
VAP with sepsis? Atypical microorganisms are rare causes of VAP or nosocomial
pneumonia, except for the occasional case and local mini-outbreaks of legionella
pneumonia and, thus, macrolides are not routinely used for VAP. However, there is
evidence that some macrolides (e.g., clarithromycin) have anti-inflammatory prop-
erties by inhibiting the biosynthesis of proinflammatory cytokines in mononuclear
cells in vitro an in vivo. In a recent randomized, blinded, multicenter trial clari-
thromycin 1 g/day for 3 days was compared to placebo in 200 patients with VAP.'**
Clarithromycin accelerated the resolution of VAP (5.5 days earlier, p = 0.011) and
weaning from mechanical ventilation (6.5 days earlier, p = 0.049) but did not
improve survival. Thus larger RCTs are warranted to confirm these results.

New endotracheal tubes silver coated internally and externally may be of value
to prevent VAP, as the silver ion microdispersed in the proprietary polymer exert
sustained antimicrobial effect that can block biofilm formation at the surface. In a
recent prospective, randomized, single-blind controlled study of 9417 adults intu-
bated for 24 h the prevalence of VAP declined from 7.5% in controls versus 4.8% in
the silver-coated endotracheal tube group, p = 0.005.'** There were a few limita-
tions of this trial including not blinding the investigators, and imbalance of patients
with chronic obstructive lung disease favoring the study group.'?* Thus further
blinded larger studies with cost-effective analysis are needed; moreover, this trial
did not demonstrate decrease in mortality, ICU or hospital stay and duration of
intubation.
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