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“The whole is more than the sum of its parts.”
Aristotle

Nosocomial infections are by far the most common com-
plications affecting hospitalized patients [1]. Ventilator-
associated pneumonia (VAP) is the most frequent
infectious complication in ICU patients, increasing costs
by more than U$ 40,000 per patient [2]. The most effective
treatment is prevention. Currently, infection control is
a critical element of patient care and every nosocomial
infection is considered potentially preventable. Performing
a root-cause analysis to evaluate factors that contribute
to infection development might allow identification of
potential interventions for prevention [3]. In the USA, the
Centers for Medicare and Medicaid Services plan to stop
paying hospitals for care made necessary by preventable
complications [4], including nosocomial infections, which

may have both desirable and unintended consequences.
Eight preventable complications will no longer be reim-
bursable as of October 2008, including two that occur in
ICUs, vascular-catheter-associated infection and catheter-
associated urinary tract infection. Other ICU infections
may follow, such as VAP and methicillin-resistant Staphy-
lococcus aureus (MRSA) infection. This underscores
the need to implement effective prevention strategies.
The plan has been criticized for penalizing hospitals that
admit frail and other high-risk patients [5]. In addition,
the plan may inadvertently encourage institutions to un-
derreport nosocomial infections. Ideally, payment should
be based on implementation of prevention strategies and
demonstration of improvement by active surveillance.

Additionally, it is important to recognize that adequate
nursing and respiratory therapy staffing levels may in-
fluence the duration of stay of patients in intensive care
units and the development of VAP, presumably due to
maintenance of infection control standards [6, 7]. Lapses
in basic infection control measures like handwashing
and patient isolation for multidrug-resistant pathogens
are more likely with increased workloads for registered
nurses and increased reliance on less trained health-care
personnel to deliver care [8–10]. The duration of me-
chanical ventilation can also be reduced by appropriate
staffing levels in the ICU, which may also influence the
development of VAP [11, 12]. Educational reinforcement
and opportunities for ICU staff to participate in mandatory
training aimed at HAP/VAP prevention is also important
in preventing VAP [13, 14]. Unfortunately, many ICUs
may have staffing problems, which limits the overall
success of infection control measures that are dependent
on active intervention by the bedside nurse [8, 10].

Several isolated interventions have demonstrated a re-
duction in the incidence of VAP [15]. The endotracheal
tube is a major risk factor for the occurrence of VAP.
Prevention measures targeting the endotracheal tube aim
to minimize tube colonization and formation of biofilm
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(e.g. use of antimicrobial-coated tubes) and avoidance of
microaspiration (e.g. aspiration of subglottic secretions
and control of intracuff pressure). The presence of the
endotracheal tube breaches first-line defense mechanisms,
providing airway access to both liquefied and aerosolized
particles [16]. Biofilm formation in the inner surface of
the endotracheal tube provides a protected environment
for pathogens that are less susceptible to killing by
host defenses. Moreover, biofilm can detach, dislodg-
ing biofilm-encased bacteria contaminating the airway,
and it might increase the risk of late-onset pneumonia.
Prevention of bacterial biofilm formation might avoid
colonization, a precursor of VAP [15].

In this issue of Intensive Care Medicine, Berra
et al. [17] describe an experimental model with anti-
microbial-coated endotracheal tube (silver-sulfadiazine).
After in vitro challenge every 24 h with 104–106 Pseu-
domonas aeruginosa/ml the antibacterial-coated endotra-
cheal tube (ET) remained bacteria-free up to 72 h, whereas
the standard ET showed heavy P. aeruginosa growth
and biofilm formation. Moreover, in an in vivo experi-
ment, a sheep model mechanically ventilated for 24 h, the
antibacterial coated ET showed no bacterial growth in
the inner surface of the ET, ventilator tubing and lower
respiratory tract, whereas standard ET group developed
heavy colonization in all these sites [18]. The main limi-
tations of this study are assessment of colonization only
by P. aeruginosa and the limited duration of the animal
study. As colonization by P. aeruginosa is associated more
significantly with late-onset VAP, 24 h of mechanical
ventilation is a too short period to evaluate prevention of
colonization.

The covering of biomedical devices with silver for the
prevention of nosocomial infections is based on its broad-
spectrum antimicrobial activity [19], reduction of bacterial
adhesion [20] and blockage of biofilm formation [21].
It has been evaluated clinically in urinary catheters for
prevention of urinary infection, with positive results [22],
and experimentally in ET [23, 24]. Rello et al. [25]
assessed the feasibility and safety of a silver-coated ET
in a phase II randomized controlled trial and found that
the device was well tolerated and associated with reduced

and delayed bacterial colonization of airway secretions as
well as the surface of the tube. A phase III multicenter,
prospective, randomized, controlled trial demonstrated
a significant reduction of microbiologically documented
VAP (4.8% in the silver group vs 7.5% in the control
group, p < 0.05) [26]. This has led to the availability of
the first commercially available silver-coated ET in the
USA (FDA News, 8 November 2007).

Application of evidence-based interventions is highly
variable with low overall adherence to current recom-
mendations [27]. The new paradigm of nosocomial
infection prevention should be based on an organized,
multidisciplinary, and evidence-based effort with an
agenda focused on patient safety promotion and quality
improvement. The cornerstone of this approach is the
Institute for Health Improvement (IHI) initiative that
incorporates a limited number of effective interventions
in a bundle, conceptually simple and feasible. Prevention
based in a care bundle aims to translate the best available
evidence to clinical practice, allowing a more uniform
management of the patient. Whereas implementation of
individual interventions might improve patient care, the
simultaneous implementation of several simple measures
simultaneously, as a care bundle has a greater likelihood
of improving outcome [28, 29]. Furthermore, this format
allows a more effective implementation of the prevention
strategy. Resar et al. [28] found a reduction of 45% in VAP
incidence with the implementation of a care bundle for
VAP prevention. Moreover, reduction in VAP incidence is
correlated to the degree of adherence to the bundle. Again
it is important to note that successful compliance with
infection control bundles will depend on having adequate
and well-educated staffing in the ICU. A benefit of the
silver-coated ET is that it is not dependent on staffing
conditions and will provide protection even when other
prevention practices are not applied.

New devices or newly developed prevention interven-
tions should be evaluated under this new paradigm as part
of a coordinated strategy for nosocomial infection preven-
tion. Incorporation of new techniques in bundles with fea-
sible evidence-based measures seems to be the easiest way
to get compliance and to optimize VAP prevention.
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