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Abstract: The multimodal approach for ventilator-associated pneumonia (VAP) prevention has been shown
to be a successful strategy in reducing VAP rates in many intensive care units (ICU) in some countries.
The simultaneous application of several measures or “bundles” to reduce VAP rates has achieved a higher
impact than the progressive implementation of the individual interventions. The ultimate objective of
recommendation bundles is their integration in the culture of routine healthcare of the staff in charge of
ventilated patients for accomplished rates to persist over time. The noteworthy elements of this new strategy
include the selection of the individual recommendations of the bundle, education of care workers (HCW)
in the culture of patient safety, audit of compliance with the recommendations, commitment of the hospital
management to support implementation, nomination and empowerment of local leaders of the projects in
ICUs, both physicians and nurses, and the continuous collection of VAP episodes. The implementation of
this new strategy is not an easy task, as both its inherent strength and important barriers to its application
have become evident, which need to be overcome for maximal reduction of VAP rates.
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Introduction occurrence has been linked to increased length of ICU and
hospital stay, duration of mechanical ventilation, as well as
Ventilator-associated pneumonia (VAP) is one of the main higher crude and/or attributable mortality (3). VAP rate

types of infection in intensive care units (ICU) (1,2). Its is a quality and safety indicator of ICU care (4). The great
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Table 1 Classification of VAP prevention methods

Functional
Semi-recumbent position

Strict hand hygiene with alcohol-based gels or solutions before
airway management

Education and training in aspiration of bronchial secretions

Daily sedation vacation and assessment of weaning and
extubating

Availability of weaning protocols
Early tracheostomy
Non-invasive mechanical ventilation

Microbiological surveillance of cross-contamination and
infection

Instillation of normal saline prior to endotracheal suctioning
Ventilator tubing change

Route of endotracheal intubation; orotracheal versus
nasotracheal

Type of airway humidification; preference of heat moisture
exchanger or heated humidifier

Physiotherapy
PEEP of 5-8 cmH,0O versus ZEEP in patients without lung injury

Enteral feeding: route of administration and gastric residual
volumes; use of prokinetics

Mechanical
Endotracheal tube cuff pressure monitoring
Subglottic secretion drainage
Polyurethane-cuffed endotracheal tubes

Polyurethane-cuffed endotracheal tubes with subglottic
secretion drainage

Silver-coated endotracheal tubes
High-volume, low-pressure endotracheal tube cuff
Small caliber feeding tubes

Aspiration of tracheobronchial secretion with closed versus
open systems

Endotracheal tube biofilm removal device

Kinetic bed therapy

Airway filters

Water-soluble gel lubrication of the endotracheal tube

Tooth brushing

Table 1 (continued)
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Table 1 (continued)

Pharmacological
Selective decontamination of the digestive tract
Selective oropharyngeal decontamination
Short course of intravenous antibiotic
Oral hygiene with chlorhexidine
Nebulized antibiotics
Antibiotic cycling

Probiotics

VAP, ventilator-associated pneumonia; PEEP, positive end-
expiratory airway pressure; ZEEP, zero end-expiratory pressure.

amount of research done aiming at prevention has focused
mainly on pathophysiological risk factors contributing
to the development of VAP. Many studies have been
published addressing specific individual VAP prevention
measures, which may be classified as “functional”,
“mechanical” or “pharmacological” (Table I). At the same
time, different scientific societies have analyzed, classified
and recommended these measures based on their level of
evidence and feasibility (5,6). Awareness and compliance
of these preventive interventions are highly variable, and
questionnaires presented to physicians and nurses working
in intensive care have confirmed poor compliance (7,8).
The Institute of Health Improvement (IHI) developed
the concept of “bundles” applied to the project “Idealized
Design of the Intensive Care Unit” (IDICU) in 2001 (9).
The new strategy consists of selecting among dozens
of preventive measures proposed in guidelines and
recommendations of healthcare agencies and/or scientific
societies a group of 3 to 5 measures, or “bundle”, of only
those interventions with the highest, level 1, evidence
and ease of implementation, which, when applied
simultaneously, are more effective than if used separately.
Selecting only a small number of measures facilitates
education, has a higher potential to achieve adequate
adherence and to be accessible to audit. The two first
bundles to be developed were the IHI Central Line Bundle
(hand hygiene, maximal barrier precautions, chlorhexidine
skin antisepsis, optimal catheter site selection, avoidance of
the femoral vein for central venous access in adult patients,
and daily review of line necessity, with prompt removal
of unnecessary lines) and the IHI Ventilator Bundle
(elevation of the head of the bed to 30 to 45 degrees,
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Table 2 National or state-wide VAP prevention studies
Author Location ICU Days MV Period Bundle VAP rate*
Resar (12), 2005 USA 35 (21 295% July 2002-January  IHI-VB [9] Median: before 6.6;
compliance) 2004 after, 2.7
Berenholtz (39), 2011 Michigan USA 113 550,800 October 2003- IHI-VB [9] Median: before
September 2005 5.5-after 0; mean:
before 6.9-after 3.4
Sinuff (40), 2013 Canada/USA 11 June 2007- Specific [51]  Before 14.2%; after
December 2009 8.8%*
Kao (41), 2017 Taiwan 10 81,027 August 2013- Specific [41] Before 1.9; after 1.5
October 2014
Alvarez-Lerma (44), 2018 Spain 181 505,802 April 2011- Specific [52]  Median: before 9.83;
December 2012 after 4.34
Jadot (43), 2018 Belgium 60 2010-2016 Specific [43] 28% [2010]-10.1%

[2016]™

*, VAP ventilator-associated pneumonia per 1,000 ventilator-days; **, % de ventilated patients. VAP, ventilator-associated pneumonia; ICU,

intensive care unit; MV, mechanical ventilation.

daily “sedation vacations” and assessment of readiness to
extubate, peptic ulcer disease prophylaxis and deep venous
thrombosis prophylaxis). The multimodal strategy for
implementation of the IHI Central Line Bundle in ICUs
in the State of Michigan was associated with a spectacular
reduction in catheter-related bloodstream infection
(CRBSI) and the development of the concept of “Zero
Bacteremia” (10). The implementation of these bundles
improved healthcare quality, particularly in patients at
increased risk, by improving the process of care and the
behavior of HCW. The Michigan initiative has been
replicated with success in other countries, where a similar
methodology was used.

Background of the multimodal VAP preventions strategy

In 2002 the Agency for Healthcare Research and Quality
and the National Quality Forum launched “The 100k
lives campaign”, including the IHI Ventilator Bundle,
with two of the proposed measures being specific for the
prevention of VAP (11). In 2005, Resar et al. (12) reported
on the impact of applying the IHI Ventilator Bundle
in 35 hospitals in the USA, with those achieving >95%
compliance experiencing a reduction of 59% in VAP rate
(from 6.6 to 2.7 episodes per 1,000 days of mechanical
ventilation). Similar observations with bundles used in
single center (13-32) or small multicenter (33-38) studies
have been published, all observing important decreases of

© Annals of Translational Medicine. All rights reserved.

VAP rates. In some of these, the effect was only transient
and had no impact on other indicators like duration of
mechanical ventilation, ICU length-of-stay or mortality.
Also, nation-wide implementation of bundles is associated
with significant reduction in VAP rates (39-44) (Table 2).
A recent meta-analysis (45) includes randomized and non-
randomized studies published before June 2017, using
VAP prevention bundles and reporting on their effect
on mortality. Its results show that “simple interventions in
common clinical practice applied in a coordinated way as a part
of a bundle care are effective in reducing mortality in ventilated
ICU patients.”

Another of these nation-wide projects was developed in
Spain. Device-associated Spanish ICU-acquired infection
rates are well known since 1994 through the “Estudio
Nacional de Vigilancia de Infeccién Nosocomial” (ENVIN-
HELICS) registry, where clinical data of patients admitted
to ICUs in Spain yearly between April and June are
collected (46). VAP rates had remained stable nationally
from 2000 to 2008 at around 15 episodes per 1,000 days of
mechanical ventilation (46,47), much higher compared to
the USA “National Healthcare Safety Networt” (NHSN)
registry, where rates from 2006 to 2008 are 2.1 episodes
in adult mixed or pediatric ICUs and 10.7 episodes per
1,000 days of mechanical ventilation in burn units (48).
From 2009 to 2010 the Project “Bacteriemia Zero” (BZ)
was developed to apply a bundle of measures aiming at
preventing CRBSI. Zero Bacteremia achieved a reduction
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Table 3 Components of the Spanish VAP prevention bundle (36)

Basic mandatory measures
Education and training in appropriate airway management
Strict hand hygiene for airway management
Cuff pressure control
Oral hygiene with chlorhexidine
Semi-recumbent positioning

Promote procedures and protocols, which safely avoid or
reduce time on ventilator

Avoid scheduled change of ventilator circuit, humidifiers and
endotracheal tubes

Highly recommended measures

Selective decontamination of the digestive tract or selective
decontamination of the oropharynx

Aspiration of subglottic secretions

Short course of intravenous antibiotic in severe trauma patients

VAP, ventilator-associated pneumonia.

of national rates of 50% (49), and an associated decrease of
VAP rates to 11.5 episodes per 1,000 days of mechanical
ventilation, a “collateral benefit” attributed to promoting
interventions improving hygiene (46). Taking advantage
of the organizational structure of BZ, a new project was
designed in 2011-2012, named “Neumonia Zero” (NZ)
or “Zero VAP”, to be implemented nationally. The NZ
bundle was composed of specific preventive interventions
and associated with a higher than 50% reduction of
VAP rates (from 9.83 episodes per 1,000 ventilator days
in the baseline period to 4.34 after 19-21 months of
participation) which persists nowadays, several years after
the implementation period (43,46). Experience gathered
with this project has allowed to define the core elements
for the success associated with the nation-wide application
of NZ: (I) promotion of the project by healthcare
authorities and scientific societies, (II) selection of the
evidence-based recommendations of the bundle, (IIT)
implementation of the project in ICUs, (IV) education
of HCW in a culture of patient safety, (V) audits of
compliance with recommendations, (VI) commitment of
hospital management to support and facilitate application
of bundles, (VII) nomination and empowerment of
local ICU leaders (physicians and nurses) and (VIII) a
registry continuously collecting VAP rates and providing
information to HCW and authorities.
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Conditions required for the successful
implementation of a national VAP prevention
bundle

The publication of a bundle of recommendations for the
prevention of a particular healthcare-associated infection
does not guarantee its application, nor its success in
reducing incidence rates (27,50). A project aiming at
nation-wide implementation of the recommendations of a
VAP prevention bundle needs to consider and deal with the
difficulties of the following development phases to achieve
success.

Promotion of the project by healthcare authorities and
scientific societies

Healthcare organizations of different types, supported
by scientific societies, have sponsored bundles to be
implemented nation-wide, like the Agency for Healthcare
Research and Quality and the National Quality Forum in
the USA (9), the Federal Service Public in Belgium (43),
or the Centers for Disease Control of Taiwan (Taiwan
CDC) and the Infection Control Society of Taiwan (41).
In Spain, the “Neumonia Zero” project was supported
by the Spanish Ministry of Health and co-financed by
regional Healthcare Authorities. The Spanish Society of
Critical Care Medicine (Sociedad Espafiola de Medicina
Intensiva, Critica y Unidades Coronarias, SEMICYUC)
and the Spanish Society of Critical Care Nursing (Sociedad
Espaiiola de Enfermeria Intensiva y Unidades Coronarias,
SEEIUC) were in charge of technical coordination of the
project through a collaboration contract (44). In every ICU,
project leaders were nominated, which included at least one
intensivist and a critical care nurse (Figure I). Participation
of ICUs in “Zero VAP” was voluntary and no financial
incentives existed for its implementation, although in most
regions the objectives of the project were included in the
contracts of the Healthcare Authority with hospitals.

Selection of recommendations for the bundle

Many interventions for the prevention of VAP, aiming
at different pathophysiologic mechanisms of VAP, have
been proposed. The first studies were based on adherence
to the recommendations of the bundle proposed by the
Agency for Healthcare Research and Quality (9). More
recently, multidisciplinary working groups were established,
which applied evidence-based methodology to select those
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Figure 1 Organizational scheme of the “Zero VAP” project. VAP, ventilator-associated pneumonia; ICU, intensive care unit.

recommendations appropriate for the targeted ICUs
(34-44,51,52). In Spain, a task force composed of expert
intensivists of different working groups of SEMICYUC,
as well as representatives of the SEEIUC, was in charge
of selecting preventive measures for the VAP bundle (52).
A systematic and iterative review of the literature and
the recommendations of scientific societies and expert
groups identified 35 specific VAP prevention interventions
(Table 1), which were classified as functional (15),
mechanical (13) or pharmacological (7). Each type
of measures was subsequently studied separately by
at least two members of the task force, who reviewed
the respective clinical trials. Quality of the available
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evidence was established according to GRADE (Grading
of Recommendations Assessment, Development and
Evaluation Working Group) methodology (53). Finally, in
a second step, those recommendations considered more
effective, tolerable and feasible were selected as mandatory
for participation in “Neumonia Zero”, the National
Program for VAP prevention. In addition, other non-
mandatory, although highly recommended, interventions
were proposed (Table 3) for nation-wide application.

Implementation of the project

Bundles may be implemented either through a nation-wide

atm.amegroups.com Ann Transl Med 2018;6(21):420
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proposal by the healthcare authorities or by an initiative of
HCW at one or several ICUs. For both approaches, success
requires physician and nurse leaders at each ICU, capable
of promoting education, adherence to recommendations
and continuous registry of infections. Conversely, only
publishing a bundle of recommendations is no guarantee
of its application. Different implementation strategies
have been used, all being multifaceted interventions and
including educational meetings (a standardized presentation
delivered in electronic format), supportive material like
posters, and multidisciplinary meetings and workshops with
leaders from participating ICUs. In a systematic review
carried out to determine the strategies used to implement
the bundles, it was observed that the three most frequent
used were education, reminders and audit and feedback (54).
Hawe et al. (27) reported a significant reduction of VAP
rates, from 19.2 to 7.5 per 1,000 of mechanical ventilation
if a VAP prevention bundle was actively associated with
a multimodal program incorporating staff education,
process measurement and outcome measurement, as well as
feedback to staff and organizational change.

Education of bealthcare workers in patient safety applied to
VAP prevention

Both physicians and nurses working in critical care are
requested to attend educational courses including at least
information about the impact of VAP and the evidence
background of the selected recommendations for its
prevention. Some studies have shown significant reductions
of VAP when multidisciplinary structured educational
programs were delivered to ICU HCW in charge of
ventilated patients (55,56), although simple communication
of knowledge may be insufficient to modify behavior (57).
Conveying the concept that VAP is an adverse event and
that everybody involved in patient care is responsible for its
occurrence is an essential element to promote adherence
to recommendations. Audit of adherence, identification
of errors in clinical practice, transfer of daily information,
communication of adverse events and the objectives of
improvement initiatives are tools reinforcing good clinical
practice. Project NZ developed online education (available
online: http://hws.vhebron.net/neumonia-zero/Nzero.
asp) for participating healthcare personnel, which included
specific content for application of the recommendations, as
well as patient safety assurance information. Furthermore,
the number of staff completing the 6-hour online training
course was recorded.

© Annals of Translational Medicine. All rights reserved.
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Monitoring of adberence

The degree of adherence to recommendations for VAP
prevention is the main factor associated with success.
Cocanour et 4l. (22) demonstrated that in critically ill trauma
patients VAP rates only decreased after introducing daily
audit of adherence and establishing weekly communication
of degree of adherence. Engagement of the hospital
management, together with education and information
about results to HCW was decisive in reducing VAP rates.
Bird er al. (21) observed a progressive reduction of VAP in
two surgical ICUs as a function of increasing adherence
to the bundle. Bonello et 4/. (58) report that an increase in
adherence of the IHI Ventilator Bundle from 50% to 82%
was associated with a 41% reduction in VAP rate in 9 ICU
Departments of Veterans Affairs Hospitals. In our Project,
adherence was measured monitoring the monthly collection
of data in the online data base by the participating ICUs,
which is required for the calculation of rates (episodes of
VAP, length of stay, days on ventilator), internal quality
audits of four of the recommendations (measuring cuff
pressure, oral hygiene with chlorhexidine, tracheal secretion
suctioning and head rest elevation) and a survey asking for
the preventive measures active in each ICU.

Commitment of bospital management to support the
application of bundles

The 5 Million Lives Campaign was launched in conjunction
with IHI’s National Forum meeting in December
2006 (59). The new recommendations “...target Governance
structures (which can have enormous impact on a facility’s ability
to drive change)”. Although there are no data available about
the impact of the participation of hospital managers, we
are convinced that the implementation of bundles in an
ICU must be preceded by the commitment of its hospital
management to support the strategies that have been
shown to be effective in reducing VAP. This commitment
includes taking responsibility in the project by facilitating
the redistribution of resources, guarantee training sessions
and keeping record of the proposed activities, empower
physician and nurse leaders of the ICU to audit and
guarantee adherence to recommendations, participate
in meetings of the local project team, which include
monitoring of adherence, and feed-back session where
results are presented. The presence of hospital managers
provides strength to the application of recommendations
and expresses their commitment. Implementation of
bundles to optimize VAP prevention is not a clinical
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study performed during a given period of time by a
group of investigators to demonstrate the efficacy of the
preventive measures, but an objective of hospital managers
to favor change of behavior and the culture of patient
safety of HCW, particularly in the ICU, to introduce
recommendations of the highest degree of evidence in
clinical practice.

Identification and empowerment of leader of the project in
the ICU

Successtul VAP prevention, as avoiding any other infection
or adverse event, depends on the existence of leaders of
the project in every ICU. Prevention of VAP is a shared
responsibility of physicians and nurses, who should clearly
identify their leaders, thus facilitating the formation of
working groups to apply recommendations, train HCW,
audit adherence and register infectious episodes. They also
participate in meetings with the hospital management and
collaborate in identifying errors in clinical practice and
establishing goals for improvement. Finally, local leaders
should regularly provide information to HCW about
infection rates and the results of the meetings with the
hospital management.

Registry of VAP episodes—data collection and measures

To evaluate the impact of the bundle, the definition of
VAP needs to be agreed upon and the registry collecting
this information should use the very same definition.
The diagnosis of VAP ideally follows definitions used
by surveillance systems of healthcare related infections.
Workshops standardizing the use of definitions in doubtful
cases reduce variability and bias. Rates are expressed in most
studies as episodes per 1,000 days of mechanical ventilation,
with continuous evaluation of the impact of the prevention
program. Some have used means or medians in studies
with a before-after design of the application of bundles.
Others have expressed data in percentage of VAP episodes
per 100 mechanically ventilated patients. We used the
European Center for Disease Control (ECDC) criteria for
the diagnosis of VAP (60) and workshops were held during
the implementation period of the Project to standardize
definitions. Online data collection was continuous on
a specific adaptation of the ENVIN-HELICS registry
(http://hws.vhebron.net/Neumonia-zero/), with restricted
access and on a voluntary basis. Every ICU reported
monthly on number of new admissions, length of stay and

© Annals of Translational Medicine. All rights reserved.

Page 7 of 11

duration of mechanical ventilation. They also had access to
continuously updated results of its own rates, its region’s
results, as well as the simultaneous national rates over the
entire duration of the project and beyond. In the Belgian
National Study, VAP prevalence rates were determined on
one single day by means of a questionnaire completed at
each ICU, including the number of patients on mechanical
ventilation and patients diagnosed of VAP. Rates were
expressed as VAP cases per 100 ventilated patients.

Strength and barriers of VAP prevention bundles

A nation-wide application of VAP prevention bundles
requires an organizational structure, which is participatory
and transversal, including regional and national healthcare
organizations, scientific societies, hospital management,
infection control staff, physician and nurse leaders in
ICUs, and the collaboration of all HCW working in the
ICU. The greater the implication of each category in the
pyramid of liabilities, the bigger is the chance of success.
The main barrier to implementation is uncoordinated
activity of participants. Involved parties need to work in
coordination, unconditionally and avoiding egos. Some
units argued that the need for additional resources to
apply the recommendations and to collect the data needed
for calculation of rates is a barrier for participation in the
National Projects and for implementing the bundles.

The training of HCW in charge of the critically ill in
applying the VAP bundle is associated with conveying
the concept of patient safety and the use of tools like
identification of errors, communication, meetings
with hospital management and establishing targets for
improvement. In Spain, the bundles for the prevention
of CRBSI and VAP have been key to facilitate the
dissemination of a culture of critically ill patient safety.

Most studies show that the application of VAP bundles
is associated with significant reductions in VAP rates. This
impact grows as a function of time and adherence. The low
VAP rates reached have persisted, as indicators of national
and international registries of this infection reveal (1,61-63).
As a consequence, quality reference standards for VAP rates
have been adapted. In the Calgary Health Region (Canada),
ICUs reduced their VAP rate goal in 2008 from 9.9 to
7.4 cases per 1,000 ventilator-days after incorporating a
prevention bundle (34). In Spain, SEMICYUC has reduced
the reference standard quality indicator for VAP from 18
episodes in 2005 to 12 in 2011 and to 7 in 2017 per 1,000
days of mechanical ventilation, after “Neumonia Zero” (4).
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Limitations of VAP prevention bundle studies

The results of research on the impact of VAP bundles
are hampered by their design, because they are neither
randomized, nor blinded, nor do they have parallel control
groups (64). All of them evaluate the impact of bundles
over time, i.e., a before-after design, with the argument
that randomization would be unethical because it is well
known that bundles improve outcome. Another source of
bias is the identification of VAP, if alternative diagnoses
like “tracheobronchitis” or “mechanical ventilation-related
respiratory tract infection” are used. Some have expressed
their concern that small modifications of diagnostic criteria
may have a big impact on rates. This may actually occur in
a single ICU, but is probably not relevant in a nation-wide
intervention with participation of over 200 units and a huge
number of days of observation.

The results of single center studies are difficult to
interpret because they don’t report on adherence rate,
don’t control for other VAP specific risk factors, and use
criteria for the diagnosis of VAP different from national
and international surveillance studies (1,61,62). These
apply robust methods to collect data, including associated
risk factors for VAP and specific definitions, and confirm
a progressive reduction of the rates in those countries
where programs have been introduced nation-wide for the
implementation of bundles.

National studies about VAP bundles have used several
data collection methods, some of which may be biased.
Incomplete or incorrect data collection may increase if
the process is not closely monitored. In addition, the
participation of multiple observers increases the risk of
diagnostic error. Some national studies have held workshops
to standardize the definition of VAP and external audits of
cases entered in the national registry.

Conclusions

Local and national VAP prevention bundles have shown
to be efficient in transferring knowledge to clinical
practice in ICUs. The strategies used most frequently for
implementation of VAP bundles have been education,
posters, audits of adherence, and feedback of results.
Most initiatives have accomplished significant reduction
in VAP rates, in spite of considerable heterogeneity of
recommendations, ways of implementation, auditioning of
adherence and registry of VAP rates.
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