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Abstract Preventing ventilator-associated pneumonia
(VAP) is one of the Department of Health Saving Lives
initiatives. We describe the institution of a purpose-
designed bundle of care in a tertiary paediatric ICU based
on the available literature as part of our hospital’s
transformation project into reducing health-care-associated
infection. A nurse-led VAP surveillance programme is in
place, and we used this to compare VAP incidence before
and after commencing a series of care measures aimed at
reducing VAP as part of an overall drive for patient safety.
The diagnostic criteria, surveillance methods and rates of
VAP (5.6 per 1,000 ventilator days) have been previously
reported. Nurse educators were added to the original core
group, as a key feature is buy in from nursing staff. All
nursing staff had multiple training opportunities, and VAP
project education became a routine part of staff induction.
The major features of the bundle of care were (1) elevation
of bed to maximum (target, 45°; however, no beds currently
permit this so achieved 20–30°), (2) mouth care using
chlorhexidine or tooth brushing, (3) clean suctioning
practice, (4) all patients not on full feeds commenced on
ranitidine and (5) 4-hourly documentation. Compliance
with these aspects was monitored. After the institution of
the bundle, no paediatric case of VAP was recorded over a
12-month period, according to a priori definitions. One

adult patient had a confirmed VAP over the same time
interval. A paediatric VAP bundle was associated with
reduced VAP on a UK PICU.
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infection . Ventilator-associated pneumonia . Improvement
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Introduction

The safety of children within our hospitals is increasingly
an area of focus for all involved in child health. Ventilator-
associated pneumonia (VAP) is the second most common
health-care-associated infection (HCAI) in paediatric inten-
sive care (PICU) accounting for 20% of nosocomial
infections [14, 19]. VAP is defined as a pneumonia
developing later than 48 h after intubation and initiation
of mechanical ventilation [28] and has been linked to
increased morbidity, mortality [2, 15, 18] and costs [15, 19].

VAP risk increases with duration of mechanical ventila-
tion, rates being expressed as infectious episodes per 1,000
ventilator days. Prevalence ranges from 2.9 to 11.6/1,000
ventilator days [2, 15] although data in children remain
limited.

Early-onset paediatric VAP classically occurs within 5 days
of intubation, is associated with aspiration of gastric contents
and is usually due to fully sensitive organisms [26, 33]. Late-
onset VAP occurs after 5 days of intubation and character-
istically is caused by multi-resistant organisms [32].

Paediatric studies have implicated immunodeficiency,
syndromes associated with neuromuscular weakness, trans-
port off PICU, re-intubation, female gender, post surgical
diagnosis, narcotic use and the use of enteral feeds as
independent risk factors [2, 15, 36].
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Historically, HCAIs have been viewed as an inevitable
consequence of critical illness, but increasingly are ac-
knowledged as avoidable adverse health-care events and are
certain to feature in the new UK Commissioning for
Quality and Innovation payment frameworks for PICU.
The business case for preventing VAP has been made and is
clear [5].

However, whilst VAP prevention is a core element of
campaigns such as the US 5 Million Lives campaign and
the Department of Health Saving Lives initiative [9],
concerns have been raised about the suitability of such
generic programmes to PICU [8]. For this reason, we
established an a priori UK VAP surveillance programme
and bundle of care in an attempt to reduce PICU VAP.

In 2006–2007 when this programme was established, the
CDC definition for VAP excluded pneumonia occurring <48 h
after intubation [20]; this 48-h rule was removed in 2007 [6].
The establishment of VAP surveillance in our unit has been
previously reported [35] and occurred over a 3-month period
showing a VAP rate of 5.6 per 1,000 ventilator days. The
surveillance was stopped as it was felt to extend when others
had reported successful reduction with bundles of care was
unethical.

A paediatric specific VAP group (ICU physician, senior
ICU nurse, physiotherapist and microbiologist) was estab-
lished and an agreed definition of paediatric VAP devised after
literature review. This was because existing CDC definitions
did not seem applicable to the patient population in the unit in
question, with a large proportion of immunocompromised
children, few bronchoscopies in the patient group and no
specific leukocyte definitions in the CDC definition.

Although successful bundle-related reduction of VAP has
been described in the USA [4], this paper describes the first
reduction of paediatric VAP in the UK following imple-
mentation of a novel bundle of care.

Methods

As this study was deemed quality improvement rather than
human subjects research, institutional review board was not
required.

Inclusion

All invasively ventilated patients admitted to paediatric
intensive care between January 2008 and December 2009
(12 months) were included in the study.

Exclusion

Patients who were ventilated <48 h, non-invasively ventilated
or who died within 48 h of ventilation were excluded from

the study. For this study, the VAP group (ICU physician,
senior ICU nurse, physiotherapist and microbiologist) were
joined by PICU practice educators and members of the Trust’s
transformation team.

Surveillance

Active VAP surveillance continued throughout the study
with a flow diagram (Fig. 1) at each bed space to facilitate
investigations, including daily full blood counts and, if
indicated, sputum samples and blood cultures with temper-
atures ≥38.5°C or <36.0°C. The bedside nurse was
responsible for collecting VAP data over the 12-month
period until 24 h post extubation, discharge or death.

Radiological

Admission chest X-rays (CXRs) are standard for ventilated
transfers into PICU, and post intubation CXR routine;
therefore, all children had an initial baseline intubated
CXR.

Routine daily X-rays are not performed, so only X-rays
requested by clinicians were examined. A senior physio-
therapist, who had undergone specific training, reviewed all
CXRs taken over the 1-year period, and any new changes
led to VAP screening by secretion sampling and notification
to microbiology. All X-rays were reported by attending
radiologists and reviewed daily by the physiotherapist and
ICU team providing another point for possible VAP
triggering.

Admission 

Enrol all intubated, 

ventilated patients 

Daily FBC 
CRP on alternate days 

Sputum  
If sputum 1-2 = no sample 
If sputum 3-5 = send MC+S 
sample 

Colour estimation 

Temperature 
If ≥ 38.5oC or ≤36.0oC send blood 
cultures 

Continue until 24 hours post extubation, discharge or death 

Routine CXR on  
admission 

CXR as clinically 
indicated 

Routine Investigations 

Non-Routine Investigations 

Fig. 1 PICU surveillance process for VAP
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Clinical

1. New onset or worsening of bronchopurulent secretions:
Purulence of bronchial secretions is traditionally a

quantitative laboratory diagnosis, though many laborato-
ries report it qualitatively (i.e. purulent+++, epithelials−),
and bedside clinical descriptions can be variable. Nurses
and clinicians sent sputum to the laboratory if there was a
change in colour or offensive smell to the sputum, clinical
concern about chest infection or if triggered by screening.

Furthermore, clinical infection ‘workup’ samples were
reviewed including bronchoalveolar lavage, pleural fluid
and lung biopsy, though only sputum samples were sent
after ‘possible VAP’ trigger.

2. Bloods
Daily full blood count and C-reactive protein

(CRP) are sent in PICU during periods of invasive
multiple-organ support. In stable patients, bloods are
triggered for clinical reasons, such as infection
screening due to temperature, new CXR changes
or secretions suggestive of infection. No bloods
were sent purely for the VAP project. Elevated CRP
triggered screening of secretions, but was not part of
VAP diagnostic criteria.

3. Temperature
Bedside nurses’ screening of all patients for

hyper/hypothermia was validated by the nurse in
charge at the end of each 12-h shift and entered into
the purpose-designed section of the electronic
bedside record.

GOSH diagnostic criteria for VAP

VAP was defined for all ages as pneumonia occurring >48 h
after intubation diagnosed by specific chest radiograph
(CXR) changes with at least three clinical or laboratory
findings (Table 1).

Radiological

VAP was suggested by new or progressive pulmonary
infiltrates, consolidation or cavitation (Fig. 1) on at least
two serial CXRs with gradual resolution (rapid resolution
suggests non-infective aetiology, e.g. pulmonary oedema or
atelectasis).

Clinical

Core temperature ≥38.5°C or <36°C Hyper/Hypothermia
was defined as at least two consecutive abnormal readings,
using standard measurement techniques, in a 24-h period

not clearly attributable to extra-pulmonary infection, the
environment or blood/drug reactions.

Laboratory

Leucopenia or leucocytosis was defined by age according
to the International Consensus Conference on Pediatric
Sepsis statement [23].

Significant culture of respiratory secretions Microbial
growth from endotracheal secretions, or when performed
bronchiolar lavage, was reported semi-quantitatively using
calibrated loops according to standard operating procedures
in the microbiology department. Sensitivities were per-
formed on any potential respiratory pathogen.

Relevant culture from alternative site of infection Positive
blood cultures of likely respiratory tract pathogens, unre-
lated to another source of infection, were considered in the
diagnosis of VAP, as were significant cultures from pleural
fluid and lung parenchyma biopsy, or pathogens detected by
validated immunofluorescence.

Immunocompromised children required the same CXR
changes, but only two clinical or laboratory findings because
leucopenia/leucocytosis is unreliable in this group. Children
were categorised as immunocompromised with any of
neutropenia (count <1.0×109∧/L], HIV, chemotherapy, leu-
kaemia/lymphoma/post bone marrow transplant, post sple-
nectomy, immunosuppressive drugs (long-term steroids (any
dose >7 days), azathioprine, ciclosporin, mycophenolate
mofetil, tacrolimus, methotrexate, anti-TNF).

Bundle of care

The available literature was reviewed, and an appropriate
bundle of care designed, (Fig. 2) with an emphasis on
simple and cost-neutral interventions with minimal poten-
tial complications. For this reason, selective decontamina-
tion was not part of the initial bundle.

Sedation policy change was not considered at this stage, as a
separate interventional study is planned. Although remifentanil
became standard for head injuries between initial surveillance
and bundle introduction, none of the original VAP series were
trauma patients. Several education sessions for ICU nurses
were held and now form part of routine induction.

Compliance with the bundle was stringently monitored
throughout and reported monthly. Care bundle aspects were
audited individually to identify compliance lapses and
enable targeted steps to improve overall compliance, which
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was only awarded if all aspects were consistently delivered
for 24 h (Fig. 3). Regular interactive VAP meetings and
continuing dialogue with bedside and senior nurses high-
lighted compliance barriers and allowed adjustments to the
care bundles, which played a fundamental role in the
project’s success. One example was a mouth care protocol
alteration following feedback from nursing staff concerned
about bundle-generated sleep deprivation (Fig. 4).

Results

Bundle compliance increased progressively throughout the
study (Fig. 3). There were 730 admissions during the study
period of which 448 were ventilated for >24 h. Fifteen
cases were triggered for review.

No paediatric cases of VAP were detected during the
year. One adult patient, (>16 years) admitted to PICU with
severe adult respiratory distress syndrome following post-

operative aspiration during recovery from elective high-risk
surgery, had Escherichia coli VAP diagnosed on day 7. The
patient survived to discharge, but died from neurological
complications within 28 days.

If the earlier or later US Centers for Disease Control
definitions are used, the same overall result for the year
of post bundle implementation is achieved, although the
later CDC definition would lead to a higher pre-bundle
rate due to the presence of two children with VAP in
the first 48 h of admission. Paediatric VAP rate was 0 per
1,000 ventilator days, and total VAP rate was 0.04/1,000
ventilator days.

To encourage staff participation and a sense of owner-
ship, monthly VAP incidence and bundle compliance were
fed back to staff via a dedicated VAP notice board on PICU.

Discussion

There are few publications in regard to HCAI in UK
paediatric and neonatal intensive care, especially using
improvement methodologies. Indeed, few units publish
infection rates per se despite this being information on
which standards might be judged by commissioners and
families. Matching Michigan [34], the UK National Patient
Safety Agency project aimed at providing a uniform
‘minimal’ achievable rate for central line infections, offers
a chance to reduce that HCAI rate nationally. VAP should
surely soon be subject to a similar process, and we present a
successful UK project in which VAP incidence in PICU has
been reduced.

It is accepted that quality improvement activities ‘are not
human subjects research and should not undergo review by
an institutional review board’, so such activities are part of
professional supervision of clinical practice [29].Fig. 2 VAP care bundle placed at every PICU bedspace

Radiological + at least 3 clinical/laboratory criteria

Radiological Clinical/Laboratory

New or progressive pulmonary infiltrates,
consolidation or cavitation, pneumatoceles
for infants ≤1 year of age on chest
radiograph (2 or more serial CXRs)

New/Worsening purulent bronchial secretions

Core temperature ≥38.5°C or <36°C (no other recognised
cause)

Leucopenia or leucocytosis (by age)

0 day–1 week >34×109 L

1 week–1 month >19.5 or <5×109 L

1 month–1 year >17.5 or <5×109 L

2–5 years >15.5 or <6×109 L

6–12 years >13.5 or <4.5×109 L

13 to <18 years >11 or <4.5×109 L

Significant positive culture from respiratory secretions

Relevant culture from alternative site of infection

Table 1 Diagnostic criteria for
VAP
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This study uses a novel paediatric definition for VAP,
designed in the absence of a satisfactorily accepted
definition in 2007. Surveillance using this definition
revealed VAP on the unit in question, a busy tertiary non-
cardiac PICU with a relatively high proportion of immu-
nosuppressed children. The introduction of a bundle of
care, comparable to similar bundles, is described, and
reduction in VAP rates reported—though rather early to be
fully ascribed only to bundle implementation.

The surveillance practised during the study has already been
described [35] and has been driven by an attempt to remain
minimally invasive and workable in a busy acute unit.

Obtaining minimally contaminated respiratory cultures
from children is challenging. Bronchoscopic techniques, used

in adult surveillance, are not routine in UK PICU, and whilst
blind bronchoalveolar lavage and protected brush samples are
reliable, reproducible, diagnostic tools, the former is associ-
ated with pneumothorax and raised intracranial pressure
whilst the latter has high false-negative rates with relatively
high antibiotic use [21]. Tracheal aspirates are sensitive for
VAP, and any lack of specificity due to upper respiratory tract
pathogen contamination is arguably outweighed by the
advantage of rapid safe bedside sampling.

Radiographic evidence is only 50–75% sensitive for
paediatric pneumonia [39] as differentiating atelectasis
and consolidation is difficult, so pulmonary contusions,
interstitial lung disease or community-acquired pneumonia
can be mistaken for VAP without peri-admission CXR
[32].

Immunocompromised children required the same CXR
changes, but only two clinical or laboratory findings as
leucopenia/leucocytosis in this group are unreliable [20].
Whilst the bundle of care was designed for the unit in
question, all components are generic and could easily be
applied elsewhere. The components were specifically
selected for ease of implementation, simplicity of surveil-
lance of use and minimum potential side effects to
individual children and the unit overall.

Elevation of bed head is an accepted component of VAP
elimination [25] with a suggestion of 45° being optimal.
None of the beds in our unit has this mechanical level of
elevation, and hence, the bundle suggested maximum
achievable elevation, effectively around 20–30°.Fig. 4 Mouth care component of bundle of care

Fig. 3 Progression of compli-
ance and alteration to bundle
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The role of gastro-oesophageal reflux in paediatric VAP
is controversial, with some authors suggesting a causal link
from the use of antacid therapy [13], whereas others have
demonstrated increased VAP incidence with both alkaline
and acid reflux, the latter having a significant mortality
association, but with a relatively high underlying preva-
lence meaning any extrapolation be guarded [1]. We chose
to use anti-reflux treatment in our bundle, not because of
this risk, but to avoid gastric erosions per se with the largest
randomized adult study suggesting this to be effective and
not associated with VAP [7]. Ranitidine, or omeprazole if
otherwise indicated, was given to any patient not tolerating
full enteral feeds.

An established relationship exists between VAP and
aspiration of colonised oropharyngeal secretions [3]. Fac-
tors contributing to colonisation include pH-altering drugs
that permit overgrowth of gastric bacteria and feeding tubes
that encourage bacterial migration [32]. Micro-aspiration of
colonised secretions occurs because of inadequate glottic
closure around endotracheal tubes (ETT) and also because
neuromuscular-blocking and sedative agents impair cough
and mucociliary clearance, especially in those nursed
supine [12, 24]. Suctioning has also been implicated in
VAP through direct contamination due to inadequate hand
washing, oro/nasopharyngeal suctioning followed by ETT
suction and from mucosal trauma due to deep suctioning
[27]. ETT colonisation is known to occur early after
intubation [17], and theoretically, suctioning might dislodge
bacteria into the lower airways. Significantly, colonisation
occurs first in the oropharynx and stomach, followed by
lower airways and finally the ETT suggesting aspiration,
rather than contaminated equipment, may be implicated in
VAP [3, 22].

The theory of retrograde contamination of the endotra-
cheal tube from the oropharynx suggests the effectiveness
of oral sterilization techniques. Oral hygiene is an important
component in VAP prevention, with both mechanical and
pharmacological interventions recommended [30] to reduce
the bacteria load in the oral cavity. Mechanical interven-
tions include tooth brushing and rinsing of the oral cavity
with thorough suctioning of secretions, which removes the
bacteria in dental plaque. Pharmacological interventions
include the use of antimicrobial agents, with twice daily
chlorhexidine oral rinse shown to decrease VAP by decreasing
colonisation in adults undergoing cardiac surgery [10]. The
mouth care component of our bundle consisted of 4-hourly
chlorhexidine mouthwash, or 12-hourly tooth brushing in
children with teeth.

Aspiration of secretions and the use of contaminated
equipment are established risk factors for VAP. To minimise
distress to the patient, endotracheal suction was performed
when clinically indicated, but universal precautions were
utilised together with stringent hand washing pre and post

each suction procedure. Care was also taken to prevent the
condensate from entering the airway, with the ventilator
tubing being checked hourly.

Whilst immunosuppression has been shown in one
paediatric prospective cohort study [16] to be an indepen-
dent predictor of VAP, our initial surveillance showed no
VAP in this group, and now no cases over 16 months of
active surveillance. This may be due to the unit practice of
preferring non-invasive ventilation in such children, includ-
ing perceived high-risk bone marrow transplant admissions.

In our pre-bundle surveillance, some children [35]
fulfilled VAP criteria, but within the first 48 h of intubation,
and were excluded by our definitions. This intubation-
associated pneumonia (IAP)—although some use the term
to describe early VAP [38]—is conceivably due to peri-
intubation aspiration of contaminated secretions. Though
not included in this study surveillance, clinical staff did not
report any cases over the 12 months. Clearly a bundle like
ours, targeted at traditional theories of VAP pathogenesis
[3], is unlikely to impact on IAP, which we consider a
separate entity, and specific attention to this entity is
urgently warranted.

Selective decontamination is, arguably, the most evidence-
based single component of VAP reduction in adult practice
[11]; however, concerns over potential antibiotic resistance
[31] mean SDD introduction should be accompanied by unit
background surveillance which has funding implications
outside the remit of this project.

One interesting finding is the virtual elimination of
detectable VAP from our unit before reasonably complete
bundle compliance. Whether this suggests some components
are more important than others, or as we consider, is perhaps
due to the Hawthorne effect, arguably those no longer exposed
to VAP and the health-care commissioners are surely more
concerned with the overall infection reduction.

No increase in VAP incidence occurs if our annual data
are analysed with either new or old CDC definitions instead
of out purpose-designed paediatric VAP definition. Whether
this represents a failure of current definitions or successful
bundle effect requires further work. Our a priori VAP
definition can be criticized in terms of novelty, though no
accepted paediatric VAP definition existed at the onset of
our VAP project, nor does. A consensus international
definition of paediatric VAP is surely necessary.

Staff engagement

Ensuring a busy PICU adopts a specific improvement
methodology can be a challenge. Both nursing and medical
staff together with unit administrators and Trust managers
must engage in such processes fully to ensure successful
adoption.
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We adopted the ‘Seven categories that influence change in
practice’ [37] at the project outset, and the rational for
change was explained to all groups early in sessions
facilitated by practice educators. Regular consistent commu-
nication across the unit occurred via a dedicated VAP board
on PICU, with latest VAP rates and bundle compliance
updated regularly. Specific supportive feedback was given to
individual nurses to enable consistency of implementation of
continued screening and the bundle itself. Overall, this
approach enabled significant ‘buy in’ from the most critical
team members for this project, the nursing staff.

Conclusion

We have demonstrated successful reduction of ventilator-
acquired pneumonia in a tertiary PICU using a purpose-
designed bundle of care, to rates much lower than usually
reported in the literature. Further work to assess IAP and
selective decontamination of the gastro-intestinal tract with
full unit background surveillance, together with changes in
sedative practices, are planned. Our one case, whilst outside
our a priori definitions, is one case too many.
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