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Abstract

BACKGROUND: Ventilator-associated pneumonia (VAP) is the most common infection in critically ill patients and
has the highest mortality. It prolongs ventilation time and length of stay, increases antibiotic consumption, increases
the likelihood of death, increases the cost of treatment, and is difficult to diagnose.

AIM: At the intensive care unit (ICU) of the Institute of Oncology, Ljubljana, we prospectively monitor risk factors for
VAP and its incidence. It is a mixed surgical/internal ICU.

METHODS: A centers of disease control and prevention VAP diagnosis criteria and strategies to prevent VAP were
used. Registered nurses recorded risk factors in all intubated patients in all three shifts, and the diagnosis protocol
was completed by the physician in case of antibiotic administration in suspected VAP.

RESULTS: The expected incidence of VAP is around 18/1,000 ventilated days. In 2021, 67 patients were mechanically
ventilated in our ICU (patients who completed ventilation in that year). The total time spent on ventilation was 17,143
h or 714.3 days. As the criteria for ventilator-assisted pneumonia (VAP) is >48 h of ventilation, we excluded 19
patients who had been ventilated for 48 h or less. Among 48 patients who were ventilated for > 48 h, the total
ventilation was 16,765 h or 698.5 days. We recorded 8 VAP in 714 days, which is 1 VAP per 89 days of ventilation
or 11.2/1,000 ventilation days. Healthcare staff, especially registered nurses, play a major role in VAP prevention,
providing care every day, all days of the week. Most prevention interventions and strategies are part of routine
nursing care. Lack of knowledge about infection prevention and appropriate nursing care among nurses can become
a barrier to adherence to evidence-based guidelines for the prevention of VAP.

CONCLUSION: This study will help nurses to learn about VAP and its prevention in detail so that they can apply the
knowledge in clinical practice. Understanding the pathophysiology of VAP, its risk factors and the nursing care bundle
is essential for appropriate prevention and treatment of VAP. Specific protocols, strategies, and active control should

be available in each ICU regarding the care bundle.

Introduction

Cancer is the second leading cause of death [1].
As the number of cancer patients increases, all the
professional challenges related to their management
will become even greater. The treatment of cancer itself
is challenging, as are all the side-effects that cancer
patients face during the treatment process. In this article,
incidence of ventilator-associated pneumonia (VAP) in
our intensive care unit (ICU) and preventive measures
and the role of nurses in VAP prevention. This study will
help nurses to learn about VAP in detail so that they can
apply this knowledge in clinical practice to prevent VAP.

Hospital-acquired infections are a common
problem faced by patients in the ICU. Ciritically ill cancer
patients are particularly vulnerable group who have
additional, immutable risk factors for infections and are,
in many cases, at increased risk of death as a result.
The most common nosocomial infections acquired
by cancer patients in the ICU are VAP, bloodstream

infections, vascular catheter infections, urinary tract
catheter-associated infections, and Clostridium difficile
infections [2].

Mechanical VAPs a common complication in
patients in ICU and significantly prolongs the length
of stay, has a direct impact on mortality and increases
the cost of treatment. Hospital-acquired pneumonia is
more common in the 1* days of mechanical ventilation
(MV): About half of all cases occur in the first 4 days
(Klompas, 2019) [3], [4].

The risk of VAP is highest in the first 5 days
of MV (3%) and the mean duration between intubation
and the development of VAP is 3.3 days. This risk
decreases between 2 and 5 days of ventilation to
2%lday, and then further to 1%/day. Previous studies
have attributed mortality rates to VAP of between
33% and 50%, but this rate is variable and strongly
dependent on the underlying medical iliness. Over the
years, the attributed risk of death has decreased and
has recently been estimated at 9-13%, mainly due to
the implementation of prevention strategies [5].

Open Access Maced J Med Sci. 2023 Apr 02; 11(G):69-77.

69


https://orcid.org/0000-0003-2826-6209

G - Nursing

Nursing in Internal Medicine

Pneumonia is an inflammation of the lung
parenchyma. It can be divided according to the extent
and location of lung involvement, the site of origin
(community-acquired pneumonia or hospital-acquired
pneumonia), and the clinical picture and causative
agents [6]. The microbes causing hospital-acquired
pneumonia enter the lower respiratory tract by aspiration
of pharyngeal or gastric contents. As with any pneumonia,
VAP occurs when bacteria penetrate the normally sterile
lower airways and overcome the host’s typical defense
mechanisms against infection. Two mechanisms of
entry of pathogens into the lower respiratory tract have
been described: the most important is microaspiration
of pathogens from the upper respiratory tract/intestinal
tract around the inserted endotracheal tube, the second
is the formation of a biofilm on the wall of the tube
itself. The upper respiratory tract of most mechanically
ventilated patients is colonized with potentially
pathogenic microorganisms [7].

The diagnosis of pneumonia is clinical,
radiological and microbiological. It is characterised by a
newly formed productive, purulent sputum with bacterial
presence, a characteristic physical appearance over the
lungs and new or advanced shadowing on lung X-ray.
Hospital-acquired pneumonia is defined by the centers
of disease control and prevention (CDC) as a lower
respiratory tract infection that was not present or not in
progress at the time of admission to hospital (occurring
48 h after admission). VAP is defined as hospital-
acquired pneumonia occurring 48 or more hours after
endotracheal intubation. Despite clear criteria, the
diagnosis of VAP is difficult [8].

VAP prolongs the ICU stay for additional
4-9 days, with a mortality rate twice as high as in non-
VAP patients [9]. VAP is estimated to cause 36,000
deaths each year in the United States. In Europe, there
are approximately 18,900 confirmed cases of VAP
annually, with a mortality rate of 50-76% for severe
cases [10]. In Korea, 52.6% of all pneumonia patients
had VAP, with a mortality rate of 24-50%. Of these
patients, 70% were in the high-risk group [11], which
prolongs the hospitalization time, increases the cost
of treatment and the risk of mortality. The incidence
of VAP in Europe exceeds 18 cases per 1000 days
of MV. It is an indicator of the quality of an individual
ICU (Nosocomial pneumonia in 27 ICUs in Europe:
perspectives from the EU-VAP/CAP study).

To prevent VAP, the idea of a “bundled approach”
has emerged, that is, a package of interventions that
addresses a group of post-intubation interventions. The
Institute of Healthcare Improvement in the United States
has published a VAP prevention bundle that includes four
elements: Elevation of the head of the bed, prophylaxis
of peptic ulcer disease (PUD), prophylaxis of deep vein
thrombosis (DVT), and daily discontinuation of sedatives
and assessment of readiness for extubation [12].
European countries have also published practice
guidelines consisting of five categories that take into

account the strengths and importance among VAP
prevention interventions: non-ventilator circuit changes
unless specifically indicated, alcohol hand hygiene,
appropriately educated and trained staff, incorporation
of sedation control and weaning protocols into patient
care, and oral care with chlorhexidine [13]. The Korea
disease control and prevention agency have also
published a VAP prevention toolkit consisting of five
categories that refer to standards for assessing health
facilities based on CDC guidelines: Raising the head
of the bed, daily discontinuation of sedatives and
assessment of readiness for extubation, prophylaxis
of PUD, prophylaxis of DVT, and provision of daily oral
care using chlorhexidine [7].

Institutions around the world have published
VAP prevention toolkits and conducted various
studies to identify preventive measures, but the actual
implementation of VAP prevention measures in clinical
practice is unclear. This has been found to be highly
correlated with the prevalence rate of the disease [14].
European researchers have studied the implementation
of a prevention bundle in hospitals and reported that
the compliance rate for all five categories of the bundle
was low or that the measures were not consistently
implemented [15]. However, it is important to know that
the quality of work has been shown to influence the
survival of patients in ICU [16].

Several additional risk factors have been
shown to increase the incidence of VAP. They can be
easily divided into categories that cannot be modified
and those that can be modified. Non-modifiable risk
factors include male sex, older age (over 60 years),
chronic obstructive pulmonary disease, presence of
a tracheostoma or skull injury, recent neurological
surgery, acute respiratory distress syndrome, and
multiple organ failure and coma. Modifiable risk factors
include lying in the supine position, frequent oral care,
excessive feeding, handling of respiratory devices
(ventilator tubes), low endotracheal tube cuff pressure
and repeated intubations, hand hygiene, and use of all
preventive measures that help to reduce VAP.

Reducing pneumonia in the mechanically
ventilated patient requires a multidisciplinary approach
by all team members. Prevention of VAP should
start with avoiding or limiting the duration of MV.
Several strategies have been described to achieve
this goal: non-invasive positive pressure ventilation
(NPPV), reduction of sedation, attempts to wean from
the ventilator, avoidance of reintubation, and early
tracheostomy. Re-intubation is associated with a higher
risk of VAP due to the higher aspiration rates [3]. We
should focus on reducing the number of unplanned
extubations requiring reintubation. Each extubation
should be carefully considered. When planning weaning,
physicians should be aware of the risks associated with
reintubation and total MV time [14].

VAP is estimated to affect 5-40% [17] of
patients on invasive MV for more than 2 days, with large
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variations depending on the country, the type of ICU
and the criteria used to identify VAP and differences in
microbiological sampling methods. In North American
hospitals, the rate of VAP is reported to be only
1-2.5 cases per 1000 ventilator days. European centers
report much higher rates. For example, the EU-VAP/
CAP study reported an incidence density of 18.3 VAP
cases per 1000 ventilator days. The daily risk of VAP
peaks between days 5 and 9 of MV, while the cumulative
incidence is closely related to the total duration of
MV [17]. Incidence rates vary widely according to the
population studied. VAP rates of 24.5/1000 ventilation
days have been reported in cancer patients [3].

Pathophysiology

MV is an effective method to save the life of
critically ill patients and is widely used in ICU. However,
prolonged MV can lead to an increased risk of infections
and various complications. To understand and follow
strategies for VAP prevention, nurses need to be
educated with the pathophysiology of VAP. Depending on
the time elapsed from the initiation of MV to the onset of
pneumonia, can be divided into two types: Early and late
onset. Early onset occurs 48-96 h after intubation and is
associated with antibiotic-sensitive organisms [18].

Common causative agents of VAP are
Gram-negative bacili such as Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumoniae
and Acinetobacter, and Gram-positive cocci such as
Staphylococcus aureus. P. aeruginosa is the most
common causative agent of VAP [19]. In recent years,
the number of multidrug-resistant (MDR) pathogens
has been increasing due to prior antibiotic treatment.
Analysis of the etiology of VAP in a tertiary hospital
showed that in early VAP, Enterobacteriaceae and S.
aureus were the main pathogens, in late VAP, non-
fermenting bacteria and Enterobacteriaceae were the
main pathogens, and 60.8% of the bacterial pathogens
were MDR strains. The study included 100 patients with
clinically diagnosed VAP, 35 of whom were diagnosed
with VAP by quantitative culture of endotracheal
aspirates. According to the risk factor assessment,
prior antibiotic treatment and hospitalization for more
than 5 days were independent risk factors for drug
resistance of VAP agents [20]. In addition, an etiological
study of 397 patients with VAP also showed that
prolonged exposure to unnecessary antibiotics was
one of the strongest predictors of antibiotic resistance.
Multivariate logistic analysis identified exposure to
prophylactic antibiotics and multiple inappropriate
antibiotic treatments as independentrisk factors for MDR
VAP [21]. Although the distribution of VAP pathogens in
ICUs varies according to patient population, diagnostic
methods, duration of hospitalization and antibiotic

policy, there is a consistent trend of increasing numbers
of MDR strains. There are, of course, numerous reports
that prophylactic use of antibiotics can reduce the
incidence and mortality of VAP, but it is undeniable that
prolonged prophylactic use of antibiotics can induce
changes in drug resistance in the causative agents,
making treatment more difficult.

Colonization of the airways and digestive tract
and microaspiration of secretions from the upper and
lower airways are risk factors of VAP. VAP develops
when bacteria colonize the lung parenchyma or
lower airways of a patient receiving MV. Aspiration of
secretions or the use of contaminated equipment can
spread the organisms through the throat, sinus cavities,
nostrils, plaque, gastrointestinal tract, patient-to-patient
contact, and the ventilator circuit, leading to bacterial
colonization of the lungs [22].

In addition, prolonged ventilation increases
the risk of infection caused by humidifiers and
ventilator loops, which are a source of pathogens due
to exposure [23]. Most ICUs are closed units and air
circulation is not smooth. Exhaled gases and secretions
from patients in ICUs contain a large number of
pathogens that cause air contamination. As the length
of hospital stay increases, so does the potential for
hospital-acquired infections. The physiological reflexes
of patients with impaired consciousness, such as
swallowing, coughing, and expectoration, are impaired,
which affects the secretion of respiratory secretions. In
addition, patients with disorders of consciousness are
in a passive position; they are not able to cooperate
well with health-care staff in carrying out certain clinical
interventions. Therefore, passive suctioning of sputum
may lead to reflux of gastric contents and aspiration.
Micro or macro aspiration of oropharyngeal or gastric
fluids is an essential step in the development of VAP.
As the stomach can serve as a reservoir for bacteria,
aspiration of gastric contents may be another possible
cause of VAP. Patients receiving MV mostly have a
nasogastric or orogastric tube for enteral feeding,
administration of medications or gastric decompression.
The presence of a nasogastric or orogastric tube
interrupts the gastroesophageal sphincter, causing
increased gastrointestinal reflux, allowing bacteria to
move into the oropharynx and colonize the upper airway.
Enteral feeding increases gastric pH and gastric volume,
which increases the risk of bacterial colonization and
aspiration, and consequently can lead to infection [24].

The presence of an endotracheal tube
allows direct entry of colonized bacteria into the
lower airway. Secretions from the upper airway and
oral cavity collect above the cuff of the tube. The
pools line the tube, forming a biofilm and containing
a large amount of bacteria that can be spread to the
lungs by ventilator-induced breaths, which can be
removed by injecting saline into the tube, suctioning,
coughing, or repositioning the tube. Endotracheal
tubes cause an unusual disconnection between
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the upper airway and the trachea, allowing bacteria
to pass directly into the lower airway and bypass
the upper airway. The presence of bacteria in the
lower airway reduces the body’s ability to filter and
humidify the air. The cough reflex is often reduced
or eliminated by the presence of such a tube, and
mucociliary clearance may be impaired. In addition,
the endotracheal tube allows bacteria to bind in the
trachea, leading to an increase in mucus production
and secretion [25], impairing the host’s natural
defense mechanisms, increasing the likelihood of
bacterial colonization and subsequent aspiration of
colonized organisms.

Risk Factors

The diagnosis is made on the basis of
radiographic findings, clinical findings and the results
of sputum microbiological tests, such as culture and
sensitivity, or invasive tests, such as bronchoscopy.
Findings on chest radiographs are not reproducible
and should not be used alone for the diagnosis of VAP,
as pulmonary infiltrates seen on chest radiographs
in patients receiving MV may be due to atelectasis,
aspiration, pulmonary embolism, pulmonary edema,
alveolar hemorrhage, pulmonary infarction, and acute
respiratory distress syndrome [26].

Every intubated patient receiving ventilatory
support is at risk of VAP. There are different types of
risk factors, which can be divided into three categories:
Host-related factors, factors device-related factors, and
personnel. Host-related risk factors include previous
diseases such as immunosuppression, chronic
obstructive pulmonary disease, and acute respiratory
syndrome respiratory distress syndrome. Other host-
related factors include the physical position of the patients,
high age, level of consciousness, number of intubations,
blood transfusion and medications, including sedatives
and antibiotics. The reduction in level of consciousness
results in loss of cough reflexes and esophageal reflux
and increases the risk of aspiration and VAP [27].

Risk factors associated with installations include
endotracheal tube, ventilator circuit and presence of
nasogastric or orogastric tube. When the patient is in
the supine position, pulmonary aspiration is increased
and secretions collect above the cuff of the endotracheal
tubes. At low cuff pressures, such pools can cause
microaspiration or bacterial leakage around the cuff into
the trachea. In addition, nasogastric and orogastric tubes
also interfere wit gastroesophageal sphincter, causing
reflux, and increasing the risk of VAP [27].

Walaszek et al. found that invasive medical
interventions, including re-intubation, tracheostomy
and fiberoptic bronchoscopy, are important risk factors
for VAP in the ICU [28]. The previous studies have also

shown that reintubation, endotracheal sputum aspiration,
fiberoptic bronchoscopy, tracheostomy, and nasogastric
tube insertion were significantly associated with VAP
[29].

In addition to the above risk factors that have
been extensively studied [30] showed that smoking is one
of the strongest predictive factors for the development of
VAP. They found that the incidence of VAP in smokers
was 4.37 times higher than the incidence of VAP in
patients who did not smoke or had quit smoking. This may
be because long-term smoking leads to impaired lung
macrophage function, which reduces bacterial clearance
and makes the lungs vulnerable to attack by pathogenic
bacteria. Papakrivou et al. found intra-abdominal
hypertension to be an independent risk factor for VAP in
ICU patients in a prospective single-center study. Recent
studies have shown that intra-abdominal hypertension
increases the risk of infection by severely affecting the
function of the respiratory system and peripheral organs.
In addition, elevated intra-abdominal pressure increases
the risk of inhalation of gastric contents contaminated
with pathogenic microorganisms [31].

The Nurse’s Role in VAP Prevention

The prevention package is a set of key
interventions, derived from evidence-based guidelines,
which are intended to improve patient outcomes.
Preventive measures are based on the pathophysiology
and etiology of pneumonia, the mode of MV and the
duration of ventilation.

To prevent and reduce VAP, appropriate
multidisciplinary approaches and measures should be
used in ICU, starting at intubation or, if possible, before
intubation, and continuing until extubation [22]. Emphasis
should be placed on preventing microaspiration of subglottic
secretions, preventing colonization of the oropharynx and
preventing contamination of ventilator equipment.

Infection prevention is the daily work of nurses
in every hospital. They create and ensure a safe
environment, take responsibility for nursing care and play a
key role in preventing hospital-acquired infections. Nurses
guide healthcare workers in implementing preventive
strategies to protect patients from infections. Thus, lack
of knowledge about infection prevention and appropriate
nursing care can become a barrier to adherence to
evidence-based guidelines for the prevention of VAP.
This is because ICU nurses are in constant contact with
the patient, providing nursing care, performing most of
the procedures associated with MV and directing others
who are in contact with the patient, such as students,
healthcare workers and visitors. In addition, they must
integrate knowledge, skills and responsibility during the
delivery of nursing care to the patient. From the time of
patient admission onwards, nurses must systematically

72

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Medjedovic et al. VAP in the ICU and the Role of Nurses in its Prevention

follow a nursing process consisting of assessment,
planning, implementation, and evaluation [22].

Nurses perform most of the procedures
related to MV and therefore need to have adequate
knowledge of NPPV, daily suction attempts, sedation
breaks, aspiration prevention, subglottic suctioning of
endotracheal tubes, ET tube cuff pressure and bed
head elevation. This knowledge should be correctly
applied in practice to reduce the risk of VAP. Nurses
should maintain accurate documentation and reports
conduct in-service education of health-care staff on
infection prevention and provide appropriate health
education counseling to visitors. Nurses are fully
responsible for the overall care of the patient from
admission to discharge. They are one of the members
of the healthcare team who devote most of their time
to patient care and therefore play an important role
in VAP prevention. However, knowledge alone is not
enough, it is also essential to apply it in the right place
and at the right time, providing comprehensive nursing
care according to the patient’'s needs. This is why
critical care nurses play the most important role in VAP
prevention.

Methods

This review article “VAP and the role of nurses
in its prevention” is based on a summary of evidence
from the literature and guidelines from the CDC as well
as original research and review articles published in
various medical journals. English language publications
from 2015 to 2023 were searched in PubMed, Google
Scholar, Science Direct, Medline, and Wiley Online
Library.

Our ICU at the Institute of Oncology has 10
beds. It mainly takes care of the early post-operative
course of surgical patients, but we accept patients from
all departments of the Institute. It provides intensive
care for internal medicine, surgery, and radiotherapy
patients. The number of patients admitted to the ICU
is increasing year on year. The number of patients on
MV is also increasing, so from October 1, 2019, we
started monitoring VAP to determine the quality of
work in the ward. A protocol for the diagnosis of VAP
according to the CDC, and a protocol on risk factors
has been developed. Graduate nurses recorded risk
factors in all intubated patients in all 3 shifts, and
the diagnosis protocol is completed by the physician
in case of antibiotic introduction in suspected VAP.
Patients intubated in the ICU all have a tube that
allows subglottic traction. Patients were not routinely
reintubated if they were intubated outside the ICU
with a tube that does not allow subglottic aspiration.
It should be mentioned that after 3—4 weeks of MV,
patients were tracheotomized (surgical procedure,
percutaneous tracheotomy).

Results

Figure 1 shows the groups of patients admitted
to the ICU at the Ljubljana Institute of Oncology in 2021.

Figure 1: Patient groups admitted to the ICU in 2021

In 2019, we started prospectively monitoring
risk factors for VAP and its incidence. A protocol for the
diagnosis of VAP according to the CDC. Registered
nurses recorded risk factors in all intubated patients,
every day in all three shifts, and the diagnosis protocol
was completed by the physician in cases where
antibiotic therapy was initiatiated in suspected VAP.

In Table 1, we have outlined the package
of actions in our ICU that nurses carry out on a daily
basis in the morning, in the afternoon and at night. For
each patient on MV, we have a form next to the nursing
process that includes the preventive measures we have
described in the table. In Table 2 we can see Incidence
of VAP from 2019 to 2021.

The total number of VAP cases in 2021 among
the 48 patients ventilated for more than 48 h was 16,765
h or 698.5 days. There were 8 VAPs in 714 days, which
is 1 VAP per 89 days of MV, or 12.6/1,000 ventilated
days.

Discussion

Oncology nursing is a specific area. Nurses
working with oncology patients, needs to be aware of
their specific characteristics and tailor the treatment
accordingly. Cancer treatment involves a combination
of different treatments that affect the patient’s condition.
Surgery, chemotherapy, and radiotherapy are the most
common treatments for cancer patients. The nurse
needs to be aware of the acute and long-term side
effects caused by the treatment methods. Because
of these side effects and deterioration in health, the
patient may need MV.
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Table 1: VAP bundle of preventive measures that are
implemented on a daily basis in the our intensive care unit

VAP bundle of preventive measures that are implemented on a daily basis in the our
intensive care unit; in all three shifts

Year Active surveillance for VAP

2021

Prevention of aspiration of oral-pharyngeal secretions (placing the patient in a
semi-sitting position at an angle of 30-45°) if not contraindicated.
Appropriate antibiotic use.
Performing aspiration from the subglottic space
(all patients have a contralateral/intermittent traction device)
Turn patients at least every 2 h.
Change the ventilator circuit when visibly soiled.
Closed airway aspiration
Change the respiratory system only when it is visibly dirty
Performing oral hygiene with antiseptics and mechanical tooth brushing
Use of silver-coated ultra-thin polyurethane endotracheal tubes
Automatic control of the pressure in the endotracheal tube (20-30 cm H20)
Reduce sedation (avoid sedation)
Using active humidification
Daily assessment of the patient’s readiness for extubation
Daily assessment of fan discharge potential
Controlling the volume of food left in the stomach
Education of healthcare workers regarding nosocomial infection prevention.
Early tracheostomy
Avoided intubation and re-intubation if possible (Use of noninvasive, BiPAP
or other strategies) and improving planned extubations with the design of
protocols to improve quality of weaning
RASS assessment every 4 h

RASS: Richmond agitation sedation scale.

Patients admitted to our ICU have a weakened
immune response, often after chemotherapy or
radiotherapy, have toxic effects of drugs on their organs,
anemia, and are prone to bleeding, nausea and vomiting,
on vasoactive support, some after resuscitation, septic
and hemodynamically unstable. They are often elderly,
with comorbidities, altered metabolism. They have and
further lose muscle mass with prolonged MV, all of
which leads to a poor functional status of the patient.

In the results, we wanted to accurately
demonstrate the day-to-day implementation of a
bundle of preventive measures to prevent pneumonia
in mechanically ventilated patients. The measures
are implemented by nurses in all patients, in all three
shifts. Unfortunately, we do not have a comparison or
no significant differences in the incidence of VAP for the
period before we started to monitor the consistency of
the implementation of the preventive measures.

We started the consistent implementation of
the CDC measures in 2019 and this is a very short
observation period, but despite this, we have found
that we can make further improvements in some of the
measures, especially in the area of nurse education,
enhanced oral care, and encouraging doctors to review
protocols on an ongoing basis, whether pneumonia is
present or not. Prophylaxis to reduce DVT and PUD
is important aspects of the VAP bundle [27], we also
see opportunities for improvement in this area in our
unit. However, despite the regular implementation

Table 2: Incidence of VAP from 2019 to 2021

Incidence of VAP
Year 9-12 153 patients, 20 (13%) on
2019 mehanical ventilation

2 VAP Incidence:
10.5/1,000 days

Year 2020 461 patients, 74 (16%) on 8 VAP Incidence:
mehanical ventilation 11.9/1,000 days
Year 2021 475 patients, 67 (14%) on 8 VAP Incidence:

mechanical ventilation; 48 patients
ventilated for more than 48 h
VAP: Ventilator-associated pneumonia.

12.6/1,000 days

of preventive measures to prevent pneumonia in
mechanically ventilated patients, we found that the
incidence is comparable to European guidelines on the
incidence of VAP, where 18,9/1.000 days confirmed
cases of VAP annually, with a mortality rate of 50-76%
for severe cases [10], we have 12.6/1,000 days.

At present, VAP preventive measures are
being implemented for the above risk factors, such
as adherence to NPPV for some types of respiratory
failure, attempting spontaneous breathing and
attempting daily awakenings to reduce MV, and
hospitalization times; rising the head of the bed to
30-45°, reducing unnecessary suctioning of sputum
and reducing ventilatory circuit replacement to
reduce aspiration; selective decontamination of the
gastrointestinal tract and selective decontamination of
the oropharynx to reduce colonization of drug-resistant
bacteria [32]. Although studies have shown that long-
term prophylactic antibiotic use can lead to changes in
pathogen resistance, other studies have confirmed that
early (<7 days) empiric antibiotic use in the ICU can
reduce the incidence of VAP [33]. A study showed that
B-lactam antibiotics such as piperacillin-tazobactam
can reduce the incidence of early VAP but have little
effect on the incidence of late VAP [34]. In addition, the
use of probiotics can reduce the ICU admission time
and hospitalization time of patients with VAP, but the
use of probiotics has no significant effect on diarrhea-
causing bacteria colonizing the stomach and pharynx,
nor on the incidence of MDR pathogens [35].

Given the magnitude of healthcare-associated
respiratory infections, on the one hand, and the
numerous prevention options, on the other hand, many
authors are concerned with providing guidance on
how appropriate policies, strategies, and management
guidelines in hospitals can help to reduce infection rates.
Developing prevention strategies is crucial. Developing
guidelines alone is not enough, as adherence to the
guidelines by healthcare staff is crucial, which also
needs to be specifically addressed by the hospital
through training, familiarization, supervision and
motivation of all members of the health-care team [5].
In our unit, following the recommendations of the
CDC [36], we have started in 2019.

We have focused on the fact that all patients
on MV have their head elevated 30-45°, and the
pressure in the endotracheal tube is set to be measured
continuously by the machine or directly through the
ventilator between 20 and 30 mmHG in all patients.
The pressure in the endotracheal tube cuff should be
maintained at 20-30 cm H,O. Care must be taken not
to increase the pressure excessively, as it may cause
ischemia of the tracheal mucosa and tracheal injury [7].
We use polyurethane endotracheal tubes with additional
lumen for subglottic aspiration. A subglottic aspiration
apparatus and a closed endotracheal aspiration system
are used in all patients. We only replace the respiratory
system when it is visibly soiled.
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Oral care in 2021 was performed 3 times a
day with 0.12% chlorhexidine (CHG), now we have
double-sided brushes with the possibility of aspirating
oral secretions and we perform oral care every 4 h.
The authors recommend oral hygiene 2—6 times a day,
advising the use of alcohol or chlorhexidine [5]. The
Betsy Lehman Centre [37] and the [38] recommend
that health-care personnel perform oral hygiene
every 4 h or 6-8 h. CHG has a broad spectrum of
activity, is antimicrobials effective and prevents plaque
formation. The disadvantages of using CHG are that
it can cause staining of the teeth if used over a long
period of time, it can cause irritation and scaling of
the oral mucosa, bleeding gums, it has a bad taste
and can cause burns [39]. The nurse plays a very
important role in the prevention of VAP by providing
nursing care that includes oral hygiene [39]. The use
of appropriate CHG solutions, when performing oral
hygiene in intubated patients, significantly reduces the
incidence of VAP [40], [41] state that it is not possible
to select the optimal oral hygiene solution and that the
selection should be tailored to the oral condition, which
is of utmost importance for oncology patients who may
be treated with chemotherapy and/or radiotherapy.
Munro [42] investigated the use of CHG for mouth
rinses before and after intubation, which proved to
be effective in both cases. The use of CHG before
intubation could be a novelty in elective procedures that
may prove to be a good solution to reduce the incidence
of VAP. Povsi¢ [43] states that in critically ill patients,
the oral flora changes rapidly after admission to the
ICU. Due to immunosuppression and the presence of
an endotracheal tube, the protective mechanisms of
the respiratory tract are weakened. The endotracheal
tube opens the route for bacteria from the upper
respiratory tract to the lower respiratory tract, inhibits
the cough reflex, damages the tracheal epithelium,
reduces mucociliary activity. and bacterial clearance.
Colonization of the respiratory tract by bacteria
increases in the face of weakened immunity and leads
to infection of the lung parenchyma. However, correct
and prompt antibiotic treatment improves survival.

Oral care can reduce the proliferation of bacteria
colonizing the oral cavity and pharynx. Disinfecting
the oral cavity with 0,12% chlorhexidine is an effective
method to prevent the occurrence of VAP and reduce
oral colonization, particularly to reduce the number of
Gram-positive bacteria [44]. In our unit, we try to avoid
intubation whenever possible, and we also assess the
patient’s readiness for extubation on a daily basis. The
most common Richmond agitation sedation scale was
between -3 and —4. We try to reduce sedation on a daily
basis. Most intubated patients received a nasogastric
tube (14 CH) within 24—48 h and were enterally fed.
We check the volume of food in the stomach every 8 h.
Probiotics are also used in the feeding. We had one
self-excubation in 2021, which we reported as a safety
deviation. We use active humidification for MV and aim
for early tracheostomy. In practice, we always aspirate

secretions from the mouth before transporting the patient
for investigations. Furthermore, important to prevent
pneumonia in mechanically ventilated patients is turning
the patient every 2—3 h if their condition allows [45].

Hand hygiene of healthcare staff plays a very
important role in the prevention of VAP. Hand hygiene is
one of the quality indicators in our hospital. We follow the
WHO guidelines of the “5 hand hygiene trends.” The hand
hygiene consistency of the ICU in the 1% half for 2022 is
92.2%. The World Health Organization (2022) states that
hand hygiene is one of the most important measures in
the prevention of healthcare-associated infections. Hand
hygiene includes: Hand washing, hand disinfection,
gloves use, hand skin care, and non-touch technique.

VAP is one of the most common nosocomial
infections in ICU and is associated with high morbidity
and high cost of care. The pathophysiology, epidemiology,
treatment, and prevention of VAP have been intensively
studied fordecades, buta clear prevention strategy has not
yet been developed. We recommend a multidisciplinary
strategy for the prevention of VAP. Interventions that have
been shown to have clinical impact include: (i) NPPV for
fit patients, especially in immunocompromised patients,
with acute exacerbation of chronic obstructive pulmonary
disease or pulmonary edema, sedation, and ventilator
weaning protocols, MV protocols including elevation of
the bed head above 30° and oral care, and removal of
subglottic secretions. Other measures such as selective
decontamination of the gastrointestinal tract, selective
decontamination of the larynx and endotracheal tubes
coated with antimicrobial agents have also been tested
in various studies. However, the evidence on the
effectiveness of these measures to reduce VAP rates
is not strong enough to recommend their use in clinical
practice [46]. Knowledge of risk factors and consistent
implementation of preventive measures are of paramount
importance [43].

The VAP prevention package not only requires
the joint use of several preventive measures, but also the
implementation of safety education for health-care staff
and patients to better improve the operational capacity
of health-care staff and patient compliance [10].

Conclusion

VAP is a common infectious complication
among ICU patients treated with MV for 48 h or longer,
contributing to a significantincrease in morbidity, mortality,
hospital costs, and length of stay. Health systems have
an important role to play in the prevention of VAP through
the development of strategies and guidelines and their
consistent implementation. To prevent and reduce the
rate of VAP, ICUs should use successful multidisciplinary
approaches and provide education for all healthcare
providers focusing on risk factors and preventive
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measures for VAP. The VAP prevention strategies have
been combined into a prevention bundle in the hope
that routine, coordinated implementation of the selected
measures in collaboration with all team members will
yield better results than any single measure, which
has to be successful in our hospital, with incidence
(12.6/1,000 days) of mechanical VAP in 2021. In this
paper, we describe the measures that we perform on a
daily basis in patients who are on MV.

Reducing VAP can only be achieved with the
collaboration of all members of the healthcare team and
by adhering to and consistently implementing all VAP
prevention measures. This is especially important for
critically ill cancer patients. VAP cannot be completely
prevented, but it can be effectively limited with the right
approach and, above all, by educating and sensitizing
registered nurses to the importance of consistent
implementation of preventive measures.
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