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INTRODUCTION
Background:

Ventilator-associated pneumonia

zen0do.20324674

Abstract
Introduction: Ventilator-Associated Pneumonia (VAP) is still a concern for

individuals who are dependent on a wventilator. It is envisaged that the growth of
technology-based innovations would lead to the creation of remedies for the
prevention of VAP.

Objective: Effectiveness of non-pharmacological approaches to prevent VAP
among patients on MV.

Materials & methods: Prospective, analytical study design selected for the
study. Participants recruited via probability sampling technique. VAP preventive
measure checklist used to collect data of study respondents.

Results: Total 247 critically ill patients selected for the study out of which
majority of participants were male. Preventive care approaches performed in all
patient’s inclusive head of the bed was always elevated at an angle of 30-45
degrees of 95.14% patients whereas 4.86% were avoided. Whereas cuff pressure
of 3.24% study respondents was never maintained; 1.62% seldom maintained,;
89.88% participants mostly maintained and remaining 5.26% always. While
4.45% patients tracheostomy tube was replaced without following aseptic
technique; 0.40% respondent seldom; 84.21% participants were mostly and
remaining 10.93% always.

Conclusion: Consequently, non-pharmacological approaches found to be
effective in reducing VAP in critically ill patients and total prevalence of VAP
was 4.86% found in critically ill patients.

tracheostomy.! VAP was estimated to occur at a
rate of 3% per day on the first five days, 2% per

(VAP) is a day on days 6 to 10, and 1% per day after day 10.

hospital-acquired infection that occurs most
frequently in the ICU, being a significant cause
of morbidity and mortality in critically ill patients
in the ICU undergoing invasive mechanical
ventilation via endotracheal tube (ETT) or

The diagnostic clinical trial for VAP consists of
sighs of infection, including fever, purulent
discharge, and leukocytosis, along  with
bacteriological evidence of lung infection and
radiological findings suggestive of lung infection.’
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It can be defined as a type of lung infection that
occurs in people who are on mechanical
ventilation breathing machines in hospitals. As
such, VAP typically affects critically ill persons
that are in an intensive care unit (ICU) and have
been on a mechanical ventilator for at least 48
hours.’

In addition, prevalence of VAP was 15.6%
(293/1873), of which there were differences
between geographical areas. Incidence ranges
from 2.86 to 125 cases per 1000days of
mechanical ventilation depending on the
resuscitation unit.* Intubation was the primary
risk factor, associated with more than 95% of
pneumonia in the ICU; however, patients with
reduced consciousness, trauma, older age and
illness severity also have an increased risk.” Other
studies showed that the incidence of VAP was
higher in older adults aged 65-74 years. Age was
related to the body's physiological function,
immunological ~ response, and  comorbid
conditions, which often cause mortality in VAP
patients in the ICU. Age influences
mortality risk following previous research that
the physiological function of body organs
decreases in old age. In geriatric patients with
comorbidities, especially heart disease, the
patient's risk of mortality will increase.

Despite potential factors for these heightened
risks, they may include less strict adherence to
standard prevention strategies impaired disease-
and  therapyassociated immune function,
prolonged sedation, more frequent need for
prone ventilation, and an increased risk for
pulmonary infarction and related super-
infection.” Preventive bundle approaches reduced
the incidence of VAP. However, VAP prevention
bundles were composed of different items and
may vary substantially between institutions. Each
item considered for the prevention of VAP (i.e.,
included in the VAP prevention bundle).® On the
other side, significant gap while implementing
preventive care bundle included limited staff
resources and time constraints as well as specific
local challenges. Effective strategies may include
team training, electronic reminders, checklists,
and regular feedback to the team.’

Likewise, elevating upper body of invasive

ventilated patients was an effective strategy to
reduce the risk of micro aspirations and VAP,
particularly when the semi- recumbent position
(45° elevation) was used. Prone position might
reduce VAP rates compared to the supine
position although likely to a lesser extent and
with inconclusive evidence. However, the prone
position has demonstrated a more significant
reduction in mortality in patients with acute
respiratory distress syndrome. Of course, prone
positioning remains a hallmark in the therapy of
moderate to severe acute respiratory distress
syndrome."

As well as Endotracheal tubes (ETT) with
subglottic secretion drainage designed to remove
secretions above the cuff that can cause VAP via
micro aspiration have shown a significant
reduction in VAP rates.!" Furthermore, closed
endotracheal ~ suctioning  systems  while
demonstrating ~ a  statistically  significant
association with VAP reduction have conflicting
evidence regarding their overall efficacy
particularly as they did not show a reduction in
mortality and were associated with a high risk of
bias in the studies, especially due to the
impossibility of blinding."

Besides, the combination of chlorhexidine with
tooth-brushing was more satisfactory in
preventing VAP in patients on mechanical
ventilation, compared with chlorhexidine alone."
Hence, intubation cuff pressure was one of the
critical components of the prophylactic care
bundle because ensuring pressure by the cuff
reduces the risk of upper respiratory tract
secretions flowing to the lower respiratory tract
and lungs. It should be continuously maintained
between 20 and 30 cm H,O and measured at
least four times daily."*

Most causes of VAP occurred due to
environmental factors, nosocomial infections,
and nurses. According to previous study, the
occurrence of VAP was not only caused by
environmental and hygienic factors, but also as a
result of nurses’ failure to regulate and maintain
the cleanliness of patients who have ETT
implanted.” Now-a-days technology-based
improvements that can undoubtedly ease the job
of nurses in a variety of areas, from monitoring

https://fmhr.net

| Naeem et al., 2026 |

Page 1710


https://en.wikipedia.org/wiki/Mechanical_ventilation
https://en.wikipedia.org/wiki/Mechanical_ventilation
https://en.wikipedia.org/wiki/Intensive_care_unit

Volume 4, Issue 2, 2026

Frontier «n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

and assessment to the prevention of VAP were
now being developed. However, the most
important thing to remember was that the
innovations made must be precise and able to be
assessed precisely. A user-friendly, easy to install,
and maintain program would also be a very useful
factor in this case.'® Micro aspiration and
translocation from the mouth into the respiratory
system have both been implicated in the
development of VAP."

Furthermore, technology-based innovations can
provide new insights for nurses, increase
knowledge, and skills in providing nursing
interventions. The results of previous studies
indicated that with technology-based innovations
as well as being innovative and application, it can
increase the knowledge and skills of nurses.”® In
future VAP studies, further non-pharmacological
interventions should be considered, such as early
mobilization,  targeted  nutrition  therapy,
appropriate nurse-patient ratios, and inter
professional communication. These have been
widely studied and show promising benefits,
though their direct impact on reducing VAP
outcomes remains uncertain. Until more robust
evidence is available, the multidisciplinary team
should carefully select prevention measures.
Given these challenges, further high-quality,
(cluster) randomized controlled trials are crucial
to establish the effectiveness of VAP prevention
interventions. Therefore, this study aims to assess
the effectiveness of preventive care bundle
approaches to reduce VAP at a public sector
hospital, Lahore.

1.1. Problem statement/significance of the
study

The incidence of VAP in developing countries
is much higher than that in developed
countries. The reason is that developing
countries do not have a good preventive
strategy for VAP. It is very important to identify
the risk factors of VAP for guiding the clinical
prevention of VAP. VAP preventive measures for
risk  factors  consisted of  spontaneous
breathing trial and daily awakening trial to
reduce mechanical ventilation time and
hospitalization time; Head of bed elevation to

30-45 degrees, reducing unnecessary sputum
suction and reducing the replacement of
ventilator circuit to reduce aspiration; Selective
decontamination of the digestive tract and
selective oropharyngeal decontamination to
reduce the colonization of drug- resistant
bacteria. In fact, the above preventive
measures are often used together clinically,
called VAP prevention bundle. VAP prevention
bundle requires not only multi-preventive
measures to be used together but also requires
medical staff and patients to carry out safety
education in order to better improve the
operational ability of medical staff and patients’
compliance. However, appropriate quantification
of the impact and burden of un-prevented VAP is
imperative to understanding its severity and the
importance of additional preventive measures
and timely treatment. Although its occurrence is
reported to be associated with increased ICU
mortality, Estimation of the causal impact of
HAIs, however, remains subtle and controversial
because such assessments are based on either
observational data or randomized trials with
varying levels of preventive effectiveness. Hence,
this study will have significant impact on future
mortality rate of VAP as innovative VAP bundle
care helps to improve patients outcome if used
propetly and consistently and proper training of
nursing and paramedical staff.

1.2. Research objectives

To determine preventive care strategies used in
ICU to prevent ventilator associated pneumonia
at a public sector hospital, Lahore.

To assess which is most effective preventive
care used to improve patient’s outcome with
VAP at public sector hospital, Lahore.

To assess prevalence of ventilator associated
pneumonia among patients admitted in adult
ICU at a public sector hospital, Lahore.

1.3. Research questions

What type of preventive care strategies used in
ICU to prevent ventilator associated pneumonia
at a public sector hospital, Lahore?

What was the most effective preventive care
used to improve patient’s outcome with VAP at
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public sector hospital, Lahore?

How much prevalence of ventilator associated
pneumonia among patients admitted in adult
ICU at a public sector hospital, Lahore?

1.4.  Key term definition (Operational)
Ventilator associated with Pneumonia (VAP)
Patients ventilated for >48 hours diagnosed with
VAP based on the presence of new and/or
progressive pulmonary infiltrates on the chest
radiograph plus two or more of the following
criteria: fever >38.5°C or hypothermia <36°C,
leukocytosis >12 x 10°/L, purulent
tracheobronchial secretions, and a >15%

reduction in PaO,/FiO,.

Preventive care bundle

“A small, straightforward set of evidence-based
practices (generally three or more) that, when
performed collectively and reliably, have been
proven to improve patient outcomes set of care
practices.”

MATERIALS & METHODS

3.1. Study design

This was prospective cohort study, in other
words analytical observational study design
adopted in this research work.

3.2. Study setting
This study was conducted at Gulab Devi
Hospital, Lahore.

3.3. Study duration
Research was conducted for the period of one

year from 1% Jan 2024 to 31 Dec 2024.

3.4. Sample size

To calculate sample size for cohort studies, we
need the following: Conventionally, alpha (two-
sided) = 0.05 (or 5%) and beta = 0.20 (or 20%).
The formula to calculate sample size for cohort
study. Thus, required sample size for the study is
247 patients with VAPSampling technique
Probability, simple random sampling technique.

3.5. Sample selection criteria

a. Inclusion criteria

Participants were recruited on behalf of listed
below criteria:

. Both male and female admitted in adult
ICU.

. Who received mechanical ventilator
(>48-h).

. Or progressive radiographic infiltrate
who have Temperature of >38°C or

<36°C.

WBC> 12000/ microliter or < 4000/ microliter.
Persistent bronchial secretions &  Impaired

PaO,/FiO, ratio.

b. Exclusion criteria

Participants were excluded on behalf of the
criteria listed below:

o “Normal respiratory flora,” “normal oral
flora,” “mixed respiratory flora,” “mixed oral

flora,” “altered oral flora.”

o Isolation of commensal flora of the oral
cavity or upper respiratory tract.

o Any coagulase-negative Staphylococcus
species.

. Those having pulmonary infection at the

time of admission or shifted from other hospital

with Endotracheal Tube (ET).

o Those known to be HIV
positive.
o With evidence of pneumonia before

being intubated/ventilated: fever, cough, chest
pain, rales on auscultation, chest X- ray with
damage.

Data collection procedure

Researchers record every day the number of new
patients admitted to the department who have
been previously intubated, or patients currently
being treated in the department who have been
intubated. Then, researchers collected clinical
information of study participants with blood
tests, blood gases, and chest X-rays after 2 days of
mechanical ventilation or when there were
clinical signs suspicious of pneumonia. Following
preventive measures carried out for among study
participants to assess the effectiveness of VAP
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include Hand hygiene; Patients were monitored
through in-person observation during the day
and camera observation at night. The Vital Signs
and Treatment form filled out three times a day.
Then, elevated head 30- 45 degrees: Place the
patient in a position with the head of the bed
raised above 30° (in case there are no
contraindications). Angle of the patient’s joint
measured three times a day at the bedside using a
protractor and recorded in the nurse’s
monitoring chart. Afterwards, oral hygiene: After
pharyngeal suction, oral hygiene performed with
a solution containing 0.12% chlorhexidine.
Patient’s vital signs were also recorded daily
from the nurse’s bedside monitoring board.
Additionally, using a checklist, patients
observed via camera at least once daily. After this,
manage the breathing circuit: 25-30 cm H,O
manometer thrice daily at random intervals.
Next, preventive care approach was cuff pressure
control: It breathing circuit was not changed
periodically; only changed it when visibly dirty or
damaged. recorded  patient
observations three times per day on the bedside
monitoring board. Next step was subglottic
secretion suction: Patient has an endotracheal

Researchers

tube suctioned on the cuff, intermittent suction
every 4 h, or continuous suction. If the patient
had a suction endotracheal tube on the cuff but
was not suctioned, if it was noncompliant. Then,
researchers monitored suctioning chart once a
day maintained by nursing staff based on their
work shift. Afterwards, patients performed the
spontaneous breathing test and assessed for daily
estuation. As well as, during the day shift,
patients allowed to sit at a height of 70-90
degrees or get out of bed early at least once and
they were instructed to perform exercise daily and
waking time was also recorded in the nursing

chart. Patients were evaluated daily using the care
bundle application evaluation form. For all these
preventive measures, their compliance / non-
compliance and their final consequence related
to the occurrence of VAP were determined.
Finally, gathered data was shared with HOD to
validate the information.

Ethical consideration

After obtaining approval of Institutional Review
Board of Khyber Medical University, Peshawar.
Research work was initiated and purpose of the
study cleared to HOD of adult ICUs of Gulab
Devi Hospital, Lahore. Upon admittance,
accompanying relatives or if patient was awake
and conscious, they were informed about study
purpose. Verbal and written informed consent
obtained from patient’s attendant. By omitting
patient names from the proforma, confidentiality
was upheld throughout study period.

Data analysis:

Statistical Package for Social Sciences (SPSS,
2024) was used to analyze research data. Simple
descriptive analysis was used to represent data in
the form of frequencies and percentages.
Furthermore, Microsoft Spreadsheet was used to
display data in tables.

RESULTS

Total 247 patients selected from adult ICUs have
aged from 18 years to >69 years. Majority of study
respondents were male and having age >69 years.
27.13% of respondents from M.L.C.U.; 27.94%
were taken from S.I.C.U. 31.58% study
participants from C.I.C.U. while 9.31% from
E.C.U. and only 4.05% from others [.C.U. as
table 4.1. summarizes socio-demographic
characteristics of study respondents.
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Table 4.1.: Socio-demographic characteristics of patients (n=247)

18-28 years 12 4.86
29-38 years 9 3.64
3948 years 22 8.91
49-58 years 31 12.55
59-68 years 72 29.15
>69 years 101 40.89

SSC/HSC b 85.83
Graduate 12 4.86
Masters 9 3.64
Others 14 5.67

MICU 67 27.13
SICU 69 27.94
CICU 78 31.58
ECU 23 9.31
Others 10 4.05

Muslim 234 94.74
Non-Muslim 13 5.26
https://fmhr.net | Naeem et al., 2026 | Page 1714
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Household income
Low

Medium

High

Total

247

126
112
9

247

As it was prospective observational study, so a
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100.00
51.01
45.34
3.64
100.00

performed. = Meanwhile, following aseptic

(checklist-VAP prevention) was used to assess
frequency and effectiveness of preventive care
performed among patients on mechanical
ventilation. Head of the bed was always elevated
at an angle of 30-45 degrees of 95.14% patients
whereas 4.86% were avoided. Whereas cuff
pressure of 3.24% study respondents was never
maintained; 1.62% seldom maintained; 89.88%
participants mostly maintained and remaining
5.26% always maintained as indicated in table
4.2.

In the sample of 247 patients, 2.02% were never
performed oral care with chlorhexidine; 2.83%
respondents were seldom performed; 19.03%
participants were mostly performed, and rest of
76.11% study respondents were  always

techniques also reduced VAP among patients on
MV, so, 4.45% patients tracheostomy tube were
replaced without following aseptic technique;
0.40% respondent seldom; 84.21% participants
were mostly and remaining 10.93% always as
shown in table 4.2. Overall, elevating head of the
bed at an angle of 30-45 degrees, maintaining
cuff pressure at 20-30 cm H,O, oral care with
chlorhexidine and following aseptic techniques
before replacement of tracheostomy tube having
direct impact to prevent VAP among patients on
MV. Hence, 12 patients diagnosed with VAP
during the study did not perform preventive care
plan regularly. Total prevalence of VAP was
4.86% among patients on MV.

Table 4.2.: Preventive measures performed at ICUs to prevent VAP among patients on mechanical

ventilation (n=247)

Sr. Never do it fSeldom do it fMostly do it fAlways do it f

no. Statements (%age)

Except for contraindicated patients,

1 elevate at an angle of 30-45 degrees the6 (2.43%)

head of the
bed.

2 Cuff pressure should be maintained at8 (3.24%)
20-30 cm H20O.
Regularly check and control tracheal/10

3 cuff pressure using a  manual(4.05%)
manometer.

4 Regularly check the proper 55
positioning of the nasogastric tube. (22.27%)

5 Oral care is performed  with5 (2.02%)

chlorhexidine (0.12% or 2%).

6 Oral care is performed every 4-8 h. 7 (2.83%)

(%age) (%age) (%age)
6 112 123
(2.43%) (45.34%) (49.80%)

4 222 13
(1.62%) (89.88%) (5.26%)
2 114 121

(0.81%) (46.15%) (48.99%)

78 101 13
(31.58%) (40.89%) (5.26%)
7 417 188
(2.83%) (19.03%) (76.11%)
5 221 14

(2.02%) (89.47%) (5.67%)

https://fmhr.net

| Naeem et al., 2026 | Page 1715



Volume 4, Issue 2, 2026

Before deflating the cuff of an
endotracheal tube, before moving the
8 tube, or patient position change ensure 10

that secretions are cleared from abovel(4.05%)

the tube cuff.

Except for contraindicated patients,

9 Daily Perform spontaneous awakening4 (1.62%)

trials with sedatives turned off.
10 Daily perform spontaneous breathing77
trials once a day.
Change the ventilator circuit when it is
11 visibly  soiled or  mechanically34
malfunctioning.
Do not flush condensate water from the
12 ventilator circuit into the machine or89
onto the patient.
13 Use sterile water to fill ventilator66
humidifiers.
In patients using an open suction
14 system, use a sterile disposable suction/65
catheter and sterile water for each
suction.

In patients using an closed suction44

15 system, a closed suction catheter/(17.81%)

should be
used for each new patient.
Observe aseptic  technique when

16 managing the tracheostomy site and 11
replacing the tracheostomy (4.45%)
tube.

Do not use the oxygen tube, mask, and

17 ambu bag used for one patient on110

(44.53%)

another patient.

DISCUSSION

Based upon the analysis of the obtained data
preventive bundles, together with the VAP
checklist, play an important role in decreasing the
incidence of this complication. According to the
findings of this study, nurses must be more
creative in their interventions. Current study
results found that maintaining cuff pressure, oral
care and following aseptic technique may prevent
VAP. It was determined that oral care was an
effective intervention to prevent hospital-acquired
pneumonia by reducing pathogenic oral

(31.17%)

(13.77%)

(36.03%)

(26.72%)

(26.32%)
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2 125 110
(0.81%) (50.61%) (44.53%)
8 112 123
(3.24%) (45.34%) (49.80%)
34 45 91
(13.77%) (18.22%) (36.84%)
65 67 81
(26.32%) (27.13%) (32.79%)
34 99 27
(13.77%) (40.08%) (10.93%)
88 78 15
(35.63%) (31.58%) (6.07%)
34 112 36
(13.77%) (45.34%) (14.57%)
65 102 36
(26.32%) (41.30%) (14.57%)
1 208 27
(0.40%) (84.21%) (10.93%)
112 12 13
(45.34%) (4.869%) (5.26%)

microbial colonization.*®

In a study, it was found that chlorhexidine
mouthwash or gel, as part of OHC, probably
reduces the incidence of developing ventilator-
associated pneumonia (VAP) in critically ill
patients® consistent with current study findings.
It was assumed that measures such as hand
hygiene and aseptic suctioning technique were
the most basic techniques and that they were
taken for granted, along with all the other
interventions for VAP prevention™ is also in
accordance with our study result findings.
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Device-based cuff pressure monitoring was
essential in maintaining adequate cuff pressure
but often was inadequate, resulting in high
readings. Therefore, device- based cuff pressure
monitoring be practiced. Temporary drops in
endotracheal cuff pressure were important for
entry of upper airway secretions into the lower
airways and increased in the incidence of VAP’
is comparative with this study result. However,
chlorhexidine oral decontamination did not
reduce the rate of ventilator-

associated pneumonia in critically ill adult
patients and its routine use could not be
recommended® is inconsistent with our study
result.

CONCLUSION

Consequently, non-pharmacological approaches
found to be effective in reducing VAP in critically
ill patients included elevating head of the bed at
an angle of 30-45 degrees, maintaining cuff
pressure at 20-30 cm H,O, oral care with
chlorhexidine and following aseptic techniques
before replacement of tracheostomy. Hence, total
prevalence of VAP was 4.86% found in critically
ill patients.

OUTCOMES & UTILIZATION

This study result addresses that VAP prevention
measures must be carefully considered for
resource needs and implementation barriers,
such as limited staff and time constraints. A
tailored VAP prevention bundle can address
these challenges, incorporating team training,
electronic reminders, checklists, and regular
feedback. Using a VAP surveillance system,
ensuring consistent hand hygiene, and elevating
the patient's body position, which is a low-
resource measure with proven efficacy, are useful
strategies.

IMPLICATION FOR FUTURE RESEARCH

Until more robust evidence emerges, the
multidisciplinary team should carefully select
VAP  prevention  measures.  High-quality,
randomized controlled trials, including cluster
trials, are needed to establish the effectiveness of
these interventions. Future studies should focus

on consistent VAP  definitions, rigorous
methodologies to  minimize  bias, and
consideration of patient population diversity and
clinical settings. These efforts will aim to improve
patient safety, survival, and quality of life
following critical care. Future studies should
explore non-pharmacological interventions like
early mobilization, targeted nutrition, appropriate
nurse-patient ratios, and inter- professional
communication, which show promise but require
further investigation on their direct impact on
VAP outcomes.

The study did provide answers to the questions
whether and to what extent the shape of the
artificial airway cuff contributed to the reduction
of VAP. It also did not indicate which of the
methods of VAP prevention (automatic constant
pressure control in the cuff or automatic
constant subglottic secretion suction) influenced
the final effectiveness. All these elements should
be considered together.

LIMITATIONS OF THE STUDY

Although according to the design of the present
study, the researchers were blinded to the fact
thereby bringing about a bias. Since this is a
single-center study, the results obtained may only
be extrapolated to ICUs of similar characteristics
with the same nurse/patient ratio and with
similar workloads. Finally, the design of our study
does not enable to determine any cause-and-effect
relationship but rather the possible relationship
between the variables of the study.
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