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Abstract
Ventilator-associated pneumonia (VAP) is one of the most commonly encountered hospital-acquired
infections in ICUs. Despite advances in diagnostic and management strategies, VAP is associated
with significant morbidity and mortality. Studies have shown that VAP has an attributable mortality of
35% & it also predisposes to develop multidrug-resistant infections, increase in antibiotics usage by
40% & Length of ICU stay by 4-7 days. All this adds to overall cost of care for patients especially in
India where 86% patients pay out of pocket for health care services.
This initiative was taken with objective of identifying and improving various modifiable factors in order
to reduce VAP in ICUs. DMAIC, data-driven Six Sigma quality improvement strategy was used. As a
result of consistent hard work for a year, 79.8 % reduction in VAP rate was observed. Mean VAP rate
reduced from 8.43 to 1.63 per 1000 Ventilator Days leading to 32.2% reduction in Annual antibiotics
consumption and decrease in length of ICU Stay by 1.5 days. All of this has helped in removing the
extra burden of ICU care on patient’s family in case of VAP which was approximately 70000 INR per
day i.e. a total of 4,90,000 INR for 7 days

Introduction/ Background
Ventilator-associated pneumonia (VAP) is defined as pneumonia that occurs 48
hours or more after endotracheal intubation or tracheostomy. In other words,
the bacteria causing VAP are not present at the time of initiation of ventilation,
and are acquired later.It is one of the most commonly encountered hospitalacquired infections in intensive care units. Despite advances in diagnostic
and management strategies, VAP is associated with significant morbidity and
mortality. As per the study done by Infectious Diseases Society of America and
the American Thoracic Society, VAP has an overall mortality of about 35%. It
also results in increased antibiotic usage, prolonged mechanical ventilation and
increased ICU length of stay. This promotes antimicrobial resistance, and also
leads to substantial increase in overall cost of care for patients with VAP.
At Max Smart Specialty Hospital, we continuously strive to improve the quality
of care and make it safer for patients. After reviewing annual data of Ventilator
associated pneumonia (VAP), we found that that our annual VAP rate per
1000 ventilator days was very high (7.89), and going upto 8.43 in one of the
quarters. This was resulting in an increased length of ICU stay of our patients
by a significant 7 days, & higher antibiotics consumption calculated in terms of
DDD (Daily Defined Dose) i.e upto 31.3 DDD.
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When we did the analysis of financial impact of VAP on patients, we found
that prolonged ICU stay, prolonged ventilation and use of high-end restricted
antibiotics which are usually required in these patients, added up to the cost of
care by approximately 1085 USD per day i.e 7598 USD for 7 days.
Keeping all this in mind, this physician led patient safety initiative was taken
with an objective of identifying various modifiable factors to reduce VAP
(Ventilator Associated Pneumonia) in the Intensive care unit. In this project,
Director-Critical care took the charge and acted as a role model for other
doctors, nurses & paramedics.

Measurement
DMAIC (Define, Measure, Analyze, Improve and Control), data-driven Six
Sigma quality improvement strategy was used for the project. As a part of
Define & measure phase, retrospective analysis of entire one year VAP rated
was carried out. The Core team i.e ARMI (Approver, Resources, and Member
and Interested parties) for the project was created which consisted of Clinicians,
Microbiologist, Nurses, physiotherapy and Quality & Management Team. It
was a physician driven multidisciplinary team project which was championed
by Director-Critical Care.
The team composition is as follows:
l

Project Champion: Dr Arun Dewan, Director – Critical Care

l

Project Leader: Dr Ritesh Agarwal, Consultant – Critical Care

l

Project Sponsor: Nitin Navish Gupta, Vice President – Operations

l

Project Team Members: Dr Manju Mani (Director-Quality); Manisha Rattan
(Infection Control Nurse); Dr Bindu Sharma (AGM-Quality); Manju Tyagi
(Chief Nursing Officer); Amit Sharma (Nursing); Ebin Mathew (Nursing);
Subin Varghese (Nursing)

The goal of this quality improvement project was to reduce VAP rate at least
by 50% by identifying & working on the various modifiable factors leading to
VAP.
As a part of project charter, the various timelines for completion of each phase
of project was defined:

Implementation
Retrospective analysis of last year’s VAP data was carried out along with several
brainstorming sessions with all stakeholders. Ishikawa diagram was applied to
identify possible root causes. In total 24 Xs (Root Causes) were identified (Fig
1). Out of these, based on the intensity of their impact on VAP prevention, 5
critical factors were shortlisted for improvement:
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l

Awareness among the care providers regarding VAP Prevention Bundles

l

Minimize chances of aspiration in ventilated patients

l

Management of endotracheal secretions
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l

Strengthening of sedation & weaning protocol

l

Sterilization of ventilator expiratory valve assembly

Figure 1

As a part of Improve Phase, review of most recent evidence-based guidelines
for VAP prevention was carried out & the best practices were hand-picked for
implementation. Critical Care Director served as a role model for other doctors
& nurses. All important care pathways & infection prevention protocols were
reviewed & revised accordingly.
Sensitization of doctors & nurses was initiated by means of class room based
teachings sessions, mannequin- based demonstrations and bed side hands-on
training etc (Fig 2). For minimizing the risk of aspiration, staff was trained to
ensure that optimum cuff pressure was maintained at all times. Cuff pressure
was measured in every shift. In addition to that, Subglottic Suctioning was
introduced as a strong preventive measure against micro-aspiration. The
existing nursing protocol for Oral Care was revised & Chlorhexidine Mouth gel
was introduced to ensure adequate oral decontamination for longer period.
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To prevent breach in asepsis during open suctioning of endotracheal tube,
closed suction system was applied to the patients, if they continued to be on
ventilator for more than 24 hours. Daily sedation interruption was introduced
in all ventilated patients, unless specifically mentioned otherwise. Sedation
holiday was linked to weaning assessment and spontaneous breathing trial. (Fig
2 & 3) The process was put in place for ensuring that the Ventilator Expiratory
Valves were sent for autoclaving after every use. (Figure 3)

Figure 2

Figure 3

As a part of control phase, 2 sets of audit tools were created & various check
points were identified starting from the time of intubation till the time of
extubation to check the compliance against the pre-defined VAP Prevention
Bundles. Closed suction was applied to the patients, if they continued to be
on ventilator for more than 24 hours. Daily sedation interruption (at 6am) was
introduced in all ventilated patients, unless specifically mentioned. This sedation
holiday was linked to weaning assessment and spontaneous breathing trial. In
every duty shift, people were identified who were trained to carry out real time
audits. In case any non-compliance was observed, immediate corrective &
preventive actions were taken. On a daily basis, findings were discussed with
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all ICU doctors and nurses. On fortnight basis, a project update was given to
Vice President – Operations & Medical Director. (Figure 4)

Figure 4

Results
As a result of 12 months of team efforts, 79.8 % reduction in the VAP rate was
observed. Mean Ventilator Associated Pneumonia (VAP) rate reduced from
8.43 per 1000 ventilator days to 1.63 per 1000 Ventilator Days. In the last 2
months, our VAP rate is 1.70. This has helped us in significantly reducing the
annual consumption of restricted antibiotics by 32.2%. It has also helped in
reducing the average length of ICU Stay by 1.5 days.
All of this has helped in removing the extra burden of ICU care on patient’s
family in case of VAP which was approximately 70000 INR per day i.e. a total
of 4,90,000 INR for 7 days
Intangible benefits of this physician driven project included faster recovery,
reduced chances of developing Antimicrobial Resistance and reduced risk of
developing drug related complication and enhanced patient satisfaction

Closing Remarks
VAP continues to be a commonly encountered challenge in critically ill patients
and carries significant burdens of morbidity, antibiotic utilization and cost.
Therefore it becomes imperative for healthcare providers to implement effective
multidisciplinary strategies to prevent occurrence of VAP.
This project has not only helped us in delivering safer care to our patients
and improving quality of care but also brought the multi-disciplinary team
closer where all doctors, nurses, paramedics along with management team
worked together towards achieving one goal of preventing VAP. It has also
aided in building a non-punitive patient safety culture where team work, staff
engagement & buy-in from the clinicians played a very crucial role.
In future we would like to publish our project findings in the indexed journals
& serve as a role model for other organizations for adapting the best practices
for improving clinical outcomes.
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