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Network (NHSN; formerly the National Nosocomial 
Infection Surveillance system (NNIS)).[7]

Because multiple factors contribute to the high risk 
of ventilator associated pneumonia, a multi‑strategy 
approach is required to prevent such infections. The 
Institute of Health Improvement (IHI) has developed a 
ventilator bundle that incorporates several strategiesto 
prevent morbidity associated with the ventilator.[8] The 
IHI ventilator bundle has been broadly adopted by 
many hospitals as part of the effort to reduce VAP. The 
use of VAP bundle has been reported to decrease the 
incidence of VAP in the intensive care units (ICUs) in 
few studies.[9]

INTRODUCTION

Ventilator‑associated pneumonia (VAP) is among the most 
common infections in patients requiring endotracheal 
tubes with mechanical ventilation. It has been reported 
to occur in 9% to 27% of all intubated patients.[1] VAP is 
associated with increased hospital costs,[2] a greater number 
of days in the intensive care unit  (ICU), longer duration 
of mechanical ventilation, and higher mortality.[3‑6] The 
overall rate of ventilator‑associated pneumonia (VAP) was 
13.6 per 1000 ventilator days according to International 
Nosocomial Infection Control Consortium  (INICC) 
report data summary for 2003‑2008 compared to 3.3 per 
1000 ventilator‑days in the US National Healthcare Safety 
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ABSTRACT

OBJECTIVE: Implementation of ventilator associated pneumonia (VAP) bundle as a 
performance improvement project in the critical care units for all mechanically ventilated patients 
aiming to decrease the VAP rates. MATERIALS AND METHODS: VAP bundle was implemented 
in 4 teaching hospitals after educational sessions and compliance rates along with VAP rates 
were monitored using statistical process control charts. RESULTS: VAP bundle compliance 
rates were steadily increasing from 33 to 80% in hospital 1, from 33 to 86% in hospital 2 and 
from 83 to 100% in hospital 3 during the study period. The VAP bundle was not applied in 
hospital 4 therefore no data was available. A target level of 95% was reached only in hospital 3. 
This correlated with a decrease in VAP rates from 30 to 6.4 per 1000 ventilator days in hospital 
1, from 12 to 4.9 per 1000 ventilator days in hospital 3, whereas VAP rate failed to decrease in 
hospital 2 (despite better compliance) and it remained high around 33 per 1000 ventilator days in 
hospital 4 where VAP bundle was not implemented CONCLUSION: VAP bundle has performed 
differently in different hospitals in our study. Prevention of VAP requires a multidimensional 
strategy that includes strict infection control interventions, VAP bundle implementation, process 
and outcome surveillance and education.
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OBJECTIVES

The main objective of this study was to implement VAP 
bundle as a performance improvement project in the critical 
care units for all mechanically ventilated patients aiming 
to decrease the VAP rates over the 8 month study period.

MATERIALS AND METHODS

Patients were recruited between March and November 
2011 in 4 major tertiary care teaching hospitals in 
Damascus: Al‑Mouassat Hospital  (hospital1), Damascus 
Hospital (hospital 2), Al‑Bassel Heart Institute (hospital 3) 
and Ibn Alnafees Hospital (hospital 4). Patients were included 
if they were mechanically ventilated for more than 24 h and 
were at least 14 yrs of age. A day on mechanical ventilation 
was defined as any 24 h period in which the patient required 
any mode of controlled or assisted ventilation, with the 
exception of intermittent application of continuous positive 
airway pressure for atelectasis prophylaxis. Standard unit 
measures of general critical care were applied to all patients, 
including the current practice of hand washing, daily oral 
care, and tracheal suction. The ventilation tubing systems 
remained unchanged. The medical management, antibiotic 
therapy, and weaning from the ventilator were left to the 
treating physician’s discretion. Assignment of patients to 
nursing staff and clinicians was not controlled by the study 
protocol.

The ventilator bundle was accommodated from the Institute 
of Health Care Improvement (IHI).[10,11] The bundle elements 
included elevation of the head of the bed to between 
30‑45 degrees, daily sedation vacation, daily assessment 
of readiness to wean, peptic ulcer disease prophylaxis, and 
deep venous thrombosis prophylaxis if not contraindicated.

Deep Venous Thrombosis (DVT) or stress ulcer prophylaxis 
was defined as being achieved if the treating physician 
prescribed the appropriate medication in the medical record 
and the administration of the medication was signed by 
the nurse. Complete bundle adherence was defined as 
fulfillment of all five elements in patients on mechanical 
ventilation.[12]

Ventilator associated pneumonia (VAP) was defined as per 
Center of Disease Control (CDC) as a pneumonia that occurs 
in a patient who was intubated and ventilated at the time of 
or within 48 hrs before the onset of the event. Pneumonia 
was identified using a combination of radiological, clinical, 
and laboratory criteria.[13] VAP was clinically diagnosed 
based on progressive infiltrate in chest X‑rays, leukocytosis, 
pyrexia above 38.5°C, purulent secretions, and crepitations 

in lungs. VAP rates were calculated based on occurrences 
per 1000 ventilator days and monitored on a monthly basis 
throughout the project period.

Interventions included an initial educational workshop for 
the stakeholders from different participating hospitals with 
the emphasis on standards of practice, nursing support 
and physician leadership, participation, and collaboration. 
A  multidisciplinary team was formed at every hospital 
and included 1‑2 physicians and 1‑2 nurses with a team 
leader who was selected based on experience, knowledge 
and commitment. Staff education with bedside mentoring 
and skills competency documentation was done for all the 
nurses and physicians in the specific unit. Teams conducted 
regular daily rounds on all ventilated patients and recorded 
compliance with the five elements of the VAP bundle. Leaders 
were instructed to set up regularly scheduled meetings with 
teams to hear about progress, barriers, and next steps.

Data was collected daily and plotted on the Statistical 
Control Chart  (SPC) on a weekly basis, then analyzed 
at the project manager level at the end of each month 
and a progress report was generated that included up to 
date results and recommendations. These reports were 
communicated directly to the members of the team and 
charts were posted in the specific unit. Regular monthly 
follow‑up meetings and frequent staff education sessions in 
individual units to ensure the quality of the implementation 
process were enforced based on the progress report and the 
feedback from different units.

Statistical process control chart was used to monitor the 
process of compliance with the individual bundle elements 
as well as the whole bundle.[14] Process stability is defined 
as the ability of the process to perform in a predictable 
manner over time without exhibiting any of the special cause 
variations and process capability is defined as a process that 
is able to produce results that meet the desired goal. The 
target was set in our study as a special cause variation with 
at least 6 data points in a row showing a stepwise increase 
causing an improvement in the VAP bundle compliance 
rate to above 95%. The process was then considered stable 
if no more special cause variations observed over time and 
capable when the compliance rate remained above 95%.

RESULTS

VAP bundle compliance rate was steadily increasing from 
33 to 91% during the initial implementation period in 
hospital 1 before it started to decline to 64.1%, necessitating 
more efforts to reinforce the implementation of the bundle 
elements that resulted in an increase in the compliance 
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rate to around 80%. This correlated with a decrease in 
the VAP rate from 30 per 1000 ventilator days down 
to 6.4 per 1000 ventilator days  [Figure  1]. In hospital 2, 
the VAP bundle compliance rate has continued to increase 
steadily from 33 to 86% whereas the VAP rate fluctuated 
in the range of 13‑24 per 1000 ventilator days [Figure 2]. 
In hospital 3, the VAP bundle compliance rate was 83% 
at the start of the study and increased to 100% during 
the last 2 months of the study with a decrease in the VAP 
rate from 12 to 4.9 per 1000 ventilator days  [Figure  3]. 
The VAP bundle was not applied in hospital 4 due to 
different reasons related to resource availability; therefore 
no data was available but they reported VAP rates for part 
of the study period  (May‑August) with very high VAP 
rates during May and June and rates of 33 and 34 per 1000 
ventilator days during the months of July and August 
respectively [Figure 4].

Statistical process control chart that monitored the 
implementation of VAP bundle on a weekly basis has 
revealed a special cause variation with six or more steadily 
increasing data points that reflected an improvement in 
compliance rate in hospital 1, 2 and 3. The target level of 
95% compliance rate was only achieved in hospital 3.

DISCUSSION

The IHI has developed a ventilator bundle that incorporates 
several strategies to prevent morbidity associated with 
the ventilator. Three elements of this bundle target VAP 
while 2 elements address prevention of stress ulcers and 

thromboembolic disease[8] The IHI ventilator bundle has 
been broadly adopted by many hospitals as part of an effort 
to reduce VAP. Several studies have showed the benefit of 
the individual elements of the VAP bundle in preventing 
VAP.[9] In 2 small studies, aspiration and VAP were reduced 
almost 3‑fold for patients with the head of the bed at 
45° compared with patients who were supine.[15,16] Daily 
interruption of sedation has been included in the bundle 
as it shows that it shortens the duration of mechanical 
ventilation.[17] Spontaneous awakening trials added to 
spontaneous breathing trials are associated with more 
rapid ventilator weaning, fewer ICU days, and shorter 
hospitalizations.[18] Despite broad implementation of a 
bundled strategy aimed at preventing ventilator‑associated 
adverse events in many hospitals, the ability of the bundle 
to prevent VAP has not been definitively established with 
high‑quality studies. Two studies that have reported on 
the effectiveness of implementing the 3 components of the 
bundle intended to prevent VAP did not report adherence 
rates to the bundle.[19,20] Another study evaluating these 
components of the bundle reported a 95% adherence with the 
bundle and an associated reduction in VAP, but investigators 
acknowledged that the reduction may have been related to 
a concurrent improvement program that focused on care 
of the ventilated patient with multidisciplinary teams and 
daily goal setting rather than bundle adherence.[11] No large 
randomized study has demonstrated that reducing VAP 
using any VAP prevention strategy, including those in the 
IHI bundle, is associated with improvements in clinical 
outcomes. More recently a multidimensional strategy 
that included a bundle of infection control interventions, 

Figure 1: VAP bundle compliance rates and VAP rates in hospital (1) over the 
study period

Figure 2: VAP bundle compliance rates and VAP rates in hospital (2) over the 
study period

Figure 3: VAP bundle compliance rates and VAP rates in hospital (3) over the 
study period

Figure 4: VAP bundle compliance rates and VAP rates in hospital (4) over the 
study period
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education, outcome surveillance, process surveillance, 
feedback on VAP rates, and performance feedback on 
infection control practices associated with a significant 
reduction in VAP rate in NICUs in developing countries.[21]

Our study demonstrates that if no VAP bundle is implemented, 
it is obvious that VAP rates will continue to remain high as 
is the case with hospital 4. On the other hand, even though 
there was an improvement in the process of bundle compliance 
rate in hospital 1 and 2 with special cause variation and the 
process became stable but the target compliance rate of 95% 
was never reached. Therefore, the process would have been 
considered stable but not capable in both hospitals compared 
to the improved process in hospital 3 to the target level of 95% 
and maintained above that level where the process would 
be considered stable and capable. This process capability in 
hospital 3 was reflected in a remarkable decrease in the VAP 
rate whereas in hospital 2 where the process is not capable; 
there was no notable decrease in VAP rate. In hospital 1 on 
the contrary; where the bundle implementation process has 
improved and became stable but not capable; the VAP rate 
showed a remarkable improvement over the course of the 
study. Other infection control practices and measures may 
have played a role in the difference in performance of VAP 
bundle among the study hospitals. However, the study did not 
look into the different infection control measures at the study 
hospitals‑ an intervention that may have added more value to 
our study. The results of this study should be looked at in the 
context of the major challenges that face the implementation of 
quality improvement project in a resource limited environment, 
including lack of nursing leadership, individual variability, 
high turnover of nurses, lack of structured competency skills 
testing, lack of overall safety culture, communication and 
teamwork in ICU, non‑familiarity with quality projects, 
lack of policies and procedures, poor documentation and 
communication, and validity of data collection. Nevertheless 
this study demonstrates that with dedication and commitment, 
a tangible improvement can be made despite all challenges. 
Critical factors that should be taken into consideration for 
the success of this type of quality project include creating 
organizational alignment by declaring eliminating hospital 
acquired infections as an organizational breakthrough goal, 
having the organization’s executive leadership highly engaged 
in the project, coordination by an experienced and effective 
project leader and manager, collaboration by multidisciplinary 
project teams, and promoting transparency of results across 
the organization.

CONCLUSION

VAP bundle that is widely implemented as an effective method 
to reduce VAP rates has performed differently in different 

hospitals in our study. Prevention of VAP requires concerted 
efforts on the part of hospital administration, physicians, 
and ICU personnel. The program must be evidence‑based, 
maintained, and accepted by ICU personnel. Monitoring and 
collection of data should be strict, objective, and transparent. 
A multidimensional strategy that includes strict infection 
control interventions, VAP bundle implementation, process 
and outcome surveillance and education is needed to reduce 
VAP rates.
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