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ABSTRACT

التنفس  عن  الناجت  الرئوي  بااللتهاب  اإلصابة  معدل  من  احلد  األهداف:  
االصطناعي، والتقليل من تكلفة الرعاية الصحية، باإلضافة إلى ربط معدل 
 االمتثال بحزمة الوقاية من التنفس االصطناعي مع معدل اإلصابة بهذا املرض.

الطريقة:  ُأجريت هذه الدراسة االستطالعية الطولية في قسم العناية املركزة 
للكبار، مستشفى حراء العام، مكة املكرمة، اململكة العربية السعودية خالل 
الفترة من يناير إلى ديسمبر 2010م. لقد قمنا بتطبيق معايير املستشفى 
واخلاصة بحزمة الوقاية من االلتهاب الرئوي الناجت عن التنفس االصطناعي 
وهي كالتالي: ارتفاع زاوية رأس السرير، وإعطاء املريض راحة من التخدير 
يوميًا جنبًا إلى جنب مع تقييم استعداد املريض جتاه إيقاف التنفس الصناعي، 
العميقة. األوردة  تخثر  من  والوقاية  الهضمية،  القرحة  مرض  من   والوقاية 

االمتثال  معدل  كان  وقد  مريض،   2747 الدراسة  شملت  النتائج:  
في  االصطناعي  التنفس  عن  الناجت  الرئوي  االلتهاب  من  الوقاية  بحزمة 
2010، في حني  %100 في ديسمبر  إلى  يناير 2010م %30، ووصلت 
الفردية على  باحلزمة  االمتثال  لقد كان معدل   .78.9% العام  املعدل  كان 
من  اليومية  والراحة  السرير )99.9%(،  رأس  زاوية  ارتفاع  التالي:  النحو 
التخدير )%88.9(، والوقاية من القرحة الهضمية )%94.98(، والوقاية 
االلتهاب  معدل  كان  البداية  في   .)85.7%( العميقة  األوردة  تخثر  من 
 2.5 الصناعي  التنفس  أيام  إلى  االصطناعي  التنفس  عن  الناجت  الرئوي 
املعدل  وكان  التالي.  الشهر  في   0.54 إلى  وانخفضت  يوم،   1000 لكل 
لكل   1.41 إلى  انخفاض  مع   1.98  2010 عام  في  للمرض  اإلجمالي 
بأثر  2009م  التي مت جمعها في عام  البيانات  1000 يوم مقارنًة مع نفس 
دوالر   154930 واحد  عام  في  اإلجمالية  التكلفة  وانخفضت  رجعي. 
معدل  بني  إحصائية  داللة  ذات  عالقة  على  العثور  مت  ولقد  أمريكي. 
بحزمة  االمتثال  ومدى  االصطناعي  التنفس  عن  الناجت  الرئوي  االلتهاب 
األمراض  مسببات  على  العثور  مت  كما   .)p=0.001( املرض  من  الوقاية 
العزالت،  كل  من   30.7% الزجنارية  الزائفة  كالتالي:  وهي  شيوعًا  األكثر 
 تلتها اجلرثومة الراكدة %27.7، ثم املكورات العنقودية الذهبية 15.4%

خامتة:  أثبتت الدراسة بأن تطبيق حزمة الوقاية من االلتهاب الرئوي الناجت 
عن التنفس االصطناعي قد أدى إلى انخفاض معدل اإلصابة بهذا املرض، 

وكان هذا التحسن مستمراً وفعااًل من حيث التكلفة.

Objectives: To reduce ventilator associated pneumonia 
(VAP) incidence rate, lessen the cost of care, and correlate 
VAP bundles compliance with VAP incidence rate.

Methods: This study was a prospective longitudinal 
study conducted on adult intensive care unit (ICU) 
patients at Hera General Hospital, Makkah, Kingdom 
of Saudi Arabia from January to December 2010. The 
following Institute for Healthcare Improvement VAP 
prevention bundle was applied: head-of-bed elevation; 
daily “sedation-vacation” along with a readiness-to-wean 
assessment; peptic ulcer disease (PUD) prophylaxis; and 
deep venous thrombosis (DVT) prophylaxis. 

Results: Among a total of 2747 patients, the bundle 
compliance rate in January 2010 was 30%, and reached 
to 100% in December 2010, while the overall rate was 
78.9%. The individual bundle compliance rates were as 
follows: head-of-bed elevation - 99.9%; daily sedation 
vacation - 88.9%; PUD prophylaxis - 94.9%; and DVT 
prophylaxis - 85.7%. At the beginning, VAP rate was 
2.5/1000 ventilator days, and reduced to 0.54 in the 
next month. The overall VAP incidence rate in 2010 was 
found to be 1.98 with a reduction of 1.41 by comparing 
with the same data of year 2009 collected retrospectively. 
The  total reduction cost in one year was $154,930. A 
significant correlation was found between the VAP rate 
and its bundle compliance (p=0.001). Most frequent 
pathogens found were Pseudomonas aeruginosa (30.8% 
of all isolates) followed by Acinetobacter baumannii 
(27.7%), and methicillin-resistant Staphylococcus aureus 
(15.4%).

Conclusion: Application of VAP prevention bundle 
reduced the VAP incidence rate and lowered the cost of 
care.   
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Surveillance of healthcare-associated infections (HAI) 
is an integral part of infection prevention and control 

programs of a hospital, especially in the intensive care 
unit (ICU) setting. Bundles have found their greatest 
application in the prevention of HAI, which are a major 
cause of morbidity and mortality in intensive care 
patients.1,2 A bundle is defined as a small, straightforward 
set of scientifically grounded elements that when 
implemented together, result in better outcomes than 
when implemented individually.3  Bundles have found 
their greatest application in the prevention of HAIs. 
The device associated HAI specifically, ventilator 
associated pneumonia (VAP) is known to increase 
the duration of mechanical ventilation, length of stay, 
and also cost of care.4,5 Initiation of a VAP bundle 
protocol is an effective method for VAP reduction 
when compliance is maintained.6 The current study 
was aimed to find out the incidence rate of VAP and 
its association with compliance rate of VAP bundle in 
adult ICU, to determine the sustainability over a one 
year period, and to estimate the cost of care for VAP 
infections by comparing incidence rates before the 
application of bundles. Understanding the incremental 
cost-effectiveness of VAP bundles can help prioritize 
efforts to minimize the associated morbidity.7 

Methods. This is a prospective longitudinal study 
conducted at the adult medical and surgical intensive 
care unit (MSICU) at Hera General Hospital (HGH), 
Makkah, Kingdom of Saudi Arabia. The HGH is a 
secondary care unit with 280 bed capacity including 
18 beds MSICU. This study has been approved by the 
ethical committee of the hospital, and followed the 
principles of Helsinki Declaration. The VAP bundle 
program began in January 2010, and the compliance 
data were collected from then until December 2010, for 
a one year period. All patients on mechanical ventilator 
were selected and assessed for compliance with the all 
key elements of VAP Prevention Bundle in ICU, while 
non-ventilated patients in ICU were excluded from 
the study. The VAP was defined as pneumonia when 
patient was intubated and ventilated at the time of, or 
within 48 hours before the onset of the event. There is 
no minimum period of time that the ventilator must 
be in place in order for pneumonia to be considered 
ventilator-associated.7 Clinically supported by the 
evidence that he or she developed a new fever and cough 
with development of purulent sputum, in combination 
with radiological evidence of a new or progressive 
pulmonary infiltrate, leukocytosis, a suggestive gram 
stain, and growth of bacteria in cultures of sputum, 
tracheal aspirate, pleural fluid, or blood.8 There was 

no minimum period of time that the ventilator must 
be in place in order for pneumonia to be considered 
ventilator-associated. The VAP rate was defined as the 
number of ventilator-associated pneumonias per 1,000 
ventilator days as per Centre for Disease Control and 
Prevention (CDC) definition.9 A day on mechanical 
ventilation was defined as a patient who was on 
mechanical ventilator at 12 midnight. Weaning was 
defined as the first day where the patient was either 
extubated without non-invasive ventilation, or in 
case of patients with a tracheostomy, able to breathe 
spontaneously without mechanical support. Standard 
precautions were applied to all patients, including hand 
washing before dealing with the patient’s daily oral 
care10 and sterile tracheal suction with closed-system. An 
active surveillance protocol was applied in the MSICU 
based on the recent CDC guideline.8 The ventilator 
bundle protocol of 4 elements from the Institute for 
Healthcare Improvement (IHI)11 was applied. If even a 
single missing element of bundles was either not carried 
out, or are not documented, the whole bundle was 
considered not applied. The compliance was measured 
with the entire ventilator bundle, not just parts of it. 
When the bundle element was contraindicated for a 
particular patient, and it was documented appropriately 
in the medical record, then the patient was considered 
compliant with regard to that measure. The protocol of 
VAP bundle application followed is provided as follows: 
the head of the patient’s bed was elevated between 30 and 
45 degrees to reduce aspiration pneumonia, to improve 
ventilation, and to make the patient comfortable.12 To 
fulfill the compliance, the following actions were taken: 
check list on nursing flow sheets was given and each topic 
was discussed at multidisciplinary rounds; respiratory 
therapists worked collaboratively with nurses; visitors 
and family education was given and explained to them 
that if the bed is not at required position, immediately 
inform the treating nurse; initiation and weaning of 
mechanical ventilation was carried out by delivery 
of tube feedings with provision of oral care.13 The 
elevation of bed was encouraged and the ICU staff was 
motivated. The protocol for daily sedation vacation and 
daily assessment of readiness to extubate was applied for 
the following reasons; to promote weaning, to increase 
potential for self-extubation, to reduce pain and 
anxiety, and to promote early extubation. The lighter 
sedation protocol was followed by daily assessment for 
neurological readiness to extubate. The patient care 
team increased monitoring and vigilance to prevent 
self-extubation. The weaning protocol was followed by 
preparing a plan to wean the patient from the ventilator, 
and added to the “sedation vacation” component of the 
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bundle. The Riker Sedation Agitation Scale (SAS)14 
was followed and implemented to avoid over sedation. 
The compliance assessment was carried out every day 
on multidisciplinary rounds. Deep venous thrombosis 
(DVT) prophylaxis was applied to prevent venous 
thromboembolism, or other complications based on 
solid evidence.15 Upon admission, DVT prophylaxis was 
included on the VAP bundle order sheet. The treating 
physician prescribed the appropriate medication in the 
medical record, and the administration of the medication 
was signed by the nurse. It was discussed daily during 
multidisciplinary rounds. Peptic ulcer disease (PUD) 
prophylaxis was applied to reduce acid production in the 
stomach, and consequent risk of bleeding from gastric 
erosions and peptic ulcers. Two pH-altering drugs were 
used according to treating physician order; H2 receptor 
inhibitors and proton pump inhibitor-esomeprazole 
per oral (PO) was given if the patient was on nasogastric 
tube, or alternatively pantoprazole (IV+ PO) was 
implied. The requirement for PUD prophylaxis remains, 
since it serves to underscore excellent ventilator care and 
raise awareness surrounding best ventilator practices.16 
The study proposal was approved 2 months prior to 
implementation. The scientific background, technique 
of the bundle along with its compliance monitoring 
and documentation were taught to all concerned nurses 
and residents of the ICU in weekly seminars by the 
heads of ICU and Infection Prevention and Control. 
Two surveys entitled knowledge, attitude and practice 
(KAP) of ICU staff on VAP bundles were conducted 
in teaching sessions. The VAP incidence rate of year 
2010 after application of bundles was compared with 
VAP incidence rate of one year period (2009) when the 
VAP bundles were not applied. The VAP data of 2009 
was collected by record review of surveillance of HAI 
conducted by the Infection Prevention and Control 
Department. The VAP incidence rate during the study 
period was compared with international benchmarks- 
National Healthcare Safety Network (NHSN) data.17 
The primary endpoint of the study was adherence to 
the ventilator bundle. Secondary endpoints were: rate 
of pneumonia; days on mechanical ventilation; and 
length of stay on the ICU. 

A p<0.05 was considered statistically significant. 
The 95% confidence interval between upper and lower 
limit was selected. Data were analyzed with Statistical 
Package for Social Sciences 10.0 version (SPSS Inc., 
Chicago, IL, USA). 

Results. During January to December 2010, there 
were 2747 patients who were on mechanical ventilator 
in ICU, and the overall VAP incidence rate was 1.98 

infections per 1,000 patient’s days. The overall VAP 
compliance rate of 4 elements of the bundles was found 
to be 78.9%. The incidence rate of VAP and overall 
compliance rate of ventilator bundle is shown in Figure 
1. A significant correlation was found between the VAP 
rate and its bundle compliance (p=0.001). The overall 
compliance with the 4 bundle elements by January was 
30%, and reached to 100% in December. The individual 
bundles compliance rate was found as follows: head-of-
bed elevation (99.8%); daily sedation vacation (88.9%); 
PUD prophylaxis (94.9%), and DVT prophylaxis 
(85.7%). Figure 2 illustrates the compliance rate of 4 
key elements individually, and also shows that there 
was a sustainable improvement in compliance rates in 
the second half period of the study. On first evaluation 
of KAP survey, the ICU staff showed full awareness 
regarding bundles (fully met) was 14.2%, awareness 
regarding few complements (partially met) was 42.8%, 
and did not know anything (not met) was 35.7%. The 
second KAP evaluation result was as follows: fully met 
(50%); partially met (35%); and not met (15%). At 
the start of the project, VAP rate was 2.5 per 1,000 
ventilator days. While the progressive implementation of 
the bundle elements and extensive education brought a 
rapid decline of incidence rates, the significant reduction 
in rates was noted in the second month. The overall 
VAP rate in 2009 was 3.39, and in 2010 was found to 
be 1.98 per 1000 ventilator days. The reduction of VAP 
rate in 2010 was 1.41 infections per 1000 ventilator 
days. Figure 3 shows the correlation of incidence rate 
of ventilator associated pneumonia with the NHSN 
benchmarks. The most frequent pathogens isolated 
were: Pseudomonas aeruginosa (P. aeruginosa) (30.8%) 
of all isolates; Acinetobacter baumannii (A. baumannii) 
(27.7%); methicillin resistant Staphylococcus aureus 
(MRSA) (15.4%); Klebsiella pneumonia (K. pneumonia) 
(13.8%), Escherichia coli (7.7%), and Staphylococcus 
aureus (1.5%). All A. baumannii isolates were resistant 
to all antibiotics tested including carbapenem - pan 
resistant while other 2 frequent gram negative organisms 
were found multi-drug resistant (MDR) P. aeruginosa 
(93.1%) and K. pneumonia (82.8%). It was estimated 
that each VAP case increased the hospital length of stay 
attributable by 10 days, and the mean hospital cost 
by $40,000.18 In the current study, the incidence rate 
of VAP decreased to 1.41 cases/1000 ventilator days, 
and saving cost was $56,400/1000 ventilator days. The 
number of ventilator days was 2447, therefore the total 
saving cost in one year was $154,930.

Discussion. The ventilator bundle was designed as 
part of an overall strategy to improve the care of ventilated 
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patients.11 The original intent was to reduce VAP rates, 
as well as to provide best care for patients on ventilators. 
The current study showed that VAP prevention bundle 
management of patients on mechanical ventilators 
in ICU decreased the risk of VAP, and improved the 
outcome of patients. Although the staff was trained on 
bundle compliance prior to the study, however still at 
the start of the project, VAP incidence rate was 2.4 per 
1,000 ventilator days. The progressive implementation 
of the various bundle elements brought a rapid decline 
in VAP rate. The substantial reduction in rates was noted 
on the second month of the study. The team celebrated 
the success when data of the second month was 
presented, showing a rapid drop of VAP incidence rate 
and tremendous improvement in bundle compliance. 
After a 6 months period, the compliance rate reached to 
100%, and it continued to remain the same up to the 
end of the study, and this is similar to the results found 
in another study12 showing a sustainable improvement 
using the quality audit tool. The VAP incidence rate of 
the current study was found at a lesser level than Gikas 
et al4 and Hawe et al,19 while remained higher than the 
results reported by Walkey et al20. 

This study proved that the application of VAP 
prevention bundles is an evidence-based clinical practice 
as our compliance rate directly affects the VAP incidence 
rate throughout the study period similar to various 
other studies21,22 except in the month of November 
2010. In the same month, we also noticed that there 
was high VAP incidence rate by comparing NHSN 
bench marking. We investigated it as an outbreak of 
VAP in this particular period. We defined a problem 
as high VAP incidence rate in one particular month in 
spite of 100% VAP bundle compliance rate. We applied 
quality tools, that is, root cause analysis. On reviewing 
HAI surveillance data and microbiology culture, it was 
found that P. aeruginosa with the same antibiogram 
was the predominant organism. The following known 
risk factors commonly associated with high VAP rate 
were analyzed by reviewing the Infection Control Daily 
Audit sheet: distance between the ICU patients was 
>1.2 meters; patient nurse ratio was 1:1, hand hygiene 
and other infection control material like personnel 
protective equipment (PPE) were readily available; hand 
hygiene compliance rate of healthcare professional was 
consistent with previous months; all patients were on 
appropriate antibiotics according to the antimicrobial 
susceptibility testing reports; isolation precautions 
were followed when indicated; the quality control of 
sterilization of the ventilators were found in satisfactory 
condition by the available instrument tracking system; 
no host factors like underlying medical conditions, 

Figure 1 - Correlation of incidence rate ventilator associated pneumonia 
(VAP) and overall VAP bundle compliance rate.

Figure 2 - Individual compliance rate of the 4 key components of 
ventilator associated pneumonia bundle. 

Figure 3 - Correlation of incidence rate of ventilator associated 
pneumonia (VAP) with and National Healthcare Safety 
Network (NHSN)30 (p=0.001) 
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immunosuppression, chronic obstructive diseases were 
observed among the study patients; and no problem 
on device factors  like endotracheal tube, orogastric, or 
nasogastric tubes were found, except ventilator circuit.
The only supportive findings noticed was that the 
ventilator care in this particular time was carried out by 
open system due to the shortage of closed system. This 
was the understandable reason of this variation. From 
surveillance point of view, identifying the VAP rates for 
one month in one unit/facility does not allow for enough 
data to make the comparison to NHSN aggregate data 
(the benchmark) statistically significant (p=0.001, 95% 
confidence interval: 0.52-9.58). We confirmed that our 
bundle application team was well educated regarding 
the bundle. Ongoing surveillance and re-education 
and reinforcement were also part of a strong infection 
prevention program.23 Prior to initiation of the bundle, 
VAP was seen at a rate of 3.39 cases/1000 ventilator 
days in 2009 (endemic rate), while after application 
of bundles it was 1.98 cases/1000 ventilator days. This 
resulted in the reduction of VAP rates by 1.41 cases per 
1000 ventilator-days. The outcome of the current study 
in patient care improvement was supported by various 
other studies.21,24,25 The estimated reduction cost by the 
application of bundles was found similar to another 
local study26 and international studies25,27.

The following recommendations were endorsed 
for adult ICU: continue VAP prevention bundle as it 
proved an effective measure; monitor the VAP incidence 
rates with endemic rate or NHSN benchmarking; and 
used closed ventilator circuit. The 3 most frequent 
microorganisms of the current study, that is, P.  
aeruginosa, A. baumannii, and K. pneumoniae were also 
the common pathogens responsible for VAP which is 
similar to other studies28,29. The resistance among the 
microorganism isolated could be the contributory 
factors of morbidity and mortality of patients on 
mechanical ventilators. 

In conclusion, the VAP bundle implementation 
in ICU dramatically reduced the VAP incidence rate 
and was found cost-effective. There was a significant 
correlation VAP incidence rate with its bundle 
compliance. Although there was inconsistency of VAP 
bundle compliance rate at the beginning but due to 
better outcome, its application was recommended to be 
continued as a routine practice in ICU, and integrate 
VAP prevention with other quality improvement 
programs of ICU. Sustained high compliance rate of VAP 
bundle may give more promising results in the future. 
The current study will be further extended to explore 
the reasons of non-compliance of VAP bundles.  
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