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of ventilator-associated pneumonia
and ventilator utilization among
critical patients over 4 years
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Abstract:

BACKGROUND: Several studies showed that the implementation of the Institute for Healthcare Improvement
(IHI) ventilator bundle alone or with other preventive measures are associated with reducing Ventilator-Associated
Pneumonia (VAP) rates. However, the association with ventilator utilization was rarely examined and the findings
were conflicting. The objectives were to validate the bundle association with VAP rate in a traditionally high VAP
environment and to examine its association with ventilator utilization.

MATERIALS AND METHODS: The study was conducted at the adult medical-surgical intensive care unit (ICU)
at King Abdulaziz Medical City, Saudi Arabia, between 2010 and 2013. VAP data were collected by a prospective
targeted surveillance as per Centers for Disease Control and Prevention (CDC)/National Healthcare Safety Network
(NHSN) methodology while bundle data were collected by a cross-sectional design as per IHI methodology.

RESULTS: Ventilator bundle compliance significantly increased from 90% in 2010 to 97% in 2013 (P for
trend < 0.001). On the other hand, VAP rate decreased from 3.6 (per 1000 ventilator days) in 2010 to 1.0 in 2013
(Pfor trend = 0.054) and ventilator utilization ratio decreased from 0.73in 2010 to 0.59 in 2013 (Pfor trend < 0.001).
There were negative significant correlations between the trends of ventilator bundle compliance and VAP rate
(cross-correlation coefficients —0.63 to 0.07) and ventilator utilization (cross-correlation coefficients —0.18 to —0.63).

CONCLUSION: More than 70% improvement of VAP rates and approximately 20% improvement of ventilator
utilization were observed during IHI ventilator bundle implementation among adult critical patients in a tertiary
care center in Saudi Arabia. Replicating the current finding in multicenter randomized trials is required before
establishing any causal link.
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measures can reduce the rate of VAP, only few
of them are able to reduce patient mortality,
ventilation duration, or length of stay."

entilator-Associated Pneumonia (VAP) is a
Vsigniﬁcant source of morbidity and mortality
among critically ill patients.l"! Additionally,
it is associated with a considerable increase

in resource utilization and health care costs.? The Institute for Healthcare Improvement (IHI)

Therefore, VAP prevention at intensive care unit
(ICU) isrecognized as an important patient-safety
initiative and health care quality indicator.?!
A number of organizations published several
strategies to reduce the incidence of health-
care-associated pneumonia. These include the
American Thoracic Society and Infectious Disease
Society of America (ATS/IDSA),¥ the Centers
for Disease Control and Prevention (CDC),"!
and the European Task Force.'! However, the
implementation of these multiple guidelines
is difficult and often inconsistent due to lack
of strategy.”®l Moreover, several randomized
controlled studies and recent meta-analyses
showed that although several preventive
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introduced the concept of preventive bundles,
including ventilator bundle, to facilitate the
implementation of evidence-based preventive
strategies for health-care-associated infections.!"!
The original IHI ventilator bundle consisted of four
elements that need to be implemented collectively
and reliably; elevation of the head of the bed to
30-45 degrees, daily sedation hold, deep vein
thrombosis (DVT) prophylaxis, and gastric ulcer
prophylaxis.'”? Oral care was further added in
2010 as the fifth component of the ventilator
bundle."! Several studies have shown that
implementation of the components of IHI bundle
alone or with other preventive measures are
associated with reducing VAP rates.>" However,
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a relatively fewer number of studies focused on examining
the association between the ventilator bundle compliance and
ventilator utilization with conflicting results.!*1¢!

The objectives of the current study were to validate the
association between the ventilator bundle compliance and
VAP rate in a traditionally high VAP environment!” and to
examine the association between ventilator bundle compliance
and ventilator utilization among adult patients at a medical-
surgical ICU.

Materials and Methods

Setting and population

The current study was conducted at adult ICU of King
Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia.
KAMC is an approximately 900-bed tertiary care facility
that provides health care services to about 600,000 Saudi
National Guard soldiers, employees, and their families. The
care provided ranges from primary and preventive care
to tertiary care. The adult ICU at KAMC is a 21-bed closed
medical-surgical-trauma unit covered by onsite board-certified
intensivists 24 hours per day, 7 days a week and admits
approximately 900 patients per year. The nurse to patient ratio
is 1:1. The study population was adult patients (>18 years)
who were admitted to the adult ICU irrespective of admission
diagnosis (excluding burns) and required ventilation during
the study period.

Study design

Two methodological designs were adopted between June 2010
and December 2013; VAP data were collected by a prospective
surveillance as per the National Healthcare Safety Network
(NHSN) definitions and methodology.'® Bundle data were
collected by a cross-sectional design as per IHI methodology.
All ventilated patients were followed for VAP development,
whereas samples of ventilated patients were checked for
bundle compliance. VAP surveillance and examination (not
implementation) of bundle compliance were intermittent as
per targeted risk-directed infection control surveillance plan.
All required ethical approvals as per the KAMC regulations
were obtained.

VAP definitions

VAP was diagnosed using the Centers for Disease Control
and Prevention (CDC)/National Healthcare Safety Network
(NHSN) 2009 definition."® Accordingly, VAP was defined as
a pneumonia identified using a combination of radiologic,
clinical, and laboratory criteria in a patient who was intubated
and ventilated at the time of or within 48 hours before the onset
of the infection. According to the type of clinical and laboratory
findings, patients were further divided into:

1. Clinical pneumonia,

2. Pneumonia with specific laboratory findings, or

3. Pneumonia in immune-compromised patients.

Ventilator bundle

The following four IHI bundle components were checked

throughout the study duration:

1. Elevation of the head of the bed to between 30-45 degrees,

2. Daily sedation interruption and daily assessment of
readiness to extubate,
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3. Peptic ulcer disease prophylaxis, and
4. Deep venous thrombosis prophylaxis.”

Starting late 2011, daily oral care (using 0.12% oral chlorhexidine
as mouth rinse 3-4 times per day) was added as the fifth
component of ventilator bundle.™"

Metric definitions

The VAP rate was expressed as cases of VAP per 1000 ventilator
days. Ventilator days were defined as the sum of daily counts of
patients with ventilator. Patient days were defined as the sum
of daily counts of all patients admitted to the adult medical-
surgical Intensive Care Unit (ICU). Ventilator utilization
was expressed as ratio of ventilator days to patient days.
Ventilator bundle compliance was expressed as percentage
and was defined as the daily number of ventilated patients
with all components of ventilator bundle compliant (unless
contraindicated) in relation to the total number of ventilated
patients reviewed.

Statistical analysis

Demographic and clinical data were presented using frequencies
and percentages for categorical data and mean and standard
deviation (SD) for continuous data. The difference between two
VAP rates was tested using Z-test. The differences between
two bundle compliance percentages or ventilator utilization
ratios were tested using chi-square test. The significance of
decreasing or increasing trends of VAP rate, ventilator bundle
compliance, and ventilator utilization were examined using
Mantel-Haenszel chi-square test of trend. Association between
trends of ventilator bundle compliance with VAP rate and
ventilator utilization were examined using cross-correlation
function. All P-values were two-tailed. P-value < 0.05 was
considered as significant. Statistical Package for the Social
Sciences (SPSS) software (release 20.0, SPSS Inc., Chicago, U S)
and Programs for Epidemiologist for Windows (WINPEPI)
software (version 11.1)"! were used for statistical analyses.

Results

Table 1 showed the demographic and clinical characteristics
of the studied population. Mean age of ventilated patients was
56.68 + 20.4 years while the mean age of patients who developed
VAP was 48.6 + 16.6 years. Approximately 52% of ventilated
patients and 29% of patients who developed VAP were >
60 years old. Males represented 60% of ventilated patients and
61% of patients who developed VAP. Approximately 83.3%
of ventilated patients who developed VAP were diagnosed
based on clinical criteria while fewer cases were diagnosed
based on specific laboratory findings (12.5%) and pneumonia
in immuno-compromised patients (4.2%).

During the study period, 24 VAP events were diagnosed during
a total of 9,099 ventilator days and 14,521 patient days [Table 2].
During the same period, a total 2,521 out of 2,722 patient days
examined for ventilator bundle were compliant. Quarterly
frequency of VAP diagnosis ranged between 0-6 in the last year
to the first year of the study.. Quarterly frequency of ventilator
days ranged from 400 to 1,382 ventilator days. Quarterly patient
days ranged from 589 to 1,845 patient days. Quarterly examined
days for ventilator bundle compliance ranged from 124 to 396
days with about 107-379 days of compliance.
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Table 1: Demographic and clinical characteristics of
ventilated patients admitted to adult medical-surgical
ICU of KAMC (Riyadh) between 2010 and 2013

Bundle VAP
patients (%) patients (%)

Characteristics

Age (years)

Mean+SD 56.6.8+20.4 48.6+16.6
Groups

18-39 years 253 (24.9) 10 (41.7)

40-59 years 234 (23.0) 7 (29.2)

60+ years 529 (52.1) 7 (29.2)
Gender

Male 604 (60.2) 14 (60.9)

Female 399 (39.8) 9 (39.1)
Diagnosis criteria

Criteria 1: Clinically defined pneumonia 20 (83.3)

Criteria 2: Enepmonia with specific 3(12.5)

laboratory findings

Criteria 3: Pneumonia in 142

immune-compromised patients

VAP = Ventilator-associated pneumonia, ICU = Intensive care unit,
KAMC = King Abdulaziz Medical City

Table 2: Patient days, ventilator days, VAP events,
bundle compliance among patients admitted to adult
medical-surgical ICU of KAMC (Riyadh) between 2010
and 2013

Period Patient Ventilator VAP Examined Compliant
days days events for bundle with bundle

By quarter:
Q2-2010 589 400 3 124 107
Q3-2010 1773 1304 2 396 368
Q4-2010 1845 1382 6 375 327
Q2-2011 1766 1293 3 366 324
Q4-2011 1821 1284 2 390 379
Q1-2012 1769 1303 5 357 328
Q4-2012 1437 871 1 246 232
Q2-2013 1703 984 2 208 198
Q4-2013 1818 1088 0 260 258

By year:
2010 4207 3086 11 895 802
2011 3587 2577 5 756 703
2012 3206 2174 6 603 560
2013 3521 2072 2 468 456
Total 14521 9909 24 2722 2521

VAP = Ventilator-associated pneumonia, ICU = Intensive care unit,
KAMC = King Abdulaziz Medical City, Q1 = Quarter 1, Q2 = Quarter 2,
Q3 = Quarter 3, Q4 = Quarter 4

Figure 1 showed the trends of ventilator bundle compliance
with VAP rate and ventilator utilization. There was a
significant increasing trend of ventilator bundle compliance
throughout the study period (Mantel-Haenszel chi-square
test of trend was 29.75, P < 0.001). Simultaneous with this
increasing bundle compliance trend, there were a marginally
significant decreasing trend of VAP rate (Mantel-Haenszel
chi-square test of trend was 3.71, P = 0.054) and a significant
decreasing trend of ventilator utilization (Mantel-Haenszel
chi-square test of trend was 190.81, P < 0.001). Comparing
yearly metrics [Figure 2], ventilator bundle compliance
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Figure 1: Trends of ventilator bundle compliance with VAP rate (above) and
ventilator utilization (below) among admitted patients at medical-surgical ICU of
KAMC (Riyadh) between 2010 and 2013
VAP = Ventilator-associated pneumonia, ICU = Intensive care unit, KAMC = King
Abdulaziz Medical City

significantly increased from 90% in 2010 to 97% in 2013
(P-value of chi-square <0.001). On the other hand, VAP rate
decreased from 3.6 (per 1000 ventilator days) in 2010 to 1.0
in 2013 (P-value of Z-test = 0.068) and ventilator utilization
ratio decreased from 0.73 in 2010 to 0.59 in 2013 (P-value of
chi-square test <0.001).

Figure 3 showed the correlations of trends of ventilator bundle
compliance with VAP rate and ventilator utilization. There
was a significant negative correlation between ventilator
bundle compliance and the VAP rate as indicated by negative
cross-correlation coefficients. Cross-correlation coefficients
ranged between —0.63 (standard error, 0.20) to 0.07 (standard
error, 0.21). Both zero and negative lags (in months) were
significant (crossing the lower confidence limit), indicating that
the decrease in VAP rate occured at the same time or 1 month
after the ventilator bundle compliance increase. Additionally,
there was a significant negative correlation between ventilator
bundle compliance and ventilator utilization. Cross-correlation
coefficients ranged between —0.18 to —0.63 (standard error,
0.21 for each). Both zero and positive lags (in months) were
significant, indicating that the decrease in ventilator utilization
happened at the same time or within 2 months before the
increase in ventilator bundle compliance.
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Figure 2: Comparisons of ventilator bundle compliance, VAP rate, and ventilator
utilization between 2010 and 2013
VAP = Ventilator-associated pneumonia

Discussion

We are reporting approximately 73% improvement in VAP
rates and approximately 20% improvement in ventilator
utilization during a 4-year continuous IHI ventilator bundle
implementation among adult patients at a medical-surgical
ICU. The current VAP rate decline was similar to findings from
several reports, which examined data from different hospitals
inboth developed and developing countries.>1#"l For example,
in a recent review of eight studies (between 2004 and 2009)
using IHI ventilator bundle alone or as a part of a multifaceted
VAP prevention strategy at ICU settings, VAP rate declined
by 38% to 85% after bundle implementation.?! Additionally,
implementation of multiple preventive measures including
the components of IHI bundle in 44 ICUs in 13 developing
countries was associated with 56% reduction in VAP rate.”
The ventilator bundle is believed to improve the outcome
of ICU patients with VAP by setting priority, standardizing
patient care, promoting adherence, and enhancing reliability
and accountability.”*?! On the other hand, some reports failed
to show decline in VAP rate after implementation of IHI
ventilator bundle.*!

In the current study, we were able to achieve zero VAP rate
towards the end of the study; however, the sustainability
of this zero rate needs further surveillance. A number of
hospitals have reported a zero VAP rate after aggressive
bundle implementation.'**?! Achieving and sustaining zero
rates or rates very close to zero seem possible but probably
need continuous monitoring and persistent adherence to
preventive bundle with more than 95% compliance rates.®!
On the other hand, there is a growing skepticism about the
possibility of achieving and sustaining zero rates. A number
of multifaceted intervention programs failed to achieve zero
VAP rate despite aggressive use of preventive bundles.*?
This could be at least partially explained by non-modifiable
host factors.*! Moreover, regulations that mandate public
reporting of VAP rates may have encouraged conservative
interpretation of subjective signs of VAP definition which may
result in artifactual lower rates.”!

Although a significant correlation was found, the current
decline of VAP rates and ventilator utilization with bundle
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Figure 3: Cross-correlation coefficient of ventilator bundle compliance with VAP
rate (above) and ventilator utilization (below) among admitted patients at medical-
surgical ICU of KAMC (Riyadh) between 2010 and 2013
VAP = Ventilator-associated pneumonia, KAMC = King Abdulaziz Medical City

implementation cannot prove any causal link for many
reasons; the finding was derived from ecological analysis of
prospectively collected data, the design does not account for
many ongoing preventive and infection control measures
such as hand hygiene, aspiration of subglottic secretions, VAP
surveillance feedback, Acinetobacter surveillance,'” and finally
only a sample of the ventilated patients checked for bundle
compliance. Nevertheless, we believe that the magnitude of
the observed VAP and ventilator utilization decline suggest
a strong association that can be elicited only in a randomized
design. In absence of opposing evidence, the current finding is
a guarantee to continue ventilator bundle as a pivotal patient-
safety initiative.

Although ventilator utilization is a reflection of ventilation
duration, a major focus of preventive bundles, which is more
objective to measure than VAP, ventilator utilization was
rarely examined as a primary outcome for ventilator bundle.
We found a significant correlation between the increase in
ventilator bundle compliance and the decline of ventilator
utilization. Similarly, a number of studies showed that IHI
bundle was associated with a significant decline in ventilator
utilization.>¥ However, several studies that showed a
decline in VAP rates with different VAP preventive strategies
failed to detect such a reduction in ventilation duration.
151621 Interestingly, the decline in ventilator utilization in this
study happened at or before the increase in ventilator bundle
compliance. This may be indicative that at least part of the
decline in ventilator utilization may not be explained by the
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ventilator bundle compliance and, in such a case, both should
be regarded as independent good-care outcome.

Similar to other institutions, starting implementation and
surveillance of preventive bundle in KAMC (Riyadh) was
not without challenges.®?! Physician’s skeptism about
the available evidence, the nurse worry about extra work
associated with bundle documentation and extra risk associated
with sedation vacation, ICU staff worry from being watched
and audited, and the need for teamwork organization. The
dynamic cooperation between infection control and ICU staff,
appointment of a resident to oversee bundle implementation,
daily multidisciplinary rounds, periodic educational and
training sessions, administration encouragement, and no blame
policy were some of the measures taken to facilitate bundle
implementation.

Our study has multiple strengths; the large number of
ventilator days examined, the long duration of the study,
and the ascertainment of VAP events by infectious disease
consultant. However, we acknowledge some limitations; the
single-center experience may limit generalizability; the design
does not allow causal link, the ecologic analysis of aggregate
data does not allow patient-based outcome inference which
may result in ecological bias, and finally, as mentioned before,
inability to account for other ongoing routine preventive and
infection control measures during the study.

In conclusion, more than 70% improvement of VAP rates and
approximately 20% improvement of ventilator utilization
were observed during IHI ventilator bundle implementation
among adult critical patients in a tertiary care center in Saudi
Arabia. In consideration of data limitation in the current and
previous studies, replicating the current finding in multicenter
randomized trials is required before establishing any causal
link between bundle implementation and hard outcomes in
ventilated patients.
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