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Abstract

Purpose Ventilator care bundles are effective in the prevention of ventilator-associated pneumonia (VAP). How-
ever, the compliance of these bundles in intensive care units (ICUs) remains poorly studied. This study investigates
the Medical Information Mart for Intensive Care (MIMIC)-IV cohort’s compliance with the Institute for Healthcare
Improvement (IHI) bundle and its resulting association with VAP incidence.

Methods This is a retrospective cohort study of the MIMIC-IV database. Patients with > 48 h of invasive mechani-

cal ventilation (IMV) were included. Diagnosis of VAP was identified with the International Classification of Diseases
(ICD)-9 and ICD-10 codes. Compliance rates to the IHI bundle were extracted. The association of the IHI bundle and its
individual interventions with VAP incidence was analyzed with univariate and multivariate analysis.

Results 8270 patients were included, of which 1328 (16.1%) had VAP. 25 patients (0.3%) had full compliance to the IHI
bundle. 137 patients (1.7%) received no interventions from the bundle. Gastroprophylaxis had the lowest (2.1%)

while head elevation had the highest (89.3%) compliance rates. In patients receiving the IHI bundle, each additional
intervention was associated with lower VAP incidence (OR [odds ratio] =0.906, 95% Cl [confidence interval] 0.847-
0.969). Appropriate sedation levels (OR=0.765, 95% Cl 0.661-0.885) and the use of heat and moisture exchanger
(HME) filters (OR=0.862, 95% Cl 0.745-0.998) were individually associated with reduced VAP incidence, while active
humidification was individually associated with increased VAP incidence (OR=1.139, 95% CI 1.001-1.296).

Conclusion The use of the IHI bundle was associated with a lower incidence of VAP, but compliance with the bundle
was poor. Appropriate sedation and HME filters were individually associated with reduced VAP incidence. Better com-
pliance with the IHI bundle may reduce VAP rates in mechanically ventilated patients.
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bundles
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Compliance to ventilator care bundles and its association with ventilator-associated pneumonia

Institute for Healthcare Improvement (IHI) ventilator care bundle reduced the incidence
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of ventilator-associated pneumonia (VAP), but compliance rates were low.
Among individual interventions, appropriate sedation and the use of heat and moisture

exchangers were associated with reduced VAP incidence.
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1 Introduction
Ventilator-associated pneumonia (VAP), defined as
infection of the lung parenchyma in patients after at
least 48 h of exposure to invasive mechanical ventilation
(IMV), is a common and serious nosocomial infection
in intensive care units (ICUs). VAP has been shown to
affect up to 40% of patients on mechanical ventilators
[1], making it one of the most prevalent ICU-acquired
infections. Many previous studies have linked VAP to
poorer outcomes like longer IMV durations and ICU
stays, higher antibiotic use [2] as well as increased aver-
age hospitalization cost of patients [3]. The mortality
rate of ICU patients with VAP is also higher, with studies
showing increased 90 and 180-day mortality when com-
pared to patients without VAP [4].

Many interventions and strategies have been pro-
posed for VAP prevention. In particular, the Institute for

Healthcare Improvement (IHI) introduced the concept of
a ventilator care (VC) bundle comprising five interven-
tions: head of the bed elevation to 30-45 degrees, daily
sedation interruption and daily assessment of readiness
to extubate, peptic ulcer prophylaxis, deep vein thrombo-
sis (DVT) prophylaxis, and daily oral care with chlorhex-
idine. While the care bundle approach has been shown to
be effective in reducing VAP incidence [5], there have been
conflicting results on the impact of each individual inter-
vention in reducing VAP incidence [6—12]. Therefore, all
interventions in the bundle need to be implemented col-
lectively and reliably, making on-the-ground compliance
to the interventions of vital importance. Previous studies
looking at bundle compliance rates have shown a wide
range of compliance rates ranging from as low as 16.2% to
90%. These studies were often also small in scale and com-
bined with educational interventions [13, 14].
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All patients admitted to ICU units
in MIMIC-IV (v2.0)

(76,943)

Final Cohort
(8,270)

VAP Group
(1,328)

Fig. 1 Study flow diagram

The Medical Information Mart for Intensive Care
(MIMIC) database is the largest open-source and free
clinical database in the critical care and emergency
department based on Beth Israel Deaconess Medical
Center’s (BIDMC) intensive care inpatient system. Using
the MIMIC dataset provides a unique opportunity to per-
form a large retrospective cohort study on patients with
VAP. There are no previous studies analyzing the compli-
ance to the IHI bundle and its association with VAP using
this dataset.

The primary objective of this study is to investigate the
compliance with the IHI ventilator care bundle within
this large, single-center patient cohort. In our secondary
analysis, we aim to investigate the association of the IHI
bundle as well as its individual components on the inci-
dence of VAP. As part of an exploratory analysis, we also
examined the effects of several ventilator-related inter-
ventions/factors that are not part of the IHI bundle.

2 Materials and Methods

2.1 Study design and setting

This was a retrospective cohort study based on a large
US-based database called the MIMIC-IV. MIMIC-1V is
the largest open source and free clinical database in criti-
cal care containing comprehensive and high-quality data
of patients admitted to ICUs at the BIDMC. We used
MIMIC-1V (version 2.0) for the data analysis, which con-
tained data from 2008 to 2019 [15]. We completed the
courses required to use the database and obtained the
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Exclusion

«+ Patients from coronary care unit, Neuro Intermediate Ward,
Neuro Step Down Ward (11,942 excluded)
+ Patients ventilated <48 hours (55,629 excluded)

Excluded non-first ICU admissions
(1,102 excluded)

Non-VAP Group
(6,942)

corresponding certificate on 30th November 2022, allow-
ing us to access the database for data extraction. The
requirement for individual patient consent was waived
as all protected health information was anonymized.
We used the STROBE cohort checklist when writing our
report [16].

2.2 Selection of participants

Patients in the MIMIC-IV database who were 18 years
or older at the time of admission to the ICU and had
a longer than 48 h stay in the ICU were eligible for the
study. International Classification of Diseases (ICD)-9
codes (4957 and 99,731) and ICD-10 codes (J95851) were
used to identify patients with VAP. We excluded patients
who received less than 48 h of mechanical ventilation
from the time of initiation to the time of discharge from
the ICU, as this duration was deemed insufficient for a
thorough analysis of the effects of ventilation on patient
outcomes. Only the first admission to ICU was analyzed
if a patient had multiple admissions to the ICU. No sam-
ple size calculation was done as this was a retrospective
study with a large cohort size. The patient enrollment
flow diagram is illustrated in Fig. 1.

2.3 Variables and data extraction

We extracted data from the MIMIC-IV study database
using PostgreSQL (version 13.0, PostgreSQL Global
Development Group). Structured Query Language was
used to extract the data of the patients, which included
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demographic characteristics, laboratory measurements,
complications, medications, and interventions.

Baseline characteristics of the patients were extracted
including demographics, ICU admission details, medi-
cal comorbidities, Charlson’s comorbidity index (CCI),
Sequential Organ Failure Assessment (SOFA) Score, and
Glasgow Coma Scale (GCS) score. Patients who were
admitted to the Cardiovascular Intensive Care Unit, Neu-
rosurgical Intensive Care Unit, Surgical Intensive Care
Unit (SICU), and Trauma SICU were all classified under
"SICU". Interventions within the first 48 h from the
start of ventilation were extracted. These include nurs-
ing interventions, medications, and ventilation details.
Where there were multiple readings in the first 48 h, the
most common value was taken for interventions and the
first value was taken from blood tests such as hemoglobin
and total white cell count.

The primary exposure was the patients’ exposure to the
IHI bundle interventions. These included the five inter-
ventions from the IHI bundle: head elevation [9, 17],
appropriate sedation [18, 19], chlorhexidine oral care [7],
DVT prophylaxis [20], and gastroprophylaxis [21]. Head
elevation refers to maintaining the head of the bed at an
angle of 30 to 45 degrees. Appropriate sedation is defined
as maintaining patients at a Richmond Agitation Seda-
tion Scale (RASS) score of 0 to —1. Chlorhexidine oral
care was identified as a significant intervention based on
the administration of this particular medication. DVT
prophylaxis involves administering medications such
as heparin, clexane, or enoxaparin within 48 h of ICU
admission. Gastroprophylaxis refers to the administra-
tion of proton pump inhibitors or H2 antagonists within
48 h of ICU admission. Patients were then grouped to
analyze compliance rates to the IHI bundle. This was rep-
resented using a 0-5 scale, where 0 meant that none of
the interventions were carried out while 5 indicated that
all five interventions from the IHI bundle were carried
out.

In addition, other ventilator-related interventions
were identified and extracted based on previous lit-
erature reviews as part of an exploratory analysis.
These included data on endotracheal tube (ETT) cuff
pressure [22], ventilation mode, the use of a heat and
moisture exchanger (HME), active humidification, fre-
quency of oral care, and frequency of subglottic suc-
tioning. Adequate ETT cuff pressure was defined as
maintaining a cuff pressure between 20-30 cmH,O.

2.4 Statistical Analysis

Descriptive statistics were calculated for the entire dataset
and were further stratified based on the presence or absence
of VAP diagnosis amongst the patients. Continuous varia-
bles were expressed as median and interquartile range (IQR,
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25-75th percentile) and their p-values evaluated using the
Kruskal-Wallis test. Categorical variables were expressed
as numbers and proportions and evaluated using the Chi-
square test.

Features with>15% missing values were discarded.
These included frequency of incentive spirometry, mini-
mum and maximum ETT size, and feeding status. The
rest were imputed using the median for continuous vari-
ables and mode for categorical ones.

To investigate the association between the ventilator
care bundles and VAP, both univariate and multivariate
logistic regression models were performed. The effect
size was reported as an odds ratio (OR) and its 95% con-
fidence interval (CI). Potential confounders for VAP were
identified based on pre-existing literature and included
age, gender, race, CCI, SOFA score, GCS score, admis-
sion unit, history of smoking, and pre-existing lung dis-
ease [23]. These confounders were then adjusted for in
the multivariate logistic regression models. Bonferroni
correction was used to adjust for p-value in multivariate
logistic regression models.

Analysis was conducted in Python 3.9.7 (Anaconda 3
distribution). Exploratory data visualization was done
using the Seaborn package (0.11.2) and statistical analy-
sis was done using Statsmodels (0.13.5). All the codes for
the analysis are publically available at https://github.com/
youliangggg/VAP.git.

3 Results

3.1 Baseline characteristics

A total of 76,943 patients were screened in the database
and 8270 patients were included in our study. There
were 1328 (16.1%) patients who were diagnosed with
VAP (Fig. 1). Amongst all patients, the median age was
64.0 years, 4728 (57.2%) were male, 5010 (60.6%) were
white and 7592 (91.8%) were emergency admissions.
There were 1113 (13.5%), 1701 (20.6%), and 5456 (65.9%)
patients who had a CCI score of mild, moderate, and high
respectively, as well as 7908 (95.5%), 287 (3.5%) and 75
(0.9%) patients who had a SOFA score of 0-6, 7-9 and > 9
respectively. The baseline characteristics of the VAP and
non-VAP groups are summarized in Table 1.

3.2 Comparison of Characteristics between VAP group
and Non-VAP Group

Patients in the VAP group had a lower median age (63
vs 65, p=0.011), a higher percentage of male patients
(62.4% vs 56.2%, p<0.001) but a lower percentage of
white ethnicity (56.7% vs 61.3%, p=0.002). The VAP
group also had a lower percentage of patients admitted
to the combined Medical Intensive Care Unit (MICU)/
SICU (13.9% vs 17.4%, p=0.002) and MICU units (25.5%
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Table 1 Baseline characteristics of study population (N=8270)

Demographics and outcomes Overall (N =8270) Non-VAP (N =6942) VAP (N =1328) p-values
Age 64.0 [53.0,75.0] 65.0[53.0,75.0] 63.0[52.0,73.0] 0.011
Gender <0.001
Male 4728 (57.2%) 3899(56.2%) 829 (62.4%)
Female 3542 (42.8%) 3043 (43.8%) 499 (37.6%)
Race 0.002
White 5010 (60.6%) 4257 (61.3%) 753 (56.7%)
Others 3260 (39.4%) 2685 (38.7%) 575 (43.3%)
Admission type 0421
Elective 678 (8.2%) 577 (8.3%) 101 (7.6%)
Emergency 7592 (91.8%) 6365 (91.7%) 1227 (92.4%)
Admission Unit 0.002
Combined 1389(16.8%) 1205 (17.4%) 184 (13.9%)
MICU/SICU 2173(26.3%) 1834 (26.4%) 339 (25.5%)
MICU/SICU 4708(56.9%) 3903 (56.2%) 805 (60.6%)
History of alcohol use 0.238
No 8216 (99.3%) 6893 (99.3%) 1323 (99.6%)
Yes 54 (0.7%) 49 (0.7%) 5 (0.4%)
History of smoking 0476
No 5936 (71.8%) 4994 (71.9%) 942 (70.9%)
Yes 2334 (28.2%) 1948 (28.1%) 386 (29.1%)
Pre-existing lung disease 0.374
No 8037 (97.2%) 6741 (97.1%) 1296 (97.6%)
Yes 233 (2.8%) 201 (2.9%) 32 (2.4%)
History of cancer 0.153
No 6611 (79.9%) 5569 (80.2%) 1042 (78.5%)
Yes 1659 (20.1%) 1373 (19.8%) 286 (21.5%)
Gag reflex® <0.001
Impaired 5614 (67.9%) 4651 (67.0%) 963 (72.5%)
Intact 2656 (32.1%) 2291 (33.0%) 365 (27.5%)
Cough reflex® >0.999
Impaired 4693 (56.7%) 3939 (56.7%) 754 (56.8%)
Strong 3577 (43.3%) 3003 (43.3%) 574 (43.2%)
Cough type® 0.156
Non-productive 3568 (43.1%) 3019 (43.5%) 549 (41.3%)
Productive 4702 (56.9%) 3923 (56.5%) 779 (58.7%)
ICU length of stay (hours) 209 [132, 341] 190.0 [123.2, 305] 360 [229.2,548.2] <0.001
Total duration of mechanical ventilation 138820, 260.2] 121.9[76.0,221.0] 284.0 [175,459.5] <0.001
(hours)
Average Inspired FiO, 48.81[42.5,56.2] 488 1[42.7,56.2] 4891[42.0,559] 0.198
Average Tidal Volume(ml) 467.7 [413.2,524.6] 466.9[412.1,523.8] 470.7 [420.2,5294] 0.038
Mortality <0.001
T-month 1186 (14.3%) 969 (14.0%) 217 (16.3%)
3-months 159 (1.9%) 118 (1.7%) 41 (3.1%)
Charlson Comorbidity Index Score® 0.069
Mild (1-2) 1113 (13.5%) 931 (13.4%) 182 (13.7%)
Moderate (3-4) 1701 (20.6%) 1373 (19.8%) 328 (24.7%)
Severe (>5) 5456 (65.9%) 4638 (66.8%) 818 (61.6%)
SOFA score? 0.181
0-6 7908 (95.5%) 6626 (95.4%) 1282 (96.5%)

7-9 287 (3.5%) 252 (3.6%) 35 (2.6%)
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Table 1 (continued)
Demographics and outcomes Overall (N =8270) Non-VAP (N =6942) VAP (N =1328) p-values
>9 75 (0.9%) 64 (0.9%) 11 (0.8%)
GCs? 0.682
3-7 299 (3.6%) 255 (3.7%) 44 (3.3%)
8-13 559 (6.8%) 464 (6.7%) 95 (7.2%)
14-15 7412 (89.6%) 6223 (89.6%) 1189 (89.5%)
Hemoglobin (g/dL)®
0h 10.3[8.9,12.0] 10.3[8.8,11.9] 106 [9.1,12.4] <0.001
24 h 9.81[86,11.1] 9.81[8.6,11.1] 991[8.7,11.3] 0.002
48 h 9.618.5,10.9] 9.6[8.5,10.8] 9.71(86,11.1] 0.001
Total white blood cell count (g/dL)
Oh 1221[84,17.2] 12.2[83,174] 12.2[8.8,16.6] 0.825
24h 11.7 [84,16.1] 11.7 [83,16.2] 11.7 [8.8,15.8] 0.649
48 h 1141[83,158] 1141[82,158] 11.5[85,15.6] 0.496
Median (IQR) or N (%)

2 Where there are multiple readings in the 48 h, the most common value is taken for interventions and the first value is taken from blood tests such as hemoglobin

and total white

VAP Ventilator Associated Pneumonia, MICU Medical Intensive Care Unit, SICU Surgical Intensive Care Unit, FiO, Fraction of Inspired Oxygen, ICU Intensive Care Unit,
IQR Interquartile Range, SOFA Sequential Organ Failure Assessment, GCS Glasgow Coma Scale

vs 26.4%, p=0.002) but a higher percentage of patients
admitted to SICU (60.6% vs 56.2%, p=0.002). VAP
patients had higher impaired gag reflex (72.5% vs 67%,
p<0.001), increased ICU length of stay (360 vs 190 h,
»<0.001), and total duration of mechanical ventilation
(284 vs 121.9 h, p<0.001). The 1- and 3-month mortality
rates were higher in the VAP group (16.3% vs 14.0%; 3.1%
vs 1.7%, p<0.001). Both groups did not show a statisti-
cally significant difference in terms of their CCI, SOFA,
and GCS scores.

3.3 Overall compliance with the IHI Ventilator Care Bundle
Out of the 8270 patients studied, only 25 patients (0.3%)
had full compliance with the IHI ventilator care bundle,
with 137 patients (1.7%) not having received a single
intervention from the bundle. When the individual com-
ponents were examined, the lowest compliance rates lie
in the gastroprophylaxis component of the bundle, with
only 177 (2.1%) of patients having received this inter-
vention, while the highest compliance was found to be
in providing head elevation, with 7383 (89.3%) receiving
this intervention. The full results are shown in Table 2.

3.4 Association of IHI bundle and individual interventions
with VAP incidence

The adjusted analysis of the IHI bundle showed that each
additional IHI bundle intervention that patients received
was associated with lower VAP incidence (OR=0.906,
95% CI 0.847-0.969, p=0.004). When individual com-
ponents of the IHI bundle were analyzed, only appropri-
ate sedation levels were associated with reduced VAP

incidence after adjusting for confounders (OR=0.765,
95% CI 0.661-0.885, p= <0.001).

When interventions outside the IHI bundle were
analyzed, an HME filter was also associated with
reduced VAP incidence (OR=0.862, 95% CI 0.745-
0.998, p=0.047). Conversely, ETT cuff pressure lev-
els of 20-30 cmH,0 were associated with an increased
incidence of VAP (OR=1.187, 95% CI 1.016-1.388,
p=0.031). Active humidification also showed an increase
in VAP incidence (OR=1.139, 95% CI 1.001-1.296,
p=0.048). The full results can be seen in Table 3.

A further breakdown of VAP incidence in differ-
ent groups of ETT cuff pressure is also presented in
Fig. 2, with the highest incidence of VAP being in the
26—30 cmH,O subgroup while the lowest incidence of
VAP is in the <20 cmH,O subgroup. All other individual
interventions studied did not show a statistically signifi-
cant association with VAP incidence.

We further looked at the feature importance of the
five components that made up the IHI ventilator bun-
dle (Fig. 3). Feature importance was calculated by taking
each component’s coefficient from the logistic regression,
multiplied by their respective standard error. Gastropro-
phylaxis had the greatest weightage in the ventilator bun-
dle scores in affecting VAP diagnosis.

4 Discussion

4.1 Compliance to the IHI Bundle

This study highlights an overall low compliance rate of
0.3% to the full IHI ventilator care bundle. There are a few
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Table 2 Comparison of interventions between Non-VAP and VAP groups—Study population (N=8270)
IHI bundle Interventions?® Overall (N =8270) Non-VAP (N =6942) VAP (N =1328) p-values
Head elevation 0.065
No (all other values) 887 (10.7%) 725 (10.4%) 162 (12.2%)
Yes (30-45 degrees) 7383 (89.3%) 6217 (89.6%) 1166 (87.8%)
Appropriate sedation <0.001
No (all other values) 6248 (75.6%) 5188 (74.7%) 1060 (79.8%)
Yes (RASS 0to —1) 2022 (24.4%) 1754 (25.3%) 268 (20.2%)
Chlorhexidine oral care 0.507
No 2524 (30.5%) 2108 (30.4%) 416 (31.3%)
Yes 5746 (69.5%) 4834 (69.6%) 912 (68.7%)
DVT prophylaxis 0.754
No 4199 (50.8%) 3519 (50.7%) 680 (51.2%)
Yes 4071 (49.2%) 3423 (49.3%) 648 (48.8%)
Gastroprophylaxis 0.068
No 8093 (97.9%) 6783 (97.7%) 1310 (98.6%)
Yes 177 (2.1%) 159 (2.3%) 18 (1.4%)
IHI bundle 0.015
0 137 (1.7%) 108 (1.6%) 29 (2.2%)
1 1209 (14.6%) 986 (14.2%) 223 (16.8%)
2 3297 (39.9%) 2764 (39.8%) 533 (40.1%)
3 2937 (35.5%) 2487 (35.8%) 450 (33.9%)
4 665 (8.0%) 573 (8.3%) 92% (6.9%)
5 25 (0.3%) 24 (0.3%) 1(0.1%)
Other Interventions®
ETT cuff pressure 0.024
No (all other values) 1589 (19.2%) 1364 (19.6%) 225 (16.9%)
Yes (20-30 cmH,0) 6681 (80.8%) 5578 (80.4%) 1103 (83.1%)
Main ventilation mode 0.655
APRV 1496 (18.1%) 1239 (17.8%) 257 (19.4%)
[@v\% 4458 (53.9%) 3751 (54.0%) 707 (53.2%)
CPAP 1928 (23.3%) 1628 (23.5%) 300 (22.6%)
5% 362 (4.4%) 301 (4.3%) 61 (4.6%)
HME filter 0.044
No 1642 (19.9%) 1351 (19.5%) 291 (21.9%)
Yes 6628 (80.1%) 5591 (80.5%) 1037 (78.1%)
Active humidification 0.025
No 2866 (34.7%) 2442 (35.2%) 424 (31.9%)
Yes 5404 (65.3%) 4500 (64.8%) 904 (68.1%)
Frequency of oral care 13.0[11.0, 15.0] 13.0[11.0, 15.0] 13.0[11.0, 16.0] 0.069
Frequency of subglottic suction 8.0[5.0,10.0] 8.0[5.0,10.0] 8.01([5.0,11.0] 0.032

Median (IQR) or N (%)

@Where there are multiple readings in the 48 h, the most common value is taken for interventions

RASS Richmond Agitation Sedation Scale, DVT Deep Vein Thrombosis, IH/ Institute for Healthcare Improvement, ETT Endotracheal Tube, APRV Airway Pressure Release
Ventilation, CMV Continuous Mandatory Ventilation, CPAP Continuous Positive Airway Pressure, PSV Pressure Support Ventilation, HME Heat and Moisture Exchanger

possible reasons for these results. Firstly, conflicting evi-
dence and uncertainty surrounding certain components
of the IHI bundle might have led to an unwillingness to
implement some of these interventions. For example, the
use of gastroprophylaxis has been shown to potentially

increase the incidence of VAP in previous studies [10]
[11], but this has not been consistently proven. It is also
unclear if there is any association between DVT proph-
ylaxis and decreasing rates of VAP [12]. This uncer-
tainty might explain the low level of compliance to
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Table 3 Univariate and multivariate analysis of the effect of the ventilator care bundle and individual interventions on incidence of

VAP
Interventions Univariate Multivariate®
Odds Ratio 95% Cl p-value Odds Ratio 95% Cl p-value

IHI Bundle (Each additional intervention) 0.891 0.834-0.951 0.001 0.906 0.847-0.969 0.004
Head elevation 0.839 0.700-1.006 0.059 0.909 0.753—1.097 0.319
Appropriate Sedation 0.748 0.647-0.864 <0.001 0.765 0.661-0.885 <0.001
Chlorhexidine oral care 0.956 0.842-1.085 0.487 0.955 0.840-1.085 0476
DVT prophylaxis 0.980 0.871-1.102 0.732 0.987 0.876-1.113 0.836
Gastroprophylaxis 0.586 0.359-0.958 0.033 0.628 0.384-1.029 0.065
ETT Cuff Pressure 1.199 1.027-1.400 0.022 1.187 1.016-1.388 0.031
Main Ventilation mode

APRV 1.105 0.951-1.282 0.192 1.097 0.944-1.276 0.228

[@Y)\Y 0.969 0.861-1.089 0.594 0.975 0.866-1.097 0.672

CPAP 0.953 0.828-1.096 0497 0.942 0.818-1.085 0407

PSV 1.062 0.801-1.408 0.674 1.098 0.827-1.458 0516
HME filter 0.861 0.746-0.993 0.040 0.862 0.745-0.998 0.047
Active humidification 1.157 1.021-1.312 0.023 1.139 1.001-1.296 0.048
Frequency of oral care 1.009 1.000-1.019 0.054 1.008 0.998-1.017 0.117
Frequency of subglottic suctioning 1.010 0.999-1.021 0.077 1.007 0.996-1.018 0.221

2 Confounders adjusted for includes: Age, gender, race and CCl, SOFA score, GCS score, admission unit, history of smoking, pre-existing lung disease

CCl Charlson’s Comorbidity Index, C/ Confidence Interval

Ratio of patient diagnosed with VAP

gastroprophylaxis (2.1%) and DVT prophylaxis (49.2%) in

this study.

Nevertheless, this study provides compelling evidence
that the implementation of the IHI bundle does lead to
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<20
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Fig. 2 Barplot with different groups of ETT cuff pressure (cmH,0) (Most frequent cuff pressure documented in the 48 h) and the ratio of patients
diagnosed with ventilator associated pneumonia. Errors bars are presented

>30

a significant reduction in VAP incidence and should be

actively used in the management of patients on mechani-

cal ventilation. It is noteworthy that while many interven-
tions did not show statistically significant results when
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Gastroprophylaxis

Appropriate sedation
RAASOto-1 1

Head Up
>30 degrees

Chlorhexidine oral care 4

DVT Prophylaxis

-0.02 0.00 0.02

More likely to have VAP

Feature importance

0.10 0.12
Less likely to have VAP

0.04 0.06 0.08

Fig. 3 Features importance of interventions under the ventilator bundle and the diagnosis of VAP

examined in isolation, the collective implementation
of the bundle yielded substantial benefits in this study.
These results align with existing literature emphasizing
the effectiveness of "care bundles", which encompass a
concise set of interventions implemented as a stand-
ardized protocol. Such an approach has been shown to
improve patient outcomes [5, 24—26].

Secondly, it is important to acknowledge that the dis-
semination of care bundle guidelines might not always
translate to changed behaviors in actual clinical practice.
Nurses play a critical role in ensuring the successful imple-
mentation of ventilator care bundles, but may not consist-
ently and uniformly implement these measures [27].

This is especially worrying as existing literature suggests
that nursing compliance with VAP prevention guide-
lines needs to be at least 95% to effectively reduce VAP
incidence [28]. One reason for this could be inadequate
education and staff training, which is one of the major
barriers to nursing adherence to care bundles [29]. Edu-
cational interventions that can potentially improve com-
pliance with care bundles should be actively and regularly
conducted in ICU units [14]. Another potential reason for
suboptimal compliance could be the increasing complex-
ity of ventilator care bundles. Many interventions, like the
maintenance of endotracheal tube cuff pressures between
20-30 cmH,0 [30, 31] and the use of subglottic suction-
ing have both been proposed to reduce the incidence of
VAP [32] and are commonly added to existing ventilator
care bundles. The difficulty of adhering to increasingly
complex bundles, combined with the high workload of
ICU staff members, can overwhelm healthcare profes-
sionals and lead to inconsistent implementation of ven-
tilator care bundles [33]. A recent systematic review
studying ventilator care bundles in pediatric and neona-
tal ICUs revealed that there were significant variations

in care bundle elements between ICUs and emphasized
the need for further research to standardize the compo-
nents of pediatric ventilator bundles [34]. Similarly, for
adults, there is a need for further high-quality studies to
determine an optimal, evidence-based combination of
interventions that can be easily adhered to in a practical,
real-world setting.

4.2 Individual components of the IHI bundle

Despite the association of appropriate sedation (RASS 0
to —1) with lower VAP incidence, the overall compliance
rates were low. Avoiding over-sedation often helps to pre-
serve protective airway reflexes and previous studies have
shown that the utilization of daily sedation vacations is
an effective way of reducing VAP incidence [18, 35]. Con-
versely, mechanical ventilation can be uncomfortable for
patients and under-sedation might lead to hypertension,
tachycardia, discomfort, and even self-extubation [36].
This raises the question of the appropriate duration of a
"sedation break" that would maximize patient outcomes.
Previous studies often considered patients to be "awake"
on a given day as long as they were "awake" at any time
during the day. This is in contrast to our study, in which
only patients who had an RASS score of 0 to —1 for a
majority of the first 48 h of mechanical ventilation were
considered to have appropriate sedation levels. While
both methods of the analysis show a reduction in VAP
incidence, further studies can be done to evaluate the
optimum duration of “sedation vacations” that would
best minimize the negative effects of both under and
over-sedation during mechanical ventilation.

4.3 Other VAP prevention interventions
In our study, the use of an HME filter was also found to be
associated with a lower VAP incidence while conversely,
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active humidification was associated with a higher VAP
incidence. In mechanically ventilated patients, the natu-
ral mechanisms of air humidification are suppressed due
to the bypassing of the upper airway. Humidification can
mainly be achieved by active methods like heated humid-
ifiers or passively via heat and moisture exchangers.
Active heating and humidification can cause condensa-
tion of water in the ventilator circuit, which can theoreti-
cally serve as a nidus for infection and increase the risk of
VAP [37]. On the other hand, HME filters cause less con-
densation of water and have a microbe filter that could
reduce the entry of exogenous bacteria into the patient’s
respiratory system, potentially reducing VAP risk [38].
Previous studies have not shown any conclusive differ-
ence between the rates of VAP among patients undergo-
ing active or passive humidification, with an overall low
quality of evidence [39, 40]. In addition, a recent meta-
analysis in 2014 showed insufficient evidence to exclude
the association of HME filters and VAP due to meth-
odological limitations found in selected trials [41]. Our
study provides additional evidence in this area with one
of the largest retrospective cohort studies done to date
and could help to further conclusions in this field in the
future.

Interestingly, the maintenance of ETT cuff pressures
at 20-30 cmH,0O was found to increase the incidence
of VAP in our study. Subgroup analysis was performed
to further understand the differences in the breakdown
between the average cuff pressures. The average cuff
pressure of <20 cmH,O had the least amount of patients
diagnosed with VAP. This was in contrast to Rello et al.
where a study of 83 consecutive patients who were intu-
bated with continuous subglottic suctioning of secretions
had a trend of higher risk of pneumonia when their tra-
cheal cuff pressure was<20 ¢cmH,O in the first 8 days
[30]. One could propose that underinflation of tracheal
cuffs could be a risk factor for the microaspiration of con-
taminated secretions and may increase the risk of VAP.
However, a literature review and survey of intensivists in
Queensland has shown that there has been no consen-
sus on the optimal cuff pressure [42]. Some studies have
even suggested using only clinical assessments like bed-
side minimal leak techniques to adjust ETT cuff inflation,
while others have shown potential inadequacies with the
traditional methods of cuff pressure measurement [43,
44]. These findings may prompt further investigations on
the optimal methods of measurement as well as the opti-
mal cuff pressure range in the prevention of VAP.

When the frequency of subglottic suctioning for
patients with subglottic suction endotracheal tubes was
analyzed, it was not found to have any significant impact
on VAP incidence. Previous studies done comparing
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continuous and intermittent subglottic suctioning have
also shown conflicting results on VAP incidence [45, 46].
These inconsistencies emphasize the lack of clarity sur-
rounding the optimal frequency of subglottic suctioning.

4.4 Limitations
Several limitations in the present study should be consid-
ered. Our study was a retrospective cohort study from a
single center and hence carries the inherent limitations of
the study type. The cohort and data also span over a dec-
ade, where standards of care and interventions may have
shifted. The different types of surgical ICU (e.g., Cardio-
thoracic, Neurosurgery, Trauma ICU) were combined
for ease of analysis and presentation, which may result in
losses in the granularity of the data. Furthermore, innate
heterogeneity across the different types of surgical ICUs
may lead to selection bias. The presence of subglottic suc-
tioning was also not included in the analysis even though
it was a common intervention in many ventilator care
bundles worldwide due to missing data within MIMIC.
The most frequent value within the first 48 h was
extracted from the interventions, such as the "Head Ele-
vation". However, the periods of supine and head down
are not captured and may result in micro-aspirations
even though they are only performed infrequently. In
addition, indirect factors unrelated to interventions may
also influence the rate of VAP, such as hospital funding,
nursing-to-patient ratio, antibiotics stewardship, and
compliance with hand hygiene. Lastly, this study does not
analyze the effect of ventilator care bundles on other ven-
tilator-associated events, and thus any conclusions made
in this study regarding the effectiveness of the VC bun-
dles are only limited to its impact on VAP.

5 Conclusion

The overall compliance with the IHI bundle was poor,
with the gastroprophylaxis component being the lowest.
When performed collectively, each additional interven-
tion of the IHI bundle is associated with a lower incidence
of VAP. When examined individually, only appropriate
sedation and the use of an HME filter were associated
with reduced VAP incidence. Better compliance with the
IHI bundle may reduce VAP rates in mechanically ven-
tilated patients. Prospective studies should be conducted
to determine an optimal combination of interventions in
a VC bundle that is both practical and evidence-based.
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