LETTER TO THE EDITOR

Effective Implementation of Ventilator
Care Bundles in Improves Outcomes:
A Multicenter Randomized Controlled

Clinical Trial

OBIJECTIVES: To evaluate the effect of 17-ventilator care bundles and different
training strategies for critical care nurses on clinical outcomes.

DESIGN: A randomized controlled triple-blinded clinical trial.

SETTING: The multicenter study was conducted in four academic teaching hos-
pitals in Tehran, Iran, from October 2011 to June 2015.

PATIENTS: A total of 1,600 adult patients (age > 18 yr) who were admitted to
mixed medical-surgical ICUs (> 72hr) and received invasive ventilation (> 48hr)
were included in this study. In addition, 160 critical care nurses were recruited
through letters and telephone and face-to-face invitations.

INTERVENTIONS: Seventeen-ventilator care bundles applied by four different
groups of nurses.

MEASUREMENTS AND MAIN RESULTS: Clinical outcomes were compared be-
tween four groups of study which include three intervention groups (who received
17-ventilator care bundles by trained nurses) and one control group (who received
routine care). According to the results, ICU length of stay, non-ICU length of stay, ven-
tilator-associated pneumonia occurrence date, ventilator-associated pneumonia, and
mortality rates were significantly higher in control group compared with other groups.

CONCLUSIONS: Ciritical care nurses training program to accurately implement
17-ventilator care bundles improves outcomes.

KEY WORDS: education; intensive care unit; mechanical ventilation; ventilator-
associated pneumonia; ventilator care bundles

To the Editor:

s a multidisciplinary approach to infection prevention, the ventilator
care bundles (VCBs) could reduce the occurrence of ventilator-associ-
ated pneumonia (VAP) and improve the patient’s clinical outcomes in
the ICUs (1, 2). To improve healthcare quality, using care bundles is a multifac-
eted issue which was actively associated to incorporating staft education, adher-
ence process, and as well as highest levels of bundle compliance (3, 4). Although
the preventive measures for VAP are well documented and evidence based, they
are still poorly implemented in most ICUs. Furthermore, it seemed necessary to
evaluate the VCB compliance rate and effect of education on its improvement.
Therefore, we undertook a study to assess whether different educational pro-
grams for critical care nurses focusing on 17-VCBs (17-VCBs) (Supplementary
file, http://links.Iww.com/CCX/A751) (5) could reduce the clinical outcomes.
This multicenter randomized controlled clinical trial at four academic teach-
ing hospitals in Tehran, Iran, from October 2011 to June 2015 was conducted
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to evaluate the effect of 17-VCBs and different train-
ing strategies for critical care nurses on the clinical out-
comes, including ICU length of stay (LOS), non-ICU
LOS, VAP occurrence date, VAP, and mortality rates.
One thousand six hundred adult patients (age > 18 yr)
who were admitted to the mixed medical-surgical ICUs
(> 72hr) and received invasive ventilation (> 48hr)
were daily enrolled and monitored for developing VAP
until ICU discharge or death. Besides, 160 critical care
nurses were recruited via letters and telephone and face-
to-face invitations. Nurses were randomly assigned
into four groups based on different education strat-
egies. Thus, based on the type of nurses’ training, we
had four study groups which are as follows: 1) the first
group received routine care as a control group; 2) the
second group received 17-VCBs by nurses who had a
self-study booklet designed by the research team; 3) the
third group received 17-VCBs by nurses, in addition to
the booklet, also attend training sessions (90-120 min);
and 4) the fourth group received 17-VCBs by nurses
who, in addition to the booklet and training sessions,
also had a direct clinical observation. ICUs participat-
ing in this program contained the multidisciplinary
teams providing patient care under the direction of
attending physicians who are board certified in adult

TABLE 1.
Clinical Outcomes of Patients According to Four Educational Groups of Critical Care

critical care medicine. The leadership of ICUs including
unit medical directors and clinical nurse specialists
remained constant during this study, and the staffing
ratio of one nurse to three patients was also uniform
throughout this time period. The morning shift nurses
were fixed, and the noon and evening shift nurses were
present every other day. In usual, there was limited
turnover in the nursing staff of ICUs during the study
period. The full description of method can be read in
the clinical trial with identifier NCT02838160.

Clinical outcomes were compared among four groups
of study: one control group (group 1) and three interven-
tion groups (groups 2-4). The results showed statistically
significant differences among the groups due to the mean
+ sp ICU LOS (p < 0.001), non-ICU LOS (p < 0.001),
VAP occurrence date (p = 0.019), VAP (p < 0.001), and
mortality rate (p < 0.001). The mean + sp ICU LOS and
non-ICU LOS were the lowest in the fourth group (8.06
*3.435 and 8.94 + 3.890), third group (8.23 + 3.640 and
10.36 £ 3.357), and second group (9.53 + 4.262 and 10.38
* 4.105) compared with the first group (12.85 + 3.472
and 12.29 + 3.409) (p < 0.0001). Regarding the VAP
occurrence date, the results showed that VAP occurrence
in the control group was significantly earlier than the
three intervention groups (14.86 + 10.81 vs 16.60 + 7.32;

Nurses
Group 1 Group 2 Group 3 Group 4 Total

Clinical Outcomes (N =400) (N =400) (N =400) (N =400) (N =1,600) p?

ICU LOS, median (IQR) 13 (10-16) 10 (5-13) 8 (5-11) 8 (5-11) 10 (6-138) < 0.001
Mean * sp 1285+ 347 9583+426 8.23+364 806%343 9.6714.18

Non-ICU LOS, median (IQR) 12 (9-15) 10 (6-13) 9 (8-13) 8 (6-12) 10 (7-18) < 0.001
Mean * sp 1229+ 341 10.38*+4.10 10.36 £3.35 894 +389 10.49+ 3.88

VAP occurrence date, median (IQR) 13 (5-17) 18 (19-26) 16 (13-21) 16 (10-21) 10 (6-138) 0.019
Mean * sp 14.86 £ 10.81 16.32 £8.61 16.72 +6.90 16.77 £6.47 16.01 £8.39

VAP, yes, n (%) 135 (38.8) 81 (20.3) 69 (17.3) 35 (8.8) 320 (20) < 0.001

Mortality, yes, n (%) 150 (37.5) 92 (23) 82 (20.5) 62 (15.5) 386 (24.1) < 0.001

IOR = interquartile range, LOS = length of stay, VAP = ventilator-associated pneumonia.

2p < 0.05 was considered statistically significant. In addition, the mean score of ICU LOS, non-ICU LOS, and VAP occurrence date was
compared between the groups two by two in which (Tukey) post hoc test; Group 1: received routine care (control group), Group 2: re-
ceived 17-ventilator care bundles (17-VCBs) by nurses who received a booklet, Group 3: received 17-VCBs by nurses who, in addition
to the booklet, also attend training sessions, and Group 4: received 17-VCBs by nurses who, in addition to the booklet and training ses-
sions, also had direct clinical observation.
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Figure 1. Clinical outcomes compared between (A) first (control) group and the fourth group, (B)
second group and the fourth group, and (C) third group and the fourth group. VAP = ventilator-

associated pneumonia.

p = 0.019). However, the highest percent of VAP and
mortality rates were observed in the control group than
the other groups (33.8% and 37.5%) (p < 0.001) (Table 1).
Logistic regression (Fig. 14) indicated that the higher
risk for ICU LOS greater than 18 days (odds ratio [OR],
8.64; 95% CI, 6.26-12.01), non-ICU LOS greater than
19 days (OR, 3.49; 95% CI, 2.46-4.89), VAP occurrence
date less than 16 days (OR, 2.25; 95% ClI, 1.78-3.36),
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observation for group 4
really warranted. Our find-
ings indicated that multi-
faceted training for nurses
was more effective in the ICU. Furthermore, adherence
to the VAP care bundle was low (< 25%) in the con-
trol group. However, more than 90%, from 70-80% to
50-60% of VCB compliance were reported in groups
4, 3, and 2, respectively. Obviously, training for nurses
and raising their awareness of VCB is a momentous
effort, and after educated, most of them become more
committed (6, 7).
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Besides, using 17 elements of VCBs in this study is
one of the most important points which should not be
overlooked. It should be emphasized that each of the
VCB elements is individually supported by empirical
evidence, and when all 17 elements, not some of them,
are bundled together as a set of actions, it will lead to
significantly improved outcomes.

The present study has several strengths. First, we
assessed the baseline status of patients before inter-
vention, and all groups were completely matched
due to the demographic characteristics (age and sex)
and clinical data (severity of illness based on Acute
Physiology and Chronic Health Evaluation, Simplified
Acute Physiology Score, and Sequential Organ Failure
Assessment scores). Second, all nurses had a previous
ICU history, and there was no difference in work ex-
perience among them. Hence, there was no differ-
ence among them for better and more efficient use of
bundles. Third, we undertook a multicenter clinical
trial study to evaluate different training strategies for
critical care nurses to accurately implement 17-VCB.
While, the most prior studies were observational and
because of the limitations of observational design, a de-
finitive causal relationship between the VCB and VAP
occurrence and ICU LOS cannot be proved. Despite
all these strengths, there may be other limitations such
as the occurred possible factors coincidence with the
intervention in ICU patients which may change the
patient’s condition, increase infection, prolong ICU
LOS, and use mechanical ventilation.
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