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BACKGROUND: There is evidence that ventilator weaning protocols provide benefit to children
receiving mechanical ventilation, but many protocols do not include explicit instructions for decreasing
ventilator support from maximal settings. We evaluated care provider opinions on ventilator weaning
recommendations made by a computerized decision support tool. METHODS: Recommendations for
ventilator adjustment were generated using a computerized decision support tool based on the ARDSNet
protocol using data from children with acute hypoxemic respiratory failure admitted to the pediatric
ICU (PICU). Attending physicians, fellows, nurse practitioners, and respiratory therapists (RTs) caring
for these patients answered a brief survey to assess whether recommendations were reasonable and
whether the practitioner believed they could be implemented. RESULTS: RTs completed 99 surveys
and ICU providers completed 96 surveys based on data from 10 patients. RTs and ICU providers found
63.9% and 65.3% of recommendations reasonable, respectively. There were 5 instances of disagreement
between RTs and ICU providers. The percent of recommendations that RTs thought could be imple-
mented was 29.9%, whereas this figure for ICU providers was 26.3%, with 4 instances of disagreement.
Free-text responses indicated that many RTs and ICU providers were concerned about disrupting
current patient stability and low tidal volumes. CONCLUSIONS: On initial evaluation, the decision
support tool did not appear to be highly acceptable to RTs and ICU providers in our setting because
recommendations were rarely implemented. In addition, acceptability did not increase over time as
patients generally improved. Most respondents preferred to make no ventilator changes and felt the
recommendations were too aggressive. The notable barrier to use was a perception of potential patient
instability with weaning. Key words: mechanical ventilation; protocols; pediatric; acute hypoxemic respi-
ratory failure; weaning. [Respir Care 2020;65(3):333–340. © 2020 Daedalus Enterprises]

Introduction

A comprehensive ventilator weaning protocol should in-
clude explicit rules to decrease support from maximum set-
tings, predetermined screening criteria for a standardized ex-
tubation readiness trial, a standard method to perform an

extubation readiness trial, and a priori criteria for failure of
the test. Ventilator weaning protocols in the adult and pedi-
atric literature are often missing the first component of ex-
plicit rules to wean the ventilator until an extubation readi-
ness trial can be performed.1-5 Prospective, interventional
respiratory research could benefit from robust and validated
ventilator weaning protocols, and patients could be liberated
from mechanical ventilation sooner. Systematic reviews of
both pediatric and adult populations suggest the clinical ben-
efit of decreased duration of mechanical ventilation when
ventilator weaning protocols are used.6,7 Prolonged mechan-
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ical ventilation beyond the period where it is medically nec-
essary increases the risk for ventilator-associated complica-
tions, ICU stay, and cost.8-13 Researchers could use ventilator
weaning protocols to minimize the variability in practice when
comparing 2 interventions involving mechanical ventilation
strategies.

A computerized decision support tool that was created for
the pediatric ICU (PICU) population based on ARDSNet
guidelines (www.ardsnet.org, Accessed August 21, 2019)14

has been evaluated in retrospective or hypothetical scenarios.
Khemani and colleagues15 described that supplemental oxy-
gen, peak inspiratory pressures, and mandatory ventilation
rates were rarely weaned despite evidence of excessive ox-
ygenation and hyperventilation in pediatric subjects with acute
hypoxemic respiratory failure. In a recent survey completed
by pediatric critical care fellows and attending physicians, the
recommendations from this decision support software in
50 clinical scenarios were acceptable in 80% of instances.16

To our knowledge, there are no publications that evaluate the
use of this decision support tool in real time.

Our primary hypothesis was that recommendations gen-
erated by the decision support software would be highly
acceptable (ie, � 80% of recommendations would be con-
sidered reasonable) to ICU attending physicians, fellows,
nurse practitioners, and respiratory therapists for patients
in our ICU with acute hypoxemic respiratory failure re-
ceiving mechanical ventilation. Secondarily, we hypothe-
sized that changes would be implemented by providers in
� 80% of the instances that they found reasonable because
the software suggests relatively modest changes for most
scenarios. Finally, we hypothesized that suggested changes
would be more likely to be implemented over time as lung
disease generally stabilized and improved.

Methods

The institutional review board at Seattle Children’s Hos-
pital approved this prospective, descriptive, cohort study.
We examined agreement between PICU providers and RTs
and recommended ventilator weaning interventions gener-
ated by a software program using a brief survey instru-
ment. The study was conducted in a free-standing aca-
demic children’s hospital PICU where patients of � 44
weeks corrected gestational age with both medical and
surgical diagnoses are admitted. Critically ill neonates
younger than 44 weeks corrected gestational age were ex-
cluded. Patients with primary diagnoses of congenital heart
disease, dysrhythmia, or myocarditis cared for in the car-
diac ICU were also excluded. All of the patients were
supported using Dräger V500 series ventilators (Dräger,
Lubeck, Germany). Attending physicians, fellows, nurse
practitioners (collectively referred to as ICU providers) as
well as RTs work in an environment that has adopted
clinical standard work for specific diagnoses and equip-

ment. Examples include a nurse-driven comfort protocol
for analgesia and sedation for mechanically ventilated pa-
tients, a care pathway for patients with diabetic ketoaci-
dosis admitted to the PICU, and a protocol for high-flow
nasal cannula use in and outside of the PICU. At the time
of this study, there existed institutional guidelines for ex-
tubation readiness trial screening, performance of the test,
and failure of the extubation readiness trial, but there were
no other protocols for ventilator management.

The study software was developed at Children’s Hos-
pital of Los Angeles for improved implementation of
ARDSNet protocol principles for children with pediatric
ARDS. The rules of the software have been modified by
pediatric intensivists from the Collaborative Pediatric Crit-
ical Care Research Network (CPCCRN), a group of 8 chil-
dren’s hospitals that collaborate on multicenter investiga-
tions across a variety of topics (https://www.cpccrn.org,
Accessed August 21, 2019). This software program in-
cludes escalation and weaning recommendations based on
arterial oxygen saturations and pH. Based on prior clinical
experience, when oxygenation and ventilation goals have
been achieved, the software recommends decreasing ven-
tilator settings to maintain minimum pH, tidal volume, and
oxygen saturation goals.

Verbal consent was obtained from ICU providers and
RTs to complete a brief survey after the generation of
software recommendations. The fellows eligible for this
study were restricted to those with � 6 months of training.
During the study period, 24 pediatric critical care attend-
ing physicians, 11 pediatric critical care fellows, and 4 pe-
diatric critical care nurse practitioners comprised the care
team eligible to take the survey. All 95 RTs in the hospital
are trained to work in the PICU and were also eligible to
take the survey. Written consent was obtained from sub-
jects’ families to use patient data to generate software

QUICK LOOK

Current knowledge

Ventilator weaning protocols may provide benefit to
children receiving mechanical ventilation, but many pro-
tocols do not include explicit instructions for decreas-
ing ventilator support from maximum settings.

What this paper contributes to our knowledge

On initial evaluation, we did not find the decision sup-
port tool to be highly acceptable to respiratory thera-
pists and ICU providers in our setting. There was no
change in the acceptance of recommendations over a
patient’s course. Most respondents preferred no venti-
lator weaning or felt the tool provided recommenda-
tions that were too aggressive.
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recommendations with the understanding that the PICU
team would continue to manage the ventilator settings and
were under no obligation to implement the software rec-
ommendations. Enrollment of mechanically ventilated sub-
jects occurred between August 2015 and August 2016.
Daily screening for patients was performed by 4 PICU
attending physicians when they were not directly respon-
sible for patient care. Written consent of the included sub-
jects’ families was obtained by the same 4 physicians.
Inclusion criteria were anticipated need for invasive me-
chanical ventilation in the PICU for � 48 h and suspected
or documented acute lung process with severity that meets
pediatric ARDS criteria.17 Initially, subject inclusion was
restricted to those with moderate-to-severe pediatric ARDS
who had acute onset of respiratory failure within 7 days,
new infiltrates on chest radiograph, and oxygenation index
(OI) � 8 or oxygenation saturation index (OSI) � 7.5
without suspicion for left heart failure or intracardiac shunt
as the sole etiology for respiratory failure.17 This inclusion
criterion was selected because these subjects are most likely
to have repeat software recommendations generated over
time and reflect the population for which the software
recommendations should be the most easily applicable.
With institutional review board approval, the OI/OSI cri-
teria were relaxed throughout the course of the study to
meet the goal of 15–20 subjects, which would provide
500 or more survey results. OI/OSI � 6 was used for
broader inclusion of subjects. This threshold was selected
because it has been used as a trigger for an extubation
readiness trial in a multicenter randomized control trial of
PICU subjects with lung disease.18 Exclusion criteria were
congenital or acquired heart disease, congenital airway
malformations, central hypoventilation syndrome, neuro-
muscular weakness, ongoing extracorporeal life support,
limited resuscitation status, recent elective surgery (ie,
within 5 d), severe brain injury without spontaneous re-
spiratory effort, intracranial hypertension, chronic mechan-
ical ventilation, ward of the state or juvenile detention
status, and adults � 21 years of age. The exclusion crite-
rion around postoperative status was also changed from
5 days after surgery to 2 days after surgery with institu-
tional review board approval, although this criterion did
not affect the enrollment of any subject.

Software recommendations were generated every 4 h
after RTs performed standard, scheduled mechanical ven-
tilator safety checks and charting in the electronic medical
record. For this study, the software required separate input
of ventilator settings, pulse oximetry saturations, capnom-
etry values, and blood gas measurements. The bedside RT
was responsible for entering these data. Printed instructions
for data entry remained at the bedside with a separate study
computer. Contact numbers for the principal investigator and
RT coinvestigators were attached to the study computer to
assist with data entry questions. Teaching sessions regarding

the study and data entry were conducted at an RT staff meet-
ing prior to study initiation. Just-in-time training on data entry
by the consenting physician team was also available. After
each data entry point, recommendations for adjustments to
the ventilator were generated.

Recommendations regarding oxygenation and ventila-
tion parameters were generated separately based on achiev-
ing adequate arterial oxygen saturations and pH from a
blood gas, respectively. Our PICU providers generally
obtain daily blood gases for management of ventilated
patients during the weaning phase, which meant that
there were many instances where no new blood gas
information was available to generate recommendations.
Alternatively, the software allows input of end-tidal val-
ues along with a baseline blood gas using several addi-
tional input steps to determine a relationship between
the 2 values that can then be used calculate a pH and
obtain ventilation recommendations. The bedside RT
then completed a short survey with branching logic.
Survey data were captured and evaluated through the
secure web-based application RedCap (Research Elec-
tronic Data Capture), which is hosted by the University
of Washington.19 The same software recommendations
were then assessed by an ICU provider caring for the
patient. RTs recorded their own survey answers and
then called the ICU provider to discuss the software
results and to input the provider’s additional survey
answers. This sequence was chosen to minimize inter-
ruptions in workflow.

The electronic medical record was reviewed for de-
mographics, acute and chronic diagnoses, ventilator set-
tings, vital signs, capnometry, blood gas results, dura-
tion of mechanical ventilation, outcome of extubation
trials and subsequent need for respiratory support. De-
scriptive statistics, including frequencies and percent-
ages, were calculated for whether the survey respon-
dents felt the software recommendations were
reasonable. Heat maps were used to assess patterns in
agreement between the RT and the clinician with the
computer software over the course of the subject’s ven-
tilator course. SAS 9.4 (SAS Institute, Cary, North Car-
olina) was used for all analyses.

Results

Verbal consent was obtained from all eligible PICU
providers at staff meetings and fellow conferences. Ver-
bal consent from all RTs was obtained at a department
staff meeting. Written materials were provided by e-
mail to all participants.

Eleven patients admitted to the PICU were recruited.
One subject was later found to have a diagnosis of neu-
romuscular weakness that met exclusion criteria and was
excluded from the analysis. The median age of the remain-
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ing 10 subjects was 12.5 y (range 2 mo to 17 y). Six of
10 subjects were male. The most common acute diagnoses
leading to admission were pneumonia (4 of 10 subjects)
and septic shock (3 of 10 subjects). Three of 10 subjects had
concurrent cardiac dysfunction or pulmonary hypertension
that did not fully explain the degree of pulmonary impair-
ment. Other acute diagnoses leading to ICU admission are
noted in Table 1. All subjects had chronic medical conditions
(Table 1), with the most common being chronic immunosup-
pression and static encephalopathy/developmental delay. Six
of 10 subjects met criteria for severe pediatric ARDS and
2 of 10 subjects met criteria for moderate pediatric ARDS
using OSI/OI criteria (https://www.cpccrn.org, Accessed Au-
gust 21, 2019). The median OSI at recruitment was 7.7
(interquartile range [IQR] 6 –11.9) for 9 of the 10 sub-
jects. The time of enrollment was not recorded for a
single subject, and we were unable to calculate the OI/
OSI at recruitment. The median worst OSI score within
24 h of intubation was 15.8 (IQR 9.7–20.2). This cohort
had a median duration of mechanical ventilation of 5.5 d
(IQR 4.8 –10.6). This was similar to the median dura-
tion of mechanical ventilation for patients in the PICU
during the previous year. One subject died before ex-
tubation was attempted, and upon review the death ap-
peared to be unrelated to the study. The other 9 subjects
underwent a trial of extubation with results shown in
Table 1. One subject failed extubation immediately due
to severe upper airway obstruction. Half of the remain-
ing 8 subjects utilized high-flow nasal cannula, CPAP,
or bi-level positive airway pressure support after extu-
bation, which represents a combination of planned and
rescue respiratory support.

Subjects were enrolled relatively early in their course of
illness as a median of 79% (IQR 60–87.7%) of eligible
ventilator checks occurred after enrollment. A median of
68.8% (IQR 60.1–91.4%) of total ventilator checks were
in mandatory ventilation modes compatible with software.
The remaining 31.8% of ventilator checks were in the fully
spontaneous mode (CPAP/pressure support ventilation).
Survey data were obtained for 48.3% of possible evalua-
tion points after enrollment. Complete survey data from
both RTs and ICU providers were obtained for 46.8% of the
possible assessments. Ninety-six out of 99 (97%) surveys
completed by RTs were also completed by an ICU provider.
Pediatric critical care fellows completed 50.6% of surveys.
First-year fellows with � 6 months of training completed
13.7% of surveys. Second-year fellows completed 31.6% of
surveys. Third-year fellows completed 5.3% of surveys. Nurse
practitioners completed 38.9% of surveys. Attending physi-
cians completed 10.5% of surveys.

RTs reported that the software recommendations were
reasonable in 62 of 97 surveys (63.9%), which was similar
to ICU providers who responded that the software recom-
mendations were reasonable in 62 of 95 surveys (65.3%).

There was a high level of agreement between RTs and
ICU providers, as shown with the heat map in Figure 1.
There were only 5 instances (5.3%) where RTs and ICU
providers had disparate opinions when both groups an-
swered the survey. These disagreements are indicated by
yellow boxes. There was no difference in the rate of agree-
ment over the time of the study.

However, both groups felt that the recommendations
should be implemented in the minority of instances.
Respiratory therapists thought software recommenda-
tions could be implemented in 29 of 97 surveys (29.9%).
Physicians and nurse practitioners thought that software
recommendations could be implemented in 25 of 95
surveys (26.3%). There was a high degree of agreement
between the 2 groups as illustrated with the heat map in
Figure 2, with 4 instances (4.2%) of disagreement shown
in yellow. Again, there was no difference in the rate of
agreement over the time of the study. When asked to
describe the actions they would take as an alternative to
the recommendations made by the software program,
RTs and ICU providers most commonly responded that
they would make no changes or that the software rec-
ommendations were too aggressive (Table 2).

All survey participants had the option of entering free
text in response to why they would not implement the
software recommendations. Themes that emerged from
both the RT and PICU provider responses were a percep-
tion that patients were “unstable,” concern that low tidal
volumes in patients with adequate minute ventilation pre-
cluded further attempts at weaning, a desire to maintain
current stability, and the limitation of the software pro-
gram to include work of breathing as a factor in its rec-
ommendations. The perception of subject instability was
the most frequent comment made by both groups, noted by
RTs 7 times and by ICU providers 5 times. One example
of such a comment is “Patient is not stable for weaning
vent[ilator] settings at this time.” No comments were ex-
plicit about the reason that a subject was judged to be
unstable. Avoidance of further attempts at weaning the
ventilator when tidal volumes were within the range of
4–6 mL/kg was cited 7 times by RTs and 3 times by ICU
providers. An example of this idea was the comment that
“recommended PIP (peak inspiratory pressure) wean when
VT (tidal volume) was only 5 mL/kg.” The desire to avoid
changes and the potential increased work of breathing was
noted 3 times by RTs and 5 times by ICU providers.
Specific comments included: “Patient in good place; no
need for change”; “Avoid too rapid weaning, make sure
patient is tolerating the weaning done within the past 24 h”;
“Too many weans in one day”; and “No further changes
tonight.” Current work of breathing limiting further ven-
tilator weaning was reported 3 times by RTs and 2 times
by ICU providers.
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Discussion

The major finding of our investigation is that RTs and
ICU providers found the software recommendations rea-
sonable in 64% and 65% of instances, respectively. This
agreement rate fell short of our expectations. Furthermore,

our secondary hypotheses were not supported. Decision
support tool recommendations were not readily imple-
mented by the team. Only 25–30% of recommendations
were considered appropriate for implementation by the
care team responding to the survey. The rate of implemen-
tation did not change over time, as shown with the heat
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Fig. 1. A heat map shows the responses of both respiratory therapists (RTs) and ICU providers (labeled as MD) to the question “Are the
software recommendations reasonable?” for enrolled subjects over serial assessments, which indicate no change in agreement over time.
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Fig. 2. A heat map shows the responses of both respiratory therapists (RTs) and ICU providers (labeled as MD) to the question “Can you
implement the recommendations now?” for enrolled subjects over serial assessments, which indicate no change in agreement over time.
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map analysis. We noted a significant difference between
what was considered reasonable by members of the pedi-
atric ICU team and what changes the team was willing to
implement—at best, only 50% of reasonable recommen-
dations would be implemented.

The greatest strengths of our study is that we simulta-
neously captured the opinions of RTs and ICU providers
about the software recommendations at multiple time points
in ventilator courses for subjects with pediatric ARDS, and
we were able to generate a pragmatic view of how suc-
cessful this software might be in our institution as part of
a ventilator weaning protocol. By using real subject data
that were evaluated by bedside providers, we noticed a
significant decrease in the likelihood that providers and
RTs would find recommendations reasonable and imple-
ment them compared to published survey data about hy-
pothetical clinical scenarios.16 Another strength of our in-
vestigation was that most subjects met the definition of
severe pediatric ARDS and represented a cohort of pa-
tients with relatively long ventilator courses, which pro-
vided many opportunities for evaluation with the software.
Our cohort is one for which a software program based on
ARDSNet guidelines is most applicable and recommen-
dations are most likely to be congruent with previous ed-
ucation about management of patients with pediatric ARDS.
We also had the opportunity to evaluate subjects during
the majority of their ventilator course because almost 80%
of possible evaluation points occurred after enrollment.
Finally, we were able to record both RT and ICU provider
perspectives for most of the captured evaluation points.

The most significant limitation of our study is the com-
bination of slow enrollment with low numbers of subjects
and the relatively low number of completed evaluations,
which was just below 50% of the total number of possible
evaluations. A contributing factor that was hard to predict
prior to initiating the study was the large number of pa-
tients who would have met enrollment criteria except that
they were managed in an entirely spontaneous mode of
ventilation, which was not a mode accommodated by the
software. Although these patients would have otherwise
met enrollment criteria, no software recommendations
could have been generated, so they were not enrolled.
Other limitations include the finding that the physicians

answering the majority of surveys were trainees, generally
in their first and second years of fellowship, and thus have
less experience but the highest service obligation. The
advanced practitioner program utilizing nurse practitioners
at our institution also has a mix of experienced and inex-
perienced providers that mimics the spread of experience
between fellows and attending physicians. Concurrent with
the study were the introduction of a ventilator weaning
lecture into the fellows didactic curriculum and the initi-
ation of ICU Liberation, a quality-improvement initiative
from the Society of Critical Care Medicine focused on
weaning patients from the ventilator and performing ex-
tubation readiness trials as part of a bundle of care in the
ICU.20 These other activities, which drew attention to ven-
tilator weaning, likely did not affect the results of our
study because there was no change in the frequency of
ICU provider agreement or implementation of software
recommendations over time. Likely the most important
barrier to implementation of this clinical decision support
tool was related to the challenges of change management
within our environment.

We plan to examine the facilitators and barriers to venti-
lator weaning protocols more closely in our unit. This inves-
tigation highlighted some specific patient-related and proto-
col-related barriers.21 Patient-related barriers were most
evident in the free-text comments about future patient de-
compensation with desaturation events or increased work of
breathing that might result from the implementation of ven-
tilator weaning. There was notable concern if tidal volumes
were on the lower end of the acceptable range (ie, to
4 mL/kg) or if chest radiograph continued to be abnormal.

Conclusions

The most significant protocol-related barrier was that
the software was cumbersome to use for an institution that
does not obtain frequent blood gases. The additional steps
needed to utilize end-tidal carbon dioxide measurements
as a surrogate for carbon dioxide levels from a blood gas
were numerous and challenging to perform correctly. We
took several steps to improve the ease of use, such as a
bedside guide with pictures and step-by-step instructions
that were attached to the study laptop where data entry

Table 2. Reasons for Declining to Implement Decision Support Tool Recommendations

Respiratory Therapists ICU Providers

I plan on making different ventilator changes. 8/66 (12.1%) 11/68 (16.2%)
I believe the software recommendations are too aggressive. 6/8 (75%) 6/11 (54.5%)
I believe the software recommendations are not aggressive enough. 0/8 (0%) 1/11 (9.1%)
I prioritize weaning other variables. 4/8 (50%) 6/11 (54.5%)

I plan on making no ventilator changes. 47/66 (71.2%) 39/68 (57.4%)
Other 15/66 (22.7%) 19/68 (27.9%)
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occurred. Two RTs were available to answer questions
during daytime and nighttime hours as “super users,” al-
though their familiarity waned over the course of the study
due to the slow enrollment. Given that the software was
created outside of our institution, it was impossible to
adapt it for our particular needs.

The concept of ventilator weaning protocols is supported
by the American Thoracic Society and American College
of Chest Physicians in the most recent adult practice guide-
lines,22,23 although similar guidelines don’t exist for pedi-
atric patients. Guidelines can be translated into protocols
in a multitude of ways to serve local environments. We
examined the opinions of our ICU providers and RTs about
a specific way to protocolize ventilator weaning and found a
low rate of acceptance of the decision support tool recom-
mendations. The software is based on ventilator management
strategies for pediatric ARDS as vetted by pediatric intensiv-
ists, approximating best practices. Our results underscore the
need to adapt protocols to address local barriers.24
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