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BACKGROUND: Patient-triggered adaptive pressure control (APC) continuous mandatory ven-
tilation (CMV) (APC-CMYV) has been widely adopted as an alternative ventilator mode to
patient-triggered volume control (VC) CMV (VC-CMYV). However, the comparative effectiveness
of the 2 ventilator modes remains uncertain. We sought to explore clinical and implementation
factors pertinent to a future definitive randomized controlled trial assessing APC-CMYV versus
VC-CMYV as an initial ventilator mode strategy. The research objectives in our pilot trial tested
clinician adherence and explored clinical outcomes. METHODS: In a single-center pragmatic se-
quential cluster crossover pilot trial, we enrolled all eligible adults with acute respiratory failure
requiring mechanical ventilation admitted during a 9-week period to the medical ICU. Two-
week time epochs were assigned a priori in which subjects received either APC-CMYV or VC-
CMV The primary outcome of the trial was feasibility, defined as 80% of subjects receiving the
assigned mode within 1 h of initiation of ICU ventilation. The secondary outcome was propor-
tion of the first 24 h on the assigned mode. Finally, we surveyed clinician stakeholders to under-
stand potential facilitators and barriers to conducting a definitive randomized trial. RESULTS:
We enrolled 137 subjects who received 152 discreet episodes of mechanical ventilation during
time epochs assigned to APC-CMV (n = 61) and VC-CMV (r = 91). One hundred and thirty-
one episodes were included in the prespecified primary outcome. One hundred and twenty-six
(96%) received the assigned mode within the first hour of ICU admission (60 of 61 subjects
assigned APC-CMYV and 66 of 70 assigned VC-CMYV). VC-CMYV subjects spent a lower propor-
tion of first 24 h (84% [95% CI 78-89]) on the assigned mode than APC-CMYV recipients (95%
[95% CI 91-100]). Mixed-methods analyses identified preconceived perceptions of subject com-
fort by clinicians and need for real-time education to address this concern. CONCLUSIONS: In
this pilot pragmatic, sequential crossover trial, unit-wide allocation to a ventilator mode was fea-
sible and acceptable to clinicians. Key words: mechanical ventilation, critical illness; respiratory fail-
ure; ICU; ARDS; pragmatic trial. [Respir Care 2023;68(10):1331-1339. © 2023 Daedalus Enterprises]

Introduction

Volume-targeted modes of mechanical ventilation are
the mainstay of ventilator support in critically ill patients
requiring tracheal intubation.' Historically, volume con-
trol (VC) continuous mandatory ventilation (CMV) (VC-
CMV) was the most commonly used volume-targeted
mode; however, additional modes of ventilation such as
adaptive pressure control (APC) CMV (APC-CMV) have
been incorporated into modern ventilators as alternatives.’
Whereas VC-CMV delivers a set tidal volume each breath,
APC-CMV delivers an algorithmically determined inspira-
tory pressure predicted to deliver an ordered tidal volume.’
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Because these algorithms are proprietary, APC-CMV is
branded using manufacturer-specific names such as pres-
sure-regulated VC and AutoFlow. APC-CMV has been mar-
keted to clinicians as a dynamic mode that controls both
pressure and volume while responding to changes in respi-
ratory system compliance.* APC-CMV use has increased,
becoming the default mode of mechanical ventilation at
some institutions.>> Despite the ubiquitous use of mechani-
cal ventilation in the ICU, few data are available to inform
the selection of volume-targeted ventilator modes. Limited
observational data suggest that APC-CMYV may reduce
ventilator asynchrony compared to VC-CMV.® However,
in approximately 10% of patients, APC-CMV delivers
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larger-than-ordered tidal volumes that are outside of the
lung-protective range.” Few experimental models or clinical
trials have compared VC-CMV to APC-CMV, and whether
ventilator mode selection impacts tidal volume delivery and
clinical outcomes is unknown.*’ As both APC-CMV and

SEE THE RELATED EDITORIAL ON PAGE 1473

VC-CMV are accepted as usual care, a pragmatic compara-
tive effectiveness trial is an appropriate way to compare
these modes. However, factors including feasibility, clini-
cian preference, and acceptability may impact successful
trial conduct. We designed a pragmatic sequential cross-
over pilot study to investigate these factors as well as rele-
vant clinical outcomes. The aims of the current trial were to
test feasibility and identify potential implementation facili-
tators and barriers relevant for a definitive randomized con-
trolled trial (RCT) comparing APC-CMYV versus VC-CMV
and initial ventilator mode in mechanically ventilated medi-
cal ICU (MICU) subjects.

Methods
Study Design and Oversight

The Pragmatic Investigation of Volume Targeted
Ventilation-1 (PIVOT-1) study was a pragmatic single-cen-
ter, unblinded, sequential cluster crossover feasibility pilot
trial that evaluated adherence to allocated ventilator modes
(VC-CMV and APC-CMYV). The trial was approved by the
Wake Forest Institutional Review Board (IRB00055128)
with a waiver of informed consent and was registered
online prior to initiation (NCT03909854). Funding for
PIVOT-1 was provided by the Wake Forest Critical Illness,
Injury, and Recovery Research Center.
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QUICK LOOK

Current knowledge

Most patients with acute respiratory failure receive me-
chanical ventilation using one of 2 volume-targeted
modes: volume control (VC) continuous mandatory ven-
tilation CMV (VC-CMYV) or adaptive pressure control
CMV (APC-CMYV). APC-CMV may reduce ventilator
asynchrony but is associated with a risk of excessively
large tidal volumes in approximately one in 10 patients.

What this paper contributes to our knowledge

In a pragmatic, sequential crossover trial, we found that
unit-wide allocation to either VC-CMV or APC-CMV
was both feasible and acceptable to clinicians. Subjects
assigned to VC-CMV were more likely to be switched
to an alternative mode in the first 24 h of ventilation.

Trial Population

We conducted the trial from September 10, 2019-
November 9, 2019, in the Wake Forest medical ICU
(MICU), a tertiary academic closed ICU staffed by inten-
sivists overseeing teams of pulmonary and critical care fel-
lows, house staff, advanced practice providers, and critical
care—trained respiratory therapists. The protocolized base-
line ventilator mode for clinical care in this ICU is APC-
CMV; however, alternative modes are used at clinician’s
discretion. The trial population comprised consecutive
adults (age = 18 y) admitted to the MICU requiring inva-
sive mechanical ventilation.

Subject Identification

We used ventilator orders in the electronic health record
(EHR) to capture subjects receiving mechanical ventila-
tion. For this pilot study, we confirmed receipt by EHR
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Episodes of mechanical ventilation

169
Excluded
17
Intubated before study: 5
#| Chronic ventilation by
tracheostomy: 10
Fatal cardiac arrest: 1
No mechanical ventilation: 1
A
Randomized
152
Volume Control Adaptive Pressure Control
91 61
_ |Enrolled during washout
21
\ \
Episodes included Episodes included
70 61

Fig. 1. Flow chart.

review and, when available, Health Level Seven (HL7)
messaging (a standardized clinical data messaging lan-
guage).'” Subjects intubated in the emergency department
(ED), hospital ward, or at outside hospitals were included.
Subjects receiving chronic mechanical ventilation via tra-
cheostomy or initially managed with a non—volume-tar-
geted mode as the initial mode of mechanical ventilation
(eg, pressure support) due to clinician’s choice were
excluded. Enrolled subjects were eligible to participate
again if, after their initial extubation, they required re-intu-
bation and mechanical ventilation in the MICU.

Treatment Assignments

The trial protocol guided the mode of ventilator support
that was initiated in the MICU. To maximize pragmatism,
the interventions were delivered by clinical personnel
rather the members of a dedicated study team. All aspects
of care other than mode of ventilator support including
ventilator settings, sedation, and weaning approach were
determined by treating clinicians independent of the trial
protocol.

The initial mode of ventilatory support was assigned
according to epoch; the first trial epoch was assigned to
APC-CMV starting on September 10, 2019, because that
was the current standard practice in the study MICU prior
to study initiation. Treatment assignments then sequen-
tially crossed over to VC-CMYV after 2 weeks and, after 5
weeks of VC-CMYV allocation, back to APC-CMYV for a
total of 9 weeks of enrollment (supplement Fig. 1, see
related supplementary materials at http://www.rcjournal.
com). Because APC-CMV was already the familiar venti-
lator mode in the study MICU, additional education was
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provided on VC-CMYV use prior to and during the epoch
allocated to VC-CMV. Clinicians were aware of the treat-
ment assignments. Selection of ventilator mode after 24 h
was not part of the trial intervention.

Implementation Strategies to Encourage Adherence to
Assigned Intervention

Members of the study team informed ICU clinicians
about the trial and provided training on VC-CMYV ventilator
asynchrony diagnosis and management (supplemental Fig.
2, see related supplementary materials at http://www.
rcjournal.com). At the study start and on mode switch
weeks, the lead investigator attended the morning ICU
provider huddle to refresh clinicians on study protocols
and treatment assignment. The respiratory therapist in-
vestigator provided refresher training at study launch
and mode switch weeks at the respiratory therapy
huddle. All subjects received APC-CMV (CMV +
AutoFlow) or VC-CMYV (Driger CMV) via Driger Evita
4, Evita 2 dura, Evita XL, or V500 ventilators (Dréger,
Liibeck, Germany). Clinicians were encouraged to start
the assigned mode as soon as possible after initiation of
ICU mechanical ventilation. In subjects intubated outside
of the ICU (in the ED, hospital ward, or outside hospital),
the ventilator was set to the assigned mode upon arrival in
the study ICU. Clinicians could order off-protocol ventila-
tor modes any time they believed an alternative to the
assigned mode was appropriate. The study team met with
key clinician stakeholders during week 5 of the study to
review implementation barriers. No major barriers were
identified at this meeting, and the study proceeded without
modification.

Embedded Implementation Evaluation Procedures

To gain additional input on potential facilitators and
barriers to a future large-scale pragmatic RCT, we sur-
veyed a diverse group of clinician stakeholders including
intensivists, respiratory therapists, and pulmonary and
critical care fellows. The survey was created by our study
team in REDCap and pilot tested prior to dissemination
(supplementary material, see related supplementary
materials at http://www.lrcjournal.com).11 We used a
Likert scale to assess volume-targeted mode acceptabil-
ity and also assessed feasibility of conducting a full
RCT. Additionally, we included 3 open-ended questions
to understand the preferred mode of mechanical ventila-
tion and strategies to improve adherence to mode assign-
ment and education. The survey was distributed to all
fellows, faculty, and respiratory therapists at regularly
scheduled staff meetings and through e-mail.
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Data Collection

For enrolled subjects, the study began at initiation of me-
chanical ventilation in the MICU and ended at study termi-
nation (which occurred at 90 d after enrollment or death).
Data were electronically captured from the medical record
at enrollment, daily while receiving mechanical ventilation,
and at 90 d post enrollment. Collected data included base-
line demographics, comorbidities, indication for mechani-
cal ventilation, mode of mechanical ventilation, Richmond
Agitation-Sedation Scale (RASS) scores, agitation and
sedation index over first 48 h, number of sedation infusions,
highest Sequential Organ Failure Assessment score on ICU
day 1, shock (defined as receipt of vasopressors), receipt of
cisatracurium infusion, and diagnosis of ARDS within 48 h
of ICU ventilation'*'* Ventilator mode over the first 24 h
was manually confirmed by study staff from the electronic
medical record ventilator flow sheet. ARDS was defined
using the Berlin criteria. Each subject’s chest imaging was
independently reviewed by 2 study physicians to determine
if they met Berlin ARDS radiographic criteria. In the event
of reviewer discordance, a third study physician adjudi-
cated the chest imaging. Additional data collected included
28 ventilator-free days, ICU stay, hospital stay, and vital
status at 90 d."”

Ventilator parameters were recorded using the Capsule
Neuron data router system (Philips, Amsterdam, the
Netherlands) and transmitted via HL7 messages
(INTERFACEWARE, Toronto, Ontario, Canada). HL7
messages were generated every minute and detected by
a Mirth Connect HL7 receiver. Minute-by-minute tidal
volume data were collected in all subjects enrolled
between October 7, 2019, and end of study.'® Tidal vol-
ume data were analyzed if at least 60 min of data were
available.

Study Outcomes

The primary outcome of the trial was adherence to
assigned ventilator mode within 1 h of initiation of ICU me-
chanical ventilation, with a predefined feasibility threshold
of 80% of subjects receiving the assigned mode within 1 h
of initiation. A secondary feasibility outcome was >
70% of time on the assigned mode during the first 24 h of
mechanical ventilation (excluding time spent on spontane-
ous breathing trials and censored at extubation or death).
We chose to monitor adherence during the first 24 h as lim-
ited data suggest that early mechanical ventilation may
disproportionately affect outcomes.'® Seventy percent was
selected as this secondary feasibility cutoff based on a
recent RCT that found that approximately 50% of subjects
randomized to volume-targeted ventilation were transi-
tioned to a non—volume-targeted mode on day 1."” Based
on these data, we conservatively estimated 30% of
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subjects enrolled in PIVOT-1 would transition to a non-
VC mode by day 2 of mechanical ventilation and that this
transition would be consistent with standard-of-care me-
chanical ventilation. Clinical outcomes collected included
ventilator-free days, ICU stay, hospital stay, depth of seda-
tion, number of sedation infusions, and 90-d mortality.

Statistical Analysis

The primary outcome analysis excluded subjects en-
rolled during the washout week. Two subjects were en-
rolled in both arms and included in the feasibility
outcomes but excluded from the secondary and explora-
tory analyses as they were assigned to both APC-CMV
and VC-CMV. All analyses were conducted as intention
to treat. Continuous variables were reported as median
and interquartile range and categorical variables as frequen-
cies and proportions. Confidence intervals for frequencies
were calculated as exact binomials. Between-group com-
parisons were made with Kruskal-Wallis or Wilcoxon
rank-sum tests for continuous variables or Fisher exact
test for categorical variables. For clinician survey data,
5-point Likert scale responses were analyzed using mode
and mean. Between-group comparisons of survey data
were compared using Wilcoxon rank-sum tests. For anal-
ysis of open-ended survey responses, 2 study investiga-
tors (JP, KG) provided independent open-ended review
of text fields to elicit themes for why clinicians may
choose a particular mode and any barriers or facilitators
that may impact willingness to enroll in a larger trial.
The 2 investigators met to discuss the emerging themes
after initial review and provide input on final analysis
included. Quantitative analyses were performed using R
software (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Pilot Feasibility Results

There were total of 169 episodes of mechanical ventila-
tion identified during the study period (Fig. 1). After exclu-
sions, 137 unique subjects during 152 episodes of ICU
mechanical ventilation were assigned to APC-CMV
(n = 61) or VC-CMV (n = 91). Subject characteristics
including demographics, comorbidities, mechanical venti-
lation indication, severity of illness, and rate and severity of
ARDS were similar between groups (Table 1). Twenty-one
subjects received new mechanical ventilation during the
washout week and were excluded from the feasibility end
point. One hundred thirty-one episodes of mechanical ven-
tilation were included in the primary end point. One hun-
dred twenty-six of 131 subjects received the assigned mode
within the first hour of ICU mechanical ventilation: 60 of
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Table 1.  Baseline Subject Characteristics
APC vC P
¥ 57 78
Race 94
Black 13 (22.8) 16 (20.5)
White 42 (73.7) 59 (75.6)
Unknown 2(3.5) 3(3.8)
Ethnicity .82
Hispanic or Latino 1(1.8) 3(3.8)
Not Hispanic or Latino 55 (96.5) 74 (94.9)
Unknown 1(1.8) 1(1.3)
Age 62 (54-72) 63.5(51.3-73) .73
Male 26 (45.6) 45 (57.7) 22
Comorbidities
Respiratory disease 19 (33.3) 28 (35.9) .86
Heart disease 23 (40.4) 36 (46.2) .60
Cirrhosis 7(12.3) 6 (7.7) .39
Solid tumor malignancy 8 (14) 14 (17.9) .64
Immunosuppression 6 (10.5) 709) 78
Hematologic malignancy 3(5.3) 4(5.1) >.99
Chronic kidney disease 8 (14) 15 (19.2) 49
End-stage renal disease 4 (7) 4 (5.1) 72
Intubation indication 72
Cardiac arrest 11 (19.3) 13 (16.7)
Extrapulmonary sepsis 7(12.3) 8 (10.3)
Pneumonia 14 (24.6) 18 (23.1)
Cardiac/heart failure 5(8.8) 709)
Pulmonary (COPD/asthma) 2 (3.5 1(1.3)
GI 2 (3.5) 0 (0)
Acute encephalopathy 10 (17.5) 22 (28.2)
Post surgical 4. (7) 6(7.7)
Upper-airway compromise 2 (3.5) 3(3.8)
Shock (receipt of vasopressor) 34 (59.6) 37 (47.4) 17
SOFA score 10 (7-14) 9 (6.3-12) 12
ARDS 20 (35.1) 30 (38.5) 72
Mild 6 (10.5) 11 (14.1) .61
Moderate 8 (14) 11 (14.1) >.99
Severe 6 (10.5) 8 (10.3) >.99
Continuous neuromuscular blockade 1 (1.8) 2(2.6) >.99

Highest day 1 lactate 29(1.9-79) 32(1.6-6.1) .35

Data are presented as n (%) or median (interquartile range).

*#2 subjects were enrolled in both adaptive volume control and adaptive pressure control and are
not included in Table 1.

‘tSubjects enrolled during the washout period are included in Table 1.

APC = adaptive pressure control

VC = volume control

GI = gastrointestinal

SOFA = Sequential Organ Failure Assessment

61 subjects (98% [95% CI 91-100]) and 66 of 70 subjects
(94% [95% CI 86-98]) in the APC and assist VC groups,
respectively, received the assigned mode as allocated.
(Table 2). In a sensitivity analysis including episodes of
mechanical ventilation during the washout week, adherence
to the assigned mode also exceeded 80% (98% [95% CI
91-100] and 91% [95% CI 84-95] in APC-CMYV and VC-
CMV, respectively).
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Both groups achieved the secondary feasibility target of
70% of time spent on the assigned ventilator mode over the
first 24 h. Subjects assigned to APC-CMV spent 95% of
the first 24 h (95% CI 91-98) on the assigned mode com-
pared to 84% (95% CI 78-89) in the VC-CMV group
(Fig. 2, Table 2). Duration of eligible day 1 h, duration of
ventilation on assigned mode, and final mode of mechani-
cal ventilation on day 1 are reported in supplemental Table
1 (See related supplementary materials at http://www.
rcjournal.com).

Exploratory clinical outcomes are also shown in Table 2.
There was no difference in outcomes between groups in
sedation index, agitation index, ventilator-free days, ICU
length of stay, hospital length of stay, and 90-d mortality.
Number of sedation infusions per day and depth of sedation
as measured by RASS were also similar between groups.
Starting on October 7, 2019, we analyzed HL7 ventilator
data from approximately 68,000 minute-by-minute breaths
in 67 subjects on study day 1. Twenty-seven episodes of
APC-CMV and 40 episodes of VC-CMV were analyzed
(Fig. 3). We compared the difference between ordered and
exhaled tidal volume in subjects receiving APC-CMV and
VC-CMV. Two of 27 subjects (7%) receiving APC-CMV
had a median exhaled tidal volume > 1 mL/kg ideal body
weight larger than ordered. None of the 40 subjects receiv-
ing VC-CMYV had a median exhaled tidal volume 1 mL/kg
ideal body weight larger than ordered. Minute-by-minute
tidal volume data beyond day 1 are reported in the supple-
ment (See related supplementary materials at http://www.
rcjournal.com).

Survey Results

The survey was distributed to 109 clinicians in the
MICU, and 52 other clinicians (7 pulmonary and critical
care fellows, 18 attending ICU physicians, and 27 respi-
ratory therapists) responded (48% response rate).
Providers were comfortable managing subjects using ei-
ther VC-CMV or APC-CMYV (Likert scale mode/mean
5/4.5 and 5/4.6, respectively). Thirty-eight (73%)
respondents had a preferred initial mode of mechanical
ventilation, with the majority (55%) preferring APC-
CMV. Respondents provided the following reasons for
their preferred mode: personal familiarity (n = 15),
patient comfort (n = §), and interpretation of the medical
literature (n = 10). ICU attendings were more likely to
prefer VC-CMYV as an initial mode than fellows or respi-
ratory therapists (P < .001). Despite most clinicians
expressing a personal preference for one mode over the
other, 49 of the 52 respondents (94%) would feel com-
fortable enrolling subjects in a larger definitive RCT in
which subjects had equal likelihood of being assigned to
VC-CMV or APC-CMV.
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Table 2.  Primary and Exploratory Outcomes
APC vC P
First-h mode adherence 98 (95% CI 91-100) 94 (95% CI 86-98) 14
24-h mode adherence 95 (95% CI 91-100) 84 (95% CI 78-89) <.001
Sedation index —2(—3.2t0 —0.9) —1.5(=2.5t0 —1) 47
Agitation index 0.1 (0-0.3) 0.1 (0-0.3) 93
Measured RASS —2(—41t00) —2(=5to 1) .10
No. of sedation infusions 1(0-2) 1(0-2) .26
Ventilator-free d 24 (0-26) 22.5 (0-26) .82
ICU length of stay, d 5(3-8) 539 71
Hospital length of stay, d 8 (5-14) 9 (5-16.8) 21
90-d mortality 24 (42.1) 29 (37.2) .60
Data are presented as % (95% CI), median (interquartile range), or n (%).
APC = adaptive pressure control
VC = volume control
RASS = Richmond Agitation-Sedation Scale
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Fig. 2. Percent of eligible hours spent on the assigned mode on study day 1.

T
Adaptive Pressure Control

The following 3 themes (with representative quotations)
were elicited after review of open-ended text fields:

1. Clinicians emphasize the importance of patient-centered
decision making when selecting modes of ventilation:

“We need to treat patient[s] with the best mode for them.”
“I believe a trial is okay. . . sometimes patients don’t respond
well and we have to make adjustments either way.”

2. Clinicians perceive that VC-CMV may be uncomfort-

able for patients:
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Volume Control

“Patients get very uncomfortable on volume control with light
sedation/RASS, often times peak pressures become excessive.”
“I do not like to use volume control since flow needs are
dynamic.”

. Education and adherence strategies should be multimo-

dal and real time:

“I think this depends if cluster of individual level random-
ization. If individual, suggest sign in room and note in
EPIC. If cluster, morning huddle and likely signs posted
around MICU would be better I think. Emails are last
resort. ”

RESPIRATORY CARE @ OCTOBER 2023 VoL 68 No 10
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Adaptive Pressure Control

Individual subjects
NN

Volume Control

0 4 8

Difference between prescribed and exhaled tidal volume (mL/kg IBW)

Fig. 3. Ridge plots of the difference between exhaled and ordered tidal volume in subjects on adaptive pressure control continuous mandatory
ventilation (CMV) and volume control CMV. Each ridge represents all recorded breaths for an individual subject while on volume-targeted mode

on study day 1. IBW = ideal body weight.

Respondents identified the following as key education
and training components needed prior to a larger compara-
tive effectiveness trial: ventilator simulator mode training
(n = 34), ventilator didactics (n = 32), and ventilator asyn-
chrony cards (n = 34).

Discussion

In this pragmatic pilot trial, unit-based assignment of
volume-targeted ventilator mode resulted in clinician ad-
herence to the assigned mode at the initiation and over the
first 24 h of ICU mechanical ventilation.

In addition, a multidisciplinary group of clinician stake-
holders expressed comfort with enrolling in a definitive
RCT. These findings support the feasibility of a larger
comparative effectiveness trial and will help inform its
design and conduct.

Many studies have evaluated the effects of tidal volume
size and mechanical ventilation on outcomes in critically ill
subjects. Robust data show that delivering lung-protective
tidal volumes (4-8 mL/kg ideal body weight) by mechani-
cal ventilator reduces mortality in ARDS.'® However, the
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benefits of low tidal volume ventilation are much less clear
in subjects without ARDS.>'” Evidence suggests that low
tidal volume has been widely adopted by clinicians for all
critically ill subjects requiring mechanical ventilation.'
Our group and others have shown that APC-CMYV results in
excessively large tidal volumes in a subset of spontaneously
breathing subjects.”?® However, limited data also suggest
that APC-CMV may reduce asynchrony.® Excess tidal vol-
ume delivery may also occur in VC-CMYV due to breath-
stacking during double triggering.?' Despite the impor-
tance of controlling tidal volume, little evidence exists to
inform the selection of a volume-targeted ventilator
mode.®

In addition to confirming feasibility, our study had sev-
eral key findings. At an institution where the routinely used
mode is APC-CMV, subjects receiving VC-CMV were
more likely to be switched to an alternative mode of me-
chanical ventilation on day 1. Our study did not demonstrate
a difference in ventilator-free days, hospital or ICU stay, or
mortality but was not powered to detect such differences.

Our survey of multidisciplinary clinician stakeholders
found that clinicians consider randomization of volume-
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targeted ventilator mode acceptable. We identified con-
cerns about patient comfort and patient-centered decision
making as potential barriers to trial conduct. To address
these concerns, pretrial education focusing on optimizing
comfort and minimizing asynchrony is needed. Education
should be multimodal and recurrent. Our trial has several
strengths. We assigned ventilator mode at the ICU unit
level, facilitating enrollment as early as possible in the
individual subject’s ventilator course. Additionally, our
broad enrollment criteria reduced selection bias and con-
firmed that a pragmatic ventilator trial is possible in a
diverse ICU subject population. We used minute-by-
minute longitudinal tidal volume data to both assess for
differences in delivered tidal volume and to test feasibil-
ity of delivered tidal volume as a secondary outcome in a
larger trial.

The trial also has weaknesses. The study was a single-
center pilot and, therefore, not intended to evaluate effec-
tiveness. Treating clinicians and investigators were aware
of group assignment, and although allocation blocks were
assigned a priori, they were not randomized. APC-CMV
was the protocolized default mode in the study ICU, which
may influence clinician adherence and preferences.
Although compliance with mode assignment met both fea-
sibility criteria, a higher percentage of subjects in the VC-
CMYV group crossed over to an alternative mode of me-
chanical ventilation at the end of day 1 compared to the
APC-CMV group, increasing the risk for contamination
between groups. Additionally, all subjects received me-
chanical ventilation via Driger ventilators, and the effect
of APC-CMV on tidal volume may be brand specific.
Finally, interpretation of survey data may be limited by
selection bias.

Conclusions

Unit-based ventilator assignment and sequential cross-
over to volume-targeted ventilator modes are feasible and
resulted in high clinician adherence to the assigned mode.
Future research is needed to inform the selection of vol-
ume-targeted modes in critically ill subjects with respira-
tory failure.
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