REVIEW ARTICLE

Low Tidal Volume Ventilation for Emergency
Department Patients: A Systematic Review
and Meta-Analysis on Practice Patterns

and Clinical Impact

OBIJECTIVES: Data suggest that low tidal volume ventilation (LTVV) initiated in
the emergency department (ED) has a positive impact on outcome. This system-
atic review and meta-analysis quantify the impact of ED-based LTVV on outcomes
and ventilator settings in the ED and ICU.

DATA SOURCES: We systematically reviewed MEDLINE, EMBASE, Scopus,
Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic
Reviews, references, conferences, and ClinicalTrials.gov.

STUDY SELECTION: Randomized and nonrandomized studies of mechanically
ventilated ED adults were eligible.

DATA EXTRACTION: Two reviewers independently screened abstracts. The
primary outcome was mortality. Secondary outcomes included ventilation dura-
tion, lengths of stay, and occurrence rate of acute respiratory distress syndrome
(ARDS). We assessed impact of ED LTVV interventions on ED and ICU tidal
volumes.

DATA SYNTHESIS: The search identified 1,023 studies. Eleven studies
(n = 12,912) provided outcome data and were meta-analyzed; 10 additional
studies (n = 1,863) provided descriptive ED tidal volume data. Overall quality of
evidence was low. Random effect meta-analytic models revealed that ED LTVV
was associated with lower mortality (26.5%) versus non-LTVV (31.1%) (odds
ratio, 0.80 [0.72-0.88]). ED LTVV was associated with shorter ICU (mean dif-
ference, —1.0; 95% CI, —1.7 to —0.3) and hospital (mean difference, —1.2; 95%
Cl, —2.3 to —0.1) lengths of stay, more ventilator-free days (mean difference, 1.4;
959% CI, 0.4-2.4), and lower occurrence rate (4.5% vs 8.3%) of ARDS (odds
ratio, 0.57 [0.44-0.75]). ED LTVV interventions were associated with reductions
in ED (—1.5-mL/kg predicted body weight [PBW] [-1.9 to —1.0]; p<0.001) and
ICU (—1.0-mL/kg PBW [—1.8 to —0.2]; p = 0.01) tidal volume.

CONCLUSIONS: The use of LTVV in the ED is associated with improved clinical
outcomes and increased use of lung protection, recognizing low quality of evi-
dence in this domain. Interventions aimed at implementing and sustaining LTVV in
the ED should be explored.

KEY WORDS: emergency department; low tidal volume; lung injury; lung
protective ventilation; mechanical ventilation

and survivor morbidity (1-3). Lung-protective ventilation improves
outcome among patients with acute respiratory distress syndrome
(ARDS) by mitigating ventilator-associated lung injury (VALI), and there is
increasing recognition that benefit may be afforded to those without ARDS
as well (4-7). Low tidal volume ventilation (LTVV) is a critical aspect of a
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lung-protective strategy, and the primary intervention
associated with improved outcome in mechanically
ventilated ICU and operating room patients (5, 7, 8).

The use of LTVV in the emergency department
(ED) could be especially beneficial for several reasons.
Lengths of stay in the ED are long enough for VALI
to occur, and longer ED mechanical ventilation du-
ration has been associated with worse outcome and
lower compliance with lung-protective ventilation
(9-12). Mechanical ventilator settings during the early
course of respiratory failure have been shown to be es-
pecially impactful on outcome in patients with ARDS,
as well as those at risk for the syndrome (6, 13, 14).
In addition, initial ventilator settings in the ICU tend
to persist over time and change little during the first
several days of respiratory failure (15). This is crit-
ical when considering that several studies have shown
that ventilator settings in the ED directly influence
ICU ventilator settings, and a before-after clinical trial
demonstrated that ED-based lung protection was as-
sociated with improved outcome (6, 16, 17). The ED
could therefore be a high-impact arena to target LTVV
to improve outcome.

It has been almost a decade since publications doc-
umented that LTVV was rarely implemented in ED
patients (16, 18). To explore the depth of the literature
and to inform the potential to conduct of a systematic
review, we conducted a scoping review of the literature,
which indicated an increase in publications regarding
mechanical ventilation in the ED over the last several
years (19). Based on this scoping review, we decided
to quantify the existing literature in order to inform
clinicians and researchers about clinical outcomes and
practice patterns regarding LTVV use in the ED. The
objectives of this study were to perform a comprehen-
sive systematic review of the global biomedical litera-
ture to evaluate LTVV use in mechanically ventilated
ED patients. We hypothesized that tidal volumes in the
ED have decreased over time and that LTVV in the ED
is associated with improved clinical outcomes.

MATERIALS AND METHODS

Protocol and Registration

This systematic review was registered in the
PROSPERO international prospective register of sys-
tematic reviews (CRD42021256631). The final results
are reported according to the Preferred Reporting Items
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for Systematic Reviews and Meta-Analysis and Meta-
analysis of Observational Studies in Epidemiology
guidelines (Supplemental Digital Content 1, http://
links.lww.com/CCM/H41; and Supplemental Digital
Content 2, http://links.lww.com/CCM/H42) (20, 21).
This study did not require ethical approval.

Study Identification

An electronic search included the following databases:
MEDLINE, EMBASE, Scopus, Cochrane Central
Register of Controlled Trials, and Cochrane Database
of Systematic Reviews. Each database was searched
from the beginning of the database through May 2021
(Supplemental Digital Content 3, http://links.Iww.
com/CCM/H43). The search was designed in cooper-
ation with a trained medical librarian who performed
the electronic search.

The reference lists of included articles were manually
screened toidentify additional studies. A manual search
of abstracts from the following meetings (2016-2021)
was also conducted: American College of Emergency
Physicians, Society for Academic Emergency Medicine,
Society of Critical Care Medicine, European Society of
Intensive Care Medicine, American Thoracic Society,
International Symposium on Intensive Care and
Emergency Medicine, and CHEST. An online search
of ClinicalTrials.gov was conducted to identify com-
pleted, but not yet published, studies. Study investiga-
tors were contacted via electronic mail for additional
data as needed.

Eligibility Criteria

Inclusion was restricted to adults receiving inva-
sive positive-pressure mechanical ventilation during
the study period. There was no language restriction.
Recognizing that it may impact study quality and het-
erogeneity, the inclusion of nonrandomized studies
was decided a priori for the following reasons: 1) a high
likelihood that the clinical question could not be inves-
tigated strictly with randomized trials, due to a lack of
their existence, 2) to provide a comprehensive evalua-
tion of strengths and weaknesses of the existing liter-
ature, and 3) to assess evidence of effects (benefit and
harm) (22). Case studies, reviews, correspondences, or
editorials were not eligible.

We compared outcomes between patients receiving
ED LTVV versus non-LTVV. For the purposes of this
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work, our definition of LTVV was that used for “LTVV”
or “lung-protective ventilation” in the included stud-
ies. This was typically tidal volume less than or equal to
8-mL/kg predicted body weight (PBW). The primary
outcome was hospital mortality. Secondary outcomes
included mechanical ventilation duration, ICU length
of stay, hospital length of stay, and the occurrence rate
of ARDS after admission. For interventional studies
(i.e., before-after clinical trials), we assessed the im-
pact of the ED LTVYV intervention on: 1) frequency of
ED LTVYV and tidal volumes and 2) frequency of ICU
LTVV and tidal volumes.

Study Selection and Data Abstraction

Two independent reviewers (K.D.M., E.T.) screened
abstracts of identified studies for eligibility. In the cases
of uncertainty or disagreement, a third reviewer arbi-
trated consensus. Study characteristics, including au-
thor, publication year, number of patients, outcomes,
quality assessment, study design, and tidal volume
data, were extracted using a standardized approach.
Although the overall eligibility criteria were identical,
to be considered for the descriptive objective (i.e. to
assess tidal volume changes over time), studies had to
report delivered ED tidal volume settings; to be con-
sidered for the meta-analysis, studies had to report on
clinical outcomes of interest.

Study Quality Assessment

Since all studies were cohort or before-after design,
the Newcastle Ottawa Scale was used to assess quality,
assigning up to 9 points, with less than or equal to
5 indicating poor quality (Supplemental Digital
Content 4, http://links.lww.com/CCM/H44) (23).

Data Analysis

Qualitative descriptives were used for study character-
istics and quality. Tidal volume was reported in mL/kg
PBW and reported as mean (sp). For studies that re-
ported median values, means and standard deviations
were estimated per prior approach (24). Independent
sample ¢ test was used to compare tidal volumes.

A meta-analytic approach analyzed the data, using
Review Manager (RevMan, Version 5.3; The Cochrane
Collaboration, Copenhagen, Denmark). Random
effects models calculated pooled effect sizes and 95%
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Cls, comparing the LTVV and non-LTVV groups.
Odds ratios were calculated for binary outcomes; con-
tinuous variables were reported as mean differences,
and overall effect estimates were generated using a
Z test. The I* statistic was used to calculate between-
study heterogeneity (25). Publication bias was assessed
using a funnel plot of the size of treatment effect against
study precision.

An a priori subgroup analysis was conducted on
patients with ARDS. Upon completion of data ab-
straction, a post hoc “leave-one-out” analysis was con-
ducted (26, 27). This was done to explore heterogeneity
and address an influential outlier study with respect to
mortality (28). In this study, mortality was 8.6% in the
non-LTVV group versus 31.1% in the other included
studies. In addition, contrary to the extensive amount
of literature in the field, this outlier was the only study
demonstrating a mortality increase with ED LTVV. We
felt this lacked biological plausibility given the known
contribution of tidal volume to VALI and outcome
(29-34). It also contributed virtually all of the hetero-
geneity seen in the pooled analysis.

RESULTS

Search and Selection

The electronic search yielded 1,023 results. Three
hundred seventy-one duplicates were deleted, result-
ing in 652 unique citations, of which 31 were given
full-text review. In the final analysis, 21 studies were
included. Eleven studies provided outcome data and
were meta-analyzed (6, 11, 28, 35-42); 10 studies pro-
vided descriptive tidal volume data (16-18, 43-49).
Supplemental Digital Content 5 (http://links.lww.
com/CCM/H45) displays the study flow diagram at
each stage of the review.

Study Characteristics

Table 1 displays the 10 studies that provided descrip-
tive tidal volume data from the ED but did not report
clinical outcome data. The studies were published
between 2009 and 2020, conducted in four differ-
ent countries, and were all cohort studies. Three were
rated as good quality on the Newcastle-Ottawa Scale,
and seven were poor quality (Supplemental Digital
Content 4, http://links.lww.com/CCM/H44). The total
number of patients was 1,863.
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TABLE 1.

Characteristics of Included Studies With Only Descriptive Tidal Volume Data Available

(No Outcome Data)

Author,

yr (No. of
Patients)

Quality

Sites Country Assessment

Study
Design

Emergency Mean (sp) Tidal
Department Low Volume (mL/
Tidal Volume kg Predicted
Ventilation, n (%) Body Weight)

Comments

Rose, 2009 Twenty- Australia  Poor Prospective 82 (66.1)2 8.0 (1.8) Abstract only
(307) four cohort
Fuller, 2013 One United Good Retrospective 68 (27.1) 8.9 (1.6) Severe sepsis
(251) States cohort and septic
shock cohort
Wood, 2014 One United Poor Retrospective 160 (31.4) 9.0 (1.6) Abstract only
(509) States cohort
Dettmer, 2015 One United Good Retrospective Not reported 8.0 (1.5)
(97) States cohort
Fuller, 2015 Four United Good Prospective 122 (55.7) 7.8 (1.5)
(219) States cohort
Cretallaz, Two France Poor Retrospective 56 (70.7) 7.0 (1.0) Abstract only
2017 (80) cohort
Tran, 2017 One United Poor Retrospective Not reported 7.0 (1.5) Abstract only
(181) States cohort intracranial
hemorrhage
cohort
Rasheed, One Australia  Poor Retrospective 17 (41.5) 6.5 (1.0) Abstract only
2019 (41) cohort
Tang, 2019 Not Singapore Poor Retrospective 67 (94.4) 7.0 (1.0) Abstract only
(71) reported cohort
Isenberg, One United Poor Retrospective 72 (67.3) 8.0 (1.8) Convenience
2020 (107) States cohort sample of
patients

2Qut of 124 patients for which these data were available (direct communication with author).

Table 2 displays the 11 studies with outcome data
that were eligible for meta-analysis. The studies were
published between 2016 and 2021. There were three
quasi-experimental, before-after studies, two retro-
spective before-after studies, and six cohort studies.
Eight were rated as good quality on the Newcastle-
Ottawa Scale, and three were rated as poor quality
(Supplemental Digital Content 4, http://links.Iww.
com/CCM/H44). Eight were published as peer-
reviewed articles and three presented as abstracts. The
total number of patients was 12,912.

Meta-Analysis

The Impact of ED LTVV on Ventilator Settings. The
before-after studies demonstrated an increase in ED
LTVV with implementation of ED-based ventilator

4 www.ccmjournal.org

protocols (odds ratio, 7.29 [3.19-16.66]; p < 0.001) and
significant reduction in ED tidal volume (-1.5-mL/kg
PBW [-1.9 to —1.0]; p < 0.001). The use of LTVV in
the ED was associated with an increase in ICU LTVV
(odds ratio, 4.41 [1.90-10.26]; p < 0.001) and signif-
icant reduction in ICU tidal volume (-1.0-mL/kg
PBW [-1.8 to —0.2]; p = 0.01) (Supplemental Digital
Content 6, http://links.lww.com/CCM/H46).

Figure 1 displays ED tidal volume trend over time
for studies that reported tidal volume values (n = 15
studies, conducted over 10-yr period). To more accu-
rately approximate ED tidal volumes in use at the time,
studies are ordered in the figure according to when
the study was conducted (not published) or the period
from which data were obtained, in the case of retro-
spective cohort studies. ED tidal volume decreased by
approximately 2-mL/kg PBW over the 10-year period.
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TABLE 2.
Characteristics of the Included Studies that Provided Outcome Data

Mean (sp)
Tidal Volume
(mL/kg
Author, Primary Secondary Predicted
yr (No. of Sites/ Outcomes Outcomes Body
Patients) Country Assessed Assessed Study Design Weight) Comments
Wilcox, 2016  Three/ Mortality, None stated Prospective 261 8.0 (2.1) Study
(433) United ventilator cohort (60.3) conducted
States duration, from July,
and ICU and 2011, to
hospital LOS March,
2013
Fuller One/ Pulmonary Ventilator-, hospital-, Quasi- ?Before:  Before: 8.3  Before phase,
(LOV-ED United complications  and ICU-free experimental, 1,202 (1.5) 2009-
Trial), 2017 States (ARDS and days; and receipt before-after (47.8) 2014; after
(1,705) ventilator- of LTVV in ICU trial After: 731 After: 6.4 phase,
associated (96.2) (0.8) 2014-
conditions) 2016
Fuller (ARDS One/ Hospital Ventilator-, hospital-, Quasi- *Before:  Before: 8.1 Was a priori
Cohort), United mortality and ICU-free experimental, 12 (1.6) substudy
2017 (229) States days; and receipt before-after (11.1) of LOV-ED
of LTVV in ICU trial After: 24  After: 6.4 trial
(61.5) (0.4)
Skitch, 2019  One/ Hospital Duration of Retrospective 76 (60.3) Not reported Published as
(126) Canada  mortality mechanical cohort abstract
ventilation only
Owyang, One/ Final ED tidal None specifically Retrospective 256 (57.4) 7.8 (1.5) Conducted
2019 (446) United volume stated, but did cohort from 2012
States report ICU and to 2015
hospital LOS, and
mortality
Foley, 2020  One/ Between-group Change in Retrospective  Before: Before: 6.6 Study
(500) United tidal volume Sequential before-after 235 (1.2) conducted
States difference Organ Failure cohort (87.7) from March
BT After: 213 After: 6.2 A1
vent- and (94.3) (1.4) July 2018
hospital-free days,
mortality, ARDS,
and ventilator-
associated
pneumonia
Prekker, 2020 One/ Between-group % of ED patients Quasi- Before: Before: 9.0 Before phase,
(2,959) United tidal volume with LTVV, experimental, 501 (1.4) 2007-
States difference duration of before-after (23.0) 2014; after
uentlSUR0S: itz After: 560 After: 7.2 (0.9) ~ Phase,
mortality, and ICU (72.0) 2015-
tidal volume 2016;
outlier-
only study
showing
higher
mortality
(Continued)
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TABLE 2. (Continued).

Characteristics of the Included Studies that Provided Outcome Data

Author,
yr (No. of
Patients)

Primary
Outcomes
Assessed

Secondary
Outcomes
Assessed

Sites/
Country

Rolston, 2020 Two/ Ventilator-free  None stated

(297) United days and
States hospital
mortality

Sullivan, 2020 One/ Mortality, vent ~ None stated

(217) United duration,
States lengths of
stay, and
ARDS
Tallman, 2020 One/ Provision of None stated
(1,826) United LTVV
States
Fernando, Eight/ Hospital Development of
2021 Canada  mortality ARDS, duration
(4,174) of mechanical

ventilation,

extubation failure,
ICU LOS, hospital
LOS, and cost

Mean (sp)
Tidal Volume
(mL/kg

Predicted
Body
Weight)

ED LTVV,
n (%)

79 (25.9)

Comments

Study
conducted
in 2017

Abstract only
(outcome
data
provided
by authors)

Published as
abstract
only
(outcome
data
provided
by authors)

Study
conducted
from 2015
to 2019.
No patient-
centered
clinical
outcomes
reported

Study
conducted
between
2011 and
2017
LTVV also
associated
with
reduced
cost

Study Design

Retrospective
cohort

Not reported

135
(62.2)

Non LTVV
group: 9.0
(1.0

LTVV group:
6.9 (0.6)

Retrospective
cohort

Before:
1,332
(84.5)

After: 232
(93.9)

Retrospective
before-after
cohort

Not reported

Non LTVV
group: 10.1
(1.4)

LTVV group:
6.4 (1.3)

2,437
(58.4)

Retrospective
cohort

ARDS = acute respiratory distress syndrome, ED = emergency department, LOS = length of stay, LTVV = low tidal volume ventilation.

*Reported as n (%) of ventilator settings.

Mean (sp) tidal volume during the first 5 years was
8.3 (1.6)-mL/kg PBW, compared with 6.8 (1.1)-mL/kg
PBW during the last 5 years, p < 0.001.

The Impact of ED LTVV on Clinical Outcomes. The
meta-analysis for binary outcomes is in Figure 2. Ten
studies (n = 11,086) were included in the pooled anal-
ysis for mortality, which was 24.5% in the LTV'V group,
compared with 23.1% in the non-LTVV group (odds

6 www.ccmjournal.org

ratio, 0.87 [0.69-1.09]; p = 0.23). The “leave-one-out”
subgroup analysis (nine studies, n = 8,127), which
excluded the influential outlier study by Prekker et al
(28), demonstrated mortality of 26.5% in the LTVV
group, compared with 31.1% in the non-LTVV group
(odds ratio, 0.80 [0.72-0.88]; p < 0.001). Heterogeneity
was reduced from 76% to 0% in this subgroup anal-
ysis. The occurrence rate of ARDS after admission was
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Figure 1. Emergency department (ED) tidal volume trend over time. Error bars represent sp. To better reflect tidal volumes in use at the
time, the year on the x-axis corresponds to when the study was conducted (not published), or the time period from which the data was
obtained (for retrospective cohort studies). ARDS = acute respiratory distress syndrome, PBW = predicted body weight.

reported in five studies (n = 7,042) and was 4.5% in
the ED LTVV group versus 8.3% in the non-LTVV
group (odds ratio, 0.57 [0.44-0.75]; p < 0.001). Funnel
plot analysis for mortality (Supplemental Digital
Content 7, http://links.lww.com/CCM/H47) revealed
asymmetry, with lack of studies in the bottom-right,
potentially indicating lack of publication of smaller,
more positive studies.

Results for continuous outcomes are in Figure 3.
ED LTVV was associated with shorter hospital length
of stay (seven studies, n = 10,163; mean difference,
~-1.2.d [95% CI, -2.3 to 0.1 d]; p = 0.03) and ICU
lengths of stay (seven studies, #n = 10,163; mean differ-
ence, —1.0 d [95% CI, —1.7 to —0.3 d]; p = 0.004). There
was an increase in ventilator-free days associated with
ED LTVV (six studies, n = 7,122; mean difference
1.4 d [95% CI, 0.4-2.4 d]; p = 0.005). Two studies
(n = 3,392) reported ventilator duration in days, but
not ventilator-free days; there was no significant dif-
ference in the ED LTVV cohort compared with the

Critical Care Medicine

non-LTVV cohort (mean difference, 0.2 d [95% CI,
-0.04 to 0.5 d]; p = 0.09).

Statistical heterogeneity, described by the I* test,
ranged from 0% to 82%, and there was moderate or
high heterogeneity for all outcomes, except ARDS and
ventilator duration (Supplemental Digital Content 8,
http://links.lww.com/CCM/H48).

Subgroup Meta-Analysis in Patients With ARDS.
Two studies (n = 633; Supplemental Digital Content 9,
http://links.lww.com/CCM/H49) analyzed the impact
of ED LTVYV in patients with ARDS while in the ED.
Mortality was 33.6% in the LTVV group versus 47.9%
in the non-LTVV group (odds ratio, 0.68 [0.47-0.97];
p =0.03). ED LTVV was associated with shorter ICU
lengths of stay (mean difference, -1.8 d [95% CI, 3.2
to —0.4 d]; p = 0.010) and an increase in ventilator-
free days (mean difference, 2.2 d [95% CI, 0.2-4.2 d];
p = 0.03). Hospital length of stay was lower by a mean
difference of 1.7 days (95% CI, =5.1 to 1.7 d; p = 0.32),
which was not statistically significant.

www.ccmjournal.org 7
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A
LTV Non-LTVV Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Wilcox 2016 75 261 51 172 102% 0.96 [0.63,1.46) 2016 I E—
Fuller LOV-ED 2017 105 513 338 1192 131% 0.65[0.51,0.83] 2017 —
Fuller ARDS Substudy 2017 17 43 102 186 66% 054 ([0.27,1.06) 2017 r
Owyang 2019 85 256 70190 107% 0.85[0.58,1.26) 2019 _—
Skitch 2019 24 76 21 50 5.9% 0.64 [0.30, 1.34] 2019
Foley 2020 56 228 64 272 103% 1.06 [0.70,1.60) 2020 I —
Rolston 2020 57 220 23 77 7.9% 0.82[0.46,1.46) 2020 I E—
Sullivan 2020 36 135 28 82 7.6% 0.70[0.38,1.27] 2020 e
Prekker 2020 107 774 188 2185 13.0% 1.70[1.32,2.19] 2020 —
Fernando 2021 648 2437 532 1737 147% 0.82[0.72,0.94] 2021 —.—
Total (95% CI) 4943 6143 100.0% 0.87 [0.69, 1.09] -‘
Total events 1210 1417
Heterogeneity: Tau®*= 0.09; Chi*= 37.22, df= 9 (P < 0.0001); F= 76% :u S 0:5 2 55
Test for overall effect: Z=1.21 (P=0.23) ’ Favollrs LTV Favours [non-LTVV]
B
LTVW Non-LTVV Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Wilcox 2016 75 261 51 172 57% 0.96 [0.63,1.46] 2016 I E—
Fuller LOV-ED 2017 105 513 338 1192 165% 0.65[0.51,0.83] 2017 —
Fuller ARDS Substudy 2017 17 43 102 186 22% 0.54[0.27,1.06] 2017 —_—
Owyang 2019 85 256 70 190 66% 0.85[0.58,1.26) 2019 I
Skitch 2019 24 76 21 50 1.9% 0.64[0.30,1.34] 2019
Foley 2020 56 228 64 272 6.0% 1.06 [0.70,1.60) 2020 I ha—
Rolston 2020 57 220 23 7T 31% 0.82 [0.46, 1.46) 2020 I E—
Sullivan 2020 36 135 28 82  29% 0.70[0.39,1.27] 2020 S — R
Fernando 2021 648 2437 532 1737 551% 0.82(0.72,094) 2021 -
Total (95% CI) 4169 3958 100.0% 0.80[0.72, 0.88] <
Total events 1103 1229
Heterogeneity: Tau®= 0.00; Chi*=7.22, df= 8 (P= 0.51); F= 0% =02 0=5 ] 5 51'
Test for overall effect: Z= 4.43 (P = 0.00001) ' Favours [LTW] Favours [non-LTW]
C
LTVWV Non-LTVV 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Fuller LOV-ED 2017 22 513 130 1192 24.0% 0.37 [0.23,058]) 2017 I
Owyang 2019 17 256 17 190 12.4% 0.72[0.36,1.46) 2018 —
Sullivan 2020 5 135 5 82 4.1% 0.59[017,2.11] 2020
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Figure 2. Forest plots displaying the impact of emergency department (ED) low tidal volume ventilation (LTVV) on mortality (A), mortality
in the leave-one-out subgroup analysis (B), and acute respiratory distress syndrome (ARDS) (C).

DISCUSSION (4,5,8,13,14, 52, 53). Despite this, a lack of adherence

to this proven therapy is common in the ICU and as-
The need for mechanical ventilation is a common in-  sociated with worse outcome (13, 14, 54). Initial tidal
dication for critical care services in the ED and ICU  volume settings seem especially impactful in the early
(50, 51). Major randomized clinical trials, large obser-  course of respiratory failure, both in terms of improv-
vational studies, systematic reviews, and meta-anal-  ingoutcome and overall adherence to LTVV (6, 13, 14).
yses have shown clinical benefit of LTVV in patients  Therefore, the ED could be an important arena in which
with ARDS, as well as those at risk for the syndrome  to target LTVV to improve downstream adherence to
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Figure 3. Forest plots displaying the impact of emergency department (ED) low tidal volume ventilation (LTVV) on hospital length of stay
(A), ICU length of stay (B), and ventilator-free days (C). ARDS = acute respiratory distress syndrome.

LTVV and clinical outcomes. Initial observational data
from the ED demonstrated that the use of high tidal
volumes was common [8.8-mL/kg PBW (7.8-10.0)],
and LTVV use was rare (27.1%) (16). On account of
these data, subsequent published ED-based interven-
tional studies, and nearly a decade of elapsed time, we
undertook this systematic review and meta-analysis to
characterize ED-based tidal volume trends over time
and assess the potential impact of ED LTVV on clinical
outcomes. There were several important findings.

Our main finding was an association between
LTVV in the ED and improved clinical outcomes.
ED LTVV was associated with decreased mortality,
frequency of ARDS development after ICU admis-
sion, lengths of stay in the ICU and hospital, and an

Critical Care Medicine

increase in ventilator-free days. These results were con-
sistent in the subgroup analysis in patients with ARDS.
Acknowledging that a “one-size-fits-all” approach
should not be employed for all patients on a mechan-
ical ventilator, our results suggest that LTVV should be
the default approach to initial ventilator settings in the
ED. Further, these data suggest that widespread imple-
mentation of LTVV in the ED could be a low-cost and
rapidly scalable intervention to improve outcome and
reduce healthcare utilization in mechanically venti-
lated patients.

Second, our systematic review demonstrated a de-
crease in ED tidal volume over time and the impact
that ED tidal volume settings have on those delivered
in the ICU. Data from five before-after implementation
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studies (n = 8,705 patients) demonstrate that a proto-
colled approach to initial ED ventilator settings is fea-
sible and associated with a decrease in tidal volume
of approximately 1.5-mL/kg PBW. Additionally, mul-
tiple studies have demonstrated the influence that
ED ventilator settings hold on subsequent ICU care
(6, 16, 17, 36, 37). Our current results demonstrate
that ED LTVV will improve adherence to LTVV in the
ICU, with a decrease in tidal volume by approximately
1.0-mL/kg PBW. This represents a critical finding to
support implementation of ED LTVYV, considering the
static nature of early ICU ventilator settings, high het-
erogeneity in ventilator settings and poor adherence to
LTVV in the ICU, and data showing higher mortality
with an increase of only 1-mL/kg PBW in initial venti-
lator settings in ARDS (13, 15, 54, 55).

Another important finding is the demonstra-
tion that ED tidal volume has decreased by approxi-
mately 2-mL/kg PBW in just over a decade, with less
variability (i.e., more narrow sp over time). While
we cannot pinpoint the reasons why, this transla-
tion from research evidence to clinical practice is in
line with the typically slow adoption of evidence into
real-world practice (56). Larger longitudinal studies
will be needed to assess the penetrance and sustain-
ability of LTVV in the ED and its ongoing impact on
mechanical ventilation practices in the ICU. Utilizing
dissemination and implementation science principles
to develop strategies for systemic implementation of
what appears to be an effective therapy is an important
next step. Additionally, the sustainability of ED LTVV
will need to be assessed, along with dissemination and
implementation strategies for what appears to be an
effective therapy.

There are important limitations to consider. First,
there are no randomized clinical trials comparing
LTVV in the ED with non-LTVV or usual care, neces-
sitating the inclusion of cohort studies and before-
after studies in the meta-analysis. Given the existing
body of literature, a “classic” individually randomized,
parallel group clinical trial comparing LTVV with
non-LTVYV raises ethical concerns. Additionally, the
LOTUS-FRUIT Study estimated that between 66,000
and 107,000 patients (at a cost of $14-23 million)
would need to be enrolled in a stepped-wedge cluster-
randomized controlled trial in order to demonstrate
a 3% improvement in mortality, comparing LTVV
(6-mL/kg PBW) with usual care (7.1-mL/kg PBW,

10 www.ccmjournal.org

comparable to our current findings from the last 5
yr of ED data) (15). Recognizing that our reliance on
observational and quasi-experimental studies with
moderate-to-high statistical heterogeneity increases
the risk of bias in our results, the current data are
likely the most precise estimate of the benefit of ED
LTVYV for the foreseeable future. Second, our aggre-
gate mortality estimate showed discordance when
compared with the leave-one-out subgroup analysis,
which was conducted after identification of an influ-
ential outlier that showed an increase in mortality
associated with LTVV. Given the high volume of lit-
erature supporting LTVV in mechanically ventilated
patients, the unusually low mortality, and a lack of
face validity and biological plausibility of this outlier,
we believe the leave-one-out analysis to be a more ac-
curate reflection of the real estimate of effect. Third,
our review focused solely on tidal volume and not
on other mechanical ventilator settings that can be
important aspects of lung protection (i.e., setting of
positive end-expiratory pressure, limiting plateau
pressure, and avoidance of hyperoxia). However, this
approach was thought to be the most pragmatic and
feasible with respect to collating the data. Fourth, ex-
cluding the subgroup analyses (leave-one-out sub-
group, I? of 1%; ARDS subgroup I* of 0%), statistical
heterogeneity was moderate-to-high, given the use
of nonrandomized studies. As mechanically venti-
lated ED patients are clinically quite heterogeneous
as well, statistical heterogeneity was not unexpected
and should not prevent meta-analysis of the data.
Fifth, the majority of our included studies were con-
ducted in the United States and Canada and prima-
rily in academic medical centers where dissemination
of data may be more active. Therefore, these data may
not reflect practices and outcomes in other regions
of the world or in community settings. Sixth, our
results (especially those regarding the impact on ICU
LTVV) may reflect general changes over time with
respect to the use of LTVV, as opposed to location-
specific interventions in the ED. Finally, although our
clinical outcomes were patient-centered, there were
no longer-term outcomes assessed, such as physical,
cognitive, and psychosocial outcomes. Given the sur-
vivor burden associated with mechanical ventilation,
assessing longer term outcomes in survivors of ED
mechanical ventilation is an important research pri-
ority going forward (3, 57).
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CONCLUSIONS

This comprehensive systematic review collated the
global biomedical literature regarding tidal volume
during mechanical ventilation in the ED. The use of an
LTVV approach in the ED is associated with improved
clinical outcomes and an increase in lung protection in
both the ED and ICU. Interventions aimed at imple-
menting and sustaining LTVV in the ED should be
explored further.
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