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IMPORTANCE Among patients receiving mechanical ventilation, tidal volumes with each
breath are often constant or similar. This may lead to ventilator-induced lung injury by
altering or depleting surfactant. The role of sigh breaths in reducing ventilator-induced lung
injury among trauma patients at risk of poor outcomes is unknown.

OBJECTIVE To determine whether adding sigh breaths improves clinical outcomes.

DESIGN, SETTING, AND PARTICIPANTS A pragmatic, randomized trial of sigh breaths plus usual
care conducted from 2016 to 2022 with 28-day follow-up in 15 academic trauma centers in
the US. Inclusion criteria were age older than 18 years, mechanical ventilation because of
trauma for less than 24 hours, 1 or more of 5 risk factors for developing acute respiratory
distress syndrome, expected duration of ventilation longer than 24 hours, and predicted
survival longer than 48 hours.

INTERVENTIONS Sigh volumes producing plateau pressures of 35 cm H2O (or 40 cm H2O for
inpatients with body mass indexes >35) delivered once every 6 minutes. Usual care was
defined as the patient’s physician(s) treating the patient as they wished.

MAIN OUTCOMES AND MEASURES The primary outcome was ventilator-free days. Prespecified
secondary outcomes included all-cause 28-day mortality.

RESULTS Of 5753 patients screened, 524 were enrolled (mean [SD] age, 43.9 [19.2] years; 394
[75.2%] were male). The median ventilator-free days was 18.4 (IQR, 7.0-25.2) in patients
randomized to sighs and 16.1 (IQR, 1.1-24.4) in those receiving usual care alone (P = .08). The
unadjusted mean difference in ventilator-free days between groups was 1.9 days (95% CI, 0.1
to 3.6) and the prespecified adjusted mean difference was 1.4 days (95% CI, −0.2 to 3.0). For
the prespecified secondary outcome, patients randomized to sighs had 28-day mortality of
11.6% (30/259) vs 17.6% (46/261) in those receiving usual care (P = .05). No differences were
observed in nonfatal adverse events comparing patients with sighs (80/259 [30.9%]) vs
those without (80/261 [30.7%]).

CONCLUSIONS AND RELEVANCE In a pragmatic, randomized trial among trauma patients
receiving mechanical ventilation with risk factors for developing acute respiratory distress
syndrome, the addition of sigh breaths did not significantly increase ventilator-free days.
Prespecified secondary outcome data suggest that sighs are well-tolerated and may improve
clinical outcomes.
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M ost patients receiving pressure- or volume-controlled
invasive mechanical ventilation receive a constant, or
nearly constant, tidal volume (VT) with each breath.

Many studies, however, report that constant VT ventila-
tion (CVTV), with either small or large VTs, delivered for even
short periods, alters surfactant, increases surface tension,
causes atelectasis, generates inflammatory cytokines, and pro-
duces ventilator-induced lung injury (VILI).1 Atelectasis is a
critical factor in this pathophysiology because cyclical open-
ing and closing of atelectatic airspaces (termed atelectrauma)
and overdistension of patent alveoli adjacent to the atelec-
tatic regions (termed volutrauma) occur, both of which are cur-
rently thought to cause VILI and result in systemic inflamma-
tion (termed biotrauma2,3).

Surfactant is normally inactivated and/or depleted con-
tinuously over time. Accordingly, it must be continuously se-
creted to maintain low surface tension and prevent atelecta-
sis. The strongest stimulus for surfactant secretion is the
mechanical stress resulting from stretching type II pneumo-
cytes, as would occur with large VTs.4-10 Nearly 60 years ago,
Pattle11 noted that one of the functions of a yawn or deep breath
was to recruit more surfactant to the lining film and that if deep
breaths were prevented, the lining film would collapse lead-
ing to alveolar collapse. He also suggested that, if artificial res-
piration were being used, the collapse could be prevented by
giving occasional maximal inflations.

Short-term administration of sighs improves compli-
ance and gas exchange, decreases ventilation heteroge-
neity and regional lung strain, reverses and prevents atelecta-
sis, and reduces inflammatory cytokine production.12-18

While there is concern that large breaths may cause VILI by
volutrauma,2,3 a recent study suggested that sighs seem to be
safe when administered to patients with lung injury.19 The
Pragmatic Trial of Sigh Ventilation in Patients with Trauma
(SiVent) study was conducted to test whether incorporating
sighs into the routine management of trauma patients requir-
ing mechanical ventilation improved outcomes compared
with usual care.

Methods
Study Design
We used a pragmatic, parallel-group design with partici-
pants randomly assigned in a 1:1 ratio to the control or inter-
vention groups. Randomization used an interactive website
operated by the data coordinating center with block random-
ization (randomly chosen block sizes of 2, 4, or 6) stratified
by center (Figure 1). The control group received usual care
defined as the patient’s physician(s) treating the patient as
they wished. The intervention group received usual care with
sighs added to whatever ventilatory protocol was being used
(eg, ventilatory mode, respiratory rate, VT, level of positive
end-expiratory pressure [PEEP], inspiratory flow rate).

Patients were followed up daily up to 28 days until they
were extubated and left the intensive care unit (ICU) or died.
If a patient was reintubated, daily assessments were re-
started. Vital status was assessed at day 28.

The protocol and changes to the protocol that occurred
after the study began are available in Supplement 1.

Participants
Patients were recruited in 15 trauma centers in the US
(Table 1). Written informed consent was obtained from all
participants or from their legally authorized representative.
Inclusion criteria were age 18 years or older; admission
because of trauma; receipt of invasive mechanical ventilation
but for less than 24 hours; expected ventilation at more than
24 hours; expected survival at more than 48 hours; and hav-
ing 1 or more of the following risk factors for developing
acute respiratory distress syndrome (ARDS): (1) traumatic
brain injury; (2) more than 1 long bone fracture; (3) shock (de-
fined as a systolic blood pressure <90 mm Hg when first
evaluated); (4) lung contusion (as indicated in the medical
record); and (5) receipt of more than 6 units of all blood prod-
ucts in the first 24 hours of care. Race and ethnicity informa-
tion was self-reported or obtained from the medical record
by the research coordinators for patients who were intubated
and unable to communicate and was collected to facilitate
generalizing the patients studied to the US population.

Exclusion criteria were (1) inability to obtain consent
from the patient or their legally authorized representative;
(2) unwillingness of the treating physician to use sigh venti-
lation; (3) age younger than 18 years; (4) undergoing invasive
mechanical ventilation for more than 24 hours; (5) presence
of malignancy or other irreversible disease or condition for
which the 6-month mortality was estimated to exceed 50%
(eg, chronic liver disease with a Child-Pugh score of 10-15, ma-
lignancy refractory to treatment); (6) moribund, not ex-
pected to survive 48 hours; (7) individuals who were preg-
nant (negative pregnancy test results required for individuals
of child-bearing age); (8) those in prison; (9) neurologic con-
dition that could impair spontaneous ventilation (eg, C5 or
higher spinal cord injury); (10) lack of availability of Dräger Evita
Infinity V500 ventilator; (11) burns on more than 40% of body
surface area; (12) treating physicians being unwilling to use low
VT ventilation strategy when ARDS was diagnosed; (13) treat-
ing physician’s decision to use airway pressure–release ven-
tilation; and (14) patient not expected to require mechanical

Key Points
Question Does adding sigh breaths to the usual care of
trauma patients receiving mechanical ventilation increase
ventilator-free days?

Findings In this randomized clinical trial among 524 trauma
patients with risk factors for developing acute respiratory distress
syndrome, the addition of sigh breaths did not significantly
increase ventilator-free days compared with usual care alone
(median ventilator-free days, 18.4 vs 16.1, respectively). Although
not adjusted for multiple testing, sigh breaths were associated
with improvement in secondary outcomes including all-cause
mortality. There was no evidence of harm.

Meaning Sigh breaths added to usual care did not significantly
increase ventilator-free days among trauma patients who received
mechanical ventilation but may improve clinical outcomes.
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ventilation for more than 24 hours (eg, intubated for alcohol
intoxication rather than pulmonary problem).

Intervention
Sigh volumes were defined as whatever VT produced a pla-
teau pressure (Pplat) of 35 cm H2O because this Pplat
produces an end-inspiratory lung volume approximating
total lung capacity if respiratory system compliance is nor-
mal. In patients with a body mass index (calculated as weight
in kilograms divided by height in meters squared) greater
than 35, or in those presumed to have an increase in abdomi-
nal pressure, a Pplat of 40 cm H2O was targeted because
chest wall compliance would be reduced. The volume deliv-
ered above the set VT to produce Pplats of 35 or 40 cm H2O
was manually determined. Sighs were delivered over 5 sec-
onds once every 6 minutes based on the findings of Bendixen
and colleagues20 but not during transport or when patients
were in the operating room.

Outcomes
The primary end point was ventilator-free days (VFDs),
defined as the number of days of unassisted breathing to day
28 without having to reinstitute invasive ventilation. Patients
who died before day 28 were assigned 0 VFDs. Post hoc sub-
group analyses were performed on VFDs for demographic
differences, each of the ARDS risk factors described above,
and for severity of injury dichotomized above and below the
median score.

Prespecified, secondary end points were all-cause 28-
day mortality; the number of ICU-free days to day 28; compli-
cations (as diagnosed by the patients’ treating physicians); and
discharge status. All primary and secondary end points were
prespecified.

Post hoc tertiary end points included total VFDs (TVFDs),
defined as the number of 24-hour periods that were free from
assisted ventilation to day 28 or death; time to successful ex-
tubation; use of sedatives; time to development of a PaO2 to
fraction of inspired oxygen (FIO2) ratio consistent with ARDS
and ARDS subgroups as defined by the Berlin criteria;21 and/or
development of bilateral or diffuse infiltrates on chest imaging
as determined from radiology reports.

Sample Size
We initially estimated a need to enroll 916 patients based on
assumptions used in the EDEN and FACTT studies22,23 (ie, the
SD for VFDs would be 10.5 days and the difference in VFDs be-
tween patients randomized to sighs vs usual care would be 2.25
days; 90% power; and 2-sided significance of .05). Two in-
terim analyses were conducted: after approximately one-
third and two-thirds of the targeted enrollment had oc-
curred, respectively (monitoring boundaries are described in
the eMethods in Supplement 2). After the first interim analy-
sis of blinded data and review of recruitment progress, the data
and safety monitoring board recommended recalculating the
sample size using a reduced power and revised SD for VFDs.
Using an SD of 9.9 VFDs observed in the control group, 80%

Figure 1. Screening, Randomization, and Follow-Up of Participants in the SiVent Trial

5753 Patients were screened

524 Randomized

1 Withdrew consent
1 Lost to follow-upd

2 Withdrew consent

263 Randomized to usual care
259 Received intended treatmentc

261 Randomized to sighs plus usual care
255 Received intended treatmentb

261 Completed 28-d follow-up and
included in the primary analysis

259 Completed 28-d follow-up and
included in the primary analysis

5229 Excludeda

1388 Not expected to require MV >24 h

413 Patient or proxy refused consent

827 6-mo Mortality estimated to exceed 50%

643 Proxy not available

405 MV mode precludes using sighs

140 Neurologic condition

210 Physician refused
136 Younger than 18 y

100 In prison

30 Physician unwilling to use low tidal volume

76 Dräger ventilator not available
72 Pregnant

10 Burns >40% of body

11 Other
1 Died

792 Receiving MV >24 h

MV indicates mechanical ventilation;
SiVent, Sigh Ventilation to Increase
Ventilator-Free Days in Victims of
Trauma at Risk for Acute Respiratory
Distress Syndrome.
a Individuals may have met more than

1 exclusion criteria.
b Six individuals were receiving

mechanical ventilation.
c Four individuals temporarily

received sighs.
d Vital status at day 28 unknown.
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power, and a withdrawal rate of 1%, the data coordinating cen-
ter estimated the need to enroll 544 patients.

Statistical Analysis
The primary analysis for the difference in VFDs and ICU-free
days between the 2 groups was the Wilcoxon rank-sum statis-
tic. Linear least-squares regression with robust standard er-
rors was additionally used to compare VFDs, TVFDs, and ICU-
free days between groups. Kaplan-Meier survival curves and
Cox models were used to compare time of death, time to de-
velopment of PaO2/FIO2 ratios consistent with ARDS or ARDS
subgroups, and/or development of generalized or diffuse in-
filtrates. Time to successful extubation was analyzed using
competing risk regression with death as the competing risk.24

Occurrence of adverse events and all-cause 28-day mortality
were analyzed by logistic regression unless otherwise speci-
fied. All analyses were based on the intention-to-treat prin-
ciple. No adjustments for multiplicity were performed so the
secondary and subgroup analyses should be interpreted as ex-
ploratory. Adjusted models included age, sex, smoking his-
tory, traumatic brain injury, more than 1 long bone fracture,
shock, lung contusion, receipt of more than 6 units of blood
products in the first 24 hours of care, Injury Severity Score,
PaO2/FIO2 ratio of 300 or less prior to randomization, and trial

Table 1. Demographic and Clinical Characteristics of the Enrolled Patients

Characteristic

No. (%)

Sighs + usual care Usual care alone

Total No. of participants 261 263

Age, mean (SD), y 43.7 (19.1) 44.2 (19.2)

Sex

Male 197 (75.5) 197 (74.9)

Female 64 (24.5) 66 (25.1)

Race and ethnicitya 260 262

American Indian or Alaska Native 2 (0.8) 0

Asian 1 (0.4) 4 (1.5)

Black or African American 55 (21.2) 52 (19.8)

Hispanic or Latino 43 (16.5) 42 (16.0)

White 202 (77.7) 203 (77.5)

Multiple racial and ethnic
categories

0 3 (1.1)

Smoking status, No. 199 183

Current/past 134 (67.3) 103 (56.3)

Never 65 (32.7) 80 (43.7)

Entry criteria

Traumatic brain injury 159 (60.9) 165 (62.7)

>1 Long bone fractures 44 (16.9) 47 (17.9)

In shock on arrival in EDb 81 (31.0) 96 (36.5)

Lung contusion 107 (41.0) 111 (42.2)

>6 U of blood products 94 (36.0) 89 (33.8)

Arterial blood gases on enrollment 234 243

pH, mean (SD) 7.36 (0.08) 7.37 (0.08)

PaCO2, mean (SD), mm Hg 39.1 (7.4) 38.6 (7.8)

PaO2, mean (SD), mm Hg 157.4 (84.2) 152.5 (79.9)

FIO2, mean (SD), mm Hg [No.] 48.1 (19.0)
[230]

47.1 (17.2)
[228]

PaO2/FIO2 ratio, mean (SD) [No.] 348.6 (171.9)
[230]

349.8 (214.0)
[228]

PaO2/FIO2 ratio categorical

>300 (Best) 130 (56.5) 128 (56.1)

>200-300 57 (24.8) 55 (24.1)

>100-200 35 (15.2) 37 (16.2)

≤100 (Worst) 8 (3.5) 8 (3.5)

PEEP, mean (SD), cm H2O [No.] 6.8 (2.5)
[222]

7.1 (3.6)
[227]

Hours with ventilator prior
to randomization, mean (SD)

17.1 (5.8) 17.0 (5.9)

Ventilator mode, No. 260 263

Assisted mechanical ventilation 98 (37.7) 106 (40.3)

Controlled mechanical ventilation 69 (26.5) 66 (25.1)

Pressure control ventilation 45 (17.3) 45 (17.1)

Synchronized intermittent
mandatory ventilation

39 (15.0) 40 (15.2)

Other 9 (3.4) 6 (2.2)

Inspiratory (set) tidal volume,
mean (SD), mL [No.]

502.9 (97.0)
[258]

501.2 (92.3)
[261]

Set tidal volume/PBW,
mean (SD), mL [No.]

7.4 (1.4)
[258]

7.3 (1.4)
[261]

Injury Severity Score,
mean (SD) [No.]c

28.8 (12.9)
[256]

29.9 (11.7)
[259]

RASS scale, mean (SD) [No.]d −2.0 (2.1)
[256]

−2.0 (2.3)
[261]

(continued)

Table 1. Demographic and Clinical Characteristics of the Enrolled Patients
(continued)

Characteristic

No. (%)

Sighs + usual care Usual care alone

BMI [No.] 261 263

<30 161 (61.7) 169 (64.3)

≥30 100 (38.3) 94 (35.7)

Infiltrates on initial chest x-ray
or CT, No.

258 261

None 181 (70.2) 178 (68.2)

Localized 22 (8.5) 21 (8.0)

Generalized (bilateral) 37 (14.3) 49 (18.8)

Diffuse 18 (7.0) 13 (5.0)

Medications 260 263

For sedatione 249 (95.8) 252 (95.8)

For hypotensionf 98 (37.7) 90 (34.2)

For paralysis 31 (11.9) 24 (9.1)

To increase cardiac outputg 3 (1.2) 3 (1.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CT, computed tomography; ED, emergency
department; FIO2, fraction of inspired oxygen; PBW, predicted body weight;
PEEP, positive end-expiratory pressure; RASS, Richmond Agitation
Sedation Scale.
a Race and ethnic data were self-reported by participants within fixed

categories based on National Institutes of Health Diversity Program.
b Systolic blood pressure <90 mm Hg.
c Score range, 0 (no injury) to 75 (not survivable).
d Score range, +4 (combative) to −5 (unarousable). Score information is

available in eTable 1 in Supplement 2.
e Benzodiazepines, propofol, dexmedetomidine, haloperidol, quetiapine, and

phenobarbital.
f Norepinephrine, vasopressin, epinephrine, and phenylephrine.
g Isoproterenol, dopamine, and inotropic agents.
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center (adjusted Cox models were stratified by trial center). The
significance threshold was 2-sided P < .05. Analyses were per-
formed using R software version 4.32.1 (R Core Team) and SAS
version 9.4 (SAS Institute Inc). Additional statistical consid-
erations are provided in the eMethods in Supplement 2.

The institutional review board at each participating insti-
tution approved the study.

Results
Patients
From April 2016 to September 2022, 524 patients were ran-
domized (96% of the targeted enrollment), 261 to sigh breaths
plus usual care and 263 to usual care alone (Figure 1, Table 1).
The study was stopped prior to meeting targeted enrollment
due to funding termination. A total of 520 participants (99%)
completed follow-up and were included in the primary analy-
sis. One patient was discharged prior to day 28 and their vital
status as of day 28 was unknown. All randomized partici-
pants were included in the secondary time-to-event analysis
(Figure 2).

Sigh Volumes
Of the 259 patients randomized to sighs with complete
follow-up available, 223 were documented as receiving an
initial (day 1) mean (SD) sigh volume of 939 (290) mL or 13.7
(4.1) mL/kg predicted body weight, representing 195% (76%)
of their set VT (Table 2). Ventilator modes and tidal volumes
during follow-up are reported in eTable 3 in Supplement 2.

Ventilator-Free Days
Patients randomized to sighs had a median of 18.4 VFDs
(IQR, 7.0-25.2) during the first 28 days compared with 16.1
VFDs (IQR, 1.1-24.4) for those receiving usual care (P = .08)
(Table 2). The mean difference in VFDs between groups was

1.9 days (95% CI, 0.1-3.6). Participants randomized to sighs
had a shorter time to successful extubation (subdistribution
hazard ratio, 1.21 [95% CI, 1.00-1.47]; P = .05; Figure 2).
Patients receiving sighs had a median of 20.0 TVFDs (IQR,
9.0-25.0) compared with 17.0 (IQR, 4.0-24.0) for those
receiving usual care (P = .06). The mean difference in TVFDs
between groups was 1.9 days (95% CI, 0.2-3.6). Among indi-
viduals who survived to day 28, no significant difference in
VFDs or TVFDs between treatment groups was observed.
Patients receiving sighs had more VFDs in all 23 post hoc
exploratory subgroups analyzed and no significant interac-
tions between treatment assignment and any subgroup were
detected (eFigure 1 in Supplement 2).

Mortality
The prespecified, secondary end point of 28-day mortality was
11.6% (30/259) in patients receiving sighs and 17.6% (46/261)
in those receiving usual care (odds ratio, 0.61 [95% CI, 0.37-
1.00]; P = .05). The unadjusted and adjusted hazard ratios for
death associated with sighs compared with usual care were
0.64 (95% CI, 0.41-1.02; P = .06) and 0.70 (95% CI, 0.43-1.15;
P = .16), respectively (Figure 2). No differences were found in
the causes of death between the 2 groups (Table 3).

Other Secondary and Tertiary End Points
Patients randomized to sighs had a median of 13.7 ICU-free days
(IQR, 2.0-20.6) compared with 11.9 (IQR, 0-20.0) for patients
receiving usual care (P = .10, Table 2).

Time to development of PaO2/FIO2 ratios and/or bilateral
or diffuse infiltrates consistent with ARDS were similar be-
tween groups as was discharge status (eFigure 2 and eTables 3-4
in Supplement 2).

We found no difference in the incidence of complications
in the 2 groups (Table 3). The number of nonfatal severe
adverse events was similar between groups, but more
patients receiving sighs had hypotension reported as an

Figure 2. Kaplan-Meier Estimates of the Probability of Survival and Survival Without the Need
for Assisted Ventilation During the First 28 Days After Randomization
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Subdistribution HR for successful extubation: 1.21 (95% CI, 1.00-1.47); P = .05

Survival

Successful
extubation

Successful extubation was defined as
the patient being able to breathe
unassisted and maintaining
unassisted breathing until the end of
the study period. Among those who
died, the median days from
randomization to death was 5.5 (IQR,
2.1-9.8; n = 30) in the sighs plus usual
care group and 5.3 (IQR, 3.5-9.1;
n = 46) in the usual care alone group.
Among those who were successfully
extubated, the median days from
randomization to extubation was 6.4
(IQR, 1.9-12.9; n = 209) in the sighs
plus usual care group and 6.8 (IQR,
2.8-13.2; n = 197) in the usual care
alone group.
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adverse event (7 vs 0 in the usual care group, Table 3). Of
the 7, however, 2 had no association with sighs because the
hypotension occurred 13 days after extubation in one and
prior to sighs being implemented in the other. In the remain-
ing 5, hypotension was temporally related to the sigh breaths
but 4 were receiving pressors at the time sighs were imple-
mented and 1 was also being ventilated with 30 cm H2O of
positive end-expiratory pressure.

Discussion
In this pragmatic, randomized trial of 524 patients, the change
in the distributions of VFDs in the 2 groups did not reach sta-
tistical significance (Wilcoxon sign rank P = .08) with the ad-
dition of sigh breaths to usual care but the difference in VFDs
increased by an unadjusted mean of 1.9 days (least-squares re-
gression P = .04) compared with usual care alone among
trauma patients with risk factors for developing ARDS. The pre-
specified secondary outcome of mortality was also lower in pa-
tients receiving sighs (odds ratio P = .05). No significant dif-
ference in length of ICU stay or nonfatal adverse events was
observed. Five patients receiving sighs (1.9%) had hypoten-
sion attributable to sighs but 4 of these were receiving pres-
sors prior to the administration of sighs.

The difference in VFDs between treatment groups did not
reach statistical significance using the Wilcoxon rank-sum
statistic and could have occurred by chance, but a stronger
signal was found when differences in mean VFDs were com-
pared between groups and when analyzed using a competing-
risks approach. The observed differences in VFDs were likely

driven by the difference in mortality between treatment groups
because VFDs were comparable in survivors of both groups.
As noted by Schoenfeld and Bernard,25 parametric tests of VFDs
are dependent on the length of the study, with the difference
between early extubation and mortality weighted more
strongly with a longer study period. Nonparametric tests, such
as the Wilcoxon rank-sum test, are less dependent on length
of the study and weight mortality and duration of ventilation
similarly. This could explain why a stronger signal was iden-
tified using the parametric approach vs the nonparametric ap-
proach. In addition, a study published after the current study
began found that using a competing-risks approach was more
powerful than the Wilcoxon rank-sum test when the effect of
an intervention on VFDs was primarily through mortality.26

Hence, in hindsight, specifying a competing-risks analysis for
VFDs may have been a more appropriate approach. Given the
low mortality of patients with trauma, selecting mortality as
the primary end point would have required enrolling an un-
realistic number of patients. The mechanism linking sighs with
a lower mortality can only be speculated.

No difference was found in the timing or number of pa-
tients developing ventilator-associated pneumonia or find-
ings consistent with ARDS between the 2 treatment groups but
this study was underpowered to find clinically meaningful dif-
ferences in these complications given the low incidence ob-
served in both groups. In addition, blood gases and x-rays were
not obtained in a consistent fashion given the pragmatic na-
ture of the study design. The reduced mortality in patients re-
ceiving sighs largely resulted from fewer patients dying of trau-
matic brain injury or multiple traumas. The rationale for sighs
is that they reduce VILI. Accordingly, sighs could have reduced

Table 2. Primary and Secondary Outcomes

End point

Median (IQR) Mean difference (sighs − usual care)

Sighs + usual care
(n = 259)a

Usual care alone
(n = 261)

Unadjusted Adjustedb

Estimated (95% CI) P value Estimated (95% CI) P value
Primary outcome

Ventilator-free daysc

Overall 18.4 (7.0 to 25.2) 16.1 (1.1 to 24.4) 1.9 (0.1 to 3.6) .04 1.4 (−0.2 to 3.0) .08

Death excluded 20.3 (14.2 to 25.8) 19.5 (10.2 to 25.2) 0.9 (−0.7 to 2.6) .26 0.8 (−0.8 to 2.3) .33

Secondary outcomes

ICU-free days

Overall 13.7 (2.0 to 20.6) 11.9 (0.0 to 20.0) 1.3 (−0.3 to 2.9) .10 0.8 (−0.6 to 2.3) .26

Death excluded 15.5 (7.8 to 21.2) 14.0 (6.4 to 21.6) 0.6 (−1.0 to 2.1) .48 0.3 (−1.2 to 1.8) .71

Total ventilator-free daysd

Overall 20.0 (9.0 to 25.0) 17.0 (4.0 to 24.0) 1.9 (0.2 to 3.6) .03 1.4 (−0.1 to 2.9) .07

Death excluded 21.0 (15.0 to 25.0) 20.0 (11.5 to 25.0) 1.0 (−0.6 to 2.5) .22 0.8 (−0.7 to 2.2) .30

Abbreviation: ICU, intensive care unit.
a Patients randomized to sighs plus usual care received sighs for a median of 3

days (IQR, 1-7). Among those with a plateau pressure of �35 cm H2O (n = 183),
the initial mean (SD) sigh volume was 994 (296) mL, 13.7 (4.2) mL/kg
predicted body weight (PBW), or 192% (57%) of the set tidal volume. Among
those with a plateau pressure >35 cm H2O (n = 37), the initial mean (SD) sigh
volume was 905 (271) mL, 13.5 (3.6) mL/kg PBW, or 205% (138%) of the set
tidal volume.

b Models were adjusted for age, sex, smoking history, traumatic brain injury,
>1 long bone fracture, shock, lung contusion, receipt of >6 units of blood
products in the first 24 hours of care, Injury Severity Score, PaO2/FIO2 ratio

�300 prior to randomization, and trial center. Missing values for Injury
Severity Score and PaO2/FIO2 ratio were imputed using multiple imputation by
chained equations. Results were pooled across 50 imputations using the
Rubin rules for computing the total variance. Results from the complete case
analyses are provided in eTable 2 in Supplement 2.

c Defined as number of days of unassisted breathing to day 28 without having
to reinstitute invasive ventilation. Patients who died before day 28 were
assigned 0 ventilator-free days.

d Defined as the number of 24-hour periods that were free from assisted
ventilation to day 28 or death.
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the extent of VILI-associated biotrauma contributing to these
injuries as might occur through the link between stretch-
activated mechanoreceptors and the immune response.27

Only 1 previous study has assessed the long-term effects
of sighs: a phase 2 trial investigating the safety of sighs in pa-
tients with acute hypoxic respiratory failure and ARDS (the
PROTECTION study).19 In this trial, no difference was ob-
served in VFDs, the length of ICU stay, mortality, or adverse
events. Several differences between the current study and
PROTECTION limit directly comparing results from the 2 trials.
First, all of the patients in PROTECTION had acute hypoxic fail-
ure defined as a PaO2/FIO2 ratio of less than 300 (median: 222)
and half had ARDS as defined by a PaO2/FIO2 ratio of less than
300 and bilateral infiltrates on enrollment. In the current study,
only 43% of the patients had PaO2/FIO2 ratios of less than 300
(median: 325) and less than 15% had ARDS defined by the same
criteria. These 2 differences, plus the current finding in sub-
group analysis that sighs were associated with more VFDs in

patients with PaO2/FIO2 ratios greater than 300, suggests that
the benefits of sighs might be greater in patients without ARDS
or when they are administered prior to the development of
ARDS. Second, only approximately 7% of the patients in
PROTECTION had an admitting diagnosis of trauma. Third,
more than twice the number of patients were enrolled in the
current study than reported in PROTECTION.

While sighs likely resulted in some degree of alveolar re-
cruitment, they were not applied as recruitment maneuvers
but rather to facilitate surfactant secretion by stretching the
type II pneumocytes. Single sigh breaths over 5 seconds ev-
ery 6 minutes were administered in this study until the pa-
tients were breathing without ventilatory assistance. Studies
of recruitment maneuvers generally applied Pplats of 35 or
40 cm H2O as in this study, but for 20 to 40 seconds, with up
to 3 consecutive breaths given but no more than 4 times per
day.28 These studies reported improvements in gas ex-
change, compliance, end-expiratory lung volume, and/or the

Table 3. Complications and Serious Adverse Events (SAEs)

Event/complication

No. (%)
Sighs + usual care
(n = 259)

Usual care alone
(n = 261)

Fatal events 30 (11.6) 46 (17.6)

Brain injury 20 (66.7) 30 (65.2)

Multiple traumas 4 (13.3) 6 (13.0)

Hemorrhagic shock 3 (10.0) 3 (6.5)

Respiratory 2 (6.7) 3 (6.5)

Cardiac 1 (3.3) 2 (4.3)

Multiorgan failure 0 1 (2.2)

Pulmonary embolism 0 1 (2.2)

Nonfatal SAEs

Total SAEs, No. (count per person) 118 (0.456) 111 (0.425)

Experienced ≥1 SAE 80 (30.9) 80 (30.7)

Pneumonia 22 (8.5) 22 (8.4)

Pneumothorax 18 (6.9) 20 (7.7)

DVT/PE 10 (3.9) 13 (5.0)

Respiratory 12 (4.6) 10 (3.8)

Infection/sepsisa 9 (3.5) 12 (4.6)

Stroke 7 (2.7) 7 (2.7)

Gastrointestinal bleed 6 (2.3) 6 (2.3)

Cardiovascular 6 (2.3) 5 (1.9)

Septic shock 6 (2.3) 3 (1.1)

Hypotension 7 (2.7) 0

Hemorrhagic shock 3 (1.2) 2 (0.8)

Otherb 5 (1.9) 4 (1.5)

Complications and medication use

Sedative use 246 (95.0) 255 (97.7)

Days of use, median (IQR) 7.0 (3.0-12.0) 7.0 (3.0-14.5)

Used blood products 143 (55.2) 143 (54.8)

Days of use, median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.0)

Pressor use 127 (49.0) 120 (46.0)

Days of use, median (IQR) 2.0 (1.0-4.5) 3.0 (2.0-5.0)

Ventilator-associated pneumoniac 57 (22.0) 69 (26.4)

Rib platingd 10 (3.9) 4 (1.5)

Pneumatocele 1 (0.4) 2 (0.8)

Abbreviations: DVT, deep vein
thrombosis; PE, pulmonary
embolism.
a Other than pneumonia.
b Includes conditions with <5 total

events.
c Defined as pneumonia recorded

while the individual was intubated
that occurred at least 24 hours after
initial intubation.

d Defined as inserting plates and
screws to stabilize broken ribs.
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respiratory pattern. Because all of these improvements re-
versed gradually over 20 to 60 minutes when returning to the
prerecruitment levels of PEEP and/or VT,27 and because con-
current hypotension frequently developed in conjunction with
delivering recruitment maneuvers, the European Society of
Intensive Care Medicine guidelines recommend against using
recruitment maneuvers.29 Hypotension was also found to be
temporally related to sighs but this only occurred in 5 pa-
tients and 4 of these required pressors prior to receiving sighs.
The infrequent occurrence of hypotension was likely related
to not holding the increased distending pressure for any ex-
tended duration. The transient improvements reported in stud-
ies of recruitment maneuvers would be consistent with the
higher Pplats causing surfactant secretion, which facilitated
recruitment. The gradual reversal of these improvements on
resumption of CVTV would be consistent with surfactant in-
activation or depletion leading to derecruitment.

Limitations
This study has a number of limitations. First, the pragmatic
design did not specify when arterial blood gas sampling or
imaging should be obtained. While this limited expenses, pa-
tient discomfort, and unnecessary testing, it compromised the
ability to evaluate the effect of sighs on gas exchange and
roentgenographic changes over time, which, in turn, limited
the ability to determine whether sighs altered the develop-
ment of ARDS/VILI. Second, this study is underpowered to as-
sess the effect of sighs on the development of ARDS because
only a fraction of patients with any risk factor for ARDS actu-
ally develop ARDS. Third, the findings would be more gener-
alizable if patients with other risk factors predisposing to ARDS
were included, particularly because patients with trauma seem
to have a lower incidence of ARDS and lower mortality if they
develop ARDS than those with other risk factors, even when

adjusting for the younger age of trauma patients.30 Enroll-
ment was limited to patients with trauma because the trial was
funded by the Department of Defense.

Fourth, subjective factors contribute to the decision to
wean patients from mechanical ventilation. These could bias
the VFDs and TVFDs end points because investigators,
patients, and treating physicians could not be blinded to the
intervention. Fifth, these conclusions could be strengthened
had phospholipids and surface tension–lowering ability of
bronchoalveolar lavage (BAL) and/or inflammatory biomark-
ers in BAL or blood in these patients had been measured. BAL
or biomarker assessment was not performed because of
funding limitations, the pragmatic study design, not knowing
when in the hospital course BAL or blood sampling should be
obtained, and concerns that the invasive nature of the BAL
procedure might limit consent to participate. Pison and
colleagues31 demonstrated that surfactant abnormalities in
BAL fluid developed progressively in trauma patients, but
only an extensive literature can be cited supporting that
these abnormalities are reversed by adding sighs.1 Sixth, find-
ing a difference in the effect of sighs on VFDs as a function of
body mass index could be because the Pplat of 40 cm H2O
that was empirically selected underestimated the effect of
obesity on chest wall compliance.

Conclusions
In a pragmatic, randomized trial among trauma patients re-
ceiving mechanical ventilation with risk factors for develop-
ing acute respiratory distress syndrome, the addition of sigh
breaths did not significantly increase ventilator-free days. Pre-
specified secondary outcome data suggest that sighs are well-
tolerated and may improve clinical outcomes.
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