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BACKGROUND: Studies on the association of obesity with mortality in subjects with ARDS have
yielded inconsistent results. METHODS: In a sub-analysis of the Oscillation for ARDS Treated Early
(OSCILLATE) randomized controlled trial, 451 subjects were divided into 5 strata based on their body
mass index (BMI) using the World Health Organization definitions: underweight < 18.5 kg/m?; normal
weight 18.5-24.99 kg/m?; overweight 25-29.99 kg/m?; obese 30-39.99 kg/m?; severely obese > 40 kg/m?.
The primary outcome was all-cause hospital mortality across BMI strata for all subjects and for the
2 study arms (high-frequency oscillatory ventilation [HFOV] vs conventional ventilation) separately
using multivariable logistic regression adjusting for potential confounding variables. RESULTS: Hos-
pital mortality was not different across the BMI strata for all subjects (P = .86), for the HFOV arm
(P = .94) or for the conventional ventilation arm (P = .59). After risk adjustment, BMI was not
associated with increased risk for hospital mortality (odds ratio 1.01, 95% CI 0.97-1.04, P = .67),
whereas HFOV was independently associated with increased mortality (odds ratio 1.74, 95% CI 1.11-
2.72, P = .02) with no effect modification by BMI strata (for this interaction, P = .56). Although there
was no difference in the use of rescue therapies or in the number of days on sedation or analgesia, higher
daily doses of fentanyl and midazolam were administered as BMI increased. CONCLUSION: There was
no difference in adjusted hospital mortality across BMI strata in subjects with moderate to severe
ARDS. Processes of care were not different across BMI strata except for higher daily doses of fentanyl
as BMI increased. (ClinicalTrials.gov registration NCT0150640) Key words: randomized; controlled trial;
mechanical ventilation; high-frequency ventilation; obesity; mortality [Respir Care 2019;64(9):1042-1048.
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Introduction

The prevalence of obesity in the world is increasing
dramatically. Reports indicate that two thirds of the pop-
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ulation in the United States is overweight or obese, with a
body mass index (BMI) > 25 kg/m>.! Obese patients are
at increased risk of comorbidities, have different adaptive
mechanisms to illnesses and stresses, and altered cardio-
pulmonary physiology. Studies have demonstrated that hos-
pitalized obese patients are more likely to require mechan-
ical ventilation than non-obese patients.>? The association
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between obesity and increased all-cause mortality in the
general population is well described.>* Among critically
ill patients, studies have shown that obesity is associated
with an increased risk of developing ARDS,> but the as-
sociation between obesity and mortality in ARDS is in-
consistent.® A secondary analysis of the ARDS Network
study comparing low tidal volumes of 6 mL/kg versus

SEE THE RELATED EDITORIAL ON PAGE 1173

12 mL/kg did not show any difference in outcome between
obese and normal weight subjects.” Other studies have
suggested better survival for obese subjects with ARDS
compared to subjects with normal weight.> Studies have
also shown that being underweight is associated with in-
creased mortality in subjects with ARDS.3

The Oscillation for ARDS Treated Early (OSCILLATE)
study was a randomized, controlled trial that randomized
adults with moderate-to-severe ARDS to high-frequency
oscillatory ventilation (HFOV) or conventional mechani-
cal ventilation. The purpose of this sub-analysis of the
OSCILLATE trial was to examine the association of BMI
on mortality and relevant processes of care of subjects
with moderate-to-severe ARDS. We hypothesized that mor-
tality differs across different BMI strata and that these
differences may be related to variations in certain pro-
cesses of care. The OSCILLATE dataset represents a unique
opportunity to address this question because it includes
subjects who were managed closely by protocolized con-
ventional ventilation that was based on lung-protective
strategy. It also includes subjects managed with HFOV, a
group in which the relation of BMI and outcomes has not
been studied before.

Methods
Study Subjects and Sample

The OSCILLATE trial randomized 548 subjects with
moderate-to-severe ARDS to HFOV or conventional ven-
tilation from 39 ICUs in Canada, the United States, Saudi
Arabia, Chile, and India.® Institutional review boards of
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Current knowledge

Obesity has been associated with increased risk of
death in the general population. In ARDS, the asso-
ciation of obesity with mortality has yielded incon-
clusive results.

What this paper contributes to our knowledge

Death in hospital was not different among BMI strata in
the whole study cohort, nor for the high-frequency os-
cillatory ventilation and conventional ventilation groups.
High-frequency oscillatory ventilation was indepen-
dently associated with increased mortality.

the participating centers approved the study. Patients were
eligible for inclusion if they had had an onset of pulmo-
nary symptoms within the previous 2 weeks, had under-
gone tracheal intubation, had hypoxemia (P,q /Fio, = 200,
with an Fig = 0.5), and had bilateral air-space opacities
on chest radiography. Written informed consent was ob-
tained from all the subjects or their legal representatives.
After enrollment, a standardized assessment of hypoxemia
was performed using pressure control mode, a tidal vol-
ume of 6 mL/kg, and an F,_of 0.60 with a PEEP level of
10 cm H,O or higher. After 30 min, if the P, /F, ratio
remained at or below 200, the subject was randomized.
The trial excluded patients weighing < 35 kg, obese pa-
tients with actual body weight > 1 kg per centimeter in
height, and patients with documented chronic CO, reten-
tion (P,co, > 50 mm Hg). For this secondary analysis,
451/548 (82%) of subjects had available baseline weight
data and were divided into 5 strata of BMI using baseline
study data. The enrollment measured weight and height
provided the data for BMI calculations for each subject.
BMI was calculated by dividing subjects’ body weight by
the square of their height in meters (kg/m?).!° The strata were
categorized based on the World Health Organization
classification:'® underweight < 18.5 kg/m?; normal weight
18.5-24.99 kg/m* overweight 25-29.99 kg/m? obese
30-39.99 kg/m?; severely obese > 40 kg/m>.

Subject demographics, processes of care, and outcomes
data were obtained from the original trial database. We
extracted data on the following processes of care, which
may affect outcome: the doses of intravenous infusions of
sedatives and analgesics, the use of neuromuscular block-
ade, fluid balance (calculated as the average daily balance
for the first 3 d), and oxygenation rescue therapies (eg,
nitric oxide, prone positioning, HFOV in the subjects in
the conventional ventilation group). The primary outcome
was hospital mortality. Secondary outcomes were ICU and
28-d mortality, mechanical ventilation settings, ICU and
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hospital length of stay (reported from the time of random-
ization), and incidence of barotrauma (pneumothorax,
pneumomediastinum, pneumopericardium, or subcutane-
ous emphysema occurring spontaneously or after a recruit-
ment maneuver).

Statistical Analysis

We reported categorical and continuous variables using
means and standard deviation, medians and interquartile
ranges, or counts and percentages, as appropriate. We com-
pared demographic data, processes of care, and outcomes
across BMI strata using chi-square and analysis of vari-
ance, as appropriate. We examined the independent asso-
ciation of BMI and hospital mortality by constructing a
multivariate logistic regression model adjusting for the
following variables: age (in 10-y increments), acute phys-
iology score (in 5-unit increments), days in hospital prior
to randomization, sepsis, and treatment group (HFOV vs
conventional ventilation). Results are expressed as odds
ratios (ORs) with 95% CI. We implemented the above
analyses for the whole cohort and for the 2 study arms (ie,
HFOV and conventional ventilation) separately. To exam-
ine whether HFOV compared to conventional ventilation
has a differential effect across BMI on mortality, we com-
pared mortality between HFOV and conventional ventila-
tion for each BMI strata. We tested whether BMI is an
effect modifier of the association between the mode of
ventilation and mortality by an interaction term in the
model. Tests were 2-sided, and a P value < .05 was con-
sidered significant. SAS v. 9.3 (SAS Institute, Cary, North
Carolina) was used to analyze the data.

Results
Baseline Characteristics

Table 1 shows the baseline characteristics of subjects
across the BMI strata. There were no differences in the
baseline characteristics of subjects by BMI strata for age,
severity of illness, ARDS etiology, pre-enrollment venti-
lator settings, or severity of hypoxemia. Sex distribution
was different across the BMI strata (P = .005), with a
higher proportion of females among the 2 highest BMI
Strata.

The pre-enrollment ventilator settings and the severity
of hypoxemia were similar across the BMI strata (Table
1). Specifically, tidal volume, PEEP, plateau pressure, driv-
ing pressure, P, /Fjo , and pH were similar.

Processes of Care

Subjects received higher doses of midazolam and fen-
tanyl as BMI increased (Table 2); however, there was no
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difference in the average daily dose of propofol or mor-
phine. There was no difference in the number of days on
sedation or analgesia or neuromuscular blockade, in cu-
mulative fluid balance for the first 3 d, or in the use of
rescue therapies across BMI strata (Table 2). Process of
care among subjects in the HFOV and conventional
ventilation groups are shown in supplemental Table 2
(see the supplementary materials at http://www.rcjournal.
com).

Outcomes

Death in hospital was not different among BMI strata in
the whole study cohort (Fig. 1, Table 3). Running the
analysis separately by group did not materially change any
associations (Table 3 in the supplementary materials at
http://www.rcjournal.com). After risk adjustment, BMI
was not associated with increased risk for hospital mor-
tality (OR 1.01, 95% CI 0.97-1.04, P = .67), whereas
HFOV was independently associated with increased mor-
tality (OR 1.74, 95% CI 1.11-2.72, P = .02) (Table 4).
The association between HFOV and hospital mortality
was not modified by BMI strata (P value for interac-
tion = .56, Fig. 1). There was no difference in mechan-
ical ventilator days, ICU length of stay, or barotrauma
across all BMI strata (Table 3).

Discussion

In the OSCILLATE trial, there was no difference in
hospital mortality across BMI strata. BMI was not an ef-
fect modifier of the association between mode of ventila-
tion and mortality. Subjects received higher doses of mida-
zolam and fentanyl with increasing BMI strata, but this did
not appear to translate to better or worse outcomes for
increasing BMI levels.

Excess body weight has been associated with increased
risk of developing ARDS. In a prospective study of
1,795 ICU subjects at risk for ARDS, obesity was associ-
ated with ARDS compared with normal weight (OR 1.66,
95% CI 1.21-2.28 for obese; OR 1.78, 95% CI 1.12-2.92
for severely obese).!! However, the effect of BMI on sur-
vival outcomes in subjects with ARDS is not clear.>?
O’Brien et al® examined the outcome of subjects enrolled
in the ARMA trial and reported that the adjusted 28-d
mortality was not affected by BMI (adjusted OR 0.80,
95% CI10.30-2.13, P > .2), and the benefits of lower tidal
volume were similar for all BMI categories. In a related
prospective cohort study, the mortality of 825 subjects
with ARDS was lower in the severely obese subjects
(25.9%) compared to subjects with normal weight. The
adjusted mortality, however, was not significantly differ-
ent between all BMI categories.> In a large (N = 1,488 sub-
jects) retrospective ARDS database study, lower BMIs
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Table 1.  The Baseline Characteristics of Subjects Across the BMI Strata Before Randomization
BMI Strata
<185 18.5-24.99 25-29.99 30-39.99 =40 P
(n=14) (n=118) (n = 146) (n=137) (n = 36)
Age, y 55.9 (44.3-73.8) 52.2 (42.4-65.9) 55.4 (43.3-64.8) 56.9 (47.6-67.1) 57.4 (39.0-63.8) .38
Female sex 5(35.7) 53 (44.9) 44 (30.1) 65 (47.5) 21 (58.3) .005
APACHE II score 31.5 (24-36) 28 (24-35) 28 (24-34) 29 (24-33) 28.5(23-33.5) .82
Time in hospital prior to study, d 4.5(2-12) 3 (1-6) 3 (1-5) 2 (1-6) 1(1-4) .02
Duration of mechanical ventilation 2(2-3) 1(1-3) 1(1-3) 2 (1-3) 1(1-2.5) .55
prior to study, d
Risk factors for ARDS
Sepsis 8 (57.1) 52 (44.1) 66 (45.2) 62 (45.3) 21(58.3 .54
Pneumonia 6(42.9) 76 (64.4) 88 (60.3) 92 (67.2) 17 (47.2) 11
Gastric aspiration 4 (28.6) 24 (20.3) 22 (15.1) 17 (12.4) 6 (16.7) .29
Trauma 0(0) 2(1.7) 5@3.4) 7(5.1) 0(0) 51
HIN1 0(0) 4(3.4) 10 (6.9) 5@3.7) 1(2.8) .66
Other 2(14.3) 23 (19.5) 25 (17.1) 24 (17.5) 7(19.4) 98
Ventilator mode on enrollment .16
Pressure assist control 9 (64.3) 49 (41.5) 84 (57.5) 71 (51.8) 22 (61.1) NA
Volume assist control 5(35.7) 35(29.7) 32 (21.9) 34 (24.8) 5(13.9) NA
Volume-targeted pressure control 0(0) 21 (17.8) 16 (10.9) 25(18.3) 5(13.9) NA
Pressure support 0(0) 12 (10.2) 11(7.5) 7(5.1) 4(11.1) NA
Other 0(0) 1(0.9) 3(2.1) 0(0) 0(0) NA
Tidal volume, mL/kg predicted 5.9 (5.5-6.5) 6.17 (5.9-6.9) 6.14 (5.9-6.9) 6.14 (5.9-7.4) 6.25 (5.66-7.5) .38
body weight
Plateau pressure, cm H,O 32 (28-35) 28.5 (25-33) 30 (24-34) 30 (26-34) 30 (28-34) 41
Set PEEP, cm H,O 13 (10-15) 12 (10-15) 12 (10-15) 14 (10-16) 15 (12-17.5) .09
Driving pressure, cm H,O 18 (15-23) 15 (12-19) 16 (12-20) 16 (12-20) 15 (12,20) .60
Minute ventilation, L/min 11.8(9.3-13.3) 10.04 (8.4-13.1) 11(8.8-12.3) 10.8 (9.2-13) 10.89 (8.8-12.4) .54

Oxygenation index 15.6 (14.1-29.3)

P.o,/Fio, 1252 (109.3-150)  108.33 (78.8-141.7)
P,co,, mm Hg 42 (40-46) 45 (39-53)
Arterial pH 7.3 (7.3-7.4) 731 (7.2-7.4)
Use of HFOV 8 (57.1) 65 (55.1)

17.48 (11.3-25.8)

16.5 (11.8-23.6)
120.83 (93.5-148.1)

19.91 (12.5-25.9)
109.17 (82-136.7)

21.76 (16.8-25.7) 11
110 (86-125.3) .19

44 (38.5-52) 44 (40-53) 44 (36.5-545) .98
7.31 (7.3-7.4) 7.33 (1.3-7.4) 7.32(1.3-7.4) 25
79 (54.1) 73 (53.3) 16 (44.4) 84

Data are presented as median (interquartile range) or n (%). BMI strata are as defined by the World Health Organization.

BMI = body mass index
APACHE II = Acute Physiology and Chronic Health Evaluation
HFOV = high-frequency oscillatory ventilation

were associated with higher odds of death, whereas over-
weight and obese BMIs were associated with lower odds
(overweight adjusted OR 0.72, 95% CI 0.51-1.02; obese
adjusted OR 0.67, 95% CI 0.46—0.97; severely obese ad-
justed OR 0.78, 95% CI 0.44-1.38).2

We considered several explanations as to why the out-
comes of patients with ARDS could differ across BMI
strata and why studies have yielded inconsistent results
regarding this association. First, there may be variations in
case identifications across BMI strata, especially in non-
protocolized observational studies. For instance, very high
BMI can confound chest radiograph interpretations with
the appearance of lower lung volumes and thus can po-
tentially lead to an overestimate of the extent of air-space
disease. This is less likely in the OSCILLATE trial be-
cause the identification of cases was protocolized and in-
cluded a standardized hypoxemia assessment. Second, very
high BMI can confound estimates of disturbance in oxy-
genation as a result of effects on transpulmonary pressure.

RESPIRATORY CARE ® SEPTEMBER 2019 VoL 64 No 9

Third, differences in mortality between obese and non-
obese patients reported in some studies may be explained
by other residual confounding ventilator parameters.” How-
ever, this was not the case in our study because tidal
volumes were not different across different BMI strata.!?
Fourth, our study showed that obese subjects received
higher doses of midazolam and fentanyl. Excessive use of
sedation has been linked to poorer outcome in critically ill
patients. This is further cofounded by the fact that most of
these drugs are lipophilic'? and their volume of distribu-
tion is increased in obese individuals, further increasing
the possibility of prolonged and excessive sedation in obese
patients with ARDS'#!5; however, we did not observe
longer ICU or hospital lengths of stay among subjects with
higher BMI. Higher doses of sedation may have facilitated
lung-protective strategies and decreased risk of ventilator-
induced lung injury from patient-ventilator asynchrony by
avoiding large swings of pleural pressure and thus high
tidal volumes.'¢ Fifth, other aspects of general ICU man-
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BMI Sample Size Adjusted OR (95% CI)
<18.5 14 Lo 1 1.38 (0.10-19.66)
18.5-24.99 118 ’—.I—< 0.91 (0.37-2.21)
25-29.99 146 — 2.19 (0.97-4.94)
30-39.99 137 —a— 2.41(1.05-5.54)
240 36 = 1 1.89 (0.34-10.50)

P value for interaction = .56 ! ' " "
0.05 0. 1 5 10

Fig. 1. In-hospital death according to BMI. BMI = body mass index; OR = odds ratio.

Table 3. Outcomes of Subjects Across the BMI Strata
BMI Strata

< 18.5 18.5-24.99 25-29.99 30-39.99 =40 P

(n=14) (n=118) (n = 146) (n=137) (n = 36)
Death in hospital 6 (42.9) 51 (43.2) 57 (39.0) 56 (40.9) 12 (33.3) .86
Death in ICU 6 (42.9) 46 (39.0) 53 (36.3) 50 (36.5) 12 (33.3) .96
New barotrauma 4 (28.6) 28 (23.7) 29 (19.9) 20 (14.6) 5(13.9) 28
New tracheostomy 5(35.7) 30 (25.4) 35(24.0) 28 (20.4) 4(11.1) 25
Refractory hypoxemia 1(7.1) 22 (18.6) 13 (8.9) 18 (13.1) 2 (5.6) 12
Refractory acidosis 0(0) 3(2.5) 6(4.1) 5@3.7) 2(5.6) .85
Duration of mechanical ventilation, d 7 (6-14.5) 10 (5-19) 11 (7-17) 13 (8-20) 9 (7-1) .29
Duration of mechanical ventilation in survivors, d 7 (6-14.5) 10 (5-18.5) 11 (7-17) 12.5 (8-22) 9 (7-14.5) 24
ICU length of stay, d 16 (6-33) 13 (6-26) 13 (7-21) 13 (9-22) 12 (9-17) .79
ICU length of stay in survivors, d 16 (7.5-31.5) 15 (7.5-26) 14 (9-24) 16 (11-28) 11.5 (9-18.5) .38
Hospital length of stay, d 27 (16.5-63.5) 24.5 (15-42) 30 (14-41) 30 (16-48) 22 (15-31) 58
Hospital length of stay in survivors, d 27 (16.5-63.5) 23 (14-40) 29 (14-40) 30 (16-45) 22 (15-31) S1

Data are presented as median (interquartile range) or n (%). BMI strata are as defined by the World Health Organization.

New barotrauma = pneumothorax, pneumomediastinum, pneumopericardium, or subcutaneous emphysema occurring spontaneously or after a recruitment maneuver. Excluded from this category were

patients who had barotrauma at baseline.

Refractory hypoxemia = Po, < 60 mm Hg or S;0, < 88% on Fio, of 1.0 for 60 min despite a trial of paralysis.
Refractory acidosis = pH < 7.05, despite a trial of paralysis and other measures to correct acidosis described for study group.

BMI = body mass index

agement may be different across different BMI strata. In
an observational study, obese subjects were more likely to
receive pharmacologic prophylaxis for thromboembolism.>
Finally, the extent of lung-protective strategies may be
different across different BMI strata. In our study, subjects
had similar plateau pressures across all BMI strata, but
because obese patients tend to have lower transpulmonary
pressures because of higher pleural pressure, they may
have had additional lung protection or, to the contrary,
they may have had more atelectotrauma from cyclic open-
ing and closure of the alveolar units. There was no mea-
surement of the pleural pressure by esophageal probes in
our subjects. Offsetting this phenomenon, excessive use
narcotics and midazolam in obese subjects might have
negated any benefit that could have resulted from lower
transpulmonary pressure and negative fluid balance.
Obesity affects chest wall mechanics; therefore, venti-
lation strategies may lead to different outcomes in obese

RESPIRATORY CARE ® SEPTEMBER 2019 VoL 64 No 9

subjects compared to non-obese subjects.!” HFOV, which
delivers high mean airway pressure with small tidal vol-
umes at very high frequencies has been recently examined
in the OSCILLATE trial, which demonstrated that HFOV
was associated with increased risk of death. This sub-
analysis indicates that the association of ventilation strat-
egy and mortality was not modified by BMI strata. This is
consistent with the findings of a recent individual-subject
meta-analysis.!3

Strengths of our study include prospective data
collection, protocolized mechanical ventilation, and multi-
center involvement. Unlike observational reports, the
OSCILLATE trial included explicit clinical protocols that
help reduce provider bias and practice variation in each
BMI strata. Subjects in the trial had similar tidal volumes
upon enrollment. Because outcomes may be different at
both extremes of weight, we chose to categorize subjects
according to BMI groups rather than use BMI as a con-
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Table 4.  Logistic Regression Adjusted Analysis of Hospital
Mortality With BMI

Odds Ratio
(95% CI)

Age, 10-y increase 1.40 (1.21-1.64) < .001
Acute physiology score, 5-unit increase 1.66 (1.37-2.01) < .001
Time in hospital prior to randomization, d  1.10 (1.05-1.16) < .001
Sepsis, yes vs. no 0.85 (0.46-1.61) .64
BMI 1.01 (0.97-1.04) .67

HFOV versus conventional ventilation 1.74 (1.11-2.72) .02

182 of 451 subjects (40.4%) died during hospital stay.
BMI = body mass index
HFOV = high-frequency oscillation ventilation

tinuous variable. Weaknesses include being a post hoc
analysis. The OSCILLATE trial excluded obese patients
with actual body weight > 1 kg per centimeter in height,
which means that extremely obese patients are underrep-
resented in our cohort. In addition, we included only 82%
of the OSCILLATE cohort because weight data were not
available. Because the cohort was stratified into 5 strata,
some of the analyses may have been underpowered, and
true differences may not have been detected. Some studies
have suggested that the association of mortality with BMI
may follow a J-shaped or U-shaped curve, with increasing
mortality in severe obesity and in very low BMI. Because
the OSCILLATE trial excluded both extremes of weight,
our study is not designed to address the associations at
both extremes of BMI.

Conclusions

In the OSCILLATE Trial, there was no difference in
adjusted hospital mortality across all BMI strata in sub-
jects with moderate-to-severe ARDS. Processes of care
were not different between the BMI strata except for higher
daily doses of fentanyl as BMI increased.
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