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OBJECTIVE: To investigate whether individualized optimization of mechanical 
ventilation through the implementation of a lung rescue team could reduce the 
need for venovenous extracorporeal membrane oxygenation in patients with obe-
sity and acute respiratory distress syndrome and decrease ICU and hospital 
length of stay and mortality.

DESIGN: Single-center, retrospective study at the Massachusetts General 
Hospital from June 2015 to June 2019.

PATIENTS: All patients with obesity and acute respiratory distress syndrome 
who were referred for venovenous extracorporeal membrane oxygenation evalua-
tion due to hypoxemic respiratory failure.

INTERVENTION: Evaluation and individualized optimization of mechanical ven-
tilation by the lung rescue team before the decision to proceed with venovenous 
extracorporeal membrane oxygenation. The control group was those patients man-
aged according to hospital standard of care without lung rescue team evaluation.

MEASUREMENT AND MAIN RESULTS: All 20 patients (100%) allocated in 
the control group received venovenous extracorporeal membrane oxygenation, 
whereas 10 of 13 patients (77%) evaluated by the lung rescue team did not 
receive venovenous extracorporeal membrane oxygenation. Patients who under-
went lung rescue team evaluation had a shorter duration of mechanical ventilation 
(p = 0.03) and shorter ICU length of stay (p = 0.03). There were no differences 
between groups in in-hospital, 30-day, or 1–year mortality.

CONCLUSIONS: In this hypothesis-generating study, individualized optimization 
of mechanical ventilation of patients with acute respiratory distress syndrome and 
obesity by a lung rescue team was associated with a decrease in the utilization of 
venovenous extracorporeal membrane oxygenation, duration of mechanical venti-
lation, and ICU length of stay. Mortality was not modified by the lung rescue team 
intervention.

KEY WORDS: acute respiratory distress syndrome; mechanical power; 
mechanical ventilation; obesity; recruitment maneuver; venovenous extracorporeal 
membrane oxygenation

The worldwide prevalence of obesity is rising. In the United States, nearly 
one in two adults are predicted to be obese by 2030 (1). Historically, 
obesity was a contraindication to using venovenous extracorporeal 

membrane oxygenation (VV ECMO) given the potential for increased dif-
ficulties in obtaining vascular access and the challenges with repositioning 
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and transporting the patient (2). Additionally, it can 
be more challenging to match extracorporeal mem-
brane oxygenation (ECMO) flow to the higher cardiac 
output associated with obesity and maintain oxygen-
ation. Recent advances in VV ECMO use in patients 
with obesity have led many centers to adopt its use in 
this patient population (3–5).

In the United States, the respiratory therapist is the 
healthcare provider responsible for managing ventila-
tion of patients in the ICU. The respiratory therapist 
follows the best ventilation protocols (Pao2/Fio2 acute 
respiratory distress syndrome network [ARDSnet] ta-
bles) and local guidelines (tidal compliance). At the 
Massachusetts General Hospital (MGH), patients with 
obesity and acute respiratory failure are managed using 
the ARDSnet protocol (6, 7).

Mechanical ventilation is based on either the low 
positive end-expiratory pressure (PEEP)/high Fio2 
ARDSnet table or the best tidal compliance and driv-
ing pressure. Since 2015, VV ECMO was introduced at 
our institution as rescue therapy for refractory respira-
tory failure in patients with obesity.

In 2014, the Respiratory Care service at MGH de-
veloped a lung rescue team (LRT). The LRT is formed 
by a critical care physician experienced in cardiopul-
monary physiology, the ICU respiratory therapist, the 
ICU nurse, and two critical care fellows (8). The role 
of LRT is to assist clinicians in managing patients with 
obesity and severe acute respiratory distress syndrome 
(ARDS) by individualizing titration of PEEP and lung 
recruitment maneuvers while maintaining lung-pro-
tective ventilation (8–11). This approach reduced mor-
tality of patients with body mass index (BMI) above 40 
and ARDS by nearly 50% compared with the standard-
of-care (SOC) PEEP titration approach (12). Since 
June 2015, the LRT has offered its services to teams 
managing patients with refractory respiratory failure 
who have consulted the ECMO team for planned VV 
ECMO cannulation.

We performed a retrospective evaluation of patients 
with obesity and ARDS who were evaluated for VV 
ECMO cannulation and were either evaluated by the 
LRT or received SOC without LRT consultation. We 
hypothesized that the individualized approach com-
pared with a protocol-based approach to mechanical 
ventilation would improve lung mechanics and oxygen-
ation in patients who had failed SOC ventilator man-
agement and would reduce the need for VV ECMO.

MATERIAL AND METHODS

Population Selection

This is a single-center retrospective study conducted 
at MGH, approved by the ethics committee (Partners 
Healthcare Institutional Review Board number 
2019P001995).

Patients with obesity (BMI ≥ 30 kg/m2) and severe 
ARDS (13) for whom the ECMO team had planned for 
VV ECMO cannulation between June 2015 and June 
2019 were included in this study. Patients enrolled in 
an interventional clinical trial or candidates for veno-
arterial ECMO were excluded. Patients were stratified 
by those who were evaluated by the LRT (“LRT” co-
hort) and those who were not (“SOC” cohort).

Data Collection

Data were extracted from the electronic medical re-
cord, Heart ECMO Center database, and LRT database. 
Since the cohorts were not randomized, we compared 
the likelihood of mortality in each group during the 
first 48 hours from ICU admission. Simplified Acute 
Physiology Score (SAPS) II (14), Acute Physiology 
and Chronic Health Evaluation (APACHE) II (15), 
and Sequential Organ Failure Assessment (SOFA) 
(16) scores were recorded. Hospital and ICU length of 
stay and duration of mechanical ventilation were cal-
culated from the day of hospital admission (at MGH 
or referring center) and from the day of ECMO team 
activation. Cessation of mechanical ventilation was 
defined as spontaneous breathing without any venti-
latory support other than oxygen supplementation. 
Hospital outcomes were recorded until time of death 
or discharge from MGH. Mortality was assessed at 
hospital discharge, 30-day, and 1-year after ECMO 
team activation.

Hemodynamic data, ECMO variables, ventilator 
settings, drug dosages, and arterial blood gases were 
recorded. Baseline measurements were collected 
from within 4 hours before ECMO team evaluation. 
Follow-up data were collected after ECMO initiation 
or after LRT consultation if the patient did not un-
dergo ECMO and every 24 hours for 5 days.

Driving pressure, respiratory system compli-
ance, airway resistance, transpulmonary pressure, 
and mechanical power were calculated as previously 
described (7, 16). Tidal volume and mechanical power 
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were indexed to predicted body weight. Duration of 
neuromuscular blockade was calculated from the time 
of intubation along the first 5 days. The Vasoactive 
Inotropic Score (17, 18) was calculated and indexed 
to adjusted body weight to account for the increase of 
lean body mass in patients with obesity (19).

Mechanical Ventilation

During the study period, patients with obesity were 
routinely ventilated with PEEP adjusted according to 
the low PEEP/high Fio2 ARDSnet table or the best 
tidal compliance (5, 6, 19). Standard ventilation pro-
tocols carried by respiratory therapists did not include 
the use of spontaneous breathing trials in the early 
management of ARDS patients. Furthermore, esoph-
ageal manometry or CT scan to define lung recruit-
ability was not clinical standards of our center. ECMO 
patients were ventilated in pressure control mode at 
a respiratory rate of 10–12 breaths per minute, with 
5–10 cm H2O of PEEP depending on their hemo-
dynamic status. Driving pressure was kept between 
10 and 12 cm H2O. As a result, tidal volume varied 
depending on lung compliance and patient effort (if 
not paralyzed) but was never allowed to exceed 8 mL/
kg of ideal body weight. The Fio2 of the sweep gas 
was always set at 100%. The ventilator Fio2 was set to 
achieve an oxygen saturation of at least 88%. Ventilator 
and ECMO settings were monitored and adjusted as 
needed by a respiratory therapist.

In the LRT cohort, ventilator settings were adjusted 
after a multimodal physiologic assessment to opti-
mize medications, ventilator settings, and hemody-
namics (8), as summarized in Figure 1. The PEEP was 
tailored following the “Best PEEP” approach previ-
ously described by our group (11) and summarized in 
Figure 2. The LRT titrated ventilation after assessing 
lung mechanics and hemodynamics by using a com-
bination of advanced lung mechanic measurements 
including, esophageal manometry, transthoracic heart 
ultrasound, and electrical impedance tomography.

If the ICU and ECMO teams were not satisfied with 
the patient’s vitals and lung mechanics after the LRT 
consultation, VV ECMO was initiated, and the venti-
lator settings were set following the standard practice. 
The final decision whether proceed to or abort VV 
ECMO cannulation was independently taken by the 
ECMO team together with the clinicians responsible 
for the patient. The LRT had no role in this process.

Patients were weaned from mechanical ventila-
tion following the recommendations of the 2005 
International Consensus Conference (21).

Statistical Analysis

All comparative tests were performed according to the 
initial group assignment. A p value of less than 0.05 
was defined as statistically significant. Further details 
about the statistical analyses performed are reported 
in the Supplemental Materials (see Statistical analysis 
section, http://links.lww.com/CCX/A668).

RESULTS

Patient Characteristics

From June 2015 to June 2019, VV ECMO cannulation 
was considered for 33 patients with both severe ARDS 
and obesity. The LRT consult was requested in all the 
cases. Thirteen patients received LRT evaluation prior 
to the final cannulation decision, whereas 20 were 
treated according to SOC practices. We successfully 
collected all necessary data for this analysis, except for 
the ventilator settings of one patient in the SOC group. 
This patient was included in all other analyses.

There were no differences between the SOC and 
LRT groups in age, gender, APACHE II, SAPS, and 
SOFA scores at admission to the ICU. Across both 
groups, baseline Pao2/Fio2 ratio was 82 (68–100), and 
Paco2 was 57 mm Hg (42–70 mm Hg). The time spent 
on mechanical ventilation before the LRT consultation 
or the start of VV ECMO was below 1 week and sim-
ilar in both groups (Table S1, http://links.lww.com/
CCX/A669).

Prone position was not attempted in any patient. 
Sixty-two percent of patients were on vasoactive medi-
cations at the time of ECMO team activation. Median 
weight was significantly greater in the LRT group (122 
vs 103 kg; p = 0.04), but there was no difference be-
tween groups in BMI or any other anthropometric data 
(Table 1) (Table S1, http://links.lww.com/CCX/A669).

Impact of a Personalized Approach on Clinical 
Outcomes

The clinical team always implemented the sugges-
tions of the LRT staff. The individualized approach 
followed by the LRT led to a change in the set-
ting of the ventilator in all patients assessed. Of 

http://links.lww.com/CCX/A668
http://links.lww.com/CCX/A669
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the 13 patients evaluated by the LRT, the plan for 
ECMO was aborted in 10 (77%; p < 0.001). ECMO 
was initiated in the remaining three patients be-
cause lung compliance did not improve and driv-
ing pressure remained elevated (above 15 cm 
H2O) regardless of PEEP titration. A descrip-
tion of these three patients’ clinical conditions is 
summarized in (Table S2, http://links.lww.com/
CCX/A670). The LRT cohort had a significantly 
shorter duration of mechanical ventilation (me-
dian 9 vs 20 d; p = 0.03) and ICU length of stay 

(median 13 vs 21 d; p = 0.03) and a trend toward 
less frequent need for tracheostomy (31% vs 65%;  
p = 0.08).

Last, there were no differences between groups in 
hospital length of stay, medication use, incidence of 
acute kidney injury, initiation of renal replacement 
therapy, intrahospital mortality, or 30-day and 1-year 
mortality (Table  2) (Table S1, http://links.lww.com/
CCX/A669). Notably, the only three deaths in the LRT 
cohort were those same three patients who required 
VV ECMO.

Figure 1. The flow chart shows the clinical pathways of a patient with obesity affected by severe acute respiratory disease. Standard-
of-care cohort: patients with obesity and acute respiratory distress syndrome (ARDS) were ventilated according to a protocol-based 
approach (i.e., ARDS network [ARDSnet] protocol and best tidal compliance). When the patient’s lung function deteriorated and the 
extracorporeal membrane oxygenation (ECMO) Extracorporeal Life Support Organization criteria (20) for VV ECMO were met, the 
ECMO team started venovenous ECMO. Lung rescue team (LRT) cohort: the LRT was activated together with the ECMO team when a 
patient with obesity and severe acute respiratory distress syndrome (ARDS) was a candidate for ECMO. Additional criteria to request the 
LRT consult included the following: 1) patients with class III obesity (i.e., body mass index > 40 kg/m2) and progressive acute respiratory 
failure not improving in the first 24 hr of ventilation despite strict compliance to best-practice ventilation protocols; 2) patients with severe 
ARDS and refractory hypoxemia (i.e., Pao2 < 60 mm Hg, Fio2 0.8–1.0, and a positive end-expiratory pressure [PEEP] > 10 cm H2O for 
> 12–24 hr). Unlike the standard practice, the LRT followed an individualized multimodal physiologic approach to guide ventilation of 
the patients. At the end of the consultation, the clinical team decided whether to proceed or to hold ECMO cannulation. (A) esophageal 
manometry, (B) advanced lung mechanics measurements, (C) transthoracic heart ultrasound, (D) electrical impedance tomography.

http://links.lww.com/CCX/A670
http://links.lww.com/CCX/A670
http://links.lww.com/CCX/A669
http://links.lww.com/CCX/A669
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Ventilation Management and Respiratory 
System Function

The baseline PEEP and end-expiratory esophageal 
pressure of LRT cohort recorded during the consulta-
tion were 14 cm H2O (10–16 cm H2O) and 18 cm H2O 
(17–27 cm H2O) (p = 0.02), respectively. The end-expi-
ratory transpulmonary pressure was measured in 11 
patients and was –8 cm H2O (–9 to 0 cm H2O) (please 
note changes of transpulmonary pressure trace in a pa-
tient before and after LRT assessment) (Fig. S1, http://
links.lww.com/CCX/A668). Ventilation was titrated 
to best lung mechanics in the LRT cohort of patients 
(Fig. 3). As expected, the LRT cohort had an improve-
ment in respiratory system compliance and oxygena-
tion following the LRT intervention. Driving pressure 
was overall reduced below 15 cm H2O, whereas tidal 
volume and mechanical power remained unchanged 

(Fig.  3, B and F, respec-
tively). Oxygenation 
(Pao2/Fio2 median 146 
[121–258]) and respiratory 
acidosis (mean pH 7.31 
± 0.09) improved (Table 
S3, http://links.lww.com/
CCX/A671), eliminating 
the need for VV ECMO in 
10 patients.

In the SOC cohort, VV 
ECMO allowed an ultra-
protective mechanical ven-
tilation strategy with tidal 
volumes well below 6 mL/
kg of ideal body weight 
(22–24). PEEP and overall 
respiratory system compli-
ance remained unchanged 
during the first 5 days after 
the intervention (Fig. 3, A 
and C, respectively).

Safety of Procedures

One patient in the LRT co-
hort experienced a tran-
sient increase in the need 
for inotropic-vasoactive IV 
medication (norepineph-
rine) after recruitment 

maneuver was performed, and 20 cm H2O of PEEP was 
set on the ventilator. The highest dose used to coun-
terbalance the hypotension was 0.05 µg/kg/min. No 
additional adverse events (e.g., pneumothorax or hy-
potension) were noted with LRT interventions.

DISCUSSION

The present hypothesis-generating study investigates 
whether the introduction of an individualized mul-
timodal physiologic-based titration of mechanical 
ventilation through an LRT in addition to ARDSnet 
protocols was associated with reduced need for VV 
ECMO in patients with severe ARDS and obesity. We 
found that individualized titration of mechanical ven-
tilation was associated with avoidance of VV ECMO 
in 77% of ARDS patients with obesity, compared 
with the protocol-based approach. The multimodal 

Figure 2. The flow chart summarizes the main procedure for positive end-expiratory pressure 
(PEEP) titration. End-expiratory transpulmonary pressure was calculated as the difference between 
total PEEP (PEEP set on ventilator + auto-PEEP) and end-expiratory esophageal pressure.

http://links.lww.com/CCX/A668
http://links.lww.com/CCX/A668
http://links.lww.com/CCX/A671
http://links.lww.com/CCX/A671


Zadek et al

6     www.ccejournal.org July 2021 • Volume 3 • Number 7

physiologic approach was also associated with an im-
provement in respiratory system mechanics and gas 
exchange. The duration of mechanical ventilation and 
ICU length of stay were significantly reduced in the 
LRT cohort, but there was no difference in in-hospital, 
30-day, or 1-year mortality between the two cohorts.

Patients with obesity typically have increased pleural 
pressure, atelectasis, and airways closure (8, 24–26). 
Obstructive sleep apnea (27) and obesity hypoventila-
tion syndrome (28) are common comorbidities and are 
also associated with impaired gas exchange (28, 29). 
Acute respiratory diseases like ARDS or pneumonia 
can easily destabilize this precarious physiologic state, 
as can sedation and placement in the supine position, 

further reducing lung volumes, worsening atelectasis, 
and impairing gas exchange.

Patients with ARDS (6) are typically managed 
with lung-protective ventilation, using low tidal vol-
umes, low mean airway pressure, and permissive hy-
percapnia. A recent trial (30) found that recruitment 
maneuvers and decremental PEEP trials, compared 
with low PEEP strategies, increased all-cause mortality 
in patients with moderate to severe ARDS. However, 
this study did not report patients’ BMI. Physiologic 
studies in patients with class III obesity demonstrate a 
baseline elevation in pleural pressure that necessitates 
a higher than normally used PEEP in order to achieve 
a positive transpulmonary pressure (8, 10, 24–26).

TABLE 1. 
Baseline Patient Characteristics

Characteristics
Total,   
n = 33

Standard-of-Care 
Cohort,  n = 20

Lung Rescue Team 
Cohort,  n = 13 p

Age, yr, mean ± sd 47 ± 14 46 ± 15 49 ± 14 0.56

Female sex, n (%) 15 (45) 10 (50) 5 (38) 0.52

Body mass index kg/m2, median  
(interquartile range)

37 (32–45) 34 (32–41) 43 (35–48) 0.10

Obesity, n (%)    0.30

 Class 1, BMI 30–34.9 16 (49) 11 (55) 5 (38)  

 Class 2, BMI 35–39.9 5 (15) 4 (20) 1 (8)  

 Class 3, BMI ≥ 40 12 (36) 5 (25) 7 (54)  

Acute Physiology and Chronic Health  
Evaluation II, mean ± sd

19 ± 5 18 ± 5 21 ± 5 0.11

Sequential Organ Failure Assessment,  
median (interquartile range)

9 (7–11) 9 (5.5–11) 9 (8–11) 0.97

pH, mean ± sd 7.28 ± 0.12 7.29 ± 0.14 7.27 ± 0.10 0.75

Paco2 mm Hg, median (interquartile range) 57 (42–70) 56 (40–70) 62 (52–68) 0.41

Pao2 mm Hg, median (interquartile range) 82 (64–93) 84 (68–93) 80 (64–85) 0.52

Pao2/Fio2, median (interquartile range) 84 (68–100) 85 (69–93) 84 (66–105) 0.97

Vasoactive drug use, n (%) 20 (62) 11 (56) 9 (69) 0.47

Vasoactive Inotropic Score/adjusted body  
weight, median (interquartile range)

4.2 (0–8.2) 2.9 (0–6.8) 4.2 (0–19.0) 0.44

Outside hospital transfer, n (%) 28 (85) 18 (90) 10 (77) 0.36

Cause of acute respiratory distress  
 syndrome, n (%)

   0.75

 Pneumonia 21 (64) 12 (60) 9 (69)  

 Sepsis 5 (15) 2 (10) 3 (23)

 Trauma 1 (3) 1 (5) 0 (0)

 Autoimmune 1 (3) 1 (5) 0 (0)

 Others 5 (15) 4 (20) 1 (8)  

BMI = body mass index.
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In a 2012 case series of 14 patients, most of whom 
had obesity and severe ARDS, Grasso et al (31) advo-
cated for the use of lung recruitment maneuvers 
guided by transpulmonary pressure prior to proceed-
ing with the initiation of ECMO. In a 2016 prospec-
tive crossover study of 14 patients with BMI greater 
than or equal to 35 kg/m2 and acute respiratory 
failure, Pirrone et al (9) demonstrated that clinicians 
often apply inadequate PEEP in obese patients. These 
patients were found to have highly recruitable lungs, 
and physiologically guided recruitment maneuvers 
safely improved oxygenation and respiratory system 
compliance. Fumagalli et al (11) found that patients 
with obesity and ARDS also have highly recruitable 
lungs and require high PEEP to allow for adequate 
ventilation. Our study similarly showed that these 
patients with ARDS and obesity responded favorably 
to higher PEEP. When measured, esophageal pres-
sures were elevated, leading to negative end-expiratory 
transpulmonary pressure. Hypotension and hemody-
namic stability have been a major clinical concern 
when high airway pressures are applied. In a recent 
study, De Santis Santiago et al (32) showed that levels 
of airway pressure that oppose high pleural pressure 
are well-tolerated hemodynamically in patients with 
class III obesity and recruitable lungs.

Our results confirmed that even in severely hypox-
emic ARDS patients with obesity who had failed con-
ventional ventilator management and were being 
considered for ECMO, many are still highly recruit-
able. The individualized LRT approach was safe (only 
one patient experienced a transient increase in the 
need for vasoactive medication) and was associated 
with a reduced need for ECMO. Our results suggest 
that initiation of ECMO without individualized lung 
optimization may therefore be premature. Last, our 
results support the use of an individualized multi-
modal physiologic approach to mechanical ventilation 
in the obese population.

To study lung stress due to mechanical ventilation, 
we determined the mechanical power applied in both 
groups (16, 21, 31, 33). By providing oxygenation to 
patients in a near-apneic state (i.e., ultraprotective lung 
ventilation) (34), ECMO instantly reduced mechanical 
power. Recently, Serpa Neto et al (35) reported a pos-
itive association between mechanical power, hospital 
length of stay, ICU length of stay, ICU mortality, and 
30-day mortality and identified an increased risk of 
death when the absolute mechanical power was higher 
than 17.0 J/min. In a regression analysis, Dianti et al 
(36) identified the tidal volume, the driving pressure, 
and the dynamic component of mechanical power 

TABLE 2. 
Clinical Outcomes in Those Evaluated for Venovenous Extracorporeal Membrane Oxygenation

Outcomes
Total,  
n = 33

Standard-of- 
Care Cohort,  

n = 20

Lung Rescue 
Team Cohort, 

n = 13 p

ECMO utilization, n (%) 23 (70) 20 (100) 3 (23) < 0.001

ECMO duration, d, median (interquartile range) 8 (5–14) 2 (1–14) 9 (6–18) 0.22

Neuromuscular blockade duration, hr mean ± sd 45 ± 27 50 ± 35 41 ± 20 0.38

Pulmonary vasodilator use, n (%) 24 (73) 14 (70) 10 (75) 1.0

Occurence of reintubation, n (%) 9 (27) 7 (35) 2 (15) 0.26

Acute kidney injury, n (%) 27 (82) 15 (75) 12 (92) 0.36

 Of which required renal replacement therapy 16 (59) 9 (60) 7 (58) 0.93

Duration of mechanical ventilation, d, median  
(interquartile range)

16 (8–22) 20 (12.5–29.5) 9 (5–16) 0.03

ICU LOS after consult, d, median (interquartile range) 17 (11–27) 21 (13–35) 13 (11–16) 0.03

Hospital LOS after consult, d, median  
(interquartile range)

26 (14–44) 32 (14.5–57) 21 (14–27) 0.19

ICU mortality, n (%) 10 (30) 7 (35) 3 (23) 0.70

In-hospital mortality, n (%) 10 (27) 7 (35) 3 (23) 0.70

ECMO = extracorporeal membrane oxygenation, LOS = length of stay.
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A B

C D

E F

Figure 3. Synoptic panel summarizing the main lung mechanic measurements. A, Positive end-expiratory pressure trends along the first 
5 d; (B) tidal volume trends along the first 5 d; (C) compliance trends along the first 5 d; (D) driving pressure trends along the first 5 d; 
(E) expired minute ventilation trends along the first 5 d; (F) mechanical power trends along the first 5 d. *Within-subjects analysis versus 
pre consultation p < 0.05. $Between-subjects analysis p < 0.05.
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as major culprits for mortality. However, to date, no 
human studies have demonstrated the impact of total 
mechanical power on mortality (31, 36). Furthermore, 
definitive data are still missing on the use of an ultra-
protective lung ventilation strategy during VV ECMO, 
compared with standard ARDSnet tidal volume calcu-
lations. However, recently, Del Sorbo et al (24) dem-
onstrated that there was a linear relationship between 
tidal volume and plasma biomarkers of ventilator-
induced lung injury, whereas Costa et al (37) found 
that among ventilator variables, only driving pressure 
and respiratory rate had significant associations with 
mortality.

In our study, patients in the SOC cohort experienced 
a significant reduction in applied mechanical power 
when undergoing VV ECMO due to the adoption of 
an ultraprotective lung ventilation strategy. In the LRT 
cohort, mechanical power remained unchanged de-
spite increased PEEP, presumably due to successful re-
cruitment maneuvers with resultant improvement in 
respiratory system compliance, leading to a reduced 
driving pressure for the same tidal volume.

Despite LRT evaluation and attempt at respiratory 
optimization, three patients still received VV ECMO. 
It is important to remark that we do not believe that an 
individualized approach is an alternative to VV ECMO, 
since there are clearly states of lung disease that are not 
amenable to further ventilator optimization and that 
will only benefit from lung rest (23, 37, 38). However, 
we believe that this retrospective study indicates that 
among patients with ARDS who also have obesity, lung 
recruitment and mechanics can often be further opti-
mized with methods employed by the LRT. In addition 
to protocol-based ventilation, a personalized approach 
such as LRT approach could therefore avoid the need 
for ECMO support in some patients. Widespread im-
plementation of an LRT-like approach at nontertiary 
hospitals may obviate the need for hospital transfers 
from centers without ECMO available (39), eliminat-
ing the inherent risks of patient transport and preserv-
ing referral center capacity for other cases.

There are several limitations to this study. First, 
this is a small, retrospective, single-center study that 
should be limited to describing physiologic patterns 
and outcomes, and a larger randomized trial would be 
necessary to demonstrate a benefit. Second, despite the 
LRT being informed about VV ECMO evaluation, our 
staff was not always immediately available to gather 

and support the primary clinical team. Whether the 
implementation of a 24×7 LRT improves mortality is 
unknown. Although the baseline characteristics and 
the pulmonary function in the SOC group are similar 
to those of the LRT group, there may be unmeasured 
differences between the groups. In addition, it is not 
clear which LRT intervention provided the most ben-
efit and whether all elements of the protocol are neces-
sary to see benefit. There are also no data on whether 
the patients in either group had already received per-
sonalized PEEP titration; notably, all but one of the 
SOC group were enrolled in the medical ICU, where 
a best tidal compliance approach is standard, and it 
is not clear the degree to which the LRT would have 
benefitted these patients. Last, given the unique phys-
iology of patients with obesity, it is not clear whether 
these results can be generalized to a larger population.

CONCLUSIONS

The implementation of an LRT-like approach can 
guide the management of patients with obesity and 
severe ARDS by optimizing ventilator settings and 
respiratory system compliance. An individualized 
multimodal physiologic-based mechanical ventilation 
was associated with a reduced need for ECMO and 
reduced duration of mechanical ventilation and ICU 
length of stay.
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