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Objectives: To investigate patients’ characteristics, management, 
and outcomes in the critically ill population admitted to the ICU 
for severe acute respiratory syndrome coronavirus disease 2019 
pneumonia causing an acute respiratory distress syndrome.
Design: Retrospective case-control study.
Setting: A 34-bed ICU of a tertiary hospital.
Patients: The first 44 coronavirus disease 2019 acute respiratory 
distress syndrome patients were compared with a historical con-
trol group of 39 consecutive acute respiratory distress syndrome 
patients admitted to the ICU just before the coronavirus disease 
2019 crisis.
Interventions: None.
Measurements and Main Results: Obesity was the most frequent 
comorbidity exhibited by coronavirus disease 2019 patients  
(n = 32, 73% vs n = 11, 28% in controls; p < 0.001). Despite the 
same severity of illness and level of hypoxemia at admission, co-
ronavirus disease 2019 patients failed more high flow oxygen via 
nasal cannula challenges (n = 16, 100% vs n = 5, 45% in controls; 
p = 0.002), were more often intubated (n = 44, 100% vs n = 22, 
56% in controls; p < 0.001) and paralyzed (n = 34, 77% vs n = 3,  
14% in controls; p < 0.001), required higher level of positive 
end-expiratory pressure (15 vs 8 cm H2O in controls; p < 0.001), 
more prone positioning (n = 33, 75% vs n = 6, 27% in controls;  
p < 0.001), more dialysis (n = 16, 36% vs n = 3, 8% in controls;  
p = 0.003), more hemodynamic support by vasopressors (n = 36, 
82% vs n = 22, 56% in controls; p = 0.001), and had more often a pro-
longed weaning from mechanical ventilation (n = 28, 64% vs n = 10,  
26% in controls; p < 0.01) resulting in a more frequent resort to 
tracheostomy (n = 18, 40.9% vs n = 2, 9% in controls; p = 0.01). 
However, an intensive management requiring more staff per patient 
for positioning coronavirus disease 2019 subjects (6 [5–7] vs 5 

[4–5] in controls; p < 0.001) yielded the same ICU survival rate in 
the two groups (n = 34, 77% vs n = 29, 74% in controls; p = 0.23).
Conclusions: In its most severe form, coronavirus disease 2019 
pneumonia striked preferentially the vulnerable obese population, 
evolved toward a multiple organ failure, required prolonged me-
chanical ventilatory support, and resulted in a high workload for 
the caregivers. (Crit Care Med 2020; XX:00–00)
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The world has recently been facing a rapidly spreading 
infectious epidemic, first appearing in China in De-
cember 2019, due to a new coronavirus called the severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The 
high contagiousness of this coronavirus disease 2019 (COVID-
19) caused a massive influx of patients to hospitals with se-
vere forms of lower respiratory tract infections. Most ICUs in 
Europe and United States have now been overwhelmed by a 
surge of critically ill patients exhibiting a life-threatening form 
of COVID-19 induced acute respiratory distress syndrome 
(COVID-19 ARDS) (1). Most of the published data currently 
available originated from the first Chinese cluster of the ep-
idemic. In a Chinese population of 1590 patients, Guan et al 
(2) showed that patients’ comorbidities worsen the prognosis 
with a higher chance to need mechanical ventilation and to 
die in those having two or more comorbidities compared with 
healthier groups. However, only 8.2% of their population re-
ported having two or more comorbidities, which may not mir-
ror the critically ill population commonly seen in Europe or the 
United States, in particular with regards to prevalence of obesity 
(3–6). Here, we report on our experience from our first 44 cases 
of COVID-19 critically ill patients and analyze the link between 
obesity and this new form of ARDS caused by the SARS-CoV-2 
with its potential implications for patients’ management.

MATERIALS AND METHODS
This retrospective observational single-center study was 
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des Libertés, the national commission of computer science and 
liberty. As the data were collected in an anonymized protected 
electronic file, ethical review was waived.

Inclusion Criteria
We included the first consecutive 44 cases of COVID-19 ARDS 
admitted to our adult ICU. They were compared with a histor-
ical control group made of the last 39 cases of non-COVID-19 
ARDS admitted in the 5 months period preceding this COVID-
19 crisis. Because of the rapidly growing number of critically ill 
candidates for the ICU, our hospital increased its capacity from 
10 to 34 ICU beds, all dedicated to COVID-19 ARDS patients. 
The diagnosis of ARDS was based on the Berlin definition of 
the syndrome (7). The underlying cause of ARDS was identi-
fied after a thorough medical investigation, combining clinical 
examination, laboratory tests, multiple samples for viral and 
bacterial analyses, and imaging with chest radiograph and/or 
chest CT scan. The diagnosis of COVID-19 ARDS was con-
firmed when a patient met the ARDS criteria and had either 
a positive COVID-19 virus test by real-time polymerase chain 
reaction on an upper and/or lower respiratory tract sample or 
a typical clinical presentation associated with characteristic 
imaging features on CT scan (8, 9). The latter include bilateral 
septal lines and diffuse ground-glass opacities predominantly 
located in the subpleural spaces, consolidations, and the vac-
uole sign (9, 10). Obesity was defined according to the World 
Health Organization (WHO) classification (11) as a body mass 
index (BMI) exceeding 30 kg/m2, while stage 2 (severe) obesity 
referring to BMI greater than 35 kg/m2 and stage 3 (morbid) 
obesity corresponding to BMI greater than 40 kg/m2.

Patients’ Management
According to our local guidelines and experts recommenda-
tions (8, 12), patients admitted in the ICU for severe type 1 
(hypoxemic) acute respiratory failure were initially managed 
using high flow oxygen via nasal cannula (HFO

2
NC) with 

the highest flow tolerated (usually at 50 L/min) and the min-
imal Fio

2
 required to achieve arterial oxygen saturation (Sao

2
) 

greater than 92%. Given the high risk of thromboembolic 
complications described in the COVID-19 disease (13), all the 
patients of the COVID-19 group were treated by heparin anti-
coagulation at therapeutic doses, after the first blood sample 
was taken, and for the entire duration of the ICU stay. Severe 
cases with respiratory distress and Pao

2
/Fio

2
 less than 150 and 

Fio
2
 greater than 60% were considered early for intubation 

since COVID-19 ARDS patients are known to worsen very 
quickly (8). Once intubated, patients were deeply sedated, and 
connected to a double branch circuit ICU ventilator on a flow 
delivered assist control mode with a low tidal volume (6 mL/
kg

ideal body weight
) protective mechanical ventilation strategy (12). 

Those with persistent severe hypoxemia (Pao
2
/Fio

2
 < 150)  

after a recruitment maneuver were paralyzed (14) and put in 
prone position for at least 16 hours (15). External positive end-
expiratory pressure (PEEP) was set according to a decremen-
tal PEEP trial after a recruitment maneuver, to obtain the best 
compromise between oxygenation (as assessed by the best Sao

2
 

obtained at a certain level of Fio
2
), respiratory mechanics (the 

lowest driving pressure as possible), and hemodynamics (the 
best mean arterial pressure or cardiac output) as proposed in 
morbidly obese patients with non-COVID-19 ARDS (16).

As recommended, neuromuscular blocking agents 
(NMBAs) were stopped and sedation was withdrawn as soon 
as possible. A protocol-driven weaning strategy based on spon-
taneous breathing trial on T-tube for 30 minutes was system-
atically used to shorten the weaning process from mechanical 
ventilation. Obese patients received positive pressure nonin-
vasive ventilation (NIV) immediately after extubation. A tra-
cheostomy was considered in those unweanable from invasive 
mechanical ventilation beyond the 7th day after intubation, es-
pecially when sedation could not be discontinued because of 
major discomfort, anxiety, and dyspnea promoted by the en-
dotracheal tube. Prolonged weaning referred to an impossible 
discontinuation of invasive mechanical ventilation 7 days after 
the first separation attempt from the ventilator (17).

Data Collection
We recorded anthropometric data, cause of ARDS, Charlson 
Comorbidity Index (18), Clinical Frailty Scale (19), severity at 
admission as assessed by the Simplified Acute Physiology Score 
(SAPS) II (20), and the Sepsis-related Organ Failure Assess-
ment score (21), ventilator settings and measurements in-
cluding plateau pressure (Pplat), total PEEP, driving pressure 
(difference between Pplat and total PEEP). We also collected 
the resort to prone position, tracheostomy, and the use of vaso-
pressors, NMBAs, renal replacement therapy. The number of 
prone position sessions per patient and the number of staff 
per patient needed to perform prone positioning were also in-
cluded in the analyses.

Statistical Analysis
The normality of data distribution was assessed using the Sha-
piro-Wilk test and by visually checking the distribution (histo-
gram) of each variable. Data were expressed as mean ± sd when 
they were normally distributed and as median and interquar-
tile range (25–75%) when they were non-normally distributed. 
Proportions were used as descriptive statistics for categorical 
variables. Comparisons of values between groups were per-
formed using a two-tailed Student t test or Mann-Whitney U 
test, as appropriate. Pairwise comparisons between admission 
and prone position were assessed using a paired Student t test 
or Wilcoxon test, as appropriate. Analyses of discrete data were 
performed using the chi-square test or Fisher exact test when 
the numbers were small.

Statistical analyses were performed using IBM SPSS 
Statistics for Windows (Version 20.0; IBM Corp., Armonk, 
NY). p value of less than 0.05 was considered statistically sig-
nificant. All reported p values were two-sided.

RESULTS
The main clinical characteristics of the patients at admission 
are shown in Table 1. Laboratory data at admission in the ICU 
are exposed in Table 2. Despite a high prevalence of obesity 
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in our non-COVID-19 control group, we found a signifi-
cantly higher proportion of obese patients in the COVID-19 
ARDS population compared with controls (n = 32, 72% vs 
n = 11, 28%; p < 0.001). Sixteen percent of the COVID-19 
patients exhibited severe obesity (BMI > 35 kg/m2) and the 
same number of patients (n = 7, 16%) had morbid obesity  
(BMI > 40 kg/m2).

Although the severity of illness according to SAPS II score 
(40 vs 48 in controls; p = 0.27) and Pao

2
/Fio

2
 ratio (121 vs 

133 mm Hg in controls; p = 0.20) were similar at admission, 
COVID-19 patients were intubated more often than controls 
(n = 44, 100% vs n = 22, 56% in controls; p < 0.001). HFO

2
NC 

was attempted in the same proportion of patients in the two 
groups (n = 16, 36% vs n = 11, 28%; p = 0.43) but it failed more 
frequently to improve gas exchange in COVID-19 patients  
(n = 16, 100% vs n = 5, 45% in controls; p < 0.001). COVID-
19 patients were more rapidly intubated after an HFO

2
NC 

challenge than controls (1.5 d [1.0–2.0 d] vs 5.0 d [3.0–9.0 d]; 
p < 0.001). As shown in Table 3, the COVID-19 patients were 
more often paralyzed (n = 34, 77% vs n = 3, 14% in controls; 
p < 0.001) and put in prone position (n = 33, 75% vs n = 6, 
27% in controls; p < 0.001), needed higher PEEP levels (15 
vs 8 cm H

2
O in controls; p < 0.001) compared with controls. 

After 16 hours of prone positioning, their oxygenation drasti-
cally improved (Pao

2
/Fio

2
, 113 ± 36 vs 275 ± 84; p < 0.001) but 

the duration of mechanical ventilation was significantly higher 
than in the non-COVID-19 patients within the first 30 days of 
ICU stay (12.5 vs 6 d in controls; p = 0.007). Despite a similar 
number of patients in acute kidney injury at admission (n = 21,  
48% vs n = 15, 39%; p = 0.39), more COVID-19 patients 
needed renal replacement therapy (n = 16, 36% vs n = 3, 8% in 
controls; p = 0.003) during their ICU stay. They also required 
more often an hemodynamic support by vasopressors (n = 36, 
81% vs n = 22, 56% in controls; p = 0.012), and more were 

TABLE 1. Patients Characteristics at Admission

Variables
All Patients  

(n = 83)
SARS-CoV-2  

(n = 44)
Non-SARS-CoV-2  

(n = 39) p

Age (yr) 65 ± 11 63 ± 10 67 ± 12 0.16

Male, n (%) 58 (70) 33 (75) 25 (64) 0.28

Weight (kg) 90 ± 22 98 ± 23 81 ± 19 < 0.001

Height (cm) 170 (165–178) 172 (165–180) 170 (165–177) 0.96

BMI (kg/m2) 30.1 (24.9–34.7) 32.7 (28.6–37.1) 26.8 (22.8–31.1) < 0.001

Obesity (BMI > 30 kg/m2), n (%) 43 (51.8) 32 (72.7) 11 (28.2) < 0.001

 Obesity stage 1 23 (27.7) 18 (40.9) 5 (12.8) 0.006

 Obesity stage 2 11 (13.3) 7 (15.9) 4 (10.3) 0.53

 Obesity stage 3 9 (10.8) 7 (15.9) 2 (5.1) 0.16

Simplified Acute Physiologic Score II 42 (31–61) 40 (28–62) 48 (33–60) 0.27

Frailty score 3.0 (2.0–4.0) 2.5 (2.0–3.0) 4.0 (2.0–5.0) 0.002

Charlson Comorbidity Index 1.0 (1.0–3.0) 1.0 (1.0–2.0) 2.0 (0.0–3.0) 0.78

Comorbidities, n (%)

 Chronic obstructive pulmonary disease 17 (20.5) 4 (9.1) 13 (33.3) 0.013

 Diabetes 26 (31.3) 17 (38.6) 9 (23.1) 0.13

 Liver cirrhosis 5 (6) 2 (4.5) 3 (7.7) 0.66

 Malnutrition 58 (70) 38 (86.4) 20 (51.3) 0.001

Causes of acute respiratory distress syndrome, n (%)

 Community-acquired pneumonia 13 (15.7)  13 (33.3)  

 Hospital-acquired pneumonia 6 (7.2)  6 (15.4)  

 Aspiration pneumonia 12 (14.5)  12 (30.8)  

 Extrapulmonary sepsis 2 (2.4)  2 (5.1)  

 Other 6 (7.2)  6 (15.4)  

Acute kidney injury, n (%) 36 (43.4) 21 (47.7) 15 (38.5) 0.39

BMI = body mass index, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
Data presented as mean ± sd or median (interquartile range, 25–75).



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Lemyze et al

4 www.ccmjournal.org XXX 2020 • Volume XX • Number XXX

tracheostomized because of difficult weaning from mechan-
ical ventilation (n = 18, 40.9% vs n = 2, 9%; p = 0.01), but 
eventually the 28-day mortality was similar in the two groups  
(n = 10, 22.7% vs n = 10, 25.6%; p = 0.57). Given the higher 
prevalence of severely obese individuals in the COVID-19 
group, these patients required significantly more staff for posi-
tioning than the non-COVID-19 ARDS patients (6 [5–7] vs 5 
[4–5] in controls; p < 0.001).

DISCUSSION
Our study is the first investigation that demonstrates a link be-
tween a high prevalence of obesity among critically ill patients 
admitted for COVID-19 ARDS and a particularly severe clin-
ical course of the disease with challenging situations for the 
ICU staff. This form of life-threatening COVID-19 pneumonia 
frequently caused multiple organ failure, was associated with a 
worst outcome than the usual non-COVID-19 ARDS, and re-
quired a higher staffing level.

Several factors may explain why obese patients are more 
likely to develop a severe presentation of COVID-19-induced 
pneumonia. First of all, obese patients are especially at risk of 
more severe respiratory disease than lean subjects due to the 
pathophysiological consequences of obesity on the respiratory 
system and immunity (22). Obesity both alters pulmonary gas 

exchange and respiratory mechanics, especially in the supine 
position where the abdomen exerts an external compression 
on the thorax, resulting in an upward shift of the diaphragm 
(Fig. 1). MacIntyre (23) described this phenomenon with the 
analogy of a bag-in-box respiratory system where the lungs (the 
bag) are trapped in a less distensible elastic structure (the chest 
wall and the abdomen), the box, that hinders the lungs in their 
expansion capacity. This causes expiratory flow limitation (24, 
25) with extensive airway collapse in the dependent lung areas 
and creates gravitational atelectasis (26), a well-known source 
of ventilation-perfusion mismatch and severe hypoxemia 
(27). Interestingly, COVID-19 pneumonia has been described 
by Gattinoni et al (28) as an atypical ARDS with an apparent 
discrepancy between a preserved respiratory mechanics with 
good lung compliance contrasting with a severe alteration of 
the gas exchanger function of the lungs. The combination of 
the two factors—COVID-19 pneumonia and obesity—gener-
ates a life-threatening complex respiratory picture, challeng-
ing to manage. Another explanation for the susceptibility of 
obese patients to develop severe COVID-19 pneumonia is 
their impaired ability to respond to infectious agents, espe-
cially to viral pathogens. They exhibit a pro-inflammatory 
state at baseline and a delayed or blunted immune response, 
resulting in a higher spread of the virus with more damage to 
the lungs (29).

TABLE 2. Laboratory Data at Admission

Variables SARS-CoV-2 (n = 44) Non-SARS-CoV-2 (n = 39) p

C-reactive protein (mg/L) 172 (115–247) 70 (14–198) 0.002

Albumin (g/L) 26.4 ± 5.9 29.0 ± 6.8 0.07

Creatinine (µmol/L) 70 (55–100) 82 (63–132) 0.15

Hemoglobin level (g/dL) 12.5 ± 2.2 12.1 ± 2.6 0.44

Leucocyte count (×103/mm3) 8.8 ± 3.5 10.7 ± 5 0.056

Neutrophil count (×103/mm3) 7.49 (5.1–9.4) 8.29 (5.6–10.1) 0.36

Lymphocyte count (×103/mm3) 0.8 ± 0.4 1.4 ± 1.1 0.003

Platelet count (×103/mm3) 255 ± 89 225 ± 107 0.16

Fibrinogen (g/L) 7.55 (6.8–8.1) 5.84 (4.6–7.4) 0.001

d-dimer (μg/mL) 2.47 (0.77–4.7) (n = 19) 5.38 (1.2–20) (n = 14) 0.20

Activated partial thromboplastin time (s) 32 (29–38) 31 (28–36.5) 0.14

Prothrombin time (%) 91 (83–100) 88 (68–99) 0.16

Arterial blood gases

 Lactate (mmol/L) 1.0 (0.7–1.5) 1.5 (0.8–2.6) 0.03

 pH 7.42 (7.33–7.48) 7.39 (7.29–7.44) 0.08

 Paco2 (mm Hg) 33 (38–44) 41 (33–58) 0.13

 Fio2 (%) 60 (50–87) 50 (40–65) 0.025

 Pao2/Fio2 (mm Hg) 121 ± 42 133 ± 46 0.20

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
Prothrombin time (PT) expressed as a percentage of the subject’s PT to the normal laboratory reference for the test.
Data presented as mean ± sd or median (interquartile range, 25–75).
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Our findings may have important implications for the 
management of COVID-19 ARDS patients. Indeed, man-
aging severely obese individuals in ARDS should integrate 

some specific aspects. Given the potential of obese patients 
for extremely rapid desaturation (30), the resort to intuba-
tion should not be delayed and this intervention must be 

TABLE 3. Patients Management and Outcomes

Variables SARS-CoV-2 (n = 44) Non-SARS-CoV-2 (n = 39) p

Treatments

 HFO2NC, n (%) 16 (36.4) 11 (28.2) 0.43

 HFO2NC failure, n (%) 16 (100) 5 (45.5) 0.002

 Invasive MV, n (%) 44 (100) 22 (56.4) < 0.001

 Ventilator settings

  Tidal volume (mL/kgideal body weight) 6.2 ± 0.56 6.2 ± 0.59 0.94

  Plateau pressure (cm H2O) 29 ± 4 24 ± 8 0.02

  Positive end-expiratory pressure (cm H2O) 15 (15–20) 8 (8–10) < 0.001

  Driving pressure (cm H2O) 12 (10–15) 14 (11–16) 0.23

  Static respiratory compliance (mL/cm H2O) 33.8 (27.8–40) 31.4 (24.5–37.4) 0.31

 Neuromuscular blocking agent use, n (%) 34 (77.3) 3 (13.6) < 0.001

 Prone position, n (%) 33 (75.0) 6 (27.3) < 0.001

 Number of sessions of prone position, n (%)

  Vasopressors 36 (81.8) 22 (56.4) 0.012

  Renal replacement therapy 16 (36.4) 3 (7.7) 0.003

Outcomes

 Prolonged weaning from MV, n (%) 28 (63.6) 10 (25.6) 0.001

 MV duration (d) within first 30 d 12.5 (8–30) 6 (3–14.5) 0.007

 Tracheostomy, n (%) 18 (40.9) 2 (9.1) 0.01

 ICU mortality rate, n (%) 10 (22.7) 10 (25.6) 0.23

HFO2NC = high flow oxygen via nasal cannula, MV = mechanical ventilation, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
Data presented as mean ± sd or median (interquartile range, 25–75).

Figure 1. Scout view (on the left) and two slices of chest CT scan acquired in the supine (middle) and prone positions (right) in a 37 yr old massively 
obese woman (149 kg/158 cm) after 7 d of mechanical ventilation for a severe coronavirus disease 2019 (COVID-19) acute respiratory distress 
syndrome. The images of the chest tube entering the pleural space (vertical arrows) ensure that the two slices are taken at the same level. Note the 
upward shift of the right hemidiaphragm (black asterisk) and the gravitational atelectasis of the left lower lobe in supine position. In prone position, the 
recruitment of the lung is impressive, revealing the pulmonary nodular infiltrates and fibrotic streaks (the horizontal arrows) of COVID-19 pneumonia.



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Lemyze et al

6 www.ccmjournal.org XXX 2020 • Volume XX • Number XXX

performed by highly trained intensivists or anesthesiologists 
using adequate preoxygenation with positive pressure NIV 
or HFO

2
NC (31, 32). Adequate protection of the caregivers 

during preoxygenation and intubation is paramount and 
includes negative pressure atmosphere and fitted respirator 
masks (8). A second implication would be to pay a special 
attention to correct positioning of the critically ill obese pa-
tient with COVID-19 ARDS. The ramp position or Head 
Elevated Laryngoscopy Position facilitates laryngoscopy 
while it improves pulmonary gas exchange at the same time 
(33). During mechanical ventilation of the obese subject, pri-
ority should be given to prone positioning (15, 34, 35) and 
sitting position (25) to counteract gravitational atelectasis 
and lung derecruitment (Fig. 1). For the same reasons, re-
cruitment maneuvers and high PEEP settings are required 
to maintain a positive transpulmonary pressure and to pre-
vent expiratory lung collapse (16), especially when a protec-
tive low tidal volume ventilation is applied (11). De Jong et al 
(34) have demonstrated the efficacy and feasibility of prone 
positioning in critically ill massively obese subjects providing 
that a higher number of caregivers (at least five per patient) is 
available. Early mobilization of the obese patient and transfer 
to a chair are an integral part of the weaning process from 
mechanical ventilation. In the obese patient, NIV is useful 
immediately after the endotracheal tube has been removed to 
prevent postextubation respiratory failure, alveolar hypoven-
tilation, and obstructive sleep apnea syndrome (36). Special 
considerations need to be given to specific bariatric equip-
ment and higher staffing levels, which are challenging in such 
dramatic epidemic situation and make obesity an additional 
source of stress for caregivers and healthcare systems (37). 
The skills and courage of the nursing team are severely tested 
in these situations at the bedside and should be commended 
during this worldwide COVID-19 crisis.

Some limitations have to be acknowledged. Given the sin-
gle-center study design, our results may be considered difficult 
to extrapolate to another population with a lower prevalence 
of obesity. However, obesity is a constantly growing epidemic 
worldwide with about 650 million obese individuals accord-
ing to the WHO (9). The U.K. Intensive Care National Audit 
and Research Center reported on COVID-19 in critical care 
in the United Kingdom and also mentioned a high prevalence 
(38%) of obesity among 5,578 critically ill patients (5). The 
Centers for Disease Control and Prevention has also made the 
same observation in the United States with 48% of COVID-
19 patients living with obesity (4). Our cohort may be consid-
ered as a small ARDS population, but the literature is seldom 
focused on a single relatively homogenous cause of ARDS. 
The COVID-19 crisis gave us the rare opportunity to study 
a specific form of ARDS caused by a single pathogen. Several 
methods can be used to set PEEP in ARDS patients in order to 
reopen the collapsed airways and to improve gas exchange and 
respiratory mechanics (38). We attempted to standardize our 
protective mechanical ventilation management of these criti-
cally ill obese patients by applying the same practical protocol-
driven approach to all the COVID-19 ARDS patients. Because 

of the massive influx of obese patients, all our residents were 
trained at the bedside to recruit a critically ill patient under 
mechanical ventilation according to the method by Pirrone et 
al (16).

In our experience, COVID-19 pneumonia appeared to 
strike preferentially the vulnerable obese population and the 
current collision of two worldwide pandemics—obesity and 
coronavirus—is undoubtedly putting healthcare systems into 
an unprecedented level of strain.
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