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Abstract: We aimed to compare the outcomes of patients under veno-venous extracorporeal mem-
brane oxygenation (V-V ECMO) for COVID-19-Acute Respiratory Distress Syndrome (CARDS)
between the first and the second wave. From 1 March 2020 to 30 November 2020, fifty patients requir-
ing a V-V ECMO support for CARDS were included. Patient demographics, pre-ECMO, and day one,
three, and seven on-ECMO data and outcomes were collected. The 90-day mortality was 11% higher
during the second wave (18/26 (69%)) compared to the first wave (14/24 (58%) (p = 0.423). During
the second wave, all of the patients were given steroids compared to 16.7% during the first wave
(p < 0.001). The second wave’s patients had been on non-invasive ventilation support for a longer
period than in the first wave, with the median time from ICU admission to ECMO implantation
being significantly higher (14 (11–20) vs. 7.7 (5–12) days; p < 0.001). Mechanical properties of the
lung were worsened in the second wave’s CARDS patients before ECMO implantation (median static
compliance 20 (16–26) vs. 29 (25–37) mL/cmH2O; p < 0.001) and during ECMO days one, three, and
seven. More bacterial co-infections before implantation and under ECMO were documented in the
second wave group. Despite a better evidence-driven critical care management, we depicted fewer
encouraging outcomes during the second wave.

Keywords: extracorporeal membrane oxygenation; COVID 2019; acute respiratory distress syndrome;
outbreak waves; respiratory drive; ventilator-associated pneumonia

1. Introduction

Coronavirus disease 2019 (COVID-19) caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) can lead to severe organ dysfunction. Acute respira-
tory failure appears to be the main indication for critical care admission with a rate of ICU
admission from 4.0% to 32% [1]. Early in the ongoing pandemic, controversy regarding ven-
tilatory management emerged [2–5]. Some expert physiologists and several international
guidelines have endorsed early intubation over an initial non-invasive strategy [6–11]. This
approach was driven both by the prevention of further contamination and the lower risk of
patient self-induced lung injury which has been incriminated to further worsen respiratory
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failure [6–13]. During the second wave of the COVID-19 outbreak, cumulative evidence
influenced the global strategy of care management. An early low dose of corticosteroids
has been proven to decrease the mortality in COVID-19 patients [14]. A growing body
of reports revealed COVID-19-Acute Respiratory Distress Syndrome (CARDS) as being
similar to classic ARDS [15,16]. Thus, physicians were less reluctant to use non-invasive
ventilatory strategy. The prospective REVA network’s cohort study captured a progres-
sive decrease in 90-day mortality with a higher proportion of patients on non-invasive
ventilatory management [17]. Furthermore, other data concerning patients on invasive
mechanical ventilation found an increase in mortality during the second wave [18].

In case of CARDS refractory to other management strategies, veno-venous extra-
corporeal membrane oxygenation (V-V ECMO) appears to provide a valuable support
with conventional patient selection criteria [19–22]. The pooled estimate of prevalence of
COVID-19 patients placed on ECMO was 6.4% (95% CI, 4.1–9.1) of ICU cases [23] with a
cumulative incidence of 90 day-mortality at 38% (95% CI, 34.6–41.5) [20]. However, prelim-
inary results of the European Extracorporeal Life Support Organization (ELSO) found an
increase in mortality between the first and the second waves in COVID-19 patients under
V-V ECMO [24]. Finally, little is known about the impact of the current bundled treatment
combination (ventilatory strategies and corticosteroids) on the most critically ill COVID-19
patients on V-V ECMO for a long study period.

The aim of this study was to describe the characteristics and outcomes of patients who
received V-V ECMO for CARDS between the first and the second wave of the COVID-19
outbreak.

2. Materials and Methods
2.1. Study Design and Participants

The present study was a single-center retrospective observational study. From 1
March 2020 to 30 November 2020, all consecutive adult patients with laboratory confirmed
SARS-CoV-2 infection admitted to the ICU who received V-V ECMO for severe ARDS at
the Lille University Hospital were included. Patients who received veno-arterial ECMO
(V-A ECMO) were excluded. The period from 1 March 2020 to 3 May 2020 defines the first
wave, and from 1 September 2020 to 30 November 2020 defines the second wave of the
COVID-19 outbreak. All SARS-CoV-2 infections were documented by real-time RT-PCR on
nasopharyngeal swabs and lower respiratory tract aspirates. Severe ARDS was defined
according to Berlin’s definition [25]. Patients received V-V ECMO in case of refractory
hypoxemia and/or hypercapnia despite ventilator optimization according to the ECMO to
Rescue Lung Injury in Severe ARDS (EOLIA)’s criteria [26].

The French Institutional Authority for Personal Data Protection (Committees for the
Protection of Human Subjects, registration no DEC21-199) approved the study. Patient data
were anonymized before analysis. According to French laws, only non-opposition of the
patient or their legal representative for use of the data was obtained since this observational
study did not modify existing diagnostic or therapeutic strategies.

2.2. Data Collection and Outcome Measures

Data were collected from our electronic health records (IntelliSpace Critical Care and
Anesthesia (ICCA), Philips Healthcare®, Böblingen, Germany).

V-V ECMO cannulation was conducted percutaneously under ultrasonography guid-
ance by an intensivist physician or a cardiovascular surgeon. Anatomic contraindication
blood drainage with a large cannula (23–29 Fr) inserted into the common femoral vein and
returned through the right internal jugular vein (17–21 Fr) was recommended. The pump
speed was adjusted to obtain a blood-oxygen saturation of 90% or more. The cannula
position was guided by ultrasonography and verified by chest X-ray. For highly unstable
patients in a secondary hospital, our mobile ECMO retrieval teams were sent to the pa-
tients’ bedside for ECMO cannulation. Once ECMO had been implanted, patients were
referred to our hospital. According to preliminary reports of high thrombotic complication
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during management in COVID-19 patients on ECMO [19,20], systemic anticoagulation was
maintained using unfractioned heparin for a targeted anti-Xa activity of 0.3–0.5 UI/mL
after an initial bolus of 50–100 IU/kg. This targeted anti-Xa activity was decreased in
high risk of bleeding and hemorrhagic patients. Plasma-free haemoglobin, haptoglobin
and schizocytosis concentrations were monitored daily. The haemoglobin threshold for
red blood cell transfusion was 7–8 g/dL (or 10 g/dL when hypoxemia persisted); platelet
transfusions were discouraged except for severe thrombocytopenia (<50 × 109 cells per
L) or thrombocytopenia of more than 100 × 109 cells per L with bleeding. Ultraprotective
mechanical ventilation targeting lower tidal volume (1–4 mL/kg of IBW), respiratory rate
(<20/min), and driving pressure (<15 cmH2O) was recommended for the first days of
V-V ECMO initiation. Prone positioning under ECMO and early spontaneous breathing
using airway pressure release ventilation (APRV) or spontaneous—proportional pressure
support were strongly recommended.

Driving pressure (∆P) was calculated according to Amato et al. [27], as end-inspiratory
plateau pressure minus PEEP. Mechanical power (MP) was computed with surrogate for-
mulas defined elsewhere [28,29]. Major bleeding was defined according to ELSO guide-
lines [19]. Massive hemolysis was defined as plasma-free hemoglobin > 500 mg/L as-
sociated with clinical signs of hemolysis. Thrombotic complications included proven
pulmonary embolism and deep venous thrombosis. Reasons for circuit change included
clogged circuit, thrombocytopenia, hypofibrinogenemia, acquired Willebrand’s disease,
membrane lung failure (define to PaO2/FmO2 < 250), and pump failure.

The primary objective of this study was to compare the overall 90-day mortality of
CARDS patients on V-V ECMO between the first and the second waves of SARS-CoV-2’s
outbreak.

The secondary objective was to describe hospital mortality, ICU and hospital lengths
of stay, duration of ECMO, mechanical ventilation, catecholamines and RRT, rate of ECMO
weaning, prognostic scores (SAPS II [30], sequential organ-failure assessment score [31],
respiratory extracorporeal membrane oxygenation survival prediction score [32]), de-
mographic characteristics, clinical and biological parameters, respiratory support and
mechanical data, adjunctive interventions, and adverse events (ischemic stroke, hemor-
rhagic stroke, major bleeding, thrombotic complications, massive hemolysis, circuit change,
cardiac arrest, pneumothorax, ventilator associated pneumonia, bacteremia, and acute
kidney injury defined as KDIGO III score) before ECMO and on ECMO at days one, three,
and seven between the two phases of SARS-CoV-2’s outbreak.

2.3. Data Analysis

Categorical and quantitative variables were reported as percentage (%) and medians
(interquartile range) or means (standard deviation) as appropriate. We compared groups
using χ2 or Fisher exact tests for categorical variables, and Mann-Whitney U or Unpaired t
tests for continuous variables. All of the analyses were computed at a two-sided α level of
5% with the software GraphPad Prism 9.1.2®, San Diego, CA, USA and IBM SPSS Statistics
28.0.0.0®, Bois-Colombes, France.

3. Results

From 1 March 2020 to 30 November 2020, 52 patients required a V-V ECMO assistance
for CARDS. Two patients in the second wave group had a V-A ECMO support for cardiac
arrest and were excluded from the analysis. The flow chart of the study is reported in
Figure 1.
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Figure 1. Flow chart of the study. V-V ECMO: veno-venous extracorporeal membrane oxygenation. V-A ECMO: veno-
arterial extracorporeal membrane oxygenation.

The main indication for ECMO implantation was a PaO2/FiO2 < 80 mmHg for >6 h
concerning 38/50 (76%) patients of the global cohort with no difference between the two
groups, respectively, 19/24 (79%) and 19/26 (73%) of patients. Other indications were
refractory hypoxemia with PaO2/FiO2 < 50 mmHg for >3 h for two patients in each
group, persistent hypercapnic acidosis with pH < 7.25 and PaCO2 > 60 mmHg for >6 h
for six patients (two in the first wave and four in the second wave), and other reasons not
included in EOLIA trial inclusion criteria for one patient in each group. All V-V ECMO
cannulation was done percutaneously. Fourteen percent (7/50) of V-V ECMO were placed
in a secondary hospital by mobile ECMO retrieval teams.

Pre-ECMO characteristics are reported in Table 1. Demographic, prognostic scores,
and comorbidities between the first and second wave groups were not statistically different
(except for age and SOFA). The median times from first symptoms and ICU admission to
ECMO were significantly higher in the second wave group due to a significantly longer time
between ICU admission and intubation and the increased use of non-invasive respiratory
support before intubation. Only 2/24 patients (8%) had at least 24-h of high flow nasal
oxygen or non-invasive ventilation prior to intubation during the first wave compared to
21/26 patients (81%) during the second wave, p < 0.0001. The median time from intubation
to ECMO was similar between the first wave (7 (4–10) days) and the second wave groups
(8 (3–12) days; p = 0.67).
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Table 1. Patients’ characteristics at veno-venous extracorporeal membrane oxygenation (V-V ECMO) initiation in the first
and second wave groups.

Characteristics at ECMO Initiation All Patients (=50) First Wave (=24) Second Wave (=26) p-Value

Age (years) 61 (53–66) 58 (49–63) 63 (59–67) 0.017

Male 46 (92) 21 (87.5) 25 (96.2) 0.34

BMI (kg/m2) 31 (28–36) 33 (29–38) 30 (27–35) 0.158

SAPSII 58 (34–67) 60 (42–69) 42 (32–67) 0.079

SOFA 10 (8–12) 11 (9–12) 9 (8–11) 0.027

RESP −3 (−6,−1) −2 (−4,−1) −5 (−6.3,−1) 0.063

No Comorbidities 9 (18) 6 (25) 3 (11.5) 0.216

HTA 27 (54) 11 (46) 16 (61.5) 0.266

Diabetes 18 (36) 9 (37.5) 9 (34.6) 0.832

Dyslipidemia 20 (40) 7 (29.2) 13 (50) 0.133

Obesity (BMI > 30) 29 (58) 16 (66.7) 13 (50) 0.233

Malignancy 1 (2) 1 (4) 0 (0) 0.48

Other immunocompromised condition 6 (12) 2 (8.3) 4 (15.4) 0.669

Time from first symptoms to ECMO
(days) 16 (14–26) 15 (11–16) 19 (16–26) 0.004

Time from first symptoms to ICU (days) 7 (5–9) 7 (5–9) 6 (4–9) 0.33

Time from ICU admission to ECMO
(days) 12 (6–15) 7.5 (5–12) 14 (11–20) <0.001

Time from ICU admission to intubation
(days) 1 (0–6) 0 (0–1) 5,5 (1–9) <0.001

Data are median (IQR) or n (%). BMI = body mass index. SAPSII, Simplified Acute Physiology Score II; SOFA, Sequential Organ-Function
Assessment; RESP, Respiratory Extracorporeal Membrane Oxygenation Survival Prediction; ECMO, extracorporeal membrane oxygenation.

Concerning biological parameters before ECMO, there was no significant difference
between the two groups except for a much lower PaO2/FiO2 ratio in the second wave
group (median 68 (57–75) mmHg compared to 73 (65–84) mmHg in the first wave group,
p = 0.04), and lower inflammatory biomarkers (respectively, 7.1 (5.9–8.1) g/L for fibrinogen
compared to 8 (7.2–9.3) g/L in the first wave group, p = 0.009 and 0.51 (0.23–1.6) ng/L for
PCT compared to 1.8 (0.55–7.1) in the first wave group, p = 0.016). For more details, refer to
Table S1.

Details about respiratory support, adjuvant treatment, COVID-19 therapies, and
complications pre-ECMO are reported in Table 2. Briefly, the whole cohort was placed on
mechanical ventilation with an assist control ventilation mode before ECMO implantation.
The median static compliance was significantly lower and the median driving pressure was
significantly higher in second wave group. No difference was observed regarding adjuvant
treatment for ARDS pre-ECMO between the two groups. In the second wave group, all
patients received glucocorticoids with a median time to ECMO of 13 (11–19) days while
only 16.7% patients of the first wave group with a median time to ECMO of 7.5 (5.3–9)
days (p = 0.015). Antiviral treatments were significantly more regularly administered in the
first wave group in comparison to the second wave group. Regarding complication before
ECMO implantation, we reported much higher pneumothorax and secondary bacterial
infection in the second wave group. These infections were mainly documented bacterial
ventilator associated pneumonia with respectively 5/24 (21%) in the first wave group and
13/26 (50%) in the second wave group (p = 0.032). No difference regarding bacteremia was
reported between the two wave groups, respectively, 3/24 (12.5%) and 5/26 (19.2%).
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Table 2. Respiratory support, adjuvant treatments, COVID-19 therapies, and complications pre-ECMO in the first and
second wave groups.

Pre-ECMO Characteristics All Patients (=50) First Wave (=24) Second Wave (=26) p-Value

Respiratory Support

FIO2 100 (100–100) 100 (100–100) 100 (88–100) 0.082

Vt (mL) 420 (380–460) 425 (393–480) 410 (380–440) 0.08

Vt IBW (mL/kg) 6.1 (5.7–6.6) 6.5 (5.7–7) 6 (5.3–6.2) 0.009

RR (bpm) 30 (26–31) 30 (26–30) 30 (30–32) 0.159

Ppeak (cmH2O) 40 (36–45) 43 (38–47) 38 (35–42) 0.068

Pplat (cmH2O) 30 (28–32) 30 (27–32) 31 (30–32) 0.402

PEEP (cmH2O) 12 (7.5–15) 14 (12–16) 10 (5–14) <0.001

Driving Pressure (cmH2O) 17 (14–22) 15 (12–17) 21 (17–24) <0.001

Static Compliance (mL/cm H2O) 25 (18–29) 29 (25–37) 20 (16–26) <0.001

Mechanical Power (J/min) 35 (30–47) 43 (34–52) 32 (28–39) 0.004

Adjuvant treatment

Prone Positioning (PP) 48 (96) 24 (100) 24 (92) 0.491

Number of PP before ECMO 3 (2–5) 3 (2–5) 3 (2–5) 0.979

Neuromuscular Blockade 50 (100) 24 (100) 26 (100) 1

Inhaled nitric oxide 44 (88) 21 (87.5) 23 (88.5) 1

Almitrine 29 (58) 11 (45.8) 18 (69) 0.094

COVID-19 therapies

Glucocorticoids 30 (60) 4 (16.7) 26 (100) <0.001

Antiviral 14 (28) 11 (45.8) 3 (11.5) 0.007

Complications pre-ECMO

Renal replacement therapy 8 (16) 5 (21) 3 (11.5) 0.456

Pulmonary embolism 15 (30) 7 (29) 8 (31) 0.902

Pneumothorax 5 (10) 0 (0) 5 (19.2) 0.051

Documented bacterial co-infection 21 (42) 5 (21) 16 (61.5) 0.004

Data are median (IQR) or n (%). Antiviral therapies were Lopinavir-Ritonavir, Chloroquine, Remdesivir. FiO2, fraction of inspired oxygen;
Vt = tidal volume; Vt IBW, ideal body weight tidal volume; RR, respiratory rate; Ppeak, peak pressure; Pplat, plateau pressure; PEEP,
positive end-expiratory pressure.

ECMO, ventilation, biological parameters, and SOFA score at day one, three, and
seven under V-V ECMO between first wave and second wave groups are reported in
Tables 3, S2 and S3. The SOFA score was not statistically different between the first (12
(10–14)) and the second wave groups (11 (9.5–13); p = 0.07) at day one under V-V ECMO.
During the ECMO course, 44/50 (88%) patients received glucocorticoids, respectively,
22/24 (91.7%) in the first wave group and 22/26 (84.6%) in second wave group, p = 0.669.
The inflammatory biomarkers remained lower at ECMO day one, three, and seven in the
second wave group.
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Table 3. ECMO, ventilation, and biological parameters at veno-venous extracorporeal membrane oxygenation (V-V ECMO)
day one in the first and second wave groups.

Day 1
Characteristics Parameters All Patients (=50) First Wave Group

(=24)
Second Wave
Group (=26) p-Value

ECMO
parameters

FmO2 (%) α 100 (80–100) 100 (80–100) 95 (79–100) 0.648

RPM β 3600 (3300–4033) 3500 (3200–4065) 3600 (3375–4025) 0.705

ECMO blood flow
(L/min) γ 5.5 (5–6) 5.9 (5.5–6.1) 5.1 (4.8–5.5) 0.025

Sweep gaz flow
(L/min) δ 5 (4.3–6) 6 (4–6) 5 (4.4–6.3) 0.336

Ventilation
parameters

FiO2 (%) ϕ 50 (40–50) 50 (40–60) 50 (40–60) 0.674

Vt (mL) χ 250 (180–295) 280 (240–300) 230 (180–250) 0.197

Vt IBW (mL/kg) ε 3.6 (2.7–4.3) 4 (3.5–4.8) 3.4 (2.4–3.9) 0.223

RR (cpm) † 17 (13–20) 16 (14–20) 17 (12–21) 0.82

Pplat (cmH2O) # 24 (20–26) 25 (22–27) 23 (20–25) 0.034

PEEP (cmH2O) ‡ 12 (10–14) 14 (10–16) 10 (10–12) 0.007

Driving Pressure
(cmH2O) ¶ 12 (10–14) 11 (10–15) 12 (10–14) 0.376

Compliance RS
(mL/cm H2O) ¥ 21 (14–30) 23 (17–31) 19 (12–26) 0.273

Mechanical Power
(J/min) ¤ 9.4 (6.6–15) 12 (9–17) 7.4 (4.4–10) 0.01

Biological
parameters

pH 7.4 (7.3–7.5) 7.4 (7.3–7.5) 7.4 (7.3–7.5) 0.836

PaO2 (mmHg) 75 (65–85) 76 (67–87) 73 (65–84) 0.299

PaCO2 (mmHg) 47 (42–55) 44 (40–50) 52 (44–59) 0.016

Bicarbonates (mmol/L) 30 (26–34) 28 (24–32) 30 (27–35) 0.089

Hemoglobin (g/dL) 8.7 (7.9–9.8) 8.5 (8–9.7) 8.7 (7.6–10) 0.841

Platelets (109/L) 234 (162–301) 245 (178–326) 202 (156–267) 0.163

Fibrinogen (g/L) 7.1 (5.4–8.2) 7.9 (6.6–8.7) 6.1 (4.6–7.6) 0.002

aPTT (ratio) 1.5 (1.2–1.8) 1.5 (1.2–1.8) 1.5 (1.2–1.7) 0.662

CRP (mg/L) d 148 (92–252) 178 (104–329) 107 (79–176) 0.025

PCT (ng/mL) e 1 (0.3–3.2) 2.3 (0.6–4.8) 0.48 (0.2–1.8) 0.048

Values are number (%) or median (interquartile range). FmO2, fraction of membrane oxygen; RPM, rate per minute; FiO2, fraction of
inspired oxygen; Vt, tidal volume; Vt IBW, ideal body weight tidal volume; RR, respiratory rate; Ppeak, peak pressure; Pplat, plateau
pressure; PEEP, positive end-expiratory pressure; Compliance RS, respiratory system compliance; aPTT, activated partial thromboplastin
time; ASAT, aspartate aminotransferase; ALAT, alanin aminotransferase. α 1 missing value in first wave group, β 1 missing value in first
wave group, γ 1 missing value in first wave group, δ 1 missing value in first wave group, ϕ 1 missing value in first wave group, χ 1 missing
value in first wave group, 1 missing value in second wave group, ε 1 missing value in second wave group, † 1 missing value in first wave
group, 1 missing value in second wave group, # 1 missing value in first wave group, 1 missing value in second wave group, ‡ 1 missing
value in first wave group, 1 missing value in second wave group, ¶ 1 missing value in first wave group, 1 missing value in second wave
group, ¥ 1 missing value in first wave group, 1 missing value in second wave group, ¤ 1 missing value in first wave group, 1 missing value
in second wave group, d 1 missing value in first wave group, e 2 missing values in first wave group.

Concerning ARDS adjuvant treatments, 34/50 (68%) patients were prone positioned
in the whole cohort, with 13/24 (54.2%) in the first wave group and 21/26 (80.8%) in
the second wave group (p = 0.044). No significant difference between groups was noted
concerning the use of inhaled nitric oxide and almitrine. Ninety-eight percent patients
received red cells transfusion under ECMO with median 8.5 (5–14) packed red blood cells,
34% received platelets, 28% received fresh frozen plasma, and 14% received fibrinogen
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concentrate under ECMO with no difference between the two groups. For more details,
refer to Table S4.

Outcomes and complications under ECMO are reported in Table 4. The overall 90-day
mortality of COVID-19 patients under V-V ECMO was 32/50 (64%) in our cohort. This
mortality rate was higher during the second wave 18/26 (69%) compared to first wave
14/24 (58%), but without reaching statistical significance (p = 0.423). Renal replacement
therapy was used during ECMO support in nearly half of the whole cohort (22 (44%)
patients) and significantly more frequently during the first wave.

Table 4. Outcomes and complications under ECMO in First and Second Wave Groups.

Outcomes and Complications under
ECMO All Patients (=50) First Wave (=24) Second Wave (=26) p-Value

Outcomes

Lenght of stay ICU (days) 33 (20–60) 25 (17–42) 35 (26–71) 0.055

Lenght of stay Hospital (days) 33 (21–64) 26 (19–53) 40 (26–97) 0.021

Length of Catecholamines (days) 14 (7–17) 8 (6–16) 15 (9–27) 0.049

Length of RRT (days) 0 (0–10) 5 (0–13) 0 (0–6.3) 0.045

Length of Mechanical ventilation (days) 23 (16–45) 21 (15–38) 29 (19–61) 0.097

ECMO weaning 20 (40) 11 (46) 9 (35) 0.419

ECMO duration (days) 12 (7–16) 11 (6–13) 14 (8.8–25) 0.013

Tracheotomy 16 (32) 6 (25) 10 (38) 0.308

Hospital mortality 31 (62) 14 (58) 17 (65) 0.608

Complications

Ischemic stroke 2 (4) 2 (8.3) 0 (0) 0.225

Hemorrhagic stroke 6 (12) 4 (16.6) 2 (7.7) 0.409

RRT 22 (44) 15 (62.5) 7 (26.9) 0.011

Hemorrhagic—Site canulation 32 (64) 12 (50) 20 (76.9) 0.048

Hemorrhagic—Other 33 (66) 14 (58.3) 19 (73.1) 0.272

Thrombotic 8 (16) 5 (20.8) 3 (11.5) 0.456

Circuit change 20 (40) 8 (33.3) 12 (46.2) 0.355

Massive Hemolysis 11 (22.9) 8 (33.3) 3 (12.5) 0.086

Cardiac arrest 3 (6) 2 (8.3) 1 (3.8) 0.602

Pneumothorax 7 (14) 3 (12.5) 4 (15.4) 1

Antibiotic-treated blood stream infection 30 (60) 11 (45.8) 19 (73) 0.049

Antibiotic-treated VAP 33 (66) 15 (62.5) 18 (69.2) 0.616

Values are number (%) or median (interquartile range). RRT, renal replacement therapy; VAP, ventilator associated pneumonia. Other sites
of hemorrhage: urinary tract, pulmonary tract, gastrointestinal tract, ear, nose and throat.

4. Discussion

We report here a retrospective single institution study regarding the impact of the cur-
rent bundled treatment combination (ventilatory setting management and corticosteroids)
on the most critically ill COVID-19 patients under V-V ECMO for a long study period. The
main finding of our study was a 11% higher 90-day mortality during the second wave,
albeit without reaching statistical significance due to the small size of the cohort.

The overall 90-day mortality rate of CARDS patients on V-V ECMO in our study
was 32/50 (64%). Data from high-volume centers with retrospective design show that
ECMO therapy was associated with a lower in-hospital mortality rate ranging from 36 to
54% [33–35]. Data from the international ELSO Registry captures a 52.4% in-hospital mor-
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tality in 1531 treated patients as of September 14th 2020 [36]. Barbaro et al. reported in the
subset of CARDS patients receiving V-V ECMO an estimated cumulative incidence of in-
hospital mortality 90 days after the initiation of ECMO of 38.0% (95% CI 34.6–41.5) [20]. A
recent multinational meta-analysis confirmed a lower pooled in-hospital mortality of 37.1%
(95% CI 32.3–42.0%) of COVID-19 patients receiving ECMO (22 studies, 1896 patients) [37].
However, all of these studies took place solely during the first wave of COVID-19’s pan-
demic. In contrast, other studies reported a comparable high mortality such as a recent
multicenter study in Germany involving a total of 768 COVID-19 ECMO patients admitted
to hospitals between February and December 2020 with a 73% in-hospital mortality [38].
The reasons for the high in-hospital mortality in our cohort might be the higher mean age of
58 (±10) years in the whole cohort. This is comparable to the mean age of 57.7 (±11.4) years
in the study by Karagiannidis et al. [38] but is significantly higher than previous studies
with a mean age ranging from 48 (±11) to 55.4 (±9.3) years [20,34–36]. Increasing age is
one of important pre-ECMO variables associated with a worse outcome, as demonstrated
by many studies [20,34,38,39]. Another factor, contributing to the higher mortality rates
in our cohort, may be the median SAPSII (58 (34–67)) higher than the ones reported by
Schmidt et al. [35] (median 45 (29–56)) and by Lebreton et al. (median 40 (31–56)) [34].
Although not characterized to COVID-19 ARDS, the RESP score [32] reported by Schmidt
et al. [35] was 4 (2–5) and 3 (1–5) by Diaz et al. [33], which is significantly higher than in
our cohort with a median of −3 (−6,−1) and an estimated survival probability of 33%. The
overall 90-day mortality rate of COVID-19 ICU patients was 116/502 (23.1%) in the whole
cohort of our study with no significant statistical difference between the two waves (22%
vs. 24%) regarding ICU mortality rates by age.

Regarding specific COVID-19 therapies during the second wave, several treatment
options have been established since then, such as the systematic use of corticosteroids
in our second wave patients’ group in light of the RECOVERY trial [14] rather than
only four (16.7%) patients during the late first wave. Due to extent inclusion in inter-
national clinical trials, antiviral treatments were significantly more administered in the
first wave group rather than in the second wave group (respectively, 11/24 (45.8%) and
3/26 (11.5%); p = 0.007)), in light of recent trials demonstrating that none of these treat-
ments are efficient in treating COVID-19 [40,41], including patients requiring mechanical
ventilation [42–44]. Regarding non-invasive respiratory support strategies, there is a
paucity of high-quality evidence in COVID-19 resulting in marked variation in interna-
tional practice [45]. Interestingly, a recent report providing data from the EuroELSO survey
indicate a trend to less favorable outcomes during the second wave. Including deaths
reported after successful weaning, survival was 53% in the first wave and 44% in the second
wave (p < 0.0001) [24]. In the same way, we found an 11% higher 90-day mortality during
the second wave in our study. Several hypotheses might be considered.

First, the second wave patients were significantly older than those from the first wave
(p < 0.017). As already discussed previously, age is a well-established risk factor for worse
outcomes. Comorbidities were not different between the two wave groups and similar to
other large cohort studies [20,33–36,38]. Otherwise, the patients during the second wave
were prone to manifest higher severity of pulmonary involvement even if they had less
extra-pulmonary organ dysfunction. Indeed, we reported a trend towards a lower SAPSII
score, a statistically significant lower total SOFA score, and a trend towards a worsened
RESP score in the second wave group. We may speculate that the more frequent use
of corticosteroids during the second wave had mitigated the cytokine release syndrome
observed in severe COVID 19 [46] and the extrapulmonary organ dysfunctions.

Secondly, the longer delay between ICU admission and intubation due to a more
frequent use of non-invasive respiratory support during the second wave was responsible
for a longer time from ICU admission to ECMO. This could contribute to the worsened
respiratory phenotype at ECMO implantation. Indeed, the static compliance of the respi-
ratory system was significantly lower with a significantly higher driving pressure in the
second wave group. Biological parameters corroborate this data with a significantly lower
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PaO2/FiO2 ratio than in the first wave group and a trend to hypercapnic acidosis with
an equilibrated pH due to significantly higher alkaline reserve. To note, no significant
difference in adjuvant treatment (prone positioning, neuromuscular blockade, inhaled
nitric oxide) before ECMO implantation was noticed between the two groups. Thus, the
more severe respiratory phenotype during the second wave may be due to (1) an ECMO
initiation at a more advanced stage of the disease, and (2) patient self-inflicted lung injury
secondary to vigorous respiratory drive during non-invasive support as already described
in other reports [3,13]. As such, we observe much more pneumothorax before ECMO
canulation in the second wave group. Finally, the same trend towards a more severe
respiratory phenotype persisted under ECMO at day one, three, and seven in the second
wave group.

Thirdly, the relative immunodepression related to systematic use of corticosteroid, as
could be suggested by the lymphopenia being significantly lower on ECMO day seven
during the second wave, might contribute to less favorable outcomes. On the one hand,
we documented significantly more bacterial co-infection before ECMO implantation in our
study with 61.5% patients during the second wave period compared to 21% in the first
wave period (p = 0.004) with a predominance of bacterial ventilator-associated pneumonia,
which could contribute to the worsened respiratory phenotype at ECMO implantation.
On the other hand, we reported much higher antibiotic blood stream infections under
ECMO during the second wave, that could partly explain the higher length of ECMO,
catecholamines, and ICU and hospital stay.

Several limits must be highlighted in our study. First, the limited size of our cohort
and the retrospective and monocentric design which exposed the study to confounders
may have resulted in underpowered analyses. Nevertheless, as all ECMO patients were
referred to our tertiary center, patient management during the two periods of the study
were homogenous and allowed to make relevant comparison. Moreover, the changes in
patient care between the two waves were especially evidence-driven and thus not preclude
to extent these results to other centers [47]. Second, the statistically significant difference
of age during the second wave group is a major limitation and assumptions can only be
made about the meaning of other pre-ECMO variables associated with a worse outcome
during the second wave. Data from larger multicentric comparative studies are needed to
confirm this trend. Third, the responsibility of circulating virus strains between the first
and second wave seems unlikely, since the original European SARS-CoV-2 represented the
main strain circulating in France until mi-January 2021. Fourth, the different survival rate
was not related to a selection bias due to a greater workload on the national health system.
In fact, we observed the same burden during the two waves in our tertiary center and have
not encountered any problems in terms of availability for ECMO’s material.

5. Conclusions

Our study describes the impact of the current bundled treatment combination (venti-
latory setting management and corticosteroids) on the most critically ill COVID-19 patients
on V-V ECMO during the two waves of COVID-19 outbreak and reveals that the clinical
picture is less encouraging during the second wave with a trend of an increase in 90-day
mortality. Further data analysis is expected to support our preliminary results and provide
valuable data on ECMO management strategies for these patients.
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Author Contributions: Conceptualization, N.D. and T.D.; methodology, N.D. and T.D.; software,
N.D.; validation, A.G., E.P.-D., S.N., A.V., M.M., J.P. and T.D.; formal analysis, N.D., T.D. and J.P.;

https://www.mdpi.com/article/10.3390/jcm10214839/s1
https://www.mdpi.com/article/10.3390/jcm10214839/s1


J. Clin. Med. 2021, 10, 4839 11 of 13

investigation, N.D.; resources, N.D.; data curation, N.D. and T.D.; writing—original draft preparation,
N.D. and T.D.; writing—review and editing, A.G., E.P.-D., S.N., A.V., M.M., J.P. and T.D.; visualization,
A.G., E.P.-D., S.N., A.V., M.M., J.P. and T.D.; supervision, A.G., E.P.-D., S.N., A.V., M.M., J.P. and
T.D.; project administration, Department of Intensive Care Medicine, Critical Care Centre, CHU Lille,
59000 Lille, France; funding acquisition, the authors have disclosed that they received funding and
do not have any potential conflicts of interest. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was supported by the French government through the Programme Investisse-
ment d’Avenir (I-SITE ULNE/ANR-16-IDEX-0004 ULNE) managed by the Agence Nationale de la
Recherche (“PREDICT” project).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
Committees for the Protection of Human Subjects, registration no DEC21-199, 18 June 2021.

Informed Consent Statement: Patient consent was waived due to according to French laws, only
non-opposition of the patient or their legal representative for use of the data was obtained because
this observational study did not modify existing diagnostic or therapeutic strategies.

Data Availability Statement: Details regarding data supporting reported results can be submitted
by the corresponding author.

Acknowledgments: The authors want to thank Dognon, Thibaut PhD for manuscript proofreading
and linguistic revision assistance. The authors thank the Lille Intensive Care COVID-19 Group. Group
Members: Levy, Clementine MD; Boddaert, Pauline MD; Caplan, Morgan MD; Goutay, Julien MD;
Durand, Arthur MD; Bourel, Claire MD; Garcia, Bruno MD; Graffin, Benoit MD; Gaudel, Myrtille MD;
Detollenaere, Charles MD; Gueguen, Ines MD; Van Ceunebroek, Marine MD; Tortuyaux, Romain
MD; Saura, Ouriel MD; El Kalioubie, Ahmed MD; Favory, Raphael MD, PhD; Girardie, Patrick MD;
Houard, Marion MD; Jaillette, Emmanuelle MD; Jourdain, Mercedes MD, PhD; Ledoux, Geoffrey
MD; Mathieu, Daniel MD, PhD; Moreau, Anne Sophie MD; Nseir, Saad MD, PhD; Onimus, Thierry
MD; Préau, Sebastien MD PhD; Robriquet, Laurent MD; Rouze, Anahita MD; Six, Sophie MD; Soquet,
Jerome MD; Loobuyck, Valentin MD; Mugnier, Agnes MD; Rousse, Natacha MD PhD; Manganiello,
Sabrina MD.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Serafim, R.B.; Póvoa, P.; Souza-Dantas, V.; Kalil, A.C.; Salluh, J.I.F. Clinical Course and Outcomes of Critically Ill Patients with

COVID-19 Infection: A Systematic Review. Clin. Microbiol. Infect. 2021, 27, 47–54. [CrossRef] [PubMed]
2. Camporota, L.; Vasques, F.; Sanderson, B.; Barrett, N.A.; Gattinoni, L. Identification of Pathophysiological Patterns for Triage and

Respiratory Support in COVID-19. Lancet Respir. Med. 2020, 8, 752–754. [CrossRef]
3. Esnault, P.; Cardinale, M.; Hraiech, S.; Goutorbe, P.; Baumstrack, K.; Prud’homme, E.; Bordes, J.; Forel, J.-M.; Meaudre, E.;

Papazian, L.; et al. High Respiratory Drive and Excessive Respiratory Efforts Predict Relapse of Respiratory Failure in Critically
Ill Patients with COVID-19. Am. J. Respir. Crit. Care Med. 2020, 202, 1173–1178. [CrossRef] [PubMed]

4. Tobin, M.J.; Laghi, F.; Jubran, A. Caution about Early Intubation and Mechanical Ventilation in COVID-19. Ann. Intensive Care
2020, 10, 78. [CrossRef]

5. Tobin, M.J.; Laghi, F.; Jubran, A. P-SILI is not Justification for Intubation of COVID-19 Patients. Ann. Intensive Care 2020, 10, 105.
[CrossRef]

6. Alhazzani, W.; Møller, M.H.; Arabi, Y.M.; Loeb, M.; Gong, M.N.; Fan, E.; Oczkowski, S.; Levy, M.M.; Derde, L.; Dzierba, A.; et al.
Surviving Sepsis Campaign: Guidelines on the Management of Critically Ill Adults with Coronavirus Disease 2019 (COVID-19).
Intensive Care Med. 2020, 46, 854–887. [CrossRef]

7. Cook, T.M.; El-Boghdadly, K.; McGuire, B.; McNarry, A.F.; Patel, A.; Higgs, A. Consensus Guidelines for Managing the Airway
in Patients with COVID-19: Guidelines from the Difficult Airway Society, the Association of Anaesthetists the Intensive Care
Society, the Faculty of Intensive Care Medicine and the Royal College of Anaesthetists. Anaesthesia 2020, 75, 785–799. [CrossRef]

8. Weissman, D.N.; de Perio, M.A.; Radonovich, L.J. COVID-19 and Risks Posed to Personnel during Endotracheal Intubation.
JAMA 2020, 323, 2027–2028. [CrossRef]

9. Brewster, D.J.; Chrimes, N.; Do, T.B.; Fraser, K.; Groombridge, C.J.; Higgs, A.; Humar, M.J.; Leeuwenburg, T.J.; McGloughlin,
S.; Newman, F.G.; et al. Consensus Statement: Safe Airway Society Principles of Airway Management and Tracheal Intubation
Specific to the COVID-19 Adult Patient Group. Med. J. Aust. 2020, 212, 472–481. [CrossRef]

http://doi.org/10.1016/j.cmi.2020.10.017
http://www.ncbi.nlm.nih.gov/pubmed/33190794
http://doi.org/10.1016/S2213-2600(20)30279-4
http://doi.org/10.1164/rccm.202005-1582LE
http://www.ncbi.nlm.nih.gov/pubmed/32755309
http://doi.org/10.1186/s13613-020-00692-6
http://doi.org/10.1186/s13613-020-00724-1
http://doi.org/10.1007/s00134-020-06022-5
http://doi.org/10.1111/anae.15054
http://doi.org/10.1001/jama.2020.6627
http://doi.org/10.5694/mja2.50598


J. Clin. Med. 2021, 10, 4839 12 of 13

10. Cheung, J.C.-H.; Ho, L.T.; Cheng, J.V.; Cham, E.Y.K.; Lam, K.N. Staff Safety during Emergency Airway Management for COVID-19
in Hong Kong. Lancet Respir. Med. 2020, 8, e19. [CrossRef]

11. Marini, J.J.; Gattinoni, L. Management of COVID-19 Respiratory Distress. JAMA 2020, 323, 2329–2330. [CrossRef]
12. Wax, R.S.; Christian, M.D. Practical Recommendations for Critical Care and Anesthesiology Teams Caring for Novel Coronavirus

(2019-NCoV) Patients. Can. J. Anaesth. J. Can. Anesth. 2020, 67, 568–576. [CrossRef]
13. Battaglini, D.; Robba, C.; Ball, L.; Silva, P.L.; Cruz, F.F.; Pelosi, P.; Rocco, P.R.M. Noninvasive Respiratory Support and Patient

Self-Inflicted Lung Injury in COVID-19: A Narrative Review. Br. J. Anaesth. 2021, 127, 353–364. [CrossRef] [PubMed]
14. Dexamethasone in Hospitalized Patients with COVID-19. N. Engl. J. Med. 2021, 384, 693–704. [CrossRef] [PubMed]
15. Grasselli, G.; Cattaneo, E.; Florio, G.; Ippolito, M.; Zanella, A.; Cortegiani, A.; Huang, J.; Pesenti, A.; Einav, S. Mechanical

Ventilation Parameters in Critically Ill COVID-19 Patients: A Scoping Review. Crit. Care. 2021, 25, 115. [CrossRef] [PubMed]
16. Grasselli, G.; Tonetti, T.; Protti, A.; Langer, T.; Girardis, M.; Bellani, G.; Laffey, J.; Carrafiello, G.; Carsana, L.; Rizzuto, C.; et al.

Pathophysiology of COVID-19-Associated Acute Respiratory Distress Syndrome: A Multicentre Prospective Observational Study.
Lancet Respir. Med. 2020, 8, 1201–1208. [CrossRef]

17. Schmidt, M.; Hajage, D.; Demoule, A.; Pham, T.; Combes, A.; Dres, M.; Lebbah, S.; Kimmoun, A.; Mercat, A.; Beduneau, G.; et al.
Clinical Characteristics and Day-90 Outcomes of 4244 Critically Ill Adults with COVID-19: A Prospective Cohort Study. Intensive
Care Med. 2021, 47, 60–73. [CrossRef]

18. Contou, D.; Fraissé, M.; Pajot, O.; Tirolien, J.-A.; Mentec, H.; Plantefève, G. Comparison between First and Second Wave among
Critically Ill COVID-19 Patients Admitted to a French ICU: No Prognostic Improvement during the Second Wave? Crit. Care
2021, 25, 3. [CrossRef]

19. Badulak, J.; Antonini, M.V.; Stead, C.M.; Shekerdemian, L.; Raman, L.; Paden, M.L.; Agerstrand, C.; Bartlett, R.H.; Barrett, N.;
Combes, A.; et al. Extracorporeal Membrane Oxygenation for COVID-19: Updated 2021 Guidelines from the Extracorporeal Life
Support Organization. ASAIO J. Am. Soc. Artif. Intern. Organs 2021, 67, 485–495. [CrossRef]

20. Barbaro, R.P.; MacLaren, G.; Boonstra, P.S.; Iwashyna, T.J.; Slutsky, A.S.; Fan, E.; Bartlett, R.H.; Tonna, J.E.; Hyslop, R.; Fanning,
J.J.; et al. Extracorporeal Membrane Oxygenation Support in COVID-19: An International Cohort Study of the Extracorporeal Life
Support Organization Registry. Lancet 2020, 396, 1071–1078. [CrossRef]

21. MacLaren, G.; Combes, A.; Brodie, D. What’s New in ECMO for COVID-19? Intensive Care Med. 2021, 47, 107–109. [CrossRef]
[PubMed]

22. Shekar, K.; Badulak, J.; Peek, G.; Boeken, U.; Dalton, H.J.; Arora, L.; Zakhary, B.; Ramanathan, K.; Starr, J.; Akkanti, B.; et al.
Extracorporeal Life Support Organization Coronavirus Disease 2019 Interim Guidelines: A Consensus Document from an
International Group of Interdisciplinary Extracorporeal Membrane Oxygenation Providers. ASAIO J. 2020. [CrossRef] [PubMed]

23. Tan, E.; Song, J.; Deane, A.M.; Plummer, M.P. Global Impact of Coronavirus Disease 2019 Infection Requiring Admission to the
ICU: A Systematic Review and Meta-Analysis. Chest 2021, 159, 524–536. [CrossRef] [PubMed]

24. Broman, L.M.; Eksborg, S.; Coco, V.L.; De Piero, M.E.; Belohlavek, J.; Lorusso, R. Extracorporeal Membrane Oxygenation for
COVID-19 during First and Second Waves. Lancet Respir. Med. 2021, 9, E80–E81. [CrossRef]

25. ARDS Definition Task Force; Ranieri, V.M.; Rubenfeld, G.D.; Thompson, B.T.; Ferguson, N.D.; Caldwell, E.; Fan, E.; Camporota,
L.; Slutsky, A.S. Acute Respiratory Distress Syndrome: The Berlin Definition. JAMA 2012, 307, 2526–2533. [CrossRef]

26. Combes, A.; Hajage, D.; Capellier, G.; Demoule, A.; Lavoué, S.; Guervilly, C.; Da Silva, D.; Zafrani, L.; Tirot, P.; Veber, B.; et al.
Extracorporeal Membrane Oxygenation for Severe Acute Respiratory Distress Syndrome. N. Engl. J. Med. 2018, 378, 1965–1975.
[CrossRef]

27. Amato, M.B.P.; Meade, M.O.; Slutsky, A.S.; Brochard, L.; Costa, E.L.V.; Schoenfeld, D.A.; Stewart, T.E.; Briel, M.; Talmor,
D.; Mercat, A.; et al. Driving Pressure and Survival in the Acute Respiratory Distress Syndrome. Available online: https:
//www.nejm.org/doi/10.1056/NEJMsa1410639 (accessed on 16 August 2021).

28. Gattinoni, L.; Tonetti, T.; Cressoni, M.; Cadringher, P.; Herrmann, P.; Moerer, O.; Protti, A.; Gotti, M.; Chiurazzi, C.; Carlesso, E.;
et al. Ventilator-Related Causes of Lung Injury: The Mechanical Power. Intensive Care Med. 2016, 42, 1567–1575. [CrossRef]

29. Chiumello, D.; Gotti, M.; Guanziroli, M.; Formenti, P.; Umbrello, M.; Pasticci, I.; Mistraletti, G.; Busana, M. Bedside Calculation of
Mechanical Power during Volume- and Pressure-Controlled Mechanical Ventilation. Crit. Care 2020, 24, 417. [CrossRef]

30. Le Gall, J.R.; Lemeshow, S.; Saulnier, F. A New Simplified Acute Physiology Score (SAPS II) Based on a European/North American
Multicenter Study. JAMA 1993, 270, 2957–2963. [CrossRef]

31. Vincent, J.L.; Moreno, R.; Takala, J.; Willatts, S.; De Mendonça, A.; Bruining, H.; Reinhart, C.K.; Suter, P.M.; Thijs, L.G. The SOFA
(Sepsis-Related Organ Failure Assessment) Score to Describe Organ Dysfunction/Failure. On Behalf of the Working Group on
Sepsis-Related Problems of the European Society of Intensive Care Medicine. Intensive Care Med. 1996, 22, 707–710. [CrossRef]

32. Schmidt, M.; Bailey, M.; Sheldrake, J.; Hodgson, C.; Aubron, C.; Rycus, P.T.; Scheinkestel, C.; Cooper, D.J.; Brodie, D.; Pellegrino,
V.; et al. Predicting Survival after Extracorporeal Membrane Oxygenation for Severe Acute Respiratory Failure. The Respiratory
Extracorporeal Membrane Oxygenation Survival Prediction (RESP) Score. Am. J. Respir. Crit. Care Med. 2014, 189, 1374–1382.
[CrossRef] [PubMed]

33. Diaz, R.A.; Graf, J.; Zambrano, J.M.; Ruiz, C.; Espinoza, J.A.; Bravo, S.I.; Salazar, P.A.; Bahamondes, J.C.; Castillo, L.B.; Gajardo,
A.I.J.; et al. Extracorporeal Membrane Oxygenation for COVID-19–Associated Severe Acute Respiratory Distress Syndrome in
Chile: A Nationwide Incidence and Cohort Study. Am. J. Respir. Crit. Care Med. 2021, 204, 34–43. [CrossRef] [PubMed]

http://doi.org/10.1016/S2213-2600(20)30084-9
http://doi.org/10.1001/jama.2020.6825
http://doi.org/10.1007/s12630-020-01591-x
http://doi.org/10.1016/j.bja.2021.05.024
http://www.ncbi.nlm.nih.gov/pubmed/34217468
http://doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/pubmed/32678530
http://doi.org/10.1186/s13054-021-03536-2
http://www.ncbi.nlm.nih.gov/pubmed/33743812
http://doi.org/10.1016/S2213-2600(20)30370-2
http://doi.org/10.1007/s00134-020-06294-x
http://doi.org/10.1186/s13054-020-03449-6
http://doi.org/10.1097/MAT.0000000000001422
http://doi.org/10.1016/S0140-6736(20)32008-0
http://doi.org/10.1007/s00134-020-06284-z
http://www.ncbi.nlm.nih.gov/pubmed/33180168
http://doi.org/10.1097/MAT.0000000000001193
http://www.ncbi.nlm.nih.gov/pubmed/32604322
http://doi.org/10.1016/j.chest.2020.10.014
http://www.ncbi.nlm.nih.gov/pubmed/33069725
http://doi.org/10.1016/S2213-2600(21)00262-9
http://doi.org/10.1001/jama.2012.5669
http://doi.org/10.1056/NEJMoa1800385
https://www.nejm.org/doi/10.1056/NEJMsa1410639
https://www.nejm.org/doi/10.1056/NEJMsa1410639
http://doi.org/10.1007/s00134-016-4505-2
http://doi.org/10.1186/s13054-020-03116-w
http://doi.org/10.1001/jama.1993.03510240069035
http://doi.org/10.1007/BF01709751
http://doi.org/10.1164/rccm.201311-2023OC
http://www.ncbi.nlm.nih.gov/pubmed/24693864
http://doi.org/10.1164/rccm.202011-4166OC
http://www.ncbi.nlm.nih.gov/pubmed/33823118


J. Clin. Med. 2021, 10, 4839 13 of 13

34. Lebreton, G.; Schmidt, M.; Ponnaiah, M.; Folliguet, T.; Para, M.; Guihaire, J.; Lansac, E.; Sage, E.; Cholley, B.; Mégarbane, B.;
et al. Extracorporeal Membrane Oxygenation Network Organisation and Clinical Outcomes during the COVID-19 Pandemic in
Greater Paris, France: A Multicentre Cohort Study. Lancet Respir. Med. 2021, 9, 851–862. [CrossRef]

35. Schmidt, M.; Hajage, D.; Lebreton, G.; Monsel, A.; Voiriot, G.; Levy, D.; Baron, E.; Beurton, A.; Chommeloux, J.; Meng, P.;
et al. Extracorporeal Membrane Oxygenation for Severe Acute Respiratory Distress Syndrome Associated with COVID-19: A
Retrospective Cohort Study. Lancet Respir. Med. 2020, 8, 1121–1131. [CrossRef]

36. Lorusso, R.; Combes, A.; Coco, V.L.; De Piero, M.E.; Belohlavek, J.; Euro ECMO COVID-19 Working Group; Euro-ELSO Steering
Committee. ECMO for COVID-19 Patients in Europe and Israel. Intensive Care Med. 2021, 47, 344–348. [CrossRef] [PubMed]

37. Ramanathan, K.; Shekar, K.; Ling, R.R.; Barbaro, R.P.; Wong, S.N.; Tan, C.S.; Rochwerg, B.; Fernando, S.M.; Takeda, S.; MacLaren,
G.; et al. Extracorporeal Membrane Oxygenation for COVID-19: A Systematic Review and Meta-Analysis. Crit. Care 2021, 25, 211.
[CrossRef] [PubMed]

38. Karagiannidis, C.; Strassmann, S.; Merten, M.; Bein, T.; Windisch, W.; Meybohm, P.; Weber-Carstens, S. High In-Hospital Mortality
in COVID Patients Receiving ECMO in Germany–A Critical Analysis. Am. J. Respir. Crit. Care Med. 2021, 204, 991–994. [CrossRef]

39. Supady, A.; Taccone, F.S.; Lepper, P.M.; Ziegeler, S.; Staudacher, D.L.; COVEC-Study Group. Survival after Extracorporeal
Membrane Oxygenation in Severe COVID-19 ARDS: Results from an International Multicenter Registry. Crit. Care. 2021, 25, 90.
[CrossRef]

40. Recovery Collaborative Group. Lopinavir-Ritonavir in Patients Admitted to Hospital with COVID-19 (RECOVERY): A Ran-
domised, Controlled, Open-Label, Platform Trial. Lancet 2020, 396, 1345–1352. [CrossRef]

41. Recovery Collaborative Group; Horby, P.; Mafham, M.; Linsell, L.; Bell, J.L.; Staplin, N.; Emberson, J.R.; Wiselka, M.; Ustianowski,
A.; Elmahi, E.; et al. Effect of Hydroxychloroquine in Hospitalized Patients with COVID-19. N. Engl. J. Med. 2020, 383, 2030–2040.
[CrossRef]

42. Beigel, J.H.; Tomashek, K.M.; Dodd, L.E.; Mehta, A.K.; Zingman, B.S.; Kalil, A.C.; Hohmann, E.; Chu, H.Y.; Luetkemeyer, A.; Kline,
S.; et al. Remdesivir for the Treatment of COVID-19-Final Report. N. Engl. J. Med. 2020, 383, 1813–1826. [CrossRef] [PubMed]

43. Young, B.; Tan, T.T.; Leo, Y.S. The Place for Remdesivir in COVID-19 Treatment. Lancet Infect. Dis. 2021, 21, 20–21. [CrossRef]
44. Repurposed Antiviral Drugs for COVID-19—Interim WHO Solidarity Trial Results. N. Engl. J. Med. 2020, 384, 497–511. [CrossRef]
45. Gorman, E.; Connolly, B.; Couper, K.; Perkins, G.D.; McAuley, D.F. Non-Invasive Respiratory Support Strategies in COVID-19.

Lancet Respir. Med. 2021, 9, 553–556. [CrossRef]
46. Moore, J.B.; June, C.H. Cytokine Release Syndrome in Severe COVID-19. Science 2020, 368, 473–474. [CrossRef]
47. Lambermont, B.; Rousseau, A.-F.; Seidel, L.; Thys, M.; Cavalleri, J.; Delanaye, P.; Chase, J.G.; Gillet, P.; Misset, B. Outcome

Improvement Between the First Two Waves of the Coronavirus Disease 2019 Pandemic in a Single Tertiary-Care Hospital in
Belgium. Crit. Care Explor. 2021, 3, e0438. [CrossRef]

http://doi.org/10.1016/S2213-2600(21)00096-5
http://doi.org/10.1016/S2213-2600(20)30328-3
http://doi.org/10.1007/s00134-020-06272-3
http://www.ncbi.nlm.nih.gov/pubmed/33420797
http://doi.org/10.1186/s13054-021-03634-1
http://www.ncbi.nlm.nih.gov/pubmed/34127027
http://doi.org/10.1164/rccm.202105-1145LE
http://doi.org/10.1186/s13054-021-03486-9
http://doi.org/10.1016/S0140-6736(20)32013-4
http://doi.org/10.1056/NEJMoa2022926
http://doi.org/10.1056/NEJMoa2007764
http://www.ncbi.nlm.nih.gov/pubmed/32445440
http://doi.org/10.1016/S1473-3099(20)30911-7
http://doi.org/10.1056/NEJMoa2023184
http://doi.org/10.1016/S2213-2600(21)00168-5
http://doi.org/10.1126/science.abb8925
http://doi.org/10.1097/CCE.0000000000000438

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Data Collection and Outcome Measures 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

