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Abstract 

Objective: Veno-venous extra-corporeal membrane oxygenation (ECMO) cannulations are mostly 
done while patients are heavily sedated and mechanically ventilated. For patients with acute 
respiratory distress syndrome (ARDS), cannulating for ECMO while awake and spontaneously 
breathing, and treating without sedation and mechanical ventilation has potential advantages. This 
study aimed to compare clinical outcomes between patients cannulated for ECMO while awake and 
patients cannulated while sedated and mechanically ventilated. Design: A retrospective multicenter 
study. Setting: Data were accessed from the Israeli ECMO registry of patients with COVID-19-
induced ARDS treated at eight ECMO centers in Israel. Patients: The study group comprised 24 
patients who were cannulated while awake and spontaneously breathing. A control group comprised 
96 patients who were cannulated after sedation and mechanical ventilation, matched 1:4 by age, sex, 
and body mass index. Interventions: None. Measurements: The primary outcome was six-month 
survival. Secondary outcomes were: the duration of ECMO therapy, the duration of invasive 
mechanical ventilation-free ECMO therapy, and the duration of invasive mechanical ventilation. 
Main Results: The mean age was 52 + 11 years; 78% were males. Fifteen (63%) of the study group 
were eventually intubated. The mean durations on ECMO and in the intensive care unit did not differ 
between the groups. The study group had a higher six-month survival (75% vs 49%, p=0.02), and 
fewer infectious complications such as ventilatory-induced pneumonia or bacteremia (21% vs 40%, 
p<0.001) compared to the control group. Conclusions: In patients with severe COVID-19-induced 
ARDS, awake cannulation for veno-venous ECMO may improve six-month survival compared to 
cannulation while sedated and mechanically ventilated. 
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1. Introduction 

The use of veno-venous extracorporeal membrane oxygenation (VV-ECMO) to treat patients 
with severe acute respiratory distress syndrome (ARDS) has increased since the 2009 H1N1 influenza 
pandemic and peaked during the COVID-19 pandemic (1). Most VV-ECMO cannulations are done 
while patients are heavily sedated and mechanically ventilated. The awake ECMO strategy, i.e 
cannulating patients with ARDS for ECMO while awake and spontaneously breathing, and treating 
them without sedation and mechanical ventilation has several potential advantages. These include 
reducing ventilatory-induced lung injury and ventilatory-associated pneumonia, and increasing 
functional residual capacity (2). Moreover, by contracting the diaphragm, patients who breathe 
spontaneously achieve more balanced ventilation-perfusion matching (2), and avoid ventilatory-
induced diaphragmatic damage (3). Patients treated with ECMO while awake can undergo 
physiotherapy and rehabilitation much earlier, during the peak of their disease severity. At this 
disease stage, patients treated conservatively are in deep sedation and even under muscle relaxants. 
Awake patients can communicate and potentially have a reduced risk for delirium (4). 

Currently, there is a notable absence of large-scale studies of patients treated with ECMO that 
directly compared outcomes between those cannulated while awake and while sedated. Though 
individual case reports and small-scale studies have provided insights into the potential benefits of 
awake ECMO (5-10), a comprehensive comparison of outcomes between these two approaches is 
lacking in the existing literature. 

We recently published our experience in awake ECMO cannulation of patients with ARDS (4). 
We demonstrated, as a proof-of-concept, the feasibility of treating patients with severe ARDS using 
VV-ECMO without sedation and mechanical ventilation in selected patients. 

In the current study, we collected and analyzed data from all the Israeli intensive care units that 
practiced awake ECMO in patients with COVID-19 ARDS. We compared the outcomes of patients 
treated by awake versus matched mechanically ventilated ECMO.  
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2. Materials and Methods 

2.1. Study Design and Population 

We conducted a multicenter, retrospective cohort study in eight ECMO centers in Israel. Data 
were gathered from the Israeli ECMO registry of patients with COVID-19-induced ARDS who were 
treated with ECMO. The Israeli ECMO Society and ECMO registry were founded in 2019 and include 
13 medical centers that operate ECMO.  

We included patients with confirmed COVID-19 via polymerase chain reaction who were 
treated with VV-ECMO for COVID-19-induced ARDS from April 2020 to December 2022. Patients 
were excluded if they were under 18 years of age or if their records indicated poor data collection. 

The study group was defined as patients who were cannulated for ECMO while awake and 
spontaneously breathing. The control group was established by using propensity score matching in 
a 1:4 ratio, by age, sex, and body mass index, of patients who were cannulated for ECMO after 
sedation and mechanical ventilation. 

Notably, specific guidelines and criteria have not been issued regarding the selection of patients 
for whom to attempt awake ECMO. During the study period, diagnoses and clinical decisions, 
including the decision to initiate ECMO, were made at each of the included centers according to the 
judgment of the treating team. For patients deemed to require mechanical ventilation with a high 
likelihood of eventually requiring ECMO, decisions were made as to whether to intubate or attempt 
awake ECMO. Generally, when patients were alert enough and able to collaborate, awake ECMO 
was considered an alternative to mechanical ventilation (4).  

2.2. Data Collection 

The data collected included demographic information, comorbidities, and pre-ECMO baseline 
parameters, including respiratory support modality, gas exchange data, and the duration of invasive 
mechanical ventilation when it was used. ECMO-related parameters during the ECMO therapy were 
also recorded: total ECMO duration, maximal blood flow, maximal gas flow, and ECMO-related 
complications. 

2.3. Definitions 

ARDS was defined according to the "Berlin criteria" (11). 
Thrombotic events were defined as either venous or arterial thrombosis, heparin-induced 

thrombocytopenia, or ECMO circuit thrombosis necessitating circuit change. Bleeding was defined 
as bleeding necessitating treatment with blood products. Secondary infections were defined as 
ventilatory-induced pneumonia, bacteremia, or any other non-COVID-19-induced sepsis.  

2.4. Outcomes 

The primary outcome was mortality during six months of follow-up. Secondary outcomes were: 
mortality on ECMO,  the duration of ECMO therapy, the duration of invasive mechanical 
ventilation-free ECMO therapy, and the duration of invasive mechanical ventilation. 

2.5. Statistical Analysis  

Covariate balance after matching was assessed using standardized mean differences, with 
values <0.1 indicating acceptable balance. A Cox regression model was used to estimate the hazard 
ratio (HR) with a 95% confidence interval (CI), of mortality during a six-month follow-up of patients 
who were awake compared to sedated during ECMO cannulation. COVID-19 variants were adjusted 
to control for possible confounders. No imputation was performed to handle missing data. All the 
statistical analyses were performed using R software (version 4.3.1; R Foundation for Statistical 
Computing, Vienna, Austria). 
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3. Results 
We identified 24 patients who were cannulated for ECMO during the study period, while awake 

and spontaneously breathing, and matched them to 96 controls. Table 1 shows baseline characteristics 
of the study population. The mean age was 52 years (standard deviation [SD] 11), and 78% were 
males. The mean body mass index (BMI) was 32 kg/m2 (SD 8). Among those who were cannulated 
for ECMO while awake (the study group) compared to those who were cannulated while sedated 
(the control group), the mean Sequential Organ Failure Assessment (SOFA) score was lower (5.2 vs. 
9.1, p<0.001). For the study compared to the control group, pre-ECMO PO2 and PCO2 were lower: 
53 mmHg vs 62 mmHg, p=0.02; and 43 mmHg vs 65 mmHg, p<0.001, respectively. Although the 
dominant COVID-19 variant shifted during the study period (from wild type to Alpha, Delta, and 
Omicron), variant distribution did not differ significantly between groups (p=0.1). Nor did the mean 
ECMO blood flow differ between the groups. 

 Fifteen of the 24 patients (63%) who were cannulated for ECMO while awake were eventually 
intubated during the ECMO run. Intubation occurred after a mean of 12 (SD 12) days from 
cannulation. The mean mechanical ventilation-free days in the study group was 12.3 (SD 15). 

Table 1. Baseline characteristics of patients cannulated for ECMO while sedated and while awake. 

Characteristic Overall,  
N = 120 

Sedated,  
N = 96 

Awake,  
N = 24 p-value 

Age, years, Mean (SD) 51.7 (11.1) 51.6 (10.9) 52.3 (11.8) 0.89 

Male sex, n (%) 94 (78.3) 75 (78.1) 19 (79.2) 0.91 

BMI, kg/m2. Mean (SD) 32.0 (7.5) 32.1 (7.5) 31.6 (7.9) 0.79 

Smoker, n (%) 8 (6.7) 5 (5.2) 3 (12.5) 0.20 

Diabetes, n (%) 28 (23.3) 22 (22.9) 6 (25.0) 0.83 

Cardiovascular disease, n (%) 12 (10.0) 9 (9.4) 3 (12.5) 0.70 

Pre-ECMO PO2, Mean (SD) 59.8 (19.5) 62.4 (21.1) 53.0 (11.8) 0.020 

Pre-ECMO PCO2, Mean (SD) 58.9 (21.2) 65.0 (21.3) 43.0 (9.4) <0.001 

Pre-ECMO pH, Mean (SD) 7.31 (0.12) 7.28 (0.12) 7.39 (0.07)    <0.001 

SOFA, Mean (SD) 8.3 (3.4) 9.1 (3.1) 5.2 (2.2)   <0.001 

Covid-19 variant, n (%)    0.10 

    Wild 28 (23.3) 26 (27.1) 2 (8.3)  

    Alpha 45 (37.5) 36 (37.5) 9 (37.5)  

    Delta 39 (32.5) 27 (28.1) 12 (50.0)  

    Omicron 8 (6.7) 7 (7.3) 1 (4.2)  

ECMO blood flow, Mean (SD) 4.7 (0.9) 4.8 (0.9) 4.7 (0.9) 0.78 

BMI- Body Mass Index, ECMO- Extracorporeal Membrane Oxygenation, SOFA- Sequential, Organ, Assessment 
Score 
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Table 2 compares the outcomes of the study and control groups. Durations of time on ECMO 
and in the intensive care unit did not differ significantly between the groups. Six-month survival was 
higher in the study compared to the control group (75% vs 49%, p=0.02). 

Table 2. Comparison of clinical outcomes and complication rates between patients cannulated while sedated 
and while awake. 

Characteristic Overall,  
N = 120 

Sedated,  
N = 96 

Awake,  
N = 24 p-value 

LOS in ICU (d), Mean (SD) 39.9 (32.7) 37.9 (30.2) 46.8 (39.9) 0.65 

LOS in ICU (d) in Survivors, Mean (SD) 42.1 (32.9) 40.6 (30.3) 45.8 (38.7) 0.82 

ECMO duration (d), Mean (SD) 27.8 (26.5) 25.5 (23.1) 37.1 (36.3) 0.32 

ECMO duration (d) in survivors, Mean 
(SD) 27.0 (24.3) 24.1 (19.6) 34.9 (33.4)  0.39 

Ventilation, n (%) 111 (92.5) 96 (100) 15 (62.5) <0.001 

Ventilation-free days, Mean (SD) 2.0 (8.3) 0.0 (0.0) 12.0 (15.0) <0.001 

Survived to ECMO decannulation, n (%) 78 (65.0) 57 (59.3) 21 (87.5) 0.011 

Survived to ICU discharge, n (%) 67 (55.8) 49 (51.6) 18 (75.0) 0.039 

Six-month survival, n (%) 65 (54.2) 47 (49.0) 18 (75.0) 0.022 

LOS- Length of Stay, ICU- Intensive Care Unit, ECMO- Extracorporeal Membrane Oxygenation. 

Figure 1 shows the Kaplan-Meier plots of the two groups.  
Rates of mechanical and infectious complications were lower in the study compared to the 

control group: 21% vs 67% p<0.001, and 21% vs 40%, p<0.001, respectively. Among the subgroup of 
patients who were cannulated while awake and never required ventilation, no infectious 
complications occurred during the entire ECMO run. Hemostatic complications either thrombotic or 
hemorrhagic, occurred more frequently in the study than the control group (54% vs 29%, p = 0.021).  

The HR for six-month mortality was 0.40 for the study compared to the control group (95% CI 
0.17-0.92, p=0.032). Adjustment for the COVID-19 variant yielded a HR of 0.44, suggesting a 
continued protective effect, though the association was of borderline statistical significance (95% CI: 
0.19–1.03; p=0.059). 
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Figure 1. Kaplan-Meier plot showing survival of patients cannulated for ECMO while sedated and while 
awake. 

4. Discussion 

Our study demonstrates improved clinical outcomes in patients with COVID-19-induced ARDS 
who underwent awake VV-ECMO cannulation compared to those cannulated under sedation and 
mechanical ventilation.  

A number of studies reported better outcomes of awake compared to sedated ECMO in patients 
with respiratory failure awaiting lung transplantation (12-14). While those patients and patients with 
chronic obstructive pulmonary disease have reasonable toleration for being awake on ECMO, for 
patients with ARDS, respiratory drive control is more difficult to achieve. This is consequent to their 
lung pathophysiology, which includes severe inflammation, large parenchymal consolidation, and 
low lung compliance. Hence, among awake patients with ARDS, intubation is more common (15). 
Despite these challenges, several case series have shown the feasibility of an awake ECMO strategy 
in patients with ARDS (4, 16-19), though evidence of the actual benefit of this strategy is scarce. 
Although 63% of awake ECMO patients were eventually intubated, they had a mean of 12.3 (SD 15) 
mechanical-ventilation-free days. Notably, none of the patients who remained non-intubated 
experienced infectious complications, highlighting the potential benefits of avoiding intubation in 
patients with ARDS.  

Awake veno-arterial-ECMO cannulation was also found to be associated with improved 
mortality (20). Mohamed et al analyzed data of 28,627 patients from the ELSO registry, and compared 
the outcomes of 797 patients who were cannulated for VV-ECMO while awake and spontaneously 
breathing to those who were cannulated while on mechanical ventilation (21). Among the patients 
who underwent awake cannulation, the mean age was older, and the prevalence of chronic lung 
diseases and ischemic heart disease was greater. Thirty-five percent of them were cannulated with 
the intent of pursuing a lung transplant, compared to only 4.7% in the mechanically ventilated group. 
Survival to hospital discharge did not differ significantly between the groups. The population of that 
study was diverse, and included patients who were cannulated for VV-ECMO due to various lung 
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pathologies, for which disease course and prognosis vary widely. This contrasts with our focus on a 
highly specific group of patients with COVID-19-induced ARDS. This may explain the differences in 
outcomes between the two studies. 

We report lower pre-ECMO PO2 and PCO2 in the study group compared to the control group. 
In their large-scale study, Mohamed et al also found lower PCO2 in the awake group, though the 
PO2 was higher (21). We assume that the difference between our findings does not reflect a difference 
in disease severity, but merely differences resulting from the ventilation status (i.e, spontaneous vs 
mechanical ventilation). In patients on mechanical ventilation, the use of lung protective ventilation 
and high positive end expiratory pressure may result in permissive hypercapnea and higher PO2. 

We found a lower mean SOFA score among those cannulated while awake compared to the 
control group (5.2 vs. 9.1, p<0.001). Mechanical ventilation status and the level of consciousness are 
major parameters in the SOFA scoring, and by definition, differed between the two groups. This 
study has several strengths. It is the largest study to date to focus on the prognosis of awake ECMO 
cannulation, specifically in patients with viral ARDS. Patients were included from eight hospitals that 
practice an awake ECMO cannulation strategy. This study has several limitations. First, the relatively 
small number of patients who were cannulated while awake may have led to statistical error. Second, 
the retrospective design raises the possibility of selection bias. It may be argued that physicians 
choose patients with better health profiles for awake cannulation, and that this could account for their 
better outcomes, though differences in medical background and disease status were not found. 

Authors should discuss the results and how they can be interpreted from the perspective of 
previous studies and of the working hypotheses. The findings and their implications should be 
discussed in the broadest context possible. Future research directions may also be highlighted. 

5. Conclusions 

Awake VV-ECMO cannulation in COVID-19-induced ARDS may be associated with improved 
survival compared to traditional sedated ECMO strategies. Prospective studies are warranted to 
confirm these findings and refine patient selection criteria. 
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