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Awake Extracorporeal Membrane Oxygenation
for COVID-19-induced Acute Respiratory
Distress Syndrome

To the Editor:

The outcome of patients with coronavirus disease (COVID-19)
treated in ICUs is unsatisfying (1). Venovenous extracorporeal
membrane oxygenation (wWwECMO) can serve as a rescue strategy
when patients deteriorate during invasive ventilation (2, 3). Using
ECMO in awake patients without endotracheal intubation (awake-
ECMO) has shown satisfying results in immunocompromised
patients or as a bridge-to-transplant strategy (4-6) but bears ECMO-
specific risks, such as bleeding and, specifically in awake patients, self-
inflicted lung injury (7). Reports on awake-ECMO for COVID-19 are
currently limited to case reports (8, 9).

Informed consent for the initiation of ECMO or awake-ECMO
as part of intensive care measures for severe COVID-19 was obtained
by the patient or legal representative. Patients undergoing ECMO were
included in the prospective Deutsche Interdisziplindre Vereinigung fur
Intensiv- und Notfallmedizin (DIVI) COVID ECMO registry, which
has been approved by the ethics committee of the University of
Wiirzburg (Ethik-Kommission der Universitat Wiirzburg 131-20), the
institutional review board of the board of physicians of the Federal
State of Hessen (Ethik-Kommission bei der Landesarztekammer
Hessen 2020-2135-AF and 2020-1653-zvBO, for the sites Kassel and
Offenbach, respectively), the institutional review board of the board of
physicians of the Federal State of Saarland (Ethikkommission der
Arztekammer des Saarlandes 208/20), and the ethical committee of
Hannover Medical School (Ethikkommission der Medizinischen
Hochschule Hannover 9411_BO_K_2020). Informed consent for the
analysis of data was waived by the institutional review board because
of the anonymous and retrospective analysis of data.

We report 18 adult patients with real-time RT-PCR-confirmed
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
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Figure 1. (A) Consort diagram of patients included in the final analysis. (B) Kaplan-Meier estimate of survival for patients with COVID-19-acute
respiratory distress syndrome managed awake on ECMO or conventionally (including intubation and mechanical ventilation). Kaplan-Meier
functions were plotted with SPSS version 26.0.0.0, and survival between both groups was compared using log-rank test. *indicates survival.
ARDS = acute respiratory distress syndrome; ECMO = extracorporeal membrane oxygenation; HFNO = high-flow nasal oxygen; IMV =invasive
mechanical ventilation; NIV = noninvasive ventilation; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

infection and hypoxemic COVID-19 acute respiratory distress
syndrome (CARDS) supported awake on vwECMO in four German
tertiary care ICUs from February 1 to April 30, 2021. During the
study period, a total of 248 patients with COVID-19 were
hospitalized on these wards. Seventy-nine of these (31.9%) were
supported with noninvasive oxygenation strategies (noninvasive
ventilation [NIV] or high-flow nasal oxygen [HFNO] therapy).
Eighty-six (34.7%) received invasive mechanical ventilation (IMV)
without vwECMO. In total, 83 of 248 patients (33.5%) eventually
received vwvECMO. Patients suitable for vwwECMO were fulfilling
ECMO eligibility criteria of the ECMO to Rescue Lung Injury in
Severe ARDS (EOLIA) trial (10), whereas patients with serious
comorbidities (e.g., advanced cardiac, respiratory, or liver failure;
metastatic cancer; and hematological malignancies) or patients older
than 65 years (exemptions were made according to biological age)
were excluded. Eighteen of these patients qualified for awake-ECMO
in the study period, as they were admitted awake, fully oriented, and
able to provide informed consent to the procedure during the study
period (Figure 1A). Awake-ECMO patients were 55 * 13 years of age,
with a body mass index (BMI) of 30.1 = 6.3 kg/m”. Immediately before
ECMO initiation, Pag, /Fio, ratio at a positive end-expiratory pressure
(PEEP) of at least 5 cm H,O was 64.0 = 7.3 mm Hg. Awake patients had
a high respiratory rate (median, 28.3 + 6.3 min~ ") and low recruitability
before cannulation. All awake-ECMO patients continued noninvasive
oxygen delivery via HFNO or NIV during ECMO treatment. Average
demand on HFNO was 50 * 9 L/min (average inspiratory oxygen
fraction, 75% = 18%). Mean PEEP on mask or helmet NIV was

8.4 * 1.9 cm H,0, average pressure support 11.1 = 5.0 cm H,O, and
average inspiratory oxygen fraction on NIV 0.74 = 0.17. ECMO and
ventilator support were adjusted at least every 3 hours according to
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blood gas analysis and patients’ current respiratory effort. The
following complications occurred in awake-ECMO patients:
pulmonary superinfections (11/18, 61%), septic shock (11/18, 61%),
tension pneumothorax (3/18, 17%), and intracranial bleeding (1/18,
6%). Initially, all patients were devoid of sedatives and hence
remained awake on participating wards. Patients were able to
communicate with ICU personnel and able to express symptoms.
Except for two patients who were able to stand and walk in the ICU,
mobilization was limited within the bed or to the side of the bed in
all other cases.

Importantly, 14 of 18 patients (78%) were intubated during
intensive care therapy. Main reasons for switching from awake- to
IMV-ECMO were delirium, patients’ explicit wish to be sedated,
tension pneumothorax with compromised airway, major bleeding, or
failure to oxygenate despite high ECMO blood flows. Awake-ECMO
patients requiring delayed intubation had worse survival rates
compared with the overall cohort (9/14, 64% vs. 50% in the overall
cohort), as intubation was performed mainly because of
complications. Subgroup analysis revealed that patients in the awake-
ECMO group who managed to avoid intubation had lower BMI
(25.2*+2.4vs.320 =64 kg/mz, P=0.005) and were cannulated
sooner after admission to the ICU for respiratory failure (mean time
from admission to cannulation, 81 * 21 h vs. 192 = 167 h, P=0.036).
Average time on awake-ECMO was 320 * 252 hours.

Awake-ECMO patients were compared with a 1:1 propensity
score—matched control group receiving conventional management
with vwECMO and IMV. Patients were matched according to ARDS
severity (Pag /Fio, ratio at a PEEP of =5 cm H,0), age, BMI, and left
ventricular ejection fraction on admission (Table 1). We did not
detect significant differences in the occurrence of complications
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Table 1. (Continued)
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Remote 6-Minute-Walk Testing in Patients with
Pulmonary Hypertension: A Pilot Study

To the Editor:

Exercise limitation is a hallmark of pulmonary hypertension (PH).
The 6-minute-walk test (6MWT) is a self-paced test of exercise
capacity used to evaluate risk and therapeutic response and as a
trial endpoint in pulmonary arterial hypertension (PAH) and
chronic thromboembolic PH (CTEPH) (1). The 6MWT is
standardly administered only in clinical or research settings with
strict protocols (2). Because of the increase in telemedicine and
remote care during the coronavirus disease (COVID-19)
pandemic, we sought to determine the feasibility, safety, and
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