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Patients with coronavirus infectious disease 2019 (COVID-19)
pneumonia may develop a severe acute respiratory distress syn-
drome requiring extracorporeal membrane oxygenation (ECMO),
which is associated with brain injury (i.e., seizures, cerebral infarc-
tion or cerebral hemorrhage) in 7% of cases. Moreover, central ner-
vous system manifestations associated with severe COVID-19 have
been reported, including acute ischemic strokes and encephalopa-
thies (Ellul et al., 2020). The neurological evaluation of patients
under ECMO is challenging, as the clinical examination may be
confounded by sedation and neuromuscular blockade. Recent
studies conducted in non-COVID-19 patients under ECMO high-
lighted the usefulness of continuous electroencephalography
(cEEG) monitoring for prognostication (Magalhaes et al., 2020;
Peluso et al., 2020; Sinnah et al., 2018). In this population, severe
encephalopathy (i.e., unreactive EEG background) and burst sup-
pression patterns were reported in adult ECMO patients in 10–
20% and 1–3% of cases, respectively (Magalhaes et al., 2020;
Peluso et al., 2020). Here we report cEEG analyses in consecutive,
confirmed severe COVID-19 patients requiring venovenous (VV)-
ECMO (n = 17) or venoarterial (VA)-ECMO (n = 3) support in the
intensive care unit (ICU) of Bichat-Claude Bernard Hospital (Paris,
France) from March 19th to November 10th, 2020. Patients under-
went cEEG monitoring according to a standardized protocol, as
described previously (Magalhaes et al., 2020; Sinnah et al., 2018).
Data are presented as medians (interquartile range) or numbers
(percentages).

Twenty consecutive patients were studied (Table 1). The time
between ECMO cannulation and the first cEEG was 2 (1–2) days.
At the time of cEEG, all patients were invasively mechanically ven-
tilated, unresponsive to verbal commands, with ongoing continu-
ous infusion of sedative (propofol or midazolam) and opioid
(sufentanil) drugs in all patients, and neuromuscular blocking
agents in 14 (70%) of them. A total of 26 cEEG were recorded for
a duration of 18 (17.7–18.5) hours. Fifteen patients had only one
cEEG, and 5 patients underwent repeated cEEG recordings (2
recordings, n = 4; 3 recordings, n = 1). The main findings of the first
cEEG recordings are presented in the Table 1. We observed a dis-
continuous background activity in 10 (50%) cases, with a burst sup-
pression pattern in 3 (15%) cases (Supplementary material,
Figure 1A). Discontinuous background activity was associated
with hypertension (60% vs. 0%, 2-tail Fisher’s exact test, p = 0.01)
and a higher Simplified Acute Physiology Score (SAPS) II score
(49 (36–68) vs. 30 (18–36), Wilcoxon test, p = 0.02) at admission,
but not with any clinical variable at the time of cannulation
(PaO2/FiO2 ratio, cardiovascular or renal failure), or with dose or
type (propofol/midazolam) of ongoing sedation during cEEG. Back-
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ground frequency was mainly recorded in the delta-theta bands,
ranging from a minimal frequency of 1 (1–1.5) Hz to a maximal
frequency of 4 (2.5–6) Hz (Supplementary material, Figure 1B).
The reactivity to auditory and noxious stimuli under sedation
was preserved in two-thirds of cases, and sleep transients (spin-
dles, K-complexes) were observed in 11 (55%) cases. Two (10%)
patients showed continuous, symmetric, non-reactive, generalized
but mainly bifrontal, monomorphic diphasic (or even triphasic),
periodic (with short interval 1–2 s) delta slow waves, as previously
reported (Supplementary material, Figure 1C) (Vellieux et al.,
2020). Notably, no seizures were recorded. The minimal back-
ground frequency was the only cEEG parameter associated with
ICU mortality, as previously reported in the non-COVID-19 adult
ECMO population (Magalhaes et al., 2020). Among patients who
received repeated cEEG, the background activity remained discon-
tinuous in 2/5, remained continuous in 1/5, switched from discon-
tinuous to continuous in 1/5, and switched from discontinuous to
continuous in 1/5 patients.

We conclude that early cEEG abnormalities are frequent in
patients with severe COVID-19 pneumonia under ECMO, with
higher rates of unreactive and/or discontinuous or suppressed
background than previously reported in the non-COVID-19 popu-
lation (Magalhaes et al., 2020; Peluso et al., 2020; Sinnah et al.,
2018). The pathophysiology and prognostic significance of
monomorphic periodic slow waves, which were observed in 10%
of cases of our study, remain to be investigated.
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Table 1
Characteristics of the 20 patients and cEEG features.

Variables All patients (n = 20)

Age, years 52 (45–60)
Male sex 19 (95)
BMI, kg/m2 32 (26–33)
SAPS II score 46 (30–61)
Hypertension 6 (30)
Diabetes 6 (30)

At time of ECMO cannulation
Time between intubation and ECMO cannulation,

days
6 (2–8)

PaO2/FiO2 ratio 75 (65–105)
SOFA score, cardiovascular component > 2 12 (60)
SOFA score, renal component > 2 6 (30)

Sedation at time of cEEG recording
Midazolam 7 (35)
Propofol 17 (85)
Sufentanil 20 (100)

cEEG features
Background activity Continuous 10 (50)

Discontinuous without BS 7 (35)
Discontinuous with BS 3 (15)
Minimal frequency - Hz 1 (1–1.5)
Maximal frequency - Hz 4 (2.5–6)
Symmetrical 17 (85)

Preserved reactivity Auditory stimuli 14 (70)
Noxious stimuli 15 (75)

Periodic discharges 2 (10)
Seizures 0 (0)
Sleep transients 11 (55)
Beta rhythms 6 (30)
Focal slowing 2 (10)

Data are medians (interquartile range) or numbers (percentages).
Abbreviations: cEEG Continuous Electroencephalography; BMI Body Mass Index; SAPS
Simplified Acute Physiology Score; ECMO Extracorporeal membrane oxygenation; SOFA
Sepsis Organ Failure Assessment; BS Burst Suppression.
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