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� Reduced montages with subdermal single-use EEG needle electrodes may be used in comatose
COVID-19 patients.

� Full 10-20 EEG placement with an ECG derivation remains the standard.
� Note if the patient undergoes prone positioning, note the patient and head position, along with pat-

terns of breathing.

a b s t r a c t

There are questions and challenges regarding neurologic complications in COVID-19 patients. EEG is a
safe and efficient tool for the evaluation of brain function, even in the context of COVID-19. However,
EEG technologists should not be put in danger if obtaining an EEG does not significantly advance diagno-
sis or change management in the patient. Not every neurologic problem stems from a primary brain
injury: confusion, impaired consciousness that evolves to stupor and coma, and headaches are frequent
in hypercapnic/hypoxic encephalopathies. In patients with chronic pulmonary disorders, acute
symptomatic seizures have been reported in acute respiratory failure in 6%. The clinician should be
aware of the various EEG patterns in hypercapnic/hypoxic and anoxic (post-cardiac arrest syndrome)
encephalopathies as well as encephalitides. In this emerging pandemic of infectious disease, reduced
EEGmontages using single-use subdermal EEG needle electrodes may be used in comatose patients. A full
10–20 EEG complement of electrodes with an ECG derivation remains the standard. Under COVID-19 con-
ditions, an expedited study that adequately screens for generalized status epilepticus, most types of regio-
nal status epilepticus, encephalopathy or sleep may serve for most clinical questions, using simplified
montages may limit the risk of infection to EEG technologists. We recommend noting whether the patient
is undergoing or has been placed prone, as well as noting the body and head position during the EEG
recording (supine versus prone) to avoid overinterpretation of respiratory, head movement, electrode,
muscle or other artifacts. There is slight elevation of intracranial pressure in the prone position. In non-
comatose patients, the hyperventilation procedure should be avoided. At present, non-specific EEG find-
ings and abnormalities should not be considered as being specific for COVID-19 related encephalopathy.

� 2020 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. All rights
reserved.
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1. Introduction

EEG provides a readily available, safe, and effective means of
evaluating brain function. Despite recent advances in neuroimag-
ing, EEG remains essential in monitoring in neurology, especially
in acute neurological conditions seen in the intensive care unit
(ICU). With the current COVID-19 pandemic, there is increasing
interest in the neurologic complications in these patients. Anosmia
and dysgeusia, recently described (Lechien et al., 2020; Xydakis
et al., 2020), suggest the invasion of the olfactory nerve and the
consequent risk of spread throughout the brain. Several human
respiratory viruses are neurotropic and neuroinvasive, and it has
been reported that the coronavirus family have a tropism for the
CNS (Desforges et al., 2019). For COVID-19 patients, considering
the current and expected evolution of the pandemic, updated
and relevant appropriate practical guidelines for EEG recordings
are warranted.
Table 1
Absence status epilepticus versus metabolic/toxic encephalopathies. The five key
questions.

Question 1 Is it a confusional state or only a problem of vigilance?
Question 2 Is there a fluctuation of symptoms or change in

consciousness from somnolence to coma?
Question 3 Is the EEG activity rhythmic or periodic?
Question 4 Is the EEG activity dynamic, showing spatiotemporal

evolution, or relatively monomorphic?
Question 5 Is the EEG reactive to stimuli, wakefulness, sleep, arousal, or

antiseizure drugs*?

* Only consider an IV benzodiazepine test positive if both EEG and consciousness
normalize.
2. Technical recommendations

Cup or disk electrodes are commonly used in ICU for continuous
EEG monitoring, but with infected comatose patients, brief record-
ings with reduced electrode montages using single-use subdermal
EEG needle electrodes should be considered. These pose no prob-
lem with decontamination, and they do not require scalp abrasion.
Above all, they can be applied rapidly (Caricato et al., 2018; Hopp
and Atallah, 2018). Disadvantages include higher impedance (Hopp
and Atallah, 2018), the risk of needlestick injury, and cost.

A full 10–20 EEG complement of electrodes with an ECG deriva-
tion remains the standard. Three temporal electrodes over each
hemisphere are essential for evaluation of the temporal lobe and
the inferior part of the frontal lobe. Reduced montages may result
in difficulties in identifying artifacts, and especially in the failure to
recognize lateralized periodic discharges (LPDs) of the temporal
lobe or the inferior part of the frontal lobe. In cases of suspected
encephalitis, assuming the involvement of the olfactory nerves,
the site of predilection for LPDs is likely to be the temporal lobes,
as in herpes simplex virus (HSV). Under COVID-19 conditions, an
expedited study that adequately screens for generalized status
epilepticus, most types of regional status epilepticus, encephalopa-
thy or sleep may serve for most clinical questions, using simplified
montages may limit the risk of infection to EEG technologists.

The EEG technologist should note the position of the patient’s
head and body, relaxation of the head and neck muscles and the
possible sources of extraneous electrical and medical device arti-
fact. Concomitant video-recording is strongly recommended (see
below). A prone (face-down) position is used for the treatment of
acute respiratory distress syndrome to improve oxygenation with
an average number of sessions of 4 (Guérin et al., 2013), and
patients may stay on their stomachs for 16 hours a day (WHO,
2020a). This procedure may require an increase in muscle relax-
ants or in sedation (Roche-Campo et al., 2011), which could result
in a more prolonged ICU stay. The prone position is rarely encoun-
tered by electroencephalographers (EEGer), and may result in dif-
ficulties in recognizing artifacts commonly seen in the posterior
electrodes: in the supine position, occipital electrodes are particu-
larly vulnerable to numerous artifacts, such as contact with the
bed/pillow. When prone, these artifacts would be seen in the fron-
topolar leads that are in contact with the bed.

Prone positioning effects on the EEG in adults for periods of 16
hours per day are unknown. There is a moderate elevation of
intracranial pressure during prone positioning (Roth et al., 2014),
which is contraindicated in cases of raised intracranial
pressure > 30 mmHg or cerebral perfusion pressure < 60 mmHg
(Malhotra and Kacmarek, 2020).

During mechanical ventilation, respiration artifacts are com-
mon (Tatum, 2018). Ventilator-triggered artifacts consist of peri-
odic activities typically at about 20 breaths per minute, at
regular intervals. In COVID-19 patients, the respiratory rate may
be higher (WHO, 2020b), and should be checked by the EEG tech-
nologist and noted in the report. Irregular breath intervals are pos-
sible when the patient is not on the ventilator (Rampal et al., 2018).
These slight head movements produce waveforms that are seen
over the posterior head regions (Tatum, 2018), but periodic fron-
tally dominant waveforms may be seen (Rampal et al., 2018).
Waveforms can be asymmetric. Water condensation within the
tubing connected to the ventilator may produce artifacts that sim-
ulate intermittent polysharp-waves (Tatum et al., 2011), and may
appear to be lateralized if the ventilator connections lie in close
proximity to the anterior head regions, mimicking LPDs (Tatum
et al., 2011). Yoo et al. reported one patient with irregular bursts
of sharp activity time-locked to a gurgling sound independent of
the ventilator rate due to movement of fluids within the upper res-
piratory tracts and/or the tube (Yoo et al., 2014).

Ballistocardiographic artifacts are more unusual. These result
from movements of the head/body synchronous to cardiac activity
(pulsatile force on the aortic arch) (Stern, 2015). As it is a result of a
slight movement of the head, this peculiar ‘‘pulse” artifact is also
mainly seen on the posterior electrodes in contact with the bed
in the supine position. The ECG helps identify this artifact. There
are also many environmental/electric artifacts in ICU, such as
50/60-Hz notch interferences.

EEG reactivity to auditory and nociceptive stimuli should be
tested. In comatose patients, the absence of EEG reactivity is usu-
ally associated with poor outcome (Rossetti et al., 2017; André-
Obadia et al., 2018), and this probably also applies to comatose
COVID-19 patients, especially if these are not deeply sedated. In
cases of confusional states versus an isolated impairment of vigi-
lance, reactivity can help differentiate metabolic/toxic/respiratory
encephalopathies from nonconvulsive status epilepticus (Gélisse



Fig. 1. Mixed-type encephalopathy (respiratory + sepsis + metabolic). 81-year-old woman. Flu followed by severe acute respiratory syndrome in the context of bacterial
pneumonia. Stupor. Arterial blood gas: PaO2 74 mmHg, PaCO2 33 mmHg, pH 7.51, Hb 9.7 g/L. Acute renal failure with serum creatinine of 208 l mol/L. High C-Reactive Protein
(174.6 mg/L). A: Eyes closed, drowsy. Bilateral delta waves with anterior predominance. Some triphasic waves can be seen. B: Few seconds later, the patient is more reactive.
Note the reactivity to eyes opening (EO). Full recovery 15 days later.
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