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Brainstem involvement and respiratory failure in COVID-19
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Abstract
Respiratory failure is the most worrisome problem of COVID-19. Patients may develop severe pneumonia requiring invasive
mechanical ventilation and a significant proportion of them dies. It has been suggested that brainstem might play a role in severe
respiratory failure of COVID-19 patients. We described three COVID-19 patients in ICU at Federico II Hospital in Naples that,
although had recovered from pneumonia, could not be weaned from invasive mechanical ventilation. Our clinical evaluation was
consistent with an involvement of the brainstem and especially of respiratory centre thus possibly explaining the weaning failure
in patients that were awake and had recovered from lung involvement. Our data, though limited, indicate that brainstem
involvement may play a role in respiratory failure and perhaps in the high death rate of COVID-19 patients. Moreover, the
weaning failure from mechanical ventilation due to central respiratory drive depression might underlie the unusual long stay in
ICU reported for COVID-19 patients.
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Respiratory failure is the most worrisome problem of COVID-
19. Patients may develop severe pneumonia requiring invasive
mechanical ventilation and a significant proportion of them dies.
Moreover, many patients fail early attempts at weaning and the
time of intensive care unit (ICU) stay appears to be long [1–3].

It has been suggested that brainstem might play a role in
severe respiratory failure of COVID-19 patients [3]. This hy-
pothesis comes from animal models infected with other
coronaviruses that have shown the brainstem to be severely
affected and especially the respiratory centre (i.e. nucleus of
solitary tract in the medulla oblongata) [4]. Under these pre-
mises, we evaluated three COVID-19 patients in ICU at
Federico II Hospital in Naples that, although had recovered
from pneumonia, could not be weaned from invasive mechan-
ical ventilation due to depression of central respiratory drive.

At time of evaluation patient #1 (male, 66 years, nasopha-
ryngeal swab still positive) was intubated for 18 days and
sedation was interrupted for 6 days, patient #2 (female,

47 years, nasopharyngeal swab still positive) was intubated
for 22 days and sedation was interrupted for 6 days, patient
#3 (female, 67 years, nasopharyngeal swab still positive) was
intubated for 13 days and sedation was interrupted for 4 days.

Patients #1 and #2 opened eyes spontaneously but aware-
ness was markedly reduced and they were able to perform
only simple commands to verbal stimulus (e.g. to close the
eyes both, to protrude the tongue only #2). Painful stimulus to
body and face elicited facial grimace. Pupils were equal and
reactive to light. Corneal, oculocephalic, oculovestibular and
cough reflexes were absent. Stopping mechanical ventilation
did not trigger spontaneous breathing. Electroencephalogram
(EEG) showed generalized slow activity. Brain MRI with
contrast was normal (Fig. 1). These two patients died respec-
tively 6 and 4 days after neurological evaluation.

Patient #3 opened eyes spontaneously but she was not able to
perform any simple commands. Painful stimulus to body and face
elicited facial grimace. Pupils were equal and reactive to light.
Corneal, oculocephalic, oculovestibular and cough reflexes were
preserved. Stopping mechanical ventilation triggered spontane-
ous breathing even though it was not enough for weaning me-
chanical ventilator support. EEG showed generalized slow activ-
ity. Brain TC revealed only punctiform gliotic foci in right pons.

There is growing evidence of central nervous system
(CNS) involvement in COVID-19 [5, 6] and our clinical find-
ings are certainly consistent with an involvement of the
brainstem and especially of respiratory centre.
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Thus, the impairment of this latter might explain the
weaning failure from mechanical ventilation in our patients
that were awake and had recovered from pneumonia.
Nevertheless, the interpretation of clinical picture struggles
with the lacking of brain structural radiological changes.

Though we do not have a definite explanation, we could
figure that brainstem dysfunction may be related to centrally
spreading of SARS-Cov-2 along the vagus nerve. This hy-
pothesis was recently brought up by Tassorelli and colleagues
[3] from the front-line of COVID-19 in Italy (Policlinico San
Matteo of Pavia in Lombardy).

Really, experimental studies suggested that SARS-CoV and
MERS-CoV as well other human coronaviruses could enter the
CNS via olfactory nerves or vagus nerve that carries, to solitary
nucleus in brainstem, visceral sensation from respiratory air-
ways and lungs and taste sensation from the epiglottis and root
of the tongue [4]. Of interest, a large proportion of COVID-19
patients precociously complains of anosmia and ageusia [7].

Thus, it is conceivable that also SARS-CoV-2, sharing a
high degree of structural similarities with SARS-CoV and
MERS-CoV, may enter CNS via cranial nerves.

In conclusion, our data, though limited, indicate that
brainstem involvement may play a role in respiratory failure [4]
and perhaps in the high death rate of COVID-19 patients. Just the
two patients with more severe brainstem involvement died.

Moreover, the weaning failure frommechanical ventilation
due to central respiratory drive depression might underlie the
unusual long stay in ICU reported for COVID-19 patients [2].

Lastly, once the tremendous wave of the epidemic that is
overwhelming ICUs will subside, a new scenario could man-
ifest enclosing the prognosis and management of patients
needing long-term mechanical ventilation.
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Fig. 1 Brain MRI sagittal FLAIR
(a, c) and coronal T2-weighted (b,
d) images from patient #1 (a, b)
and #2 (c, d). No structural
changes are visible
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