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The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is most closely related to severe
respiratory syndrome; however, recent reports showed that it is capable of causing neurological disease.
Here we report a case-series of 4 critically ill COVID-19 patients who recovered from pneumonia but
showed serious neurological symptoms and eventually died.
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Brain damage

COVID-19

Introduction 4 critically ill COVID-19 patients who recovered from pneumo-

The COVID-19 disease has emerged as a pandemic and the
current data reveals that adults and children are affected in dif-
ferent ways [1]. Clinical manifestations represent a wide spectrum
of diseases ranging from mild to severe respiratory syndrome
influenza-like illness with lower respiratory tract symptoms, loss of
taste and smell, and severe gastrointestinal symptoms [2,3]. COVID-
19 can be even a life-threatening disease due to the development
of severe pneumonia, acute respiratory distress syndrome (ARDS),
multi-organ dysfunction and neurological damages [3,4]. Indeed,
coronaviruses are known as pathogens with neuroinvasive poten-
tial. There is increasing evidence that coronavirus infections are not
always confined to the respiratory tract but involved even the cen-
tral nervous system (CNS). When this happens, it may also occur
and contribute to overall morbidity and mortality in acute care
setting [5]. The novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is most closely related to severe respiratory
syndrome, however recent reports showed that it is capable to
cause neurological disease [4]. Here we report a case-series of
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nia but showed serious neurological symptoms and eventually
died.

Case descriptions

From the 10th of March our ICU was completely dedicated to
COVID-19 patients and has been one of the largest cohorted ICU in
Southern Italy, admitting 12 positive critically ill patients [3]. Four
out of 12 critically ill COVID-19 patients, recovered from pneumo-
nia and not sedated from 6 days, showed a sudden onset of serious
neurological symptoms. Table 1 reported the main characteristics
and the neurological symptoms.

Their mental status was markedly reduced, even if 2/4 patients
were able to follow simple commands with eyes or tongue. All of
them reacted to body painful stimuli with facial grimace and had
a Glasgow coma scale (GCS) of 6 points. Oculovestibular and ocu-
locephalic response were absent in 2/4 patients. All patients had
no trigger for spontaneous breathing and were tetraplegic. Within
3 days from symptom onset, we performed electroencephalogram
(EEG) and a brain CT scan in all of them, while a brain magnetic
resonance imaging (MRI) was obtained in 2 patients within 24h
from CT. All patients showed a generalized slow activity at the EEG
(Fig. 1). The 16-slice brain CT scans were negative in all patients
(supplementary material). No significant parenchymal alterations
were evident on pre-contrast MRI sequences (including DWI, SWI,
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Fig. 1. EEG activities of included patients. Each patient shows a continuous generalized slow activity at different waves.

FLAIR-T2 and TSE T2w) in the two patients studied. Conversely, CE-
MRI showed some abnormal enhancement along the arterial walls,
mainly in the vertebro-basilar system in one case (supplemen-
tary materials), and scattered punctuate enhancing foci in the deep
white matter, presumably due to vessel engorgement in the other
patient (supplementary material). No abnormal findings were evi-
dent on post-contrast FLAIR images neither in the parenchyma nor
in the leptomeningeal spaces. We further performed a transcranial
doppler that showed an increased flow velocity in 2 cases (Fig. 2).
All patients died.

Discussion

We describe the fatal outcome of 4 critically ill COVID-19
patients who recovered from SARS pneumonia but developed
severe neurologic symptoms. All patients had no respiratory drive
but still minimal level of consciousness. Furthermore, all of them
showed a generalized slow activity at the EEG but normal brain
CT scan. Interestingly, we found a slightly increase of flow velocity
at transcranial doppler in 2 of them. This data was further con-
firmed by the vessel engorgement found at the brain MRI of one
patient.

The respiratory control system consists of three components:
the central neural respiratory generator, the sensory input system,
and the muscular effector system. The rate and strength at which

the diaphragm contracts, hence the frequency and volume of res-
piration, depend heavily on the firing pattern of pacemaker cells
in the brainstem [6]. Critically ill patients with serious cerebral
damages and brainstem injuries often require airway protection
and mechanical ventilation [7,8]. According to this, the absence of
respiratory drive in critically ill COVID-19 patients may be con-
sistent with an involvement of the brainstem respiratory center
even if a clear evidence of brain structural radiological changes
is lacking. Indeed, while the pathophysiology is not completely
understood, it seems that COVID-19 could directly invade the CNS
[9].

Generalized slow activity at the EEG, negative brain CT/MRI scan
and the presence of severe neurological clinical symptoms may sug-
gest a CNS dysfunction [10]. Description of the MR/CT findings in
patients with end-stage COVID-19 are still scarce at the time of this
writing [5]. Most of them describe some type of vascular (ischemic)
or inflammatory lesions. Our cases showed abnormal enhancement
of the vessel walls, suggesting endothelial inflammation without
signs of parenchymal/leptomeningeal involvement, although PWI
was not performed. The question whether these abnormal find-
ings are causative of the impairment clinical state and/or the EEG
pattern observed remains unsolved. We are led to believe that a dif-
fuse functional brain disconnection syndrome may occur in these
patients, and the use of resting-state functional MRI techniques is
warranted.
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Table 1

Neurologic features of included patients.
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Main characteristics

Patient 1
Male, 66 y, Hypertension,
Diabetes

Patient 2
Female, 47y, Obesity

Patient 3
Female, 67 y, Obesity

Patient 4
Male, 63y, Hypertension,
Diabetes

Time from the first positive
swab to neurological
assessment (days)

Mental status

Response to painful stimulus
GCS score

18

Awareness markedly
reduced, able to perform
only simple commands
with to verbal stimulus like
close the eyes and protrude
the tongue

Only facial grimace

22

Awareness markedly
reduced, able to perform
only simple commands
with to verbal stimulus like
close the eyes and protrude
the tongue

Only facial grimace

13

Awareness markedly
reduced, open the yes but
not able to perform any
simple command

Only facial grimace

16

Awareness markedly
reduced, open the yes but
not able to perform any
simple command

Only facial grimace

o Eye response 4 4 4

e Motor response 1 1 1 1

e Verbal response 1 1 1 1

Ocular response

o Pupillary size Equal Equal Equal Equal
Present Present Present Present

o Pupillary light reflex Absent Absent Present Present

« Eye movements Fixed Fixed Not fixed Not fixed

o Eye position Absent Absent Present Present

e Oculovestibular response Absent Absent Present Present

o Oculocephalic response Absent Absent Present Present

Corneal reflex Absent Absent Present Present

Grimace Present Present Present Present

Cough reflex Diminished Diminished Absent Absent

Respiratory pattern No trigger for spontaneous No trigger for spontaneous No trigger for spontaneous No trigger for spontaneous
breathing breathing breathing breathing

Upper limbs movement Absent Absent Absent Absent

Lower limbs movement Absent Absent Absent Absent

Upper limbs tone Markedly diminished Markedly diminished Markedly diminished Markedly diminished
(hypotonia) (hypotonia) (hypotonia) (hypotonia)

Lower limbs tone Markedly diminished Markedly diminished Markedly diminished Markedly diminished
(hypotonia) (hypotonia) (hypotonia) (hypotonia)

FR 13Hz
10cm

2D

60%

C 60

P Bassa
Pen

CF
66%
2.0MHz

Fig. 2. The transcranial doppler of the patients n°4 catch at the mesencephalic plane. The main box shows the transcranial doppler of the Circle of Willis. The right upper box
shows the transcranial doppler of right cerebral posterior artery (named ACP DX in the figure). The right middle box shows the transcranial doppler of the first and second
segments (named P1 and P2 DX in the figure) of the of right cerebral posterior artery. The right lower box shows the transcranial doppler of the first and second segments
(named P1 and P2 SN in the figure) of the left cerebral posterior artery.
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Conclusions

The present case series thus highlights that in critically ill
patients with COVID-19, the impairment of blood flow showed by
MRI and TCD may have a role in the loss of brain function.
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