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Dear Sirs,

A 56-year-old male patient was admitted to a secondary
care hospital 7 days after the onset of fever and coughing.
COVID-19 was confirmed and the patient was intubated
after rapid respiratory deterioration. He was transferred to
our tertiary care center and admitted to the intensive care
unit (ICU). The patient suffered from a severe acute respira-
tory distress syndrome (ARDS, p,0,/F,0, 64 mmHg [15],
Fig. 1c, d), septic shock [17] and acute renal failure. He
received low-dose acetylsalicylic acid (ASA) and therapeu-
tic anticoagulation with unfractionated heparin (activated
partial thromboplastin time, aPTT, in the range of 43-76 s).
Over the next few days, the pulmonary gas exchange and
other organ functions ameliorated. On day 18, however,
routine clinical examination revealed a unilateral, dilated
and unresponsive pupil, which lead to an immediate cranial
computed tomography (cCT). The cCT showed excessive
bilateral parieto-occipital parenchymal bleeding, as well as
left frontal, temporal and parafalcine subdural hemorrhage
with subfalcine herniation and midline shifting of > 1 cm to
the right, hydrocephalus and signs of massively increased
intracerebral pressure (Fig. 1a, b). Following the cCT scan,
his clinical status rapidly deteriorated with both pupils wide
and unresponsive to light. The patient was considered to
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have irreversible brain damage. As such, surgical decom-
pression or osmotherapy was not an option and palliative
care was initiated. The patient died a few hours later.

The aim of this case series is to review neurologic find-
ings in high-risk intensive care patients suffering from mod-
erate to severe COVID-19 induced ARDS. Furthermore, we
will discuss the difficulty to decipher specific neurologic
features of COVID-19 from epiphenomena of critical illness
and the need for additional data on neurologic sequelae of
COVID-19.

Reviewing all 38 COVID-19 patients admitted to our ICU
between March 20th and May 27th 2020, we found neurolog-
ical complications in nine (23.7%) cases (Table 1). Affected
patients had a median age of 56 years (54-66), 66.7% were
male and 33.3% female, median pO,/FiO, ratio at admis-
sion was 157 mmHg (127-183). Seven patients had poten-
tially life-threatening neurological events (18.4%), which
in two cases occurred during veno-venous extracorporeal
membrane oxygenation (ECMO) therapy. One patient died
in consequence of the neurological complication (2.6%).
Including the aforementioned case report, three patients
suffered from intracerebral hemorrhage. A subarachnoid
hemorrhage occurred in a tri-cytopenic patient with a his-
tory of stem cell transplant. Another patient showed multi-
ple small intracerebral bleedings of septic-embolic etiology.
Two patients had first-time generalized seizures, likely due
to septic encephalitis and two suffered from transient paresis
and aphasia. Ischemic insults were not confirmed.

COVID-19 patients are threatened by ARDS and ICU
treatment is required in approximately five percent of the
cases [4, 9]. Stabilizing cardiopulmonary function is chal-
lenging; however, the success of intensive care and qual-
ity of life is often determined by the neurocognitive and
neuromuscular function. Acute ischemic stroke, intracer-
ebral bleeding and encephalitis have all been described in
ARDS patients and long-term cognitive impairment is a
major issue for 20% of ARDS survivors after 5 years [6].
Pathophysiologic changes contributing to neurological com-
plications include hyperinflammation, blood-brain-barrier

@ Springer


http://orcid.org/0000-0002-4042-4436
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-020-10152-7&domain=pdf

Journal of Neurology

Fig. 1 Imaging (CT) of the
patient in the case report. a
Bilateral hemorrhage in the
parietooccipital parenchyma
featuring fluid—fluid levels

and left-hemispheric subdural
hematoma. Considerable mass
effect resulting in significant
midline shift to the right as well
as transtentorial and subfalcine
herniation. b Right-sided suba-
rachnoidal hemorrhage adjacent
to small intraparenchymal
bleeding. ¢, d Extensive ground
glass opacities predominantly in
the periphery of both lungs and
dorsal air space consolidation

dysfunction, hypoperfusion and difficulties of mechanical
ventilation [16]. Also, structural brain damage and neurolog-
ical deterioration has been reported in 7% of non-COVID-19
patients following ECMO therapy [10].

In COVID-19, hypercoagulability and a high incidence
of thromboembolism are additional problems [8, 14]. Inten-
sivists are caught between Scylla and Charybdis: Hyperco-
agulability bears the risk of pulmonary embolism, stroke or
cerebral infarction and prompts us to utilize therapeutic anti-
coagulation and low-dose ASA in all COVID-19 patients.
On the other hand, a substantial risk of intracerebral hemor-
rhage needs to be considered.

It is unclear, whether the observed neurological events
are sole epiphenomena of critical illness, or rather directly
relate to the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV?2) infection. In fact, data regarding the
incidence of neurological complications in COVID-19 are
scarce [2, 11] and the precise pathophysiology of SARS-
CoV?2 viral spread remains largely unknown. Corona viruses
are neurotropic [3] and sudden loss of smell or taste can
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be early clinical signs [1]. Vascular alterations have been
described in autopsies of COVID-19 patients and may also
contribute to neurological manifestations and bleeding com-
plications [12]. Few case series have described neurologic
changes in COVID-19. Findings mainly include encephalop-
athy, encephalitis and changes in mental status, all of which
might not be specific for COVID-19 [5, 7]. Nevertheless,
early recognition of viral encephalitis, acute cerebrovascular
disease and neural system damage seems critical, not only
for short-term survival but long-term quality of life.
Despite a relatively high incidence of events compared
to other ICU patients [13], our observations so far do not
pinpoint towards COVID-19-specific neurological compli-
cations. This study highlights the importance of a careful
use of full intense anticoagulation. We still believe, that the
benefits of therapeutic anticoagulation outweigh the risk of
severe intracerebral hemorrhage. However, many aspects
of COVID-19 remain uncharted and the sheer number of
patients requiring long-term neurologic care will provide a
burden to all health care systems in the years to come.
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Table 1 Neurological

) ) “ . Demographics and ICU course Patients (n=38)
manifestations of critically ill
COVID-19 patients (n=38) Female, N (%) 13 (34.2)
Male, N (%) 25 (65.8)
Age, years (median, IQR) 64.5 (19.5)
ICU admission
Previous hospital stay, days (median, IQR) 3(7)
PaO,/FiO,, mmHg (median, IQR) 143 (98.5)
SOFA score (median, IQR) 13 4.5)
ICU course
ICU stay, days (median, IQR) 20.5 (26.5)
Mechanical ventilation, days (median, IQR) 17.5 (17.3)
VVECMO, N (%) 15 (39.5)
Renal replacement therapy, N (%) 23 (52.6)
Highest SOFA score (median, IQR) 17 (6.5)
Minimal PaO,/FiO,, mmHg (median, IQR) 73 (36)
Neurological signs
Patients with documented neurological manifestations, N (%) 9(23.7)
Patients with fatal neurological manifestations, N (%) 1(2.6)
Seizures, N (%) 2(5.3)
Critical illness neuropathy, N (%) 2(5.3)
Altered mental status, N (%) 5(13.1)
Altered pupil motor response, N (%) 3(7.9)
Difficulty speaking or understanding speech, N (%) 4(10.5)
Aphasia, N (%) 2(5.3)
Difficulty using fine motor skills, N (%) 1(2.6)
Weakness, N (%) 4 (10.5)
Paresis, N (%) 2(5.3)
Transient ischemic attack, N (%) 1(2.6)
Brain imaging
Cerebral white matter lesions, N (%) 1(2.6)
Periventricular hypodensity, N (%) 1(2.6)
Cerebral hemorrhage, N (%) 3(7.9)
Neurological manifestations and vvECMO
ECMO patients with neurological manifestations, N (%) 2(5.3)
ECMO patients without neurological manifestations, N (%) 13 (34.2)
Patients with neurological manifestations and without ECMO, N (%) 7(18.4)
Patients with neither neurological manifestations nor ECMO, N (%) 16 (42.1)
Outcome
Survival upon ICU discharge, N (%) 28 (73.7)

ICU intensive care unit, /QR interquartile range, N number of patients, PaO/FiO, ratio of arterial oxygen
partial pressure and fraction of inspired oxygen (Horovitz index), SOFA sequential organ failure assess-
ment, vwECMO veno-venous extracorporeal membrane oxygenation
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