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Abstract

Objectives: To report the cognitive features of patients with severe coronavirus disease 2019 (COVID-19) entering the postacute phase, to

understand whether COVID-19 acute respiratory distress syndrome itself could result in long-term cognitive deficits, and to determine whether

neuropsychological treatment after the acute stage might represent a specific rehabilitation need.

Design: Case series.

Setting: Rehabilitation hospital.

Participants: We assessed the general cognitive functioning through tablet-supported video calls in 9 of 12 consecutive patients (NZ9) admitted

to the hospital at least 30 days earlier for acute respiratory distress syndrome due to COVID-19. Three patients were excluded based on the

exclusion criteria. None of the patients presented cognitive symptoms before hospitalization.

Main Outcome Measure: General cognitive functioning, measured using the Mini-Mental State Examination (MMSE) test.

Results: A general cognitive decay was observed in 3 patients (33.3%) who had a pathologic score on the MMSE, with a specific decline in

attention, memory, language, and praxis abilities. The cognitive malfunctioning appears to be linearly associated with the length of stay (in d) in

the intensive care unit (ICU). The longer the amount of time spent in the ICU, the lower the MMSE score, indicating a lower global cognitive

functioning.

Conclusions: Our results indicate that some patients with COVID-19 might also benefit from neuropsychological rehabilitation, given their

possible global cognitive decay. The link between neuropsychological functioning and the length of stay in the ICU suggests that neurocognitive

rehabilitative treatments should be directed explicitly toward patients who treated in the ICU, rather than toward every patient who experienced

acute respiratory distress syndrome owing to COVID-19. However, given the limitation of a case series study, those hypotheses should be tested

with future studies with larger samples and a longer follow-up period.
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Based on previous animal models of severe acute respiratory
syndrome and Middle East respiratory syndrome, caused by
similar coronaviruses, severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) is believed to be neuroinvasive.1 In
Disclosures: none.

0003-9993/20/$36 - see front matter ª 2020 by the American Congress of Re

https://doi.org/10.1016/j.apmr.2020.09.376
particular, previous studies highlighted brain abnormalities in the
medial temporal lobe, with multifocal white matter hyperin-
tense lesions.2

In line with these observations, 84% of patients with
COVID-19 exhibited neurologic signs, with 33% of them also
showing inattention, disorientation, or poorly organized move-
ments.3 However, at the time of writing, it was not clear whether
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the COVID-19 acute respiratory distress syndrome (ARDS) itself
could result in long-term cognitive deficits or whether neuropsy-
chological treatment after the acute phase might represent specific
rehabilitation need.4

The aim of this study is to report the cognitive and psycho-
logical features of the first consecutive patients with severe
COVID-19 entering the postacute phase, defined as clinical sta-
bility and complete weaning from sedative and antipsy-
chotic drugs.
Methods

Participants

We measured the cognitive and psychological functioning in 9 of
12 consecutive patients admitted to the hospital at least 30 days
earlier for ARDS owing to COVID-19. One patient was excluded
owing to noncompliance to the testing, and 2 patients were
excluded because they were affected by ischemic stroke during the
acute phase of COVID-19.

Patients were hospitalized between March 3 and April 8, 2020.
On average, respiratory symptoms started 12.3 days before hos-
pitalization (range, 3-26d). The mean age of the patients was 60
years (range, 21-77y) and their mean education was 10 years
(range, 5-18y).

All 9 patients were confirmed positive for SARS-CoV-2 using
reverse transcription polymerase chain reaction assays of naso-
pharyngeal samples. Furthermore, thorax computed tomography
scans were performed and were positive for ground-glass opaci-
ties. Venturi mask oxygen therapy and pharmacologic therapy
with hydroxychloroquine (400 mg/d) for 20 days were adminis-
tered to every patient. Two patients (22.2%) were also treated
pharmacologically using tocilizumab. Five patients (55.6%)
required mechanical ventilation and intensive care unit (ICU) stay,
and 2 patients (22.2%) needed tracheostomy. Of all the patients,
the mean worst ratio of arterial oxygen partial pressure (PaO2 in
mmHg) to fractional inspired oxygen (FiO2 expressed as a frac-
tion) was 130 (range, 56-190 [measure available for 8 patients]).
Of the patients who required ICU stay, 4 patients (80%) man-
ifested psychomotor agitation, defined by a score of 3 or more on
the Richmond Agitation-Sedation Scale. All patients who required
mechanical ventilation were screened during their ICU stay with
electroencephalography. Two out of 5 (40%) demonstrated
generalized spike-wave complexes, thus requiring therapy with an
antiepileptic drug (levetiracetam). They were also screened after
extubation by cranial computed tomography scan, and all were
negative for acute brain injury. All the clinical details are reported
in table 1.
List of abbreviations:

ARDS acute respiratory distress syndrome

COVID-19 coronavirus disease 2019

ICU intensive care unit

MMSE Mini Mental State Examination

PaO2/FiO2 ratio of arterial oxygen partial pressure to

fractional inspired oxygen

SARS-CoV-2 severe acute respiratory syndrome

coronavirus-2
Cognitive evaluation

Written informed consent for the cognitive evaluation was ob-
tained from all participants according to the Helsinki Declaration
of 1964. All participants took part in the study after the nature of
the procedure was fully explained, and they could withdraw their
participation at any point in the study.

None of the patients demonstrated cognitive or psychological
symptoms before hospitalization. Their premorbid status was
assessed through structured interviews with the patients’ care-
givers. They were required to provide an explicit judgment
regarding the patients’ mental functioning on a 5-point Likert
scale, ranging from 1 (no symptoms) to 5 (symptoms always
present), for the following cognitive domains: spatial and temporal
orientation (mean score, 1; range, 1-1 for both measures), short-
and long-term memory (mean score, 1.29; range, 1-3 for both
measures), language comprehension and production (mean score,
1; range, 1-1 for all measures), attention (mean score, 1.29; range,
1-3), disinhibition behavior (mean score, 1; range, 1-1), and self-
care skills (mean score, 1.14; range, 1-2).

Patients’ cognitive and psychological evaluation was per-
formed after 2 conditions were achieved: (1) complete weaning
from sedative and antipsychotic drugs, and (2) clinical stability
defined by a PaO2/FiO2 ratio greater than 250 and ability to
respond to an interview without a decrease in oxygen saturation
below 90%. On average, interviews were conducted 44 days after
admission (range, 29-61d).

Cognitive and psychological data were collected via tablet-
supported video calls with a neuropsychologist, with the aid of a
clinician who was physically with the patient. We performed
Mini-Mental State Examination (MMSE),5 which is a general
cognitive assessment, and the Frontal Assessment Battery,6,7

which is a global evaluation of executive functions. Moreover,
we collected measures of mood and anxiety traits using the State-
Trait Anxiety Inventory8 and the Beck Depression Inventory.9

These batteries are typically used in the clinical practice and
permit a global evaluation of cognitive and executive functioning
in a short amount of time. Moreover, they are suitable in this
particular clinical context of video-calls assessments.

Neuropsychological scores were adjusted for age, sex, and
education. This was done to take into account the possible inter-
vening role of age, sex, and education on the raw scores.
Results

General cognitive decline was observed in 3 patients (33.3%) who
had a pathologic MMSE score. An item-by-item analysis showed
that all of these patients had low scores in the domain of attention
and calculation (counting backwards task), short-term memory
(recall of 3 familiar words), constructional praxia (copy a drawing
of 2 intersecting pentagons), and written language (writing of
a sentence).

Only 1 patient (11.1%) demonstrated a decay of executive
frontal functioning, showing pathologic score in the Frontal
Assessment Battery, with deficits in conceptualization, lexical
fluency (an index of mental flexibility), and motor programming.
Interestingly, the cognitive decay appeared to be linearly associ-
ated with the length of stay (in d) in the ICU, as shown in
figure 1A. However, the relatively small sample of the present
study does not permit the statistical testing of the significance of
this association. On the other hand, the relationship between
www.archives-pmr.org
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cognitive functioning and clinical data appeared to be less evident
when considering the PaO2/FiO2 (see fig 1B). Finally, 6 patients
(66.7%) displayed anxiety symptoms, 2 of whom (22.2%) also had
mild depressive symptoms. However, these did not appear to be
associated with cognitive functioning (see table 1 for
further details).
Discussion

The present report provides some information for the postacute
rehabilitation management of patients with COVID-19. Taken
together, these preliminary results suggest the importance of
testing and eventually supporting cognitive functioning in patients
with COVID-19 after discharge. COVID-19 is a new virus with
unknown long-term outcomes, and cognitive functioning cannot
be left out when considering the rehabilitation of these patients.

Neurocognitive rehabilitative treatments should be specifically
directed toward patients treated in the ICU, rather than toward
every patient who experienced ARDS owing to COVID-19.
Indeed, current results appear to link the neuropsychological
decay more with the length of stay in ICU than possible direct
damage owing to SARS-CoV-2 infection. This is similar to what
has been observed in patients experiencing post intensive care
syndrome.10

It is worth mentioning that our neuropsychological evaluation
was successfully conducted via video calls, which can also be
easily administered using a smartphone. Thus, telemonitoring and
telerehabilitation might be considered as feasible options for the
early study of patients with COVID-19, providing convenient
access without the risk of exposure in a congested hospital or in
medical practice waiting rooms. In the case of large-scale as-
sessments, other instruments such as the telephone11 might be
adopted to reach a larger number of participants.
Limitations

Our study has some limitations that should be taken into consid-
eration. First, the absence of a long-term follow-up period. On
average, we tested our patients after 1 month of hospitalization. It
is unknown whether some patients would spontaneously show a
recovery of cognitive functioning without further treatments given
a longer period of time. Moreover, our sample size does not allow
us to test other interesting hypotheses such as the possible medi-
ating effect of the sex variable. Indeed, our data show lower
MMSE scores for men. This might be related to men in some
subcultures with COVID-19 being more at risk for worse out-
comes and death resulting from sex-related behavioral differences
(eg, smoking and drinking, lower rates of handwashing, and
resistance to following social distancing requirements12).

Furthermore, all patients admitted to the ICU were intubated,
regardless of their length of stay. Being intubated or not might
explain the decline in cognitive functions. However, the binary
nature of this variable does not allow us to further explore its
potential association with cognitive functioning. Finally, we
cannot exclude a possible important role of either greater isolation
or the need of proning for patients with COVID-19, compared
with other patients who developed post intensive care syndrome
who did not experience COVID-19. All of these hypotheses
should be tested with future studies with larger samples and a
longer follow-up period.

http://www.archives-pmr.org


Fig 1 Scatter plot illustrating the relationship between cognitive and clinical data.
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Conclusions

Based on our preliminary results, patients with severe COVID-19
might benefit from neuropsychological rehabilitation, given their
possible global cognitive decay. This appears to be especially
valid for patients who required ICU stay and intubation. However,
owing to the limitation of a case series study, further studies with
larger samples and longer follow-up are needed.
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