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Abstract

Background Intensive Care Unit (ICU) COVID-19 survivors may present long-term cognitive and emotional difficul-
ties after hospital discharge. This study aims to characterize the neuropsychological dysfunction of COVID-19 survivors
12 months after ICU discharge, and to study whether the use of a measure of perceived cognitive deficit allows the
detection of objective cognitive impairment. We also explore the relationship between demographic, clinical and
emotional factors, and both objective and subjective cognitive deficits.

Methods Critically ill COVID-19 survivors from two medical ICUs underwent cognitive and emotional assessment
one year after discharge. The perception of cognitive deficit and emotional state was screened through self-rated
questionnaires (Perceived Deficits Questionnaire, Hospital Anxiety and Depression Scale and Davidson Trauma Scale),
and a comprehensive neuropsychological evaluation was carried out. Demographic and clinical data from ICU admis-
sion were collected retrospectively.

Results Out of eighty participants included in the final analysis, 31.3% were women, 61.3% received mechanical
ventilation and the median age of patients was 60.73 years. Objective cognitive impairment was observed in 30%

of COVID-19 survivors. The worst performance was detected in executive functions, processing speed and recogni-
tion memory. Almost one in three patients manifested cognitive complaints, and 22.5%, 26.3% and 27.5% reported
anxiety, depression and post-traumatic stress disorder (PTSD) symptoms, respectively. No significant differences were
found in the perception of cognitive deficit between patients with and without objective cognitive impairment. Gen-
der and PTSD symptomatology were significantly associated with perceived cognitive deficit, and cognitive reserve
with objective cognitive impairment.
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Conclusions One-third of COVID-19 survivors suffered objective cognitive impairment with a frontal-subcortical
dysfunction 12 months after ICU discharge. Emotional disturbances and perceived cognitive deficits were common.
Female gender and PTSD symptoms emerged as predictive factors for perceiving worse cognitive performance. Cog-
nitive reserve emerged as a protective factor for objective cognitive functioning.

Trial registration: ClinicalTrials.gov Identifier: NCT04422444; June 9, 2021.

Keywords Intensive care, PICS, Cognition, Cognitive reserve, Post-traumatic stress

Introduction

Cognitive, emotional and physical sequelae are com-
mon after ICU discharge and may persist for months or
even years [1-4]. This set of symptoms, known as Post
Intensive Care Syndrome (PICS), may be new onset or
worsen previous deficits [1] and have a significant impact
on patients’ functionality and quality of life [5]. Focusing
on cognitive dysfunction, previous studies have reported
a prevalence ranging from 4 to 62% after critical illness
[6]. This large variability could be explained by several
factors, such as the heterogeneity of clinical diagnoses,
the use of different follow-up intervals and assessment
tools, and the way cognitive impairment is conceptu-
alized [6]. Impaired cognitive domains include atten-
tion, memory, visuospatial ability, executive functions
and processing speed [7-9]. In addition, a recent study
exploring the existence of different cognitive phenotypes
in ICU survivors described a frontal-subcortical pro-
file of cognitive deficits one month after discharge [10].
Other authors have observed a similar pattern of dys-
function at three and twelve months post-ICU [8, 11]. In
critically ill patients, the most frequent risk factors for
cognitive impairment include delirium [7, 12-17], sever-
ity of illness, prior cognitive deficit [7, 15], length of ICU
stay [18], mechanical ventilation (MV) [8, 10, 17, 18],
and older age [19]. On the other hand, prior studies have
found cognitive reserve to be a protective factor against
cognitive dysfunction [10, 17, 20]. The pathophysiological
mechanisms leading to impaired cognitive performance
are still unclear. However, the involvement of neuroin-
flammation, structural and functional brain alterations,
disruption of the blood—brain barrier and alteration of
the brain-lung crosstalk have been proposed [8, 21].

The recent coronavirus 2 disease (COVID-19) pan-
demic led to a significant increase in the number of
patients admitted to the ICU and, with it, a greater aware-
ness of the importance of PICS. In COVID-19 patients, a
wide range of symptoms persisting over time have been
described, including cognitive and psychological distur-
bances [22]. In a recent prospective multicentre study,
74.3% of COVID-19 survivors reported physical symp-
toms one-year after ICU discharge, 26.2% mental health
problems, and 16.2% cognitive deficits. In addition, 30.6%

of survivors reported symptoms in at least two of these
domains and 10.5% in all three [23]. Data on long-term
cognitive deficits in survivors of COVID-19 are more
limited. Studies to date have found rates of dysfunction
in global cognition ranging from 15 to 80% [24], with
specific deficits in attention, memory, working memory,
verbal fluency, executive functions, and processing speed
[17, 24-29]. Moreover, these deficits seem to be accentu-
ated in patients who have presented a severe form of the
illness, such as those who have survived an ICU admis-
sion [29-31].

Due to the pandemic situation, remote assessments have
been introduced for evaluating patients’ impairments after
hospital discharge. However, measurement of cognition
through telematic methods requires, in most cases, the
administration of self-rated questionnaires. This practice
has generated some controversy regarding the application
of subjective measures for detecting objective cognitive
deficit in ICU survivors [32]. While objective cognition
(OC) provides information on patients’ cognitive func-
tioning and is measured through neuropsychological
tests administered by experienced professionals, subjec-
tive cognition (SC) refers to patients’ self-perception of
their own cognitive performance, and is usually measured
through self-administered questionnaires. A lack of cor-
relation between OC and SC in ICU survivors has been
described [32]. Similar results have recently been observed
in COVID-19 patients shortly after critical illness [17,
25]. In these studies, OC was mainly related to patients’
demographic and clinical factors, whereas SC was mainly
related to their emotional state [17, 25, 32]. However, the
relationship between long-term outcomes of OC and SC
in COVID-19 ICU survivors and the risk factors involved
has scarcely been explored.

Thus, the main aims of this study were (1) to charac-
terize the profile of objective cognitive deficit in survi-
vors of critical illness due to COVID-19 one year after
ICU discharge, (2) to study whether the use of meas-
ures of subjective cognitive deficit allows the detection
of objective cognitive impairment, and (3) to explore
the relationship between demographic, clinical and
emotional factors and both objective and subjective
cognition.
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Fig. 1 Flowchart representing the distribution of the sample during the different phases of the study
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Methods

Study design and participants

A cross-sectional observational study was proposed to
explore long-term objective and subjective cognitive
outcomes in COVID-19 ICU survivors, recruited from
March 2020 to January 2021. This cohort is part of a
larger multicenter study in which survivors of COVID-
19 from two medical ICUs in Catalonia, Spain, were fol-
lowed up for a 12-month period, using a combination of
telematic and face-to-face visits (see Fig. 1). The patients
included were 18 years of age or older, had a diagnosis
of COVID-19 disease with a positive result for SARS-
CoV-2, and at least 24 h of ICU admission. Exclusion
criteria were: previous neurological disease, severe psy-
chiatric disorder, presence of cognitive impairment or
dementia, substance or alcohol abuse, intelligence quo-
tient (IQ) <70, inability to speak or understand Spanish
and non-voluntary acceptance of participation.

The current study was approved by the Institutional
Review Board of the Parc Tauli University Hospital (Clin-
icalTrials.gov Identifier: NCT04422444; June 9, 2021)
and is based on an extensive on-site neuropsychological
assessment performed one year after ICU discharge (for
more details: https://www.tauli.cat/en/institut/projectes-
i-xarxes/projectes-financats/pics-covid19/).  Informed
consent to participate was obtained by telephone after
discharge from ICU.

Data collection

Clinical data were collected retrospectively by review-
ing medical records. The presence of delirium was esti-
mated based on the following three criteria: a medical
report of delirium, the presence of an episode of agita-
tion, and/or prescription of antipsychotic/neuroleptic
treatment during admission. To assess pre-existing cog-
nitive impairment, the relatives of patients > 65 years old
completed the Spanish Version of the Short Form of the
Informant Questionnaire on Cognitive Decline in the
Elderly (Short-IQCODE) [33], which comprises 17 ques-
tions to be filled in by a family member or close relative
on the cognitive changes perceived in the patient in the
last 10 years. A score higher than 57 suggests a possible
pre-existing cognitive impairment and was considered
an exclusion criterion for participation. Severity of ill-
ness was measured by the Acute Physiology and Chronic
Health Evaluation (APACHE II) and level of comorbidity
by the Charlson Comorbidity Index. Days of mechanical
ventilation and length of ICU and hospital stay were also
recorded.

Cognitive and emotional variables
To assess the cognitive and emotional status of survi-
vors of COVID-19 one year after ICU discharge, we
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administered a full neuropsychological battery to detect
OC deficits, a self-reported questionnaire of perceived
cognitive deficits to detect SC deficits, and two men-
tal health questionnaires to detect symptoms of anxiety,
depression and post-traumatic stress disorder (PTSD). In
addition, a questionnaire to assess cognitive reserve was
administered after discharge from ICU to evaluate the
brain’s resistance to a brain insult.

Objective cognitive assessment

OC was measured through a comprehensive neu-
ropsychological battery administered by two trained
neuropsychologists lasting 45 to 60 min. The bat-
tery included the following tests: Digit Span Forward
and Backward from the Wechsler Adult Intelligence
Scale, 3rd edition (WAIS-III; Wechsler, 1999); Spa-
tial Score Forward and Backward from the Wechsler
Memory Scale, 3rd edition (WMS-III; Wechsler, 2004);
Rey Auditory Verbal Learning Test (RAVLT); 10/36
Spatial Recall Test (SPART); Stroop Color and Word
Test (SCWT); Trail Making Test (TMT) part A and B
(for participants with low educational level, we used
Color Trails Test, CTT); and phonetic verbal fluency
(FAS). To estimate premorbid IQ, we used the Spanish
version of the National Adult Reading Test (NART) (for
participants with low educational level, we used the
Vocabulary subtest of the Wechsler Adult Intelligence
Scale, 4th edition, WAIS-IV) (see references in Addi-
tional file 1).

For the purposes of this study, raw scores from all cog-
nitive tests were transformed into z-scores (mean=0;
SD = +1) using the normative population data provided
for each test, correcting the effects of age and educa-
tion. Subsequently, seven cognitive indexes were cal-
culated: attention, working memory, learning memory,
delayed recall, memory recognition, processing speed
and executive functions (see Additional file 2: Table S1).
In addition, participants were distributed into two
groups, with or without OC impairment, using the clas-
sical criterion proposed by Jackson et al. [34]. Accord-
ing to these authors, the presence of objective cognitive
deficit occurs when a subject obtains a z-score below
two standard deviations (SD) in one domain or two
z-scores below 1.5 SD in two domains. Regarding the
level of severity of the cognitive deficit, a moderate cog-
nitive impairment is defined as a z-score 1.5 SD below
the mean and a severe cognitive impairment as a z-score
2 SD below the mean.

Subjective cognitive assessment
SC was evaluated using the Perceived Deficits Ques-
tionnaire (PDQ), a 20-item questionnaire that assesses
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different aspects of cognition (attention, memory and
executive functions), with a total score ranging from 0
to 68, in which the higher the score, the greater the cog-
nitive deficit perceived by the patient [35]. Participants
were categorized into those who perceived the deficit
and those who did not, based on the cut-off score of the
Spanish validation for clinically significant subjective
cognitive deficit (>35) [36].

Cognitive reserve

Cognitive reserve was measured using the Cogni-
tive Reserve Questionnaire (CRQ), a questionnaire
validated in the Spanish population and consisting of
eight items assessing different aspects of the subject’s
intellectual activity: level of education, occupation,
training courses, language skills, musical training and
cognitive stimulating activities, such as reading and
intellectual games [37]. The total score ranges from 0
to 25 with higher scores indicating greater cognitive
reserve.

Emotional assessment

Two mental health questionnaires were used to detect
emotional alterations. Anxiety and depressive symp-
tomatology were assessed with the Hospital Anxiety and
Depression Scale (HADS) [38], a tool widely used for
the detection of psychological symptoms in critically ill
patients [39]. It consists of 14 items with two subscales,
seven questions for anxiety and seven for depression,
with a cut-off score for clinically significant symptoms
of >8 for each subscale. PTSD symptoms were evalu-
ated using the Davidson Trauma Scale (DTS), a well
validated questionnaire ranging from 0-136 and com-
prising 17 items, in which the cut-off score for clinically
significant symptoms is > 27 [40].

Statistical analysis

Analysis was performed using SPSS v.28.0 and statisti-
cal significance was established at p <0.05. Data nor-
mality was explored with the Kolmogorov—-Smirnov
test. Descriptive analysis of demographic, clinical, cog-
nitive and emotional variables is presented as medians
(range) for continuous variables and percentages (%)
for categorical variables. To further characterize the
objective cognitive deficit of the survivors of COVID-
19, a descriptive graphical analysis with boxplots was
used and subsequent analysis of significant differences
between cognitive indexes was performed using the
Mann—-Whitney U test. A discriminant analysis based
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on the Receiver Operating Characteristic (ROC) curve
analysis was performed to study the discrimination
ability of the PDQ (subjective cognition) to properly
categorize subjects with and without objective cogni-
tive impairment. Finally, a series of Mann—Whitney U
tests and Chi-square tests (y?) were used to screen the
demographic and clinical variables related to objective
and subjective cognitive deficit, as appropriate. Vari-
ables found to be significant in these screening analy-
ses were included in two subsequent logistic regression
models, one for OC and one for SC. These two logistic
regression analyses were performed to identify factors
related to objective and subjective cognitive deficits
respectively.

Results

Demographic and clinical variables

Out of 356 COVID-19 patients admitted during the
study period, 150 met the inclusion criteria after dis-
charge. Of these, 85 completed the OC assessment
12 months post-ICU and 75 of them answered the self-
administered questionnaires of SC and emotional symp-
toms. A total of 80 patients were included in the final
analysis (Fig. 1), 5 participants were excluded due to psy-
chiatric/neurological disorder diagnosed after recruit-
ment and IQ <70 assessed on the face-to-face visit.
Demographic and clinical characteristics of the sample
are shown in Table 1.

Table 1 Demographic and clinical characteristics of the sample

Demographic and clinical variables Total sample (n=80)

Age (years) 60.73 (33.15-79.64)
Female gender 25 (31.3%)
Charlson Comorbidity Index 2 (0-5)
APACHE Il score 8(2-32)
Need for mechanical ventilation 49 (61.3%)
Patients with delirium 33 (41.3%)
Length of ICU stay (days) 11 (2-74)
Length of hospital stay (days) 31.50 (7-107)
Cognitive reserve questionnaire (CRQ) 11 (2-21)
Perceived deficits questionnaire (PDQ) 23 (0-60)
HADS anxiety total score 5(0-16)
HADS depression total score 3(0-16)
DTS Total score (PTSD) 13.50 (0-91)

Data are expressed as n (%) or median (range), as appropriate

APACHE, Acute physiology and chronic health evaluation; ICU, Intensive care
unit; HADS, Hospital Anxiety and Depression Scale; PTSD, post-traumatic stress
disorder; DTS, Davidson Trauma Scale
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Cognitive and emotional variables

Out of 80 patients, 30% (n =24) suffered objective cogni-
tive deficits and 27.5% (n=22) reported clinically signifi-
cant subjective cognitive deficits. Regarding emotional
state, 22.5% (n=18) reported mild-to-severe anxiety and
26.3% (n=21) depressive symptomatology, and 27.5%
(n=22) reported PTSD symptoms.
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Differences in cognitive performance between groups

with and without impaired OC

Patients with objective cognitive deficits (according
to Jackson’s criteria) showed greater impairment than
patients without objective cognitive deficits in executive
functions, processing speed, and recognition memory
(Fig. 2). Significant differences between the two groups

[ Attention

B Learning Memory
[l Delayed Recall

[ Recognition Memory
B Working Memory
[ Processing Speed
B Executive Functions

33 47

63

NO

COGNITIVE IMPAIRMENT

YES A
Moderate impairment

= Severe impairment

Fig. 2 Cognitive profile of patients with and without objective cognitive deficit according to the criteria of Jackson et al. [34]. The seven cognitive
indexes are represented in each group. Z-scores below — 1.5 standard deviations (SD) are considered as moderate impairment while z-scores below

— 2 SD are considered as severe impairment

Table 2 Differences in cognitive performance between groups with and without objective cognitive impairment

Cognitive indexes Patients without cognitive deficit (n=56) Patients with cognitive deficit (n=24) p (<0.05)
Attention 031 (= 1.15t02.35) —0.19(=1.70to 1.09) 0.012
Learning memory 4(—=0991t02.23) —0.53(=1.79t00.75) <0.001
Delayed recall 4(=1391t01.72) —041(= 19910 1.28) <0.001
Recognition memory 0.25 (= 1.80to 1.48) — 0.55 (=442 t00.96) 0.002
Working memory 0.49 (- 0.89 to 3.00) 0.15(= 147 t0 1.62) 0.004
Processing speed 9(—1.65t0141) — 157 (=7641t00. 34) <0.001
Executive function —0.12(—=1.841t01.68) —1.55(=4.611t00.02) <0.001
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Fig. 3 Discriminant analysis of Objective Cognition (OC) and
Subjective Cognition (SC): Receiver Operating Characteristics (ROC)
curve analysis was performed for the discriminant analysis of OC and
SC.The area under the curve (AUC) value was 0.593, indicating that
the subjective cognitive measurement (PDQ) did not discriminate
well between the groups of patients with and without impaired OC
according to the criteria of Jackson et al. [34]

were found in all cognitive indexes (Table 2) and almost
all cognitive variables (Additional file 2: Table S2).

Correlations and discriminant analysis of OC and SC

The area under the curve (AUC) value was 0.593, indicat-
ing that the PDQ did not discriminate well between the
groups of patients with and without impaired OC. The
ROC curve analysis of the final discriminant analyses is
shown in Fig. 3. Further information about the correla-
tion analysis and the linear regression models for the
PDQ subscales and the cognitive indexes are shown in
Additional file 2: Tables S3 (Tables S3.1-S3.6).

Risk factors for OC impairment

The screening analysis of demographic and clinical fac-
tors showed that only age and cognitive reserve differed
significantly between groups with and without impaired
OC, showing that the patients with objective cognitive
deficit were older and had lower cognitive reserve than
those without this deficit. No significant differences were
found between patients with and without impaired OC in
perception of cognitive deficit. There were no significant
differences in anxiety, depression and PTSD between
groups with and without objective cognitive impairment.
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No other differences were found (further information can
be found in Additional file 2: Table S4).

The final logistic regression model explained 10.3% of
the variance. Only cognitive reserve reached statistical
significance, being inversely related to the impairment
in OC (OR=0.878; 95% CI 0.779-0.988; p=0.031), the
greater the cognitive reserve, the lesser the alteration in
OC. All other variables, including age, were not signifi-
cant (Additional file 2: Table S5).

Risk factors for SC impairment

Significant differences were found in the screening
analysis of predicting factors between groups of partici-
pants with and without deficits in SC. Participants in the
SC deficit group were more likely to be women, were
younger and had higher scores in anxiety, depression and
PTSD. No other differences were found (further informa-
tion in Additional file 2: Table S6).

The final logistic regression model explained 38%
of the variance. Female gender (OR=7.650; 95% CI
1.272-46.017; p=0.026), and PTSD symptomatology
(OR=1.105; 95% CI 1.03-1.187; p=0.006) emerged as
potential predictors of perception of cognitive deficit. All
other variables, including depression and anxiety symp-
toms, were not significant (Additional file 2: Table S7).

Discussion

In the current study, one out of three critically ill patients
with COVID-19 suffered deficits in OC one year after
ICU discharge. Moreover, about 30% of the sample also
showed clinically significant difficulties in SC. However,
a worse perception of cognitive status, self-assessed by
the patient (SC) using the PDQ, did not necessarily cor-
respond with worse outcomes in OC assessed by a pro-
fessional using an extensive neuropsychological battery.
Female gender and symptoms of PTSD were the factors
most strongly related to the perception of cognitive defi-
cit, while cognitive reserve emerged as a protective factor
against objective cognitive deficit.

The results regarding the prevalence of cognitive dys-
function in non-COVID-19 ICU survivors in previous
literature are heterogenous. While Briick et al. [32] found
an incidence of cognitive impairment one year after dis-
charge of 16%, the BRAIN-ICU study, which explores a
large cohort of medical patients after ICU discharge,
showed that one third of ICU survivors experienced
impairments in global cognition and executive functions
[12]. A review of acute respiratory distress syndrome
(ARDS) survivors found that the prevalence of cogni-
tive impairment ranges from 21 to 78% measured from
two months to eight years after ICU discharge, although
similar rates to the BRAIN-ICU study and to our cohort
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were found in studies that specifically included cognitive
assessment at one year after ICU discharge [41]. How-
ever, the literature on long-term OC in ICU COVID-19
survivors remains scarce and the only prospective longi-
tudinal study in COVID-19 patients with ARDS currently
available found that only 16% of participants had cogni-
tive impairment one year after discharge, measured with
the Montreal Cognitive Assessment (MoCA) [42]. This
variability in the rates of cognitive deficit in ICU survi-
vors could be partly explained by methodological differ-
ences, for example, by the variety of tests used. In fact, in
a recent systematic review, Honarmand et al. [43], found
that the prevalence of OC deficits 12 months after ICU
discharge was higher when assessed with extensive neu-
ropsychological batteries (43%) than with screening tests
(18%) such as the MoCA test, a circumstance that might
explain why our rates of alteration in OC in ICU survi-
vors of COVID-19 were higher than in the Latronico
et al. [42] cohort. In addition, our results showed nota-
ble deficits in executive functions, processing speed and
recognition memory, suggesting a frontal-subcortical
cognitive dysfunction. Previous studies have observed
this pattern in the short [10] and long-term after ICU
discharge [11].

On the other hand, 27.5% of our sample manifested
clinically significant deficits on the SC questionnaires.
Similar results were found by Briick et al. [32], who
reported perceived cognitive deficit in 31.6% of non-
COVID-19 patients 12 months after ICU discharge. In
contrast, Heesakkers et al. [23] found that only 16.2% of
COVID-19 survivors reported subjective cognitive symp-
toms at one year after ICU discharge, although a recent
review suggests that the prevalence of SC at long-term
follow-up may rise to 45% in this clinical population [43].

Interestingly, we did not observe significant differences
in SC between patients with and without OC impairment.
Previous studies on critically ill patients with and without
COVID-19 have suggested that OC may not necessarily
be related to SC [17, 25, 32]. Our results in the discri-
minant analysis endorse previous findings according to
which measures of SC might not adequately detect the
long-term OC impairment of ICU survivors. Therefore,
and although SC questionnaires have been used before,
during, and after the COVID-19 pandemic to screen the
level of cognitive deficit in critically ill patients [23, 43],
a comprehensive objective assessment of patients’ cogni-
tive performance would be necessary to effectively detect
cognitive impairment in ICU survivors. These results do
not underestimate the relevance of assessing SC in the
critical illness population but suggest that it should be
considered as a complementary method to the assess-
ment of OC. It should be borne in mind that in our study,
emotional symptoms, especially PTSD symptoms, were
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strongly related to subjective cognitive complaints. This
association between poorer scores on SC and emotional
symptomatology in ICU survivors recalls those found
in the literature in both non-COVID-19 [32, 44] and
COVID-19 ICU patients [17, 45].

Regarding emotional state, 22.5% of COVID-19 ICU
survivors reported mild to severe symptoms of anxi-
ety, 26.3% depression, and 27.5% PTSD one year after
discharge. Prior reviews reported similar [46], or even
slightly higher prevalence rates of anxiety symptoms [47]
in critically ill survivors. Depressive symptoms can occur
in nearly 30% of patients with no pre-existing history of
depression at 12—14 months [48], and PTSD symptoms
have been reported in 34% of ICU survivors at 1 year
follow-up. In COVID-19 post-ICU patients, prevalences
of 17.9% for anxiety, 18.3% for depression and 9.8% for
PTSD symptoms have been described [49]. Consider-
ing the prevalence of emotional alterations in critically
ill patients both with and without COVID-19, SC ques-
tionnaires may not be the most appropriate measure for
estimating objective cognitive status, at least in patients
with clinically significant emotional symptoms. Moreo-
ver, it should be noted that the assessment took place in a
controlled context, while the demands of a more stressful
day-to-day environment, for example when returning to
work, may have an impact on participants’ cognitive per-
formance. Female gender was also significantly associ-
ated with the perception of more severe cognitive deficit,
coinciding with the results obtained by an earlier study
of a cohort of COVID-19 survivors assessed 6 months
after ICU discharge. Although this is beyond the scope of
the present paper, further studies might explore whether
there are gender differences in emotional symptomatol-
ogy, as subjective cognitive complaints have been found
to be strongly related to psychological symptoms.

Finally, when comparing groups with and without dys-
function in OC, we observed that high cognitive reserve
was a predictor of not developing objective cognitive
deficit. In previous studies of post-ICU survivors, cog-
nitive reserve has also been identified as a protective
factor for patients’ cognitive status [10, 17, 20]. Unlike
other authors, we did not find an association between
other clinical characteristics and objective cognitive
deficits. Delirium is one of the variables most strongly
related to long-term objective cognitive impairment
[12, 14, 16] and duration of delirium has been linked to
worse cognitive performance one year after discharge
[12, 16]. In older adults, ICU admission with delirium
was linked to greater declines in memory and language
[13]. This lack of association might be attributed to the
non-prospective collection of data in our study; the pres-
ence of delirium was checked retrospectively by review-
ing medical records and this information may have been
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compromised by the fact that it was recorded during the
pandemic. In another prospective cohort [50] in which
the authors did not find a significant association between
delirium and cognitive performance one year after dis-
charge, the results were attributed to the low rates of
delirium (36%) compared with those found in Pandhari-
pande et al. [12] cohort. These outcomes are similar to
our rates (41%), and could partly explain the lack of asso-
ciation. Another factor that has been linked to cognitive
impairment is MV. Previous studies have reported worse
objective cognitive functioning in patients with ARDS
[18] and in critically ill COVID-19 survivors who under-
went MV [17]. Although we found no significant relation-
ship between MV and OC, a recent systematic review 12
of 14 studies also failed to observe a relationship between
MV and long-term OC deterioration [16]. In any case,
the role of MV in cognitive impairment should continue
to be a subject of study.

One of the limitations of the present study, also com-
mon in most research in critically ill survivors, is the
absence of a baseline neuropsychological examination
of patients’ cognitive functioning before ICU admission.
However, we excluded participants with a diagnosis of
dementia/cognitive deficit or neurological diagnosis, and
we tried to estimate participants’ prior cognitive state
using the Short-IQCODE questionnaire. In addition, we
were unable to carry out a baseline cognitive assessment
at ICU discharge due to the pandemic context. Another
limitation is the lack of a control group of non-critically ill
patients with SARS-COV-2 infection and a control group
of non-COVID-19 post-ICU patients to assess whether
the observed alteration is different in these patient groups.
Finally, as the sample size is relatively small, the results of
this study should be interpreted with caution.

Future studies should continue to explore the long-
term cognitive and emotional sequelae of COVID-19
critically ill patients, observing their evolution over time
and detecting possible risk and protective factors. They
should use extensive neuropsychological batteries to bet-
ter characterize their cognitive impairment, in order to
provide the best possible intervention in ICU survivors
and to prevent these alterations from becoming chronic.
Inquiring the long-term functional impact that the per-
ception of cognitive deficit has on critically ill patients
may also be of interest.

Conclusions

This is one of the first studies to explore cognitive function
with a complete neuropsychological battery in COVID-19
ICU survivors one year after discharge. Whereas most
studies to date have focused on the assessment of global
cognition and self-reported cognitive deficit, the results
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presented here broaden our understanding of specific
cognitive domains that are altered. We conclude that
one year after discharge one third of COVID-19 post-
ICU patients still present impaired OC and around 30%
report clinically significant difficulties on SC question-
naires. However, SC questionnaires may not be the most
appropriate assessment instruments for detecting deficits
in OC in COVID-19 survivors. Only cognitive reserve
emerged as a protective factor against OC dysfunction.
In contrast, emotional symptoms, especially PTSD, were
strongly related to SC. Both OC and SC should be taken
into account in the recovery of COVID-19 ICU patients.
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