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Abstract 

Background: COVID-19 acute respiratory distress syndrome (C-ARDS) survivors suffer from long-term 
physical complications. However, at the time of this study limited data are available on possible long-term 
cognitive impairment.
Objectives: We hypothesized that COVID-19 ICU patients perform worse on cognitive tasks 6 months after 
admission, in comparison to reference values of a healthy population.
Design: Two-center cohort study with a six months’ time horizon.
Patients: Patients admitted to the ICU for COVID-19 associated respiratory failure between March and June 
2020.
Setting: Post-ICU follow up.
Methods and main outcome measures: The primary measure was the Repeatable Battery for Assessment of 
Neuropsychological Status (RBANS) score (with lower values indicating worse global cognition). The secondary 
outcome measure was the Trail Making Test (TMT) Part B (population age-, sex-, and education-adjusted 
mean score, 50±10, with lower scores indicating worse executive functions). The Short Form of the Informant 
Questionnaire on Cognitive Decline in the Elderly (IQCODE, on a scale from 1.0 to 5.0, with 5.0 indicating 
severe cognitive impairment) was taken for not patients not fluent in Dutch. 
Results: 117 COVID-19 patients were admitted to the ICU, of whom 32 patients (27%) died within 6 months. 
67/85 (79%) patients participated in the cohort study. COVID-19 survivors had lower total RBANS cognition 
scores than the age-adjusted population norms (n=45). Fifteen (33%) patients had a global cognition score 1.5 
SD below the population means. RBANS-subscale performance showed that both memory (immediate and 
delayed recall) and attention were at minus 1 SD below normative means, while language and visuospatial 
cognition were unaffected. Median TMT B score was 40 (IQR 10-65) (n=45). There were elevated scores of the 
short form IQCODE (mean 3.4 (SD 0.4). 
Conclusions: Our results suggests that COVID-19 ARDS negatively affects long-term cognitive function.
Trial registration: ClinicalTrials.gov NCT04593069.

Keywords: COVID-19, Post-acute COVID-19 syndrome, Cognition disorders, Executive function, 
Neuropsychological tests.

Approvals by the ethics committee: The cohort study was approved by the independent ethics committee of both hospitals, 
chairman Dr. Patrick Noyens (ZOL, 20/0075U and ZMK 2020-004, Eudract/B-nr: B3712020000016) and registered on 
ClinicalTrials.gov (NCT04593069). The COGCOV study was approved by the Ethics committee on 30 September 2020. Patient 
inclusion happened between March and June 2020.
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Introduction

Since the outbreak of COVID-19, the main talking 
point of this new disease was its induction of acute 
respiratory distress syndrome (ARDS) and its 
associated mortality1.

Ever since this global pandemic and its initial 
respiratory impact has subsided, the focus shifted to 
the long term neurologic and cognitive sequalae after 
infection, commonly referred to as “Long COVID”2. 
Interestingly, it appears that COVID-19 infection may 
be associated with more than 200 different symptoms, 
with shortness of breath, fatigue, impaired taste and 
smell, sleep and mood disturbances, depression, 
anxiety, as well as post-traumatic stress disorder 
being the most well known3,4.

The World Health Organization (WHO) 
acknowledged “Long COVID” as a disease at the 
end of 20225. It has been defined as the continuation 
or development of new symptoms 3 months after 
the initial SARS-CoV-2 infection, with these 
symptoms lasting for at least 2 months with no other 
explanation5. This cognitive dysfunction (sometimes 
referred to as brain fog) occurring in long COVID 
patients has been attracting more attention6. By now 
we know that COVID is associated with cognitive 
dysfunction with most impact on attention, memory 
and executive functioning7,8.

Cognition and cognitive (dys)functioning 
transcend general intelligence as it also affects 
executive functions. The latter refer to a family of 
top-down mental processes needed to concentrate 
and pay attention9. There are three core executive 
functions: inhibition, working memory and cognitive 
flexibility. These are the essentials parts of the 
higher-order executive functions such as reasoning, 
problem solving and planning, which is needed for 
participation in everyday life9. Executive functions 
develop during childhood and adolescence. It has 
been recently shown that critical illness impairs 
executive functions in children post ICU, compared 
with population means and healthy controls10,11. 
These executive functions can remain impaired over 
a period of years after pediatric critical illness12. 
Critical illness, such as due to ARDS, is also known to 
affect cognition and executive functions in adults13–17. 
Since cognitive dysfunction has an impact on quality 
of life, the awareness of the potential impact of 
COVID on cognition was deemed important to be 
studied at the time of this study18.

Whether C-ARDS would impair cognitive 
function to a similar extend had not been well 
described at the start of this study. Therefore, we 
conducted a prospective study to analyze the long-
term impact of C-ARDS on general cognition and 
executive functions, and which factors could affect 

it. Our objective was to evaluate cognitive function 
in C-ARDS survirors, focusing on global and more 
specifically executive neurological functioning. 

Methods 
Patient selection 

All patients who had been admitted for COVID-19 
pneumonia to the ICUs of two Belgian hospitals 
(Ziekenhuis Oost-Limburg and Ziekenhuis Maas 
& Kempen) during the first COVID-19 pandemic 
wave were screened 4-5 months after ICU 
admission for eligibility. 
Neurocognition testing 

Dutch speaking C-ARDS survivors, who consented 
for participation were tested with the Repeatable 
Battery for the Assessment of Neuropsychological 
Status (RBANS), and the Trail Making Test 
(TMT), similar to the BRAIN-ICU study14.
The RBANS is a comprehensive and validated 
neuropsychometric battery for the evaluation of 
global cognition, including individual domains 
of immediate and delayed memory, attention, 
visuospatial construction, and language. Executive 
function (specifically, cognitive flexibility and set 
shifting) was assessed with the use of the TMT, 
Part B. 

For both tests, lower scores indicate worse global 
cognition and executive function, respectively. 

The Short Form of the Informant Questionnaire 
on Cognitive Decline in the Elderly (short 
IQCODE) was used in this study to evaluate 
cognitive impairment in patients not able to 
perform the RBANS and TMT19. In the BRAIN-
ICU study, the IQCODE was used to detect pre-
existing cognitive impairment on the basis of a 
score of 3.3 or more, on a scale from 1.0 to 5.0, 
with 5.0 indicating severe cognitive impairment14.

To optimize its reliability, neurocognitive testing 
was done by one trained psychologist (BJ), who 
performed the tests in the environment preferred 
by the patient (at home, in hospital). 
Outcome measures 

The primary outcome measure was the RBANS 
score 6 months after ICU admission for C-ARDS 
to assess global cognitive function. The population 
age-adjusted mean value of RBANS is 100 (μ0) 
with a standard deviation of 1520. The scale ranges 
from 40 to 160. For the total score of RBANS, the 
Minimal Clinically Important Difference (MCID) 
is estimated at 821. 

However, in the BRAIN-ICU study a mean 
difference of 20 points was found between healthy 
controls and critically ill patients14. 
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In the a priori power analysis, we calculated the 
sample size based on a one-sided difference of 10, 
(μ1 = 90). With a sigma (SD) of 25 in the study 
cohort and an α = 0.05 (one-sided), we needed to 
test 39 patients to reach a power of 0.80 and 54 
patients for a power of 0.90. To assess the global 
cognitive function in all patients, regardless of 
their Dutch proficiency, the IQCODE was used. A 
short form IQCODE score of 3.3 or higher suggests 
clinically significant cognitive dysfunction14.

The secondary endpoint was the executive 
function of the C-ARDS survivors through the 
Trail Making Test, Part B (TMT). The TMT has a 
population age-, sex-, and education-adjusted mean 
score of 50±1022. The IQCODE is 5-point Likert 
scale, with higher scores indicating cognitive 
decline14. 

Tertiary outcome measurement was the 
EuroQoL EQ5D-5L utility index and its Visual 
Analogue Scale score. 
Covariates 

Due to the anticipated small total number of 
participants, a limited baseline characteristics’ set 
to be used as covariates was chosen a priori. This 
included commonly used baseline characteristics 
for outcome benchmarking: severity of critical 
illness (APACHE IV score, ranging from 0 to 286, 
with higher scores indicating more severe critical 
illness);  the comorbidities (Charlson comorbidity 
index (CCI), ranging from 0 to 33, with higher 
scores indicating a greater burden of coexisting 
conditions) and clinical frailty (Rockwood clinical 
frailty index, ranging from 1 to 9, with higher 
scores indicating more frailty). 

The level of education was also taken as a 
covariate for neurocognitive outcome. Therefore, 
the International Standard Classification of 
Education (ISCED) was used, a scale ranging 
from 0 to 8, with higher scores indicating higher 
education. To avoid collinearity, age was not used 
as a separate covariate as it is an input variable of 
both the APACHE IV score and the CCI. 

Post ICU admission variables to be taken into 
account were total number of days in ICU, days 
of deep sedation and days of delirium/agitation23. 
Deep sedation was defined as a score below minus 
3 on the Richmond Agitation–Sedation Scale 
(RASS). RASS scores range from −5 to 4, with 
lower scores indicating less arousal, higher scores 
indicating more agitation, and 0 indicating an 
alert and calm state24. The presence of delirium or 
agitation was derived from the clinical notes by the 
nurses and bedside physicians or when the RASS 
score was plus 2 or more. The presence of delirium 
or agitation was assessed by one investigator (LV), 

Table I. — There were no differences in demographic 
characteristics between pediatric subjects who received 
midazolam, dexmedetomidine (2µg/kg) or dexmedetomidine 
(4µg/kg) premedications.

who was unaware of the neurocognitive outcomes 
at the time of scoring. Due to the challenging work 
environment during the COVID pandemic, some 
routine registrations, such as Delirium Observation 
Screening (DOS) scale, were temporarily halted by 
nursing staff. 
Statistics 

Data were expressed as mean ± SD or median 
and interquartile range (IQR), as appropriate, for 
continuous variables and numbers with percentages 
for categorical variables. The student t-test or 
Wilcoxon test was used to compare continuous 
parameters between groups. 

The Chi Square test was used to compare 
categorical parameters between groups. 

To get an indication of which factors affect 
cognitive outcome in C-ARDS patients, 
multivariable logistic regression analyses were 
conducted for RBANS <1.5 SD and IQCODE >3.2. 
The covariates of long-term outcome after critical 
illness (APACHE IV score, CCI and clinical 
frailty) and the level of education were included 
in these models. 

Logworth values, area under the curve (AUROC), 
R² and lack of fit (Hosmer-Lemeshow test) were 
reported. Results were considered significant if 
p<0.05. JMP, version 15.0.0 (SAS Institute Inc, 
Cary, NC, USA) was used for statistical analyses. 
Approvals by the ethics committee 

The cohort study was approved by the independent 
ethics committee of both hospitals, chairman 
Dr. Patrick Noyens (ZOL, 20/0075U and ZMK 
2020-004, Eudract/B-nr: B3712020000016) and 
registered on ClinicalTrials.gov (NCT04593069). 
This study was approved by the Ethics committee 
on 30 September 2020. 

Finally, This manuscript adheres to the 
applicable STROBE guidelines. 

Results

Between March and June 2020, 117 COVID-19 
patients were admitted to the ICU (Figure 1). The 
median length of stay in the ICU was 8 days (IQR 
5-21). 32 patients (27%) died during hospital stay 
or within 6 months after discharge. The sample 
size of the study was therefore limited by the total 
number of surviving patients (n=85). In 67 (79%) 
patients the IQCODE was obtained after informed 
consent. 22 patients (26%) had a language barrier, 
precluding reliable cognitive testing, making 
only IQCODE testing possible. Hence, cognitive 
impairment (RBANS) and executive functioning 
(TMT) six months after ICU admission could 
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cognitive functions of language and visuospatial 
cognition were spared. 

Furthermore, executive function was 
considerably affected, shown by a median TMT 
B score of 40 (IQR 10-65). These findings were 
consistent with elevated scores of the short form 
IQCODE (mean 3.4 (SD 0.4). The health utility 
score of the EQ-5D was median 0.74 (IQR 0.51-
0.86) and its Visual Analogue Scale median 65 
(IQR 50-77). At baseline, patients with RBANS 
below 1.5 SD, hence RBANS <77.5, were older 
(68 ± 8 versus 61 ± 12 years), had higher APACHE 
IV scores (64 ± 16 versus 55 ± 16) and lower level 
of education (median 2 (1-2) versus 5 (3-6)), 
compared to patients with higher RBANS scores 
(Table II). 

Duration of hospitalization was also longer in 
patients with RBANS scores below 77.5 (median 
32 (16-49)) compared to patients with higher 
RBANS scores (median 14 (10-31)). There were no 
statistical differences in duration of deep sedation 

be measured in 45 (53%) COVID-19 survivors 
(Figure 1). 

Baseline characteristics did not differ between 
the IQCODE (n=67) and RBANS/TMT (n=45) 
cohort (Table I). On admission, patients had a 
normal level of consciousness (GCS mean 14.9). 
More than 51% had a clinical frailty score of at 
least 4 (vulnerable). The level of education in the 
45 patients who could do the RBANS, and TMT 
did not differ statistically from the ones unable: 
median 3 (IQR 2-6) versus 2 (IQR 1-3) (p=0.06). 

We found that COVID-19 survivors had lower 
total RBANS cognition scores than the age-
adjusted population norms (Figure 1). Fifteen 
(33%) patients had a global cognition score 1.5 SD 
below the population means and 8 patients (18%) a 
score 2 SD below the population means. RBANS-
subscale performance revealed that memory 
(both immediate and delayed recall) and attention 
suffered most (all at minus 1 standard deviation 
below normative means), while the higher 

 Fig. 1 — Flowchart of the COGCOV patients.
This figures shows the process of our study with the in and 
exclusion of patients. Boxes to the right show the number 
of excluded patients with the exclusion criterium. Of the 
117 potential patients, 32 died after which the remaining 
patients were included or excluded. 67 patients were 
ultimately included and short IQ code was obtained. 22 
patients could not partake in the RBANS and TMT due to 

their language barrier.
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and days of delirium (Table II). Multivariable 
nominal logistic regression analysis with the 
predefined baseline risk factors for RBANS score 
< 1.5 SD showed that level of education and frailty 
were the only independent baseline risk factors 

for poor cognitive outcome (Table III) A similar 
nominal logistic regression analysis in the entire 
study population (n=67) for IQCODE >3.2 showed 
that level of education is the only independent 
predictor of poor cognitive outcome (Table IV). 

IQCODE cohort 
n=67

RBANDS/TMT cohort
n=45

Age, y, mean (SD) 63 (12) 63 (11)
Sex, male, n (%) 39 (58) 29 (64)
BMI, kg/m², median (IQR) 30.2 (26.9-34.6) 30.2 (26.8-34.3)
APACHE-IV scores, mean (SD) 59 (17) 58 (16)
Frailty score, median (IQR) 4 (3-5) 4 (3-4.5)
CCI, median (IQR) 3 (1-4) 3 (2-4) 
Level of education, median (IQR) 3 (2-6) 3 (2-6)
ICU LOS, days, median (IQR) 8 (5-21) 9 (5-25)
Hospital LOS, days, median (IQR) 17 (12-37) 18 (12-41)
Duration of delirium, days, median (IQR) 1 (0-3) 1 (0-3)
Duration of deep sedation, days, median (IQR) 0 (0-10) 1 (0-10)
Patients’ characteristics in the RBANS/TMT group and the IQCODE group.

Table I. — Patient characteristics.

RBANS <1.5 SD
n=15

RBANS >1.5 SD
n=30

P-value

Age, y, mean (SD) 68 (8) 61 (12) 0.03
Sex, male, n (%) 8 (53) 21 (70) 0.27
BMI, kg/m², median (IQR) 32.8 (28.9-36.7) 30.9 (28.1-33.6) 0.16
APACHE-IV score, mean (SD) 64 (16) 55 (16) 0.03
Frailty score, median (IQR) 4 (3-4) 4 (3-5) 0.65
CCI, median (IQR) 4 (3-5) 3 (1-4) 0.05
Level of education, median (IQR) 2 (1-2) 5 (3-6) 0.0002
ICU LOS, days, median (IQR) 14 (7-38) 8 (5-19) 0.11
Hospital LOS, days, median (IQR) 32 (16-49) 14 (10-31) 0.02
Duration of delirium, days, median (IQR) 2 (0-4) 0.5 (0-2) 0.19
Duration of deep sedation, days, median (IQR) 0 (0-8) 8 (0-18) 0.05
Comparison of patient characteristics, according to RBANS lower or equal/higher than 1.5 SD. A lower RBANS was more 
prevelant in older patients, a higher APACHE score and a lower level of education. Patients with a lower RBANS were longer 
hospitalized.

Table II. — Comparison of patient  characteristics according to RBANS lower or equal/higher than 1.5 SD.

N=45 Logworth P-value
- Level of education

- Frailty

- CCI

- APACHE IV 

1.87

1.31

0.52

0.08

0.01

0.04

0.30

0.82
Pre-existing risk factors were analyzed with 
multivariable logistic regression analysis with 
level of education most indicative of a lower 
RBANS outcome (p=0.01).

AUROC = 0.94, R²=0.53, lack of fit p=0.60.

Table III. — Multivariable nominal logistic 
regression analysis of RBANS <1.5 SD at 6 
months.

N=67 Logworth P-value
- Level of education

- Frailty

- CCI

- APACHE IV 

1.26

0.46

0.41

0.37

0.05

0.34

0.38

0.42
Multivariable logistic regression analysis for IQ-
CODE showed that level of education is the only 
independent indicator of poor cognitive outcome

AUROC = 0.91, R²=0.47, lack of fit p=0.99.

Table IV. — Multivariable nominal logistic 
regression analysis of IQCODE >3.2 at 6 months.
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as a MoCa score <23. Cognitive impairment was 
only modestly related to the severity of the acute 
illness27. Mild cognitive impairment, as determined 
by a MoCA score of <26, was detected in 26% of 
COVID-19 ICU survivors in another small, single 
center study28. At the time of writing there is still 
debate whether the severity of acute COVID-19 
illness is correlated with decrease in neurocognitive 
function. A study conducted by Hampshire at all 
showed a more severe impact on cognitive function 
in patients who were admitted to an ICU than 
outpatient individuals29. Pihlaja et all detected a 
more significant impact on cognitive impairment 
in ICU patients compared to patients on wards or 
no hospitalization30. Another prospective study 
done by Evans et all however showed no clear 
correlation between disease severity and cognitive 
impairment27. This (lack of) correlation can partially 
be explained by new literature being released 
showing significant brain changes even in mild 
cases of COVID31,32. It remains however important 
to note that MRI imaging does not always correlate 
with clinical impact and neurological testing. The 
lack of correlation between the severity of critical 
illness and impaired cognition was confirmed by our 
multivariable regression analyses. 

We found that a low level of education could be a 
risk factor of cognitive impairment after C-ARDS. 
Other studies have shown that in ARDS, lower 
level of education is a risk factor for cognitive 

Discussion 

Our results suggests that C-ARDS negatively affects 
long-term cognitive function with the most noticeable 
impact on memory and attention. These findings are 
in line with the results of the BRAIN-ICU study14. 
In the latter, 40% of patients had a global cognition 
score 1.5 SD below the population means and 26% 
of patients had a score 2 SD below the population 
means. Comparable results were found by Birberg 
Thornberg et all with RBANS below 1.5 SD in 36% 
and below 2 SD in 23% of patients in a five month 
follow up after COVID hospitalization25.

Apart from similar deterioration in global RBANS 
score, similar indices were affected (attention and 
short-term memory). In the latter study only 27% 
of patients were admitted to the ICU and a much 
higher proportion had a university degree. Birberg 
Thornberg et all noted no correlation between need 
for ICU admission and either global RBANS score 
or in the affected indices25. Similar finding were 
reported by Langravinese et all who reported a 
decrease in attention and memory functions based 
on RBANS in hospitalized patient, with a more 
severe impact on ventilated patients26. 

An alternative method of global cognitive 
assessment is the Montreal cognitive Assessment 
or MoCa. The large PHOSP-COVID multicenter, 
prospective cohort study in the UK found that 
16.9% of patients had cognitive impairment, defined 

 Fig. 2 —  Cognition scores in COVID-19 survivors. 
The boxplots show the age adjusted cognitions scores on the Repeatable Battery 
for the Assessment of Neuropsychological Status (RBANS; with a population 
age-adjusted mean of 100 with a standard deviation of 15, which is depicted as 
a red band) at 6 months in 45 COVID-19 survivors. For each boxplot, the line 
within the box shows the median, while the lower and higher box lines represent 
the percentile 25 and 75, respectively. The whiskers represent the minimum and 

maximum, excluding the outliers.
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impairment33,34. Sociodemographic factors like 
fewer years of education, advancing age and pre-
COVID neurological comorbidities like baseline 
cognitive impairment and a higher burden of 
comorbidities have been described as preadmission 
risk factors for cognitive impairment after critical 
illness and not the admission diagnosis14,35,36. 
Reduced cognitive reserve could serve as a possible 
explanation for the significant relation between 
low education and cognitive impairment following 
COVID. Cognitive reserve refers to the brain’s 
resilience against increasing damage of the brain37.  
Healthy lifestyle, high education, and stimulating 
occupation are said to increase a person’s cognitive 
reserve37. Low education limits the neural resources 
and compensatory cognitive strategies to deal with 
global neural damage, and this may also explain 
why more diffusely organized basic cognitive 
functions like attention and memory suffer most, 
whereas more focal functions like language and 
spatial cognition remain spared38. Since our study 
only evaluate a limited amount of patients, this 
finding needs to be validated in larger studies. 

Whereas a longer duration of delirium in the 
hospital is associated with worse global cognition 
and executive function scores14,39, our study did not 
find a significant association between patients with 
delirium or number of deep sedation and worse 
cognitive outcome. 

Our findings are in line with studies on non-
COVID ARDS, where similar results can be found. 
The underlying pathophysiology on why ARDS is 
associated with cognitive decline is unclear but 
to the systemic inflammatory dysregulation and 
impairment of cerebrovascular perfusion might be 
an important contributor. 

Our study has some limitations though. 
First, it is a small, hypothesis generating study, 
prompting further validation in larger cohorts. 
Secondly, delirium and delirious days, well-known 
determinants of post-ICU cognitive impairment, 
could not be reliably scored by a validated test due 
to the patient overload together with the allocation 
of non-ICU trained nursing personnel during the 
first wave of the COVID pandemic. Third, we 
neither had a healthy control group nor a non-
C-ARDS group from the same setting available 
to compare with or have assessed the cognitive 
function of the patients before their infection It 
also remains difficult to draw comparisons with 
other studies on cognitive outcome due to the 
methodological variations45.

In conclusion, this prospective cohort study 
confirmed that C-ARDS results in cognitive 
impairment, to a similar extend as after other types 
of critical illness. Fewer years of education appears 

to be the strongest preadmission risk factor for this 
cognitive impairment. 
Funding: The study was supported by the “Interreg 
Euregio Meuse-Rhine” (Covid Data Plat-form (CoDaP) 
grant: Interreg-EMR 187.
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