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Abstract
Introduction:  Patients  with  post-COVID-19  syndrome  may  present  cognitive  and  emotional
symptomatology.  This  study  aims  to  analyse  the  results  of  an  outpatient  neuropsychological
intervention  programme  for  post-COVID-19  syndrome.
Method:  In  June  2020  Institut  Guttmann  started  an  outpatient  post-COVID-19  neuroreha-
bilitation  programme,  including  respiratory  therapy,  physiotherapy,  and  neuropsychological
rehabilitation.  Before  and  after  the  programme,  the  cognitive-emotional  state  of  all  parti-
cipants is  assessed.  Six  months  after  treatment,  a  follow-up  assessment  is  administered  (which
includes a  collection  of  information  on  various  aspects  of  daily  life).
Results:  The  sample  analysed  consisted  of  123  patients  (mean  age:  51  years,  SD:  12.41).
Seventy-four  per  cent  (n  =  91)  had  cognitive  impairment  and  underwent  cognitive  treatment
(experimental  group);  the  remaining  26%  (n  =  32)  constituted  the  control  group.  After  the
intervention,  the  experimental  group  improved  in  working  memory,  verbal  memory  (learning,
recall and  recognition),  verbal  fluency  and  anxious-depressive  symptomatology.  The  control
group showed  changes  in  immediate  memory,  verbal  memory  (learning  and  recognition)  and

depressive  symptomatology,  although  the  effect  size  in  the  latter  two  was  smaller  than  in  the
experimental  group.  Six  months  after  treatment,  44.9%  of  the  patients  were  unable  to  per-
form their  pre-COVID-19  work  activity,  and  81.2%  reported  difficulties  in  their  activities  of  daily
living.

DOI of refers to article: https://doi.org/10.1016/j.nrl.2022.06.008.
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Conclusions:  Neuropsychological  rehabilitation  is  an  effective  tool  to  treat  the  cognitive-
emotional deficits  present  in  post-COVID-19  syndrome.  However,  months  after  the  end  of
treatment,  not  all  patients  recover  their  pre-COVID-19  functional  level.
© 2022  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Rehabilitación  neuropsicológica  en  el  síndrome  post-COVID-19:  resultados  de  un
programa  clínico  y  seguimiento  a  los  seis  meses

Resumen
Introducción:  Las  personas  con  síndrome  post-COVID-19  pueden  presentar  sintomatología  cog-
nitiva y  emocional.  Este  estudio  tiene  como  objetivo  analizar  los  resultados  de  un  programa
ambulatorio  de  intervención  neuropsicológica  dirigido  a  pacientes  con  síndrome  post-COVID-19.
Método:  En  junio  de  2020  Institut  Guttmann  inicia  un  programa  ambulatorio  de  neuror-
rehabilitación  post-COVID-19,  que  incluye  terapia  respiratoria,  fisioterapia  y  rehabilitación
neuropsicológica.  Antes  y  después  del  programa  se  valora  el  estado  cognitivo-emocional  de
todos los  participantes.  Seis  meses  después  del  tratamiento  se  administra  una  valoración  de
seguimiento  (en  la  que  se  recoge  información  sobre  diversos  aspectos  de  la  vida  diaria).
Resultados:  La  muestra  analizada  estaba  formada  por  123  pacientes  (edad  media:  51  años,
DS: 12,41).  El  74%  (n  =  91)  presentaba  alteraciones  cognitivas  y  realizó  tratamiento  cognitivo
(grupo experimental);  el  26%  (n  =  32)  restante  constituyó  el  grupo  control.  Tras  la  intervención,
el grupo  experimental  mejoró  en  memoria  de  trabajo,  memoria  verbal  (aprendizaje,  recuerdo
y reconocimiento),  fluencia  verbal  y  sintomatología  ansioso-depresiva.  El  grupo  control  mostró
cambios  en  memoria  inmediata,  memoria  verbal  (aprendizaje  y  reconocimiento)  y  sintoma-
tología depresiva,  si  bien  el  tamaño  del  efecto  en  las  dos  últimas  fue  menor  que  en  el  grupo
experimental.  Seis  meses  después  del  tratamiento,  el  44,9%  de  los  pacientes  no  podía  realizar
la actividad  laboral  previa  al  COVID-19.  El  81,2%  refirió  dificultades  en  sus  actividades  de  la
vida diaria.
Conclusiones:  La  rehabilitación  neuropsicológica  es  una  herramienta  eficaz  para  tratar  las
alteraciones  cognitivo-emocionales  presentes  en  el  síndrome  post-COVID-19.  Sin  embargo,
meses después  de  finalizar  el  tratamiento,  no  todos  los  pacientes  recuperan  el  nivel  funcional
pre-COVID-19.
© 2022  Sociedad  Española  de  Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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ince the official report of the first COVID-19 outbreak in December
019, several research groups have analysed the neuropsychological
mpact of the disease. Published studies suggest that it causes atten-
ional, concentration, memory, and executive function deficits,
s well as language alterations manifesting as anomia.1—4 These
eficits may be present in the acute phase,1 and even persist
or weeks or months after the SARS-CoV-2 infection.2—4 Together
ith these cognitive alterations, symptoms of anxiety and depres-

ion have also been observed. The review conducted by Vanderlind
t al.5 reports considerable variability in the presence of anxi-
ty (5%—55% of cases) and depression (10%—68.5% of cases). These
uthors suggest that the prevalence of symptoms of anxiety and
epression is similar in hospitalised and non-hospitalised patients.5

omasoni et al.6 observed that anxiety and depression are associ-
ted with the persistence of several such symptoms as asthenia,
yspnoea, and cognitive deficits. Alemanno et al.7 and Wahlgren

t al.8 place special emphasis on the need for cognitive and emo-
ional aspects to be integrated into the assessment of patients with
OVID-19.

e
a
b
m

2

Most patients with SARS-CoV-2 infection recover within days
r weeks. However, approximately 10% continue to present symp-
oms months after infection, which is known as post—COVID-19
yndrome.9,10 This syndrome is characterised by a series of symp-
oms that appear during or after SARS-CoV-2 infection, persist for
onger than 12 weeks, and cannot be explained by other causes.
t usually presents as a combination of symptoms that frequently
verlap and may fluctuate and change over time, affecting multiple
ystems.11

Cognitive alterations are one of the symptoms described by
atients with post-COVID-19 syndrome.12—14 These alterations
ffect 15% of patients,15 although their prevalence varies according
o the method of assessment. The meta-analysis by Ceban et al.16

ighlights that studies using objective measures (e.g., cognitive
ests) detect greater prevalence of cognitive alterations than those
sing subjective measures (for example, questionnaires). Cogni-
ive deficits may present in multiple domains, mainly affecting
ttention, concentration, and executive function.17,18 Deficits in

pisodic memory17,18 and information processing speed20,22 have
lso been observed. Symptoms of anxiety and depression have also
een observed in patients with post—COVID-19 syndrome several
onths after the acute phase of the disease. Huang et al.20 suggest
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hat 23% of patients who required hospitalisation in the acute phase
resent symptoms of anxiety and depression 6 months after hospital
ischarge.

The post—COVID-19 syndrome may have a significant functional
mpact, especially in the workplace. In the survey conducted by
avid et al.,12 27.3% of individuals with symptoms at the time of
he survey were working in the same conditions as before the infec-
ion. A reduction in working hours was required by 45.6%, and 23.3%
ad not returned to their jobs. The remaining 3.8% corresponds to
ndividuals who worked as volunteers or did not mention their work.

Several neurorehabilitation programmes have been imple-
ented with the aim of treating the sequelae of COVID-19.21—24

ew studies into neuropsychological rehabilitation have been
ublished.25—27 Although it is too early to determine its effec-
iveness, preliminary results suggest that neuropsychological
ehabilitation is a potentially useful tool for treating cogni-
ive/emotional deficits associated with post-COVID-19 syndrome.26

owever, no information is currently available on the durability of
ymptoms after the treatment is completed. The objective of this
tudy is to analyse the results of a neuropsychological rehabilita-
ion programme aimed at patients with post—COVID-19 syndrome.
he effects of treatment were evaluated by applying an evaluation
rotocol before and after the intervention, and at 6 months after
reatment.

aterial  and  methods

articipants

n June 2020, the Institut Guttmann neurorehabilitation hospi-
al started an outpatient neurorehabilitation programme aimed at
atients with post—COVID-19 sequelae. In our study, we selected
atients meeting the following inclusion criteria: 1) age of 18 years
r older at the time of the infection, 2) PCR-confirmed SARS-CoV-2
nfection, and 3) meeting criteria for post—COVID-19 syndrome.9,10

he British National Institute for Health and Care Excellence (NICE)
stablished that post—COVID-19 syndrome is characterised by a
eries of signs and symptoms that develop during or after the
ARS-CoV-2 infection and persist beyond 12 weeks after infec-
ion, which cannot be explained by other diagnoses. We excluded
hose patients who presented 1) neurological and/or psychiatric dis-
ase prior to SARS-CoV-2 infection, 2) cognitive impairment prior
o COVID-19, and 3) severe neurological disease secondary to the
irus (e.g., encephalopathy, stroke, myelopathy, or polyradicu-
oneuropathies).

Between June 2020 and September 2021, 134 patients partic-
pated in our post—COVID-19 syndrome outpatient rehabilitation
rogramme. A total of 123 met the study inclusion criteria. Table 1
rovides a summary of the demographic and clinical data of the
ample.

Of our sample, 74% of patients (n = 91) showed cogni-
ive alterations (detected by neuropsychological examination) and
nderwent treatment for cognitive symptoms as part of the
ost—COVID-19 syndrome outpatient rehabilitation programme.
his group of patients was considered the study group. The remain-
ng 26% (n = 32) presented normal results in the neuropsychological
xamination and therefore did not receive treatment for cognitive
ymptoms; these were treated as the control group (Fig. 1). All par-
icipants presenting symptoms of anxiety and depression underwent
motional intervention, regardless of the group in which they were
ncluded.

nstruments
ll patients included in the post—COVID-19 syndrome outpatient
ehabilitation programme were assessed using a brief neuropsy-
hological battery. Due to the pandemic (years 2020 and 2021),

n
p
o
T

3

Figure  1  Flow  chart  of  the  study.

he battery was designed to be administered both at the
onsultation and remotely (e.g., by telephone or videoconfer-
nce).

The battery tested the following cognitive domains: orientation
o person, space, and time, assessed using the corresponding sub-
est of the Barcelona Test28; attention span and working memory,
ested with the forward and backward digit span of the Wechsler
dult Intelligence Scale III29,30; learning and long-term memory
verbal memory, delayed free recall and recognition), evaluated
ith the Rey Auditory Verbal Learning Test (RAVLT)31,32; and ver-
al fluency, assessed with the phonemic verbal fluency test of the
panish-language neuropsychological battery.33

In addition to these cognitive tests, we administered the Hospi-
al Anxiety and Depression Scale (HADS) with the aim of detecting
he possible presence of symptoms of anxiety and depression.34,35

astly, during follow-up, we conducted a brief semi-structured
nterview to collect information on the impact of the condition
n several aspects of daily living. The interview addressed the
ollowing issues: 1) employment status (is the patient currently
orking?, has the patient returned to work as normal?, has the
atient experienced difficulties performing everyday workplace
asks?); 2) study (is the patient currently studying?, has the patient
oticed any difficulties in following classes or studying?); and 3)

resence of difficulties in managing everyday personal issues. Based
n the answers obtained, we created the categories included in
able 2.
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Table  1  Clinical  and  demographic  variables  of  the  patients  included  in  the  study.

Total  sample  (n  =  123)  Study  group  (n  =  91)  Control  group  (n  =  32)

Mean  Standard
deviation

Range  Mean  Standard
deviation

Range  Mean  Standard
deviation

Range

Age  51.02  12.40  20-81  49.7  12.06  20-77  54.69  12.85  28-81
Time between  infection

and  treatment  onset
(in  months)

7.7  3.45  3-17.1  7.4  3.1  3-16.6  8.5  4.03  3.13-
17.1

Frequency  Frequency  Frequency
Sex
Men 51  (41.5%)  36  (39.6%)  15  (46.9%)
Women 72  (58.5%)  55  (60.4%)  17  (53.1%)
Level of  educationa

Primary  education  18  (14.6%)  14  (15.4%)  4  (12.5%)
Secondary  education 36  (29.3%) 25  (27.5%) 11  (34.4%)
Further education 69  (56.1%) 52  (57.1%) 17  (53.1%)
Admitted to  hospitalb

No  66  (53.7%) 52  (57.1%) 14  (43.8%)
Yes 57 (46.3%) 39  (42.9%) 18  (56.3%)
Ward 28  (49.12%)  21  (53.85%)  7  (38.9%)
ICU 29  (50.88%)  18  (46.15%)  11  (61.1%)

ICU: intensive care unit.
a Primary education (≤ 8 years of formal schooling); secondary education (9-12 years of formal schooling); further education (≥ 13

years of formal schooling).
b Patients requiring hospital admission in the acute phase COVID-19.

Table  2  Semi-structured  interview  and  response  categories.

Area  Question  Category  1  Category  2

Employment  status

Is  the  patient
currently  working?

No
On  leave
Retired/pensioner
Unemployed

Yes
Only if  the  previous  question  is  answered  ‘‘Yes’’.
Has  the  patient
returned  to  work  as
normal?

Yes Does  the  patient  work  in  the  same
conditions  as  before  COVID-19?

No
Works  with  adaptations
Works  with  a  reduction  in  working  hours

Has the  patient
noticed  difficulties  in
performing  daily
tasks?

No

Yes

Attention-focus
Cognitive  slowing
Memory-retention  capacity
Tiredness-physical  fatigue

Education

Is the  patient
currently  studying?

No
Yes

Only  if  the  previous  question  is  answered  ‘‘Yes’’.

Has  the  patient
noticed  difficulties  in
following  classes  or
studying?

No

Yes

Attention-focus
Cognitive  slowing
Memory-retention  capacity
Tiredness-physical  fatigue

Management  of
everyday  affairs

Has  the  patient
noticed  difficulties  in
managing  everyday
affairs?

No

Yes

Frequent  forgetfulness
Executive  functions  (organisation,  multiple
tasks)
Disorientation  in  space
4

Use  of  external  memory  aids  (diary)
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rocedure

he post—COVID-19 syndrome outpatient rehabilitation pro-
ramme, lasting 8 weeks, included respiratory therapy, physio-
herapy, and neuropsychological rehabilitation. The latter included
reatment for cognitive symptoms, training in compensatory strate-
ies (to minimise the functional repercussions of cognitive deficits),
nd an emotional intervention.

Patients underwent treatment for cognitive symptoms from
heir homes using the telerehabilitation platform Guttmann
euroPersonalTrainer® (GNPT®).36 Based on the results of the tests

ncluded in the pretreatment evaluation, GNPT®’s Intelligent Ther-
py Assistant (based on artificial intelligence algorithms) created a
ersonalised plan according to the patient’s cognitive profile. This
lan included cognitive tasks (‘‘packaged’’ into 1-hour therapeu-
ic sessions). The catalogue of tasks in the GNPT® includes several
ognitive domains: attention (selective, sustained, and divided),
emory (verbal, visual, and working), executive functions (plan-
ing, inhibition, flexibility, sequencing, and categorisation), and
ental calculation. In accordance with the patient’s cognitive pro-
le, the Intelligent Therapy Assistant selects the most suitable tasks
nd adjusts their difficulty through a combination of parameters
e.g., number of stimuli, type of stimulus, speed of presentation,
ask duration). The patients included in the study completed a mean
f 4.1 sessions of treatment for cognitive symptoms per week. The
raining in compensatory strategies included the following aspects:
) promoting the use of preserved cognitive resources, 2) promoting
he use of strategies for specific situations (e.g., simplification of
ctivities, time organisation, control of interferences), and 3) train-
ng in the use of external aids (e.g., diaries, mobile phone, etc.).
very patient obtaining a score suggestive of symptoms of anxiety or
epression on the HADS scale (anxiety ≥ 8 or depression ≥ 8) under-
ent an emotional intervention. The aims of the intervention were:
) to reduce the symptoms of anxiety and/or depression, and 2) to
rovide tools for managing the unease associated with a disease of
ncertain prognosis.

We conducted 3 neuropsychological evaluations: one before
tarting the intervention (pretreatment evaluation), another dur-
ng the last week of the intervention (post-treatment evaluation),
nd a third at 6-7 months after treatment (follow-up evaluation).
retreatment and follow-up evaluations were performed remotely
by telephone). The post-treatment evaluation was performed at
he consultation or remotely. Evaluations lasted approximately one
our.

tatistical  analysis

e performed a descriptive analysis of the sociodemographic and
linical variables of the total sample, as well as for the study and
ontrol groups. We calculated measures of central tendency and
ispersion with the aim of determining the characteristics of the
ariables under study.

For the inferential analysis, we used non-parametric tests as the
ata did not follow a normal distribution. Intergroup comparisons
sed the Mann—Whitney U test for 2 independent samples, whereas
ntragroup comparisons used the Wilcoxon signed-rank test. Values
f P < .05 were considered statistically significant in both cases.

The relevance of the differences observed (effect size) was esti-
ated using the Pearson correlation coefficient. As a guideline, we

onsidered the effect size to be small when the r value was between
.1 and 0.3, moderate when it was between 0.3 and 0.5, and large
hen it was higher than 0.5.37,38
esults

ignificant differences were observed in sex (P < .001) and age
P < .001) between hospitalised and non-hospitalised patients. Of
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he hospitalised patients, 64.9% (n = 37) were men; of the non-
ospitalised patients, 78.8% (n = 52) were women. Regarding age,
ospitalised patients were older than non-hospitalised patients
mean age [SD]: 57 years [12.22] vs 45.8 years [10.04]).

Of all patients, 96.7% presented SARS-CoV-2 infection during the
ear 2020. Specifically, 62.6% (n = 77) in March, 13% (n = 16) in
pril, and 21.1% (n = 26) between May and December 2020. The 4
emaining participants (3.3%) presented the infection in 2021 (2 in
anuary, 1 in February, and 1 in April).

We observed no statistically significant differences between
roups in terms of clinical and demographic characteristics.

In the pretreatment evaluation, we observed statistically sig-
ificant differences between groups for the following variables:
AVLT-learning, RAVLT-recall, RAVLT-recognition, and verbal fluency.
he control group obtained better scores on these variables than
he study group. We did not observe intergroup differences in the
ost-treatment or follow-up evaluations (Table 3).

In the study group, we observed statistically significant differ-
nces between scores in the pre- and post-treatment evaluations
or the forward digit span, backward digit span, RAVLT-learning,
AVLT-recall, RAVLT-recognition, verbal fluency, HADS-anxiety, and
ADS-depression. The control group also presented statistically
ignificant differences between scores in the pre- and post-
reatment evaluations. Specifically, we found differences in the
orward digit span, RAVLT-learning, RAVLT-recognition, and HADS-
epression (Table 4). The study group presented larger effect
izes than the control group for the backward digit span (0.30 vs
.07), RAVLT-learning (0.51 vs 0.30), RAVLT-recall (0.51 vs 0.16);
AVLT-recognition (0.38 vs 0.27), verbal fluency (0.48 vs 0.19),
ADS-anxiety (0.28 vs 0.19), and HADS-depression (0.32 vs 0.26).
he control group only presented a larger effect size than the study
roup in the forward digit span (0.22 vs 0.28) (Fig. 2).

Regarding the follow-up evaluation (performed 6-7 months after
ompleting the rehabilitation programme), the study group showed
tatistically significant differences between scores on the post-
reatment evaluation and the follow-up evaluation in the forward
igit span (z = —2.987; P = .003; r = 0.25) and the RAVLT-recognition
z = —2.985; P = .003; r = 0.25). In both cases, performance was
oorer in the follow-up evaluation than in the post-treatment eval-
ation. The control group showed no differences between results in
he post-treatment and follow-up evaluations. In the comparisons
etween the pretreatment and the follow-up evaluation, the study
roup showed statistically significant differences in RAVLT-learning
z = —4.746; P < .00; r = 0.39), RAVLT-recall (z = —5.094; P < .00; r

 0.42), and verbal fluency (z = —2.570; P = .10; r = 0.01). Controls
howed statistically significant differences in the RAVLT-learning (z

 —2.418; P = .16; r = 0.36), RAVLT-recall (z = —2.068; P = .03; r =
.30), RAVLT-recognition (z = —2.056; P = .04; r = 0.30), and HADS-
epression (z = —2.571; P = .010; r = 0.38). The effect sizes were
arger in the study group than in the control group for the RAVLT-
earning (0.39 vs 0.36), and RAVLT-recall (0.42 vs 0.30). The effect
izes were larger in the control group than in the study group for
he RAVLT-learning (0 vs 0.30) and HADS-depression (0.16 vs 0.38).

In the follow-up evaluation, 33.3% (n = 23) of participants had
eturned to work, whereas 44.9% (n = 31) were temporarily unable
o work. The remaining 21.8% were not working, either because
hey were receiving a pension (n = 11) or because they were unem-
loyed (n = 4). Of the patients who returned to work, 77.3% (n =
7) reported difficulties performing their professional tasks (Fig. 3).
n the study group, 34.5% (n = 19) were working and 43.6% (n =
4) were temporarily unable to work. In the control group, 28.6%
n = 4) were working and 50% (n = 7) were temporarily unable to
ork.

Of the participants surveyed, 26.1% (n = 18) were studying

ome course before completing treatment. Of these, 77.8% (n = 14)
eported difficulties following classes or studying. Lastly, 81.2% (n

 56) reported difficulties in activities of daily living, with 73.9% (n

o
i
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 51) mentioning that they needed external memory aids (diaries,
alendars, notes).

iscussion

n this study, we analysed the results of a neuropsychological
ehabilitation programme aimed at patients with post—COVID-19
yndrome. In the pretreatment evaluation, the study group (the
roup receiving treatment for cognitive symptoms) showed poorer
erformance in RAVLT-learning, RAVLT-recall, RAVLT-recognition,
nd verbal fluency than the control group (no cognitive treatment).
fter treatment, both groups showed similar performance in the
ost-treatment evaluation. In intragroup comparisons of pre- and
ost-treatment performance, both groups showed improvements in
ognitive performance. However, the study group presented larger
ffect sizes in the backward digit span, RAVLT (learning, recall,
nd recognition), and verbal fluency. Furthermore, the study group
howed significant improvements in the symptoms of anxiety and
epression in the post-treatment evaluations, with the effect size
eing larger than in the control group. In the follow-up evalua-
ion, the control group presented similar results to those recorded
n the post-treatment evaluation for cognitive performance and
revalence of symptoms of anxiety and depression. The study group
howed poorer performance in the forward digit span and RAVLT-
ecognition than in the post-treatment evaluation. However, in
he remaining tests administered, performance was similar to that
btained in the post-treatment evaluation. We cannot explain this
oorer performance.

Some authors recommend cognitive rehabilitation for patients
ith acquired brain injury,39,40 as well as for other conditions.41—43

ased on the assumption that a wide range of patients with cognitive
lterations may benefit from this type of therapeutic approach, we
onsidered it appropriate to integrate cognitive rehabilitation into
he post-COVID-19 syndrome outpatient rehabilitation programme.
o this end, we implemented a cognitive rehabilitation programme
imilar to that used in patients attended at our centre due to
cquired brain injury. The results obtained in this study suggest that,
egardless of the underlying condition, cognitive rehabilitation is a
seful tool for treating alterations affecting cognitive function.

We observed that post—COVID-19 syndrome has a significant
mpact on daily life, months after completing the rehabilitation pro-
ramme. Of the surveyed patients, 44.9% were temporarily unable
o work, whereas 77.3% of those who had returned to work described
ifficulties performing workplace activities. These results are con-
istent with those described in the meta-analysis by Ceban et al.16

hese authors suggest that 29%-47.4% of patients did not return to
ork, and 8%-38.9% reported alterations in their working capac-

ty. Beyond the professional sphere, 81.2% of the patients surveyed
n our study reported difficulties with activities of daily living,
ith 73.9% needing to use external memory aids. The literature
lso includes reports of difficulties with activities of daily living,
lthough with a great variability (1%-68.4% of cases).16 It is there-
ore important to highlight that, in line with the conclusions of
icerone et al.,40 the cognitive/emotional improvements observed
t the psychometric level do not necessarily represent a recovery
f pre—COVID-19 functional status.

Our study does have some limitations. Only a limited number
f psychometric tests were administered, which has conditioned
he amount of information available on patients’ cognitive sta-
us. This probably also prevented the detection of some cognitive
lterations described in post—COVID-19 syndrome, such as diffi-
ulty concentrating17,18 or cognitive slowing.17,19 Furthermore, we
re aware that remote administration, with the subsequent lack

f on-site meetings, leads to a loss of qualitative/semiological
nformation. Future studies should seek to perform more exten-
ive neuropsychological evaluations with the aim of improving the
reatment offered to these patients.
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Table  4  Intragroup  comparisons  of  the  pretreatment  and  post-treatment  evaluations.  Direct  scores  (mean  [standard  devia-
tion]), level  of  significance,  and  effect  size.

Study  group  Control  group

Pretreatment  Post-treatment  p  r  Pretreatment  Post-treatment  p  r

Orientation  to  person  7  (0)  7  (0)  1  0  7  (0)  7  (0)  1  0
Orientation  to  space 5  (0) 5  (0) 1  0  5  (0)  5  (0)  1  0
Orientation  to  time 22.98  (0.14) 23  (0) .157  0.10  22.97  (0.17)  23  (0)  .317  0.12
Forward digit  span 5.79  (1.06) 6.13  (1.18) .003  0.22  5.75  (1.19) 5.91  (1.14) .025  0.28
Backward digit  span  4.31  (1.05)  4.77  (1.13)  <  .001  0.30  4.34  (0.86)  4.37  (0.90)  .564  0.07
RAVLT-learning  41.29  (10.11)  49.30  (9.38)  <  .001  0.51  45  (8.06)  46.19  (7.71)  .017  0.30
RAVLT-recall  7.69  (2.59)  10.18  (2.73)  <  .001  0.51  9.22  (2.74)  9.56  (2.53)  .200  0.16
RAVLT-recognition  11.69  (2.79)  13.21  (2.62)  <  .001  0.38  12.5  (3.19)  13.13  (2.79)  .032  0.27
Verbal fluency  35.86  (11.35)  42.86  (12.65)  <  .001  0.48  41.59  (14.65)  42.78  (14.70)  .280  0.19
HADS-anxiety  9.28  (4.33)  7.84  (4.24)  <  .001  0.28  8.66  (5.72)  8.03  (5.88)  .137  0.19
HADS-depression  8.72  (3.78)  6.8  (4.48)  <  .001  0.32  8.19  (5)  7.1  (5.37)  .040  0.26

HADS: Hospital Anxiety and Depression Scale; RAVLT: Rey Auditory Verbal Learning Test.
P-values < .05 are shown in bold.
Direct scores -mean (standard deviation)-, significance level (p) and effect size (r).
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The emergence of the alpha variant (which infected the majority
Figure  2  Effect  size  of  the  differences  between  pre

Regarding the neuropsychological rehabilitation programme, it
s plausible that the post-treatment improvements observed in the
tudy group may be explained by a practice effect (learning due to
epeated exposure to the tests administered). However, this seems
ot to be the case. A previous study performed by our team, whose
ample included some of the patients included in this study, cor-
ected the raw scores to try to control for a possible practice effect
n the post-treatment evaluation.23 After applying the correction
actor, researchers continued to observe statistically significant

ifferences between the results obtained in the pre- and post-
reatment evaluations, suggesting that changes are not explained
y a practice effect. In the control group, we cannot rule out a

o
d
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tment  and  post-treatment  evaluations  in  each  group.

ractice effect that may explain the variations observed between
he different evaluations.

In terms of sample characteristics, we may highlight 3 rele-
ant issues. Firstly, practically all patients (96.7% [n = 119]) were
nfected with SARS-CoV-2 in 2020. Considering the variants affecting
pain by that time, our patients were infected with some of the ear-
iest variants of the virus, such as 19A, 19B, 20A, 20B, 20C, 20D, 20E
EU1), 20 G, 20H (Beta, V2), 20I (Alpha, V1), and 20J (Gamma, V3).44
f patients in the first half of 2021) and the delta variant (the pre-
ominant form in the second half of that year),45 together with
ass vaccination in the same year, makes it difficult to determine
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Figure  3  Difficulties  p

ow these SARS-CoV-2 variants may affect cognitive performance.
rom the previously described working hypothesis, it is plausible
hat, once more, neuropsychological evaluation is a useful tool in
hose cases presenting cognitive-emotional alterations. Secondly,
ur sample included older adults (≥ 60 years). The cognitive alter-
tions detected in these patients may be explained by the presence
f other neurodegenerative processes, and not only by post—COVID-
9 syndrome. Therefore, neuropsychological rehabilitation may be
ess effective in older adults due to the ageing process (whether
ormal or pathological). Lastly, we collected no information on
atients’ physical and respiratory status. The copresence of cog-
itive/emotional alterations and physical or respiratory difficulties
robably explains why some patients did not return to their work,
s well as the presence of difficulties with activities of daily living.

In conclusion, neuropsychological rehabilitation is an effec-
ive tool to treat cognitive/emotional —alterations derived from
ostCOVID-19 syndrome. In any case, 6 months after finishing treat-
ent, not all patients had recovered their pre—COVID-19 functional

tatus.
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