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Abstract: (1) Background: The study presents results from an investigation of cognitive impairment
in patients hospitalized in the first psychiatric clinic in Bulgaria to treat patients with COVID-19
during the pandemic period between 2020 and 2022. One hundred and twenty patients who had
recovered from acute COVID-19 infection (up to 12 weeks ago) and had no previous history of
cognitive impairment participated in the study. In 23 of them (19.17%), disturbance of cognitive
functioning was observed. (2) Methods: All 23 patients underwent neuropsychological (Luria’s test,
Platonov’s Maze test, MMSE, Boston Naming test) and neuroimaging examinations. Only seven of
them had evidence of cortical atrophy on CT/MRI images. The most significantly demonstrative
image of one of those patients is presented. (3) Results: The neuropsychological testing results
of both groups show a certain decrease in fixation and memory retention as well as in the range,
concentration, distribution and switching of attention. Deviations from the norm on the MMSE,
as well as on the Boston Naming Test, were found in the group of patients with cortical atrophy
(mild to moderate aphasia). Neuroprotective agents such as Citicoline, Piracetam and Memantine
were prescribed to the patients with evident cortical atrophy. After 3 months, positive results of the
neuropsychological examination were reported in both groups. (4) Conclusions: Although there are
limited data on the benefit of prescribing pro-cognitive agents in the post-COVID period, our clinical
experience suggests that it might be useful in the recovery process from the infection’s consequences
on cognition for patients with brain pathology.

Keywords: post-COVID syndrome; cognitive impairment; cognitive disturbance; memory; attention
deficit; mild cognitive deficit; aphasia; pro-cognitive agent; neuroprotective agent; COVID-19

1. Introduction

In December 2019, Wuhan, the capital of Hubei Province, became the center of a new
outbreak of pneumonia of unknown cause. By 7 January 2020, Chinese scientists had isolated
the new coronavirus from patients with pneumonia caused by it. The virus, also known as
SARS-CoV-2, was the cause of the Severe Acute Respiratory Syndrome. The disease was
later named COVID-19 by the World Health Organization in February 2020 [1–3]. In the
beginning of March 2020, WHO officially defined the COVID-19 pandemic and since then,
numerous questions have been raised in terms of scientific research on a global scale.

SARS-CoV-2 could affect multiple organs and tissues, including the central nervous
system. Manifestations of the disease observed after the acute stages are relatively common
and are united under the general term and the novel clinical entity called “post-COVID
syndrome” or “prolonged-COVID-19” [4,5]. Acute COVID-19 usually lasts up to 4 weeks
from the onset of the first symptoms of the disease. Typically, no replication-competent
SARS-CoV-2 viral particles are isolated after this period. “Post-COVID syndrome” sum-
marizes the residual health consequences, and it is defined as a combination of persistent
symptoms and delayed or long-term complications after the acute phase [5].

The nature of the clinical complications caused by COVID-19 is heterogenous and
can affect multiple organs, not only the respiratory system. Nalbandian et al. summarize
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the most common symptoms after acute COVID-19 infection. Fatigue, muscle weakness
and joint pain are symptoms affecting the biotonus and the quality of general functioning.
Typical post-COVID symptoms are also palpitations, chest pain, increased coagulation
and chronic kidney damage. Most common psychiatric and neuropsychiatric symptoms
include anxiety, depression, sleep disorders, post-traumatic stress disorder, headache and
cognitive disorders (brain fog) [5].

Cognitive disturbances are among the most common neuropsychiatric symptoms
reported by patients after the acute COVID-19 phase [6,7]. Cognitive impairment is a
broad term used to describe a variety of different brain functions. Evidence regarding the
prevalence, characteristics and mechanisms associated with the cognitive dysfunctions
following COVID-19 is still scarce. Mixed results have been found in several cognitive
domains, particularly attention, executive functions, and episodic memory [8–11]. Zhu
et al. found cognitive impairment may be related to the underlying inflammatory processes
in patients who recovered from the infection. The severity of cognitive disturbances
correlates to the level of inflammation and, more specifically, to the CRP levels of COVID-
19 survivors [9]. Moreover, evident relationship between the severity of the cognitive
impairment and the D-dimer levels during the acute infection and the pulmonary post-
COVID disfunction was found [12]. Hypoxia and the need for oxygen therapy are other
factors that lead to an increasing risk of discrete brain damage. This might bring further
attention to the patients with moderate to severe COVID-19 infection.

However, other studies provide evidence that cognitive impairment might be found
in patients with mild forms of COVID-19 as well. The consequences on the cognition
after COVID-19 have to be suspected even in patients without any other serious medical
complications. Researchers found a sustainable probability that COVID-19 might cause
cognitive impairment, despite the clinical severity of the infection. Zhao et al. investigated
a wide range of cognitive functions in patients with asymptomatic to moderate COVID-
19. They found specific chronic cognitive changes presented with significant decline in
episodic memory up to 6 months after infection and even greater decline in vigilance
with time on task—up to 9 months [13]. This is also supported by Del Bruto et al., who
measured 18,1 times higher risk for developing cognitive decline among patients with
mild symptomatic COVID-19 infection in a study published in 2021 [14].

Clarification of the affected specific cognitive domains and targeting their correspond-
ing brain circuits might improve the cognitive recovering processes of these patients.
Several studies already show promising data on the topic. Ladopoulos et al. investigated
brain structural changes in COVID-19 survivors through neuroimaging examinations and
found that medial temporal structures and hippocampus are affected. Therefore, deficits of
memory and other cognitive domains might be expected, as well as short-term memory
disfunction as a consequence of the abnormal consolidation of information [15]. Hosp et al.
found changes in metabolism in the frontoparietal lobe in the subacute stage of COVID-19,
leading to the conclusion of attentional network impairment [16].

Other studies on COVID-19′s cognitive disturbances clarify the multilateral nature
of the affected cognitive domains. Global cognitive impairment after COVID-19 consists
of changes in memory, attention, executive functions, and verbal fluency [11]. A study
published in 2022 investigated the patterns and prevalence of cognitive impairments in
patients with prior acute COVID-19 infection. It was observed that memory, attention and
executive functions are the most affected cognitive domains. More specifically, memory
disturbance was presented by the delay of recall and learning. Abstraction, inhibition, set
shifting and focus, and selectivity of attention were the most commonly impaired executive
functions. Language and visuospatial functions were less and rarely affected [17]. A study
with 29 patients from 2021 conducted in Copenhagen investigated the frequency, pattern
and severity of cognitive impairments 3–4 months after COVID-19 hospital discharge. They
found clinically significant cognitive impairment in 59–65% of the patients, with verbal
learning and executive functions being mostly affected. A systematic review published in
2022 on COVID-19-associated cognitive impairment concluded the most affected cognitive
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domains were attention, episodic memory, processing speed and executive functions [18].
A systematic review and meta-analysis with 1,285,407 participants from 32 countries on
the long term COVID-19-associated physical and mental sequelae found cognitive deficits
in 19.7% and memory impairment in 17.5% of them [19]. Another study from 2022 with
63 patients with subjective cognitive complaints after COVID-19 infection showed results
of impact on attention, learning and long-term memory. Sixty two percent of the subjects
showed attention deficit, which was the most common cognitive impairment, followed
by executive functioning affecting 43% of the sample. Moreover, a significant correla-
tion between executive functioning and attention was found, suggesting a codependent
relationship between these two domains [20].

Cognitive assessment of patients with recent COVID-19 infection might be useful to
establish the level of the cognitive impairment in order to take timely measures to prevent
the chronic course of these complications.

The aim of the study is to present the results from our investigation of cognitive
impairment in patients who overcame acute COVID-19 infection and have persistent
complaints in cognitive functioning during the post-COVID period (up to 12 weeks after
the first symptoms of acute infection).

2. Materials and Methods

Initially, 120 patients aged between 25 and 71 years were investigated. They declared
symptoms (fever of at least 38 ◦C, cough, myalgia, tiredness, loss of smell and taste) of
an acute COVID-19 infection (up to 12 weeks before entering the study) and complained
of subjective cognitive decline in the post-COVID period. They have no prior history of
cognitive impairment.

The inclusion criteria for this study were as follows:

(1) history of COVID-19 symptoms and positive PCR of serology (anti-SARS-CoV-2 IgM
or IgG in the past 12 weeks;

(2) subjective cognitive complaints;
(3) minimum age of 18 years.

Evidence of medical history of neurological or psychiatric disorder before the infection
was the exclusion criterion.

After reviewing the medical records, 26 of the participants were excluded as probable
COVID (negative results when tested for SARS-CoV-2 or not tested at all). Thirty-seven of
the remaining participants had documented anamnesis of neurological or psychiatric condi-
tion. The final sample included 57 participants. All of them went under neuropsychological
testing and objective cognitive decline was found in 23 of them.

A comprehensive neuropsychological testing was conducted by applying standard-
ized methods for each of the following cognitive domains: general cognitive assessment,
attention and processing speed, short- and long-term memory, vocabulary and naming
abilities. A general cognitive assessment was conducted by MMSE (Mini Mental State Ex-
amination). A. Luria’s “10 words” test was used for memory evaluation. Bourdon’s Letter
correction test and Platonov’s Maze test/interlaced lines/were applied for attention and
processing speed evaluation. The Boston Naming test by Kaplan and Goodglass diagnosed
aphasia (it is a wide-range naming vocabulary test consisting of 60 pictures, ordered from
the easiest to the most difficult level).

The Mini-Mental State Examination or MMSE, created by Folstein in 1975, is a simple
screening test evaluating general cognitive functioning [21]. MMSE is applicable and very useful
in the clinical practice. It includes items questioning orientation for time and place, focus and
concentration, attention, memory, naming of objects, executive functioning and visuospatial
skills. Its maximum score is 30 and results below 25 are equal to mild cognitive deficit.

Luria’s Memory Word Test was created by Luria in 1962, and it was improved and
systematized by Christensen in 1975 [22,23]. It is a brief and easily administered test that
is used to assess the qualitative and quantitative aspects of verbal learning and memory
processes. The test itself is a task consisting of 10 words, read by an interviewer with a one-
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second interval between each word, in ten consecutive trials. The words are pronounced
in a particular order throughout the trial. The interviewer repeats the instructions before
each trial. After 30 min, the subject repeats the test for one trial only. The time required for
administration is 10 to 15 min [24].

The Bourdon Letter correction test/Bourdon Alphabet Test/evaluates the level of
attention and stability of concentration in the investigated subjects. It consists of 40 lines of
letters and each line has 40 letters. The task is to sequentially search for and select certain
characters in each line, starting from the top row from left to right. The test is normally
conducted within 5 to 10 min

Platonov’s interlaced lines or maze test is a five-to-seven-minute-long pen-paper task
that measures the attention and planning ability of the respondents. The task consists of
mental tracing of interlaced lines from their beginning point to their end and the responder
has to number each end of the lines with the number of its corresponding beginning point.
The completion of the task also integrates working memory, decision making and cognitive
flexibility. The average level of attention span is equal to 8–10 correct answers in up to 120 s [25].

The Boston Naming test by Goodglass and Kaplan created in 1983 is a popular quan-
titative measure of assessing naming ability. It consists of 60 pictures ordered from the
easiest to the most difficult level. The time for answering is 20 s for each picture and
the interviewer records each answer and the latency period for answering. The test also
evaluates language skills based on perceptual modalities (auditory, visual, and gestural),
processing functions (comprehension, analysis, problem-solving) and response modalities
(writing, articulation, and manipulation) since the interviewer is allowed to give cues from
different modalities if the subject experiences difficulties with completing the task. The
score is measured in percentiles (0–100%) and each given answer or cue has meaning in
forming the final result [26].

The MRI apparatus used in the investigation is the Magnetom Harmony 1T model by
Siemens, Munich, Germany (2000). The CT scanner used in the survey are spiral scanner
Somatom Plus 4 by Siemens (2000) and multislice spiral scanner Light Speeed 16 by General
Electric, Boston, MA, USA (2004).

The methodology of the study with its inclusion and exclusion criteria as well as the
initial and final sample of the participants of the study are shown in Scheme 1.
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3. Results

SARS-CoV-2 is a virus with proven neurotropic properties. The neuropsychiatric
manifestations associated with COVID-19 are consequent from the penetration of the virus
particles into the central nervous system, and depending on the severity of the illness,
cognitive processes are impaired to a certain extent. These scientific findings about the
viral pathophysiological mechanisms also enabled the timely recognition of cognitive
disturbances, which are among the most common neuropsychiatric symptoms reported by
patients after the acute phase of the disease [27].

After applying the exclusion criteria, from the group of 120 patients remained a final
sample of 57 participants. All of them went under neuropsychological testing and objective
cognitive decline was found in 23 (19.17%; 12 men and 11 women, aged 25–71 with mean
age of 48 years SD 4.6). All of the 23 patients underwent neuroimaging examinations of the
head as well. Only seven of them appeared with evidence of cortical atrophy, while the rest
had normal MRI/CT scan findings.

The group of seven patients with proven cortical atrophy were aged between 55 and
71 years, mean age 61, SD 6.9. Seventy-one percent (five) of them were males and the rest
(two) were females, 85% were married and 71% had graduated from university. They have
been diagnosed by a psychiatrist with a comorbid psychiatric disorder such as general
anxiety disorder, bipolar affective disorder, major depressive disorder, organic delusional
disorder, and benzodiazepine and substance abuse syndrome (alcohol). The patients from
this group did not have a history of previous psychiatric disorder and all of the comorbid
psychiatric diagnoses were assessed after the COVID-19 infection. Hypothetically, they are
related to the disease and the inflammatory processes or they are a result of the individual’s
traumatic experience. The history of passing an acute COVID-19 infection in this group of
patients is very likely to have increased the perception of cognitive disturbances during the
post-COVID period.

The results of the neuropsychological examinations indicate that there is a slight to
moderate decrease in fixation and memory retention as well as a moderate decrease in the
range, concentration, distribution and switching of attention. The MMSE scores for general
cognitive assessment were in the lower end of the norm, borderline with scores of mild
cognitive deficit. Mild to moderate aphasia was objectively determined with the Boston
Naming test.

Figure 1 shows the results of each patient in this group according to the different tools
of the used neuropsychological battery. The largest decline in the cognitive components
is found in the memory (average result of 64.5% out of 100%) and attention functioning
(average result of 67.4% out of 100%) components. It is understandable that the MMSE
scores are close to the normal cognitive functioning as it is a nonspecific screening test for
global cognitive assessment. The results are shown in percentage of the corresponding
score meanings of each scale. The normal values of the scores for the attention and memory
tests are equal to >84% normal functioning, 84–68% mild decline, 68–58% moderate decline,
and <58% severe decline. The MMSE scores are—>84% norm and 84–78% borderline with
mild cognitive deficit. Aphasia scores range from 100–84% norm, 84–75% mild aphasia,
and <75% moderate aphasia.

All of the patients were provided with recommendations to follow a hygienic-dietary
regime and increase physical and social activity. Neuroprotective agents such as Citicoline/
600–1000 mg/d, Piracetam/up to 2400 mg/d and Memantine/up to 20 mg/d were pre-
scribed to the patients with evident cortical atrophy and the agent was chosen individually
after a consultation with neurologist.
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Figure 1. Neuropsychological testing results of patients with cortical atrophy.

After a follow-up period of 3 months, positive results of the neuropsychological
examination were reported. The most significant improvement of cognitive functioning is
shown in the memory scores—10% (average scores of 65% in the initial testing and 75%
after 3 months). Attention functioning improves by 9% (average scores of 67% in the initial
testing and 76% after 3 months). MMSE improves by 3% (average scores of 79% in the
initial testing and 82% after 3 months). The Boston Naming test for aphasia improves by
2% (average scores of 79% in the initial testing and 82% after 3 months). Figure 2 shows
these dynamics.
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The second group consisted of 16 patients who were aged between 25 to 50 years (with
mean age 38 SD 4.8) Fifty six percent (nine) of the group were females, the rest (seven) were
males, 31% were married and 50% had a university degree. Those patients were diagnosed
with anxiety and personality disorders as well as with somatization symptoms in addition
to the cognitive impairment. The anxiety and somatization features were associated with
the COVID-19 infection and the patients did not have previous history of psychiatric
disorder. One of the patients had features of borderline personality disorder, which is a
condition that does not affect general cognition.

These patients had normal imaging findings. The results of the neuropsychological
examinations in the group indicate a slight decrease in fixation and memory retention
(average scores of 77% out of 100%). A decrease in the range, concentration, distribution
and switching of attention was found (average scores of 82% out of 100%). The MMSE
results for general cognitive assessment indicated normal scores (average scores of 94% out
of 100%) and the Boston Naming test’s results for aphasia (average scores 88% out of 100%)
were within the norm (but slightly prolonged latent time for answering was observed).

Figure 3 shows the results from the neuropsychological examination of each patient.
Overall, better cognitive functioning is observed compared to the previous group. Similarly,
the largest decline in the cognitive components is found in the memory and attention
functioning.
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These patients were also provided with recommendations to follow a hygienic-dietary
regime, increasing physical and social activity, but no medication was added to improve
their cognitive functions. After 3 months, a positive change was reported during a sec-
ondary neuropsychological examination and according to their subjective assessment as
well.

The results of the improvement of cognitive assessment of the second group are shown
on Figure 4. The most significant improvement of the cognitive functioning was found in
memory—14% (average scores of 77% in the initial testing and 91% after 3 months). The
improvement was 4% more than in the previous group. This might be a result of the better
recovery potential of the patients without evident brain pathology. Attention functioning
improved by 2% (average scores of 82% in the initial testing and 84% after 3 months).
MMSE improved by 1% (average scores of 94% in the initial testing and 95% after 3 months).
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The Boston Naming test for aphasia interestingly improved by 6% (average scores of 88%
in the initial testing and 94% after 3 months).
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Figure 5 shows the prevalence of different comorbid psychiatric diagnoses in all of
the 23 patients who appeared to be with objective cognitive decline in the course of post-
COVID syndrome. The most common diagnosis in these patients was anxiety/somatization
disorder (35%), followed by substance addiction syndrome (26%) and major depressive
disorder (22%), which adds to the epidemiology data of psychiatric complications in the
post-COVID period, published by [28–30].
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Finally, we present the neuroimaging examinations of one of the patients from the
group with evidence of cortical atrophy. His imaging findings are the most distinguishing
and demonstrative and show explicitly the damaging effect due to severe COVID-19
infection on the brain structures. The patient had no history of any previous infection
cognitive complaints; he did not suffer from any neurodegenerative disease nor had any
history of hypertonia, obesity or any family history of dementia or psychiatric disorders.
According to the anamnestic data from his family, he led a healthy lifestyle, had a BMI
in the normal range, was nonsmoker and had no history of alcohol abuse/addiction.
At the time of our investigation, he was 58 years old. He had a history of having the
COVID-19 infection (in 2021 and 2022) twice with two hospitalizations and pulmonary
complications, need for oxygen therapy (up to 10 L/min) and high doses of corticoids (up
to 8 mg Dexamethasone per day). The first image (Figure 6) was made in 2020 before the
COVID-19 infection. The second image (Figure 7) was made after the acute phase of the
second COVID-19 infection. We see significant progression in the severity of the cortical
atrophy. In addition to the cognitive decline, this patient presented with organic delusional
disorder—mostly expressed by delusions on paranoid themes and later the psychiatric
clinical picture changed to nihilistic delusions, which are more typical for depression
with psychotic features. Through this period, the general functioning of the patient was
dramatically impaired.
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4. Discussion

The pathophysiological mechanisms by which SARS-CoV-2 affects organs are mul-
timodal. However, the exact processes leading to the neurological and psychiatric conse-
quences of COVID-19 are still not fully understood. The following neurotoxic mechanisms
have been described in coronavirus infections:

1. Neurotropism and direct ability to infect neurons and glial cells. The consequences of
these processes lead to neuronal dysfunction and damage (neuroinvasion). The virus
can reach the central nervous system (CNS) indirectly through the blood–brain barrier
and/or directly by axonal retrograde transport through olfactory nerve neurons [31,32].

2. Affecting cerebral blood vessels and cerebral microcirculation (coagulopathies) through
ACE2-R adhesion, leading to ischemic or hemorrhagic strokes [33,34].

3. Secondary negative consequences of excessive systemic inflammatory reactions, the
so-called “cytokine storm” and peripheral organ dysfunction affecting the brain [35].

4. Global ischemia due to respiratory failure, oxygen therapy and mechanical ventilation,
as well as the so-called acute respiratory distress syndrome (ARDS) [36,37].

5. One additional hypothesis claims that SARS-CoV-2 infects endothelial cells of the blood
brain barrier which allows direct transport in the CNS by causing viremia [37,38].

Taking into consideration all the data provided, we can conclude that SARS-CoV-2 is a
potentially dangerous neurotropic pathogen and therefore COVID-19 infection increases
the risk of developing neurological and neuropsychiatric complications.

Due to the multifactorial pathophysiological mechanisms by which SARS-CoV-2
affects the organs, we summarize that after the clinical observation, together with the
specific neuropsychological tests and neuroimaging examinations, in 23 patients out of 120
(19.17%) with a history of acute COVID-19 infection, cognitive decline was found, more
particularly in fixation and retention memory, concentration and sustained attention, and
mild to moderate aphasia. Our results correspond with the already published data on the
prevalence of cognitive disturbances in patients who had COVID-19 infection [18].

The conclusions we can elicit are preliminary due to the small size of the studied
sample; however they show a disturbing tendency of cognitive impairments in the post-
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COVID period in the age group up to 50 years with a lack of neuroimaging brain changes.
Our study indicates that in each case of subjective cognitive complaints, it is mandatory to
conduct a neuropsychological examination to objectify the condition and to imply certain
prophylactic measures in order to prevent its worsening.

Moreover, our experience shows that after implementation of a hygienic-dietary
regime, including increased physical and social activity, without taking specific pro-
cognitive medications, after 3 months a positive change was reported in the secondary
neuropsychological examination as well as in the subjective report of the subjects.

We assume that the patients with evident cortical atrophy most likely had discrete
asymptomatic cognitive decline before infection with COVID-19. These patients were
also recommended to follow hygienic-dietary regimen, including increased physical and
social activity. Additionally, a neuroprotective pro-cognitive medication was included in
their treatment for a period of 3 months. The chosen agents (Citicoline/600–1000 mg/d,
Piracetam/up to 2400 mg/d and Memantine/up to 20 mg/d) are well-established and
highly used in the neurological and psychiatric practice in Bulgaria for patients with
cognitive impairment of any kind. They were prescribed individually after consultation
with a neurologist.

Citicoline is a well-tolerated neuroprotective agent, promising to improve cognitive
disturbances more likely of vascular origin. It has a proven membrane stabilizing effect on
neuronal brain cells with ischemic damage [39,40]. Recent studies show its potential role as
adjunctive therapy in COVID-19 related cognitive decline [41,42].

Piramem, although an old and well-known drug with controversial efficacy, has been
proven to improve cell metabolism and enhance neuroplasticity in the elderly patients with
vascular brain pathology [43–46]. In a controlled clinical trial of psychiatric patients with
mild cerebral impairment, piracetam treatment improved overall functioning, particularly
alertness, socialization, and cooperation, relative to the control group [47].

Memantine is another agent, with NMDA weak/noncompetitive/antagonist proper-
ties, which prevents neuronal cell death by decreasing excitotoxicity (a result of NMDA-R
overactivation) [48,49]. Although its primary target is aimed at patients with Alzheimer’s
disease, research showed that a dose of the agent of 20 mg/day might be efficient for
moderate to severe Alzheimer’s disease and for patients with severe demented syndrome,
as well as cases of vascular dementia [50–52].

After 3 months, the patients shared their subjective feelings of improvement and
after conducting a new neuropsychological examination, a positive change in the objective
results was reported.

Although there are limited data on the benefit of prescribing pro-cognitive agents in
the post-COVID period, our clinical experience suggests that it might be a useful part in
the process of recovering from the infection’s consequences on cognition for patients with
brain pathology.

Limitations of the study are the small size of the sample, the lack of randomization and
more strict control of the neuroprotective treatment, comorbidity with psychiatric disorders
and the short period of following the patients’ results. However, studies like ours might be
a foundation for deeper investigations in the field of improving cognition complications as
a result of viral infections and inspire more strictly controlled trials of use of neurotropic
agents in patients with cognitive deficit associated with COVID-19 infection.

5. Conclusions

Patients with post-COVID syndrome are at high risk of experiencing global cognitive
impairment to a large extent which manifests mostly with a decrease in attention and
memory functioning. Thorough neuropsychological and neuroimaging examinations need
to be conducted in each case of subjective complaint of cognitive impairment. Overall,
more detailed prospective and controlled neuropsychological and neuroimaging studies
would be of great benefit to provide more information about the treatment of cognitive
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disturbances associated with the post-COVID syndrome and the rehabilitation of these
patients.

Author Contributions: Conceptualization, M.D. and Y.M.; Methodology, M.D.; Software, Y.M.;
Validation, D.D.; Investigation, M.D. and Y.M.; Writing—original draft, M.D. and Y.M.; Writing—
review & editing, M.D.; Visualization, Y.M. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Military Medical
Academy (protocol code BGVMA1268 and 20 January 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: This article is part of the National Program, Young Scientists and Postdoctoral
Students—2, by Bulgarian Ministry of Education and Science.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Phelan, A.L.; Katz, R.; Gostin, L.O. The Novel Coronavirus Originating in Wuhan, China: Challenges for Global Health

Governance. JAMA 2020, 323, 709–710. [CrossRef] [PubMed]
2. Gorbalenya, A.E.; Baker, S.C.; Baric, R.S.; De Groot, R.J.; Drosten, C.; Gulyaeva, A.A.; Ziebuhr, J. The species Severe Acute

Respiratory syndrome-related coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536–544.
3. Chan, J.W.M.; Ng, C.K.; Chan, Y.H.; Mok, T.Y.W.; Lee, S.; Chu, S.Y.Y.; Law, W.L.; Lee, M.P.; Li, P.C.K. Short term outcome and

risk factors for adverse clinical outcomes in adults with severe acute respiratory syndrome (SARS). Thorax 2003, 58, 686–689.
[CrossRef] [PubMed]

4. Hellmuth, J.; Barnett, T.A.; Asken, B.M.; Kelly, J.D.; Torres, L.; Stephens, M.L.; Greenhouse, B.; Martin, J.N.; Chow, F.C.; Deeks,
S.G.; et al. Persistent COVID-19-associated neurocognitive symptoms in non-hospitalized patients. J. Neurovirology 2021, 27,
191–195. [CrossRef] [PubMed]

5. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Wan, E.Y. Post-acute COVID-19 syndrome.
Nat. Med. 2021, 27, 601–615. [CrossRef] [PubMed]

6. Bliddal, S.; Banasik, K.; Pedersen, O.B.; Nissen, J.; Cantwell, L.; Schwinn, M.; Tulstrup, M.; Westergaard, D.; Ullum, H.; Brunak, S.;
et al. Acute and persistent symptoms in non-hospitalized PCR-confirmed COVID-19 patients. Sci. Rep. 2021, 11, 13153. [CrossRef]
[PubMed]

7. Vanichkachorn, G.; Newcomb, R.; Cowl, C.T.; Murad, M.H.; Breeher, L.; Miller, S.; Higgins, S. Post–COVID-19 Syndrome (Long
Haul Syndrome): Description of a Multidisciplinary Clinic at Mayo Clinic and Characteristics of the Initial Patient Cohort. Mayo
Clin. Proc. 2021, 96, 1782–1791. [CrossRef]

8. Almeria, M.; Cejudo, J.C.; Sotoca, J.; Deus, J.; Krupinski, J. Cognitive profile following COVID-19 infection: Clinical predictors
leading to neuropsychological impairment. Brain Behav. Immun. Health 2020, 9, 100163. [CrossRef]

9. Zhou, H.; Lu, S.; Chen, J.; Wei, N.; Wang, D.; Lyu, H.; Shi, C.; Hu, S. The landscape of cognitive function in recovered COVID-19
patients. J. Psychiatr. Res. 2020, 129, 98–102. [CrossRef]

10. Serrano-Castro, P.J.; Garzón-Maldonado, F.J.; Casado-Naranjo, I.; Ollero-Ortiz, A.; Mínguez-Castellanos, A.; Iglesias-Espinosa, M.;
Baena-Palomino, P.; Sánchez-Sanchez, V.; Sánchez-Pérez, R.M.; Rubi-Callejon, J.; et al. The cognitive and psychiatric subacute
impairment in severe COVID-19. Sci. Rep. 2022, 12, 3563. [CrossRef]

11. Daroische, R.; Hemminghyth, M.S.; Eilertsen, T.H.; Breitve, M.H.; Chwiszczuk, L.J. Cognitive Impairment After COVID-19—A
Review on Objective Test Data. Front. Neurol. 2021, 12, 699582. [CrossRef] [PubMed]

12. Miskowiak, K.W.; Johnsen, S.; Sattler, S.M.; Nielsen, S.; Kunalan, K.; Rungby, J.; Porsberg, C.M. Cognitive impairments four
months after COVID-19 hospital discharge: Pattern, severity and association with illness variables. Eur. Neuropsychopharmacol.
2021, 46, 39–48. [CrossRef] [PubMed]

13. Zhao, S.; Shibata, K.; Hellyer, P.J.; Trender, W.; Manohar, S.; Hampshire, A.; Husain, M. Rapid vigilance and episodic memory
decrements in COVID-19 survivors. Brain Commun. 2022, 4, fcab295. [CrossRef] [PubMed]

14. Del Brutto, O.H.; Wu, S.; Mera, R.M.; Costa, A.F.; Recalde, B.Y.; Issa, N.P. Cognitive decline among individuals with history of
mild symptomatic SARS-CoV-2 infection: A longitudinal prospective study nested to a population cohort. Eur. J. Neurol. Off. J.
Eur. Fed. Neurol. Soc. 2021, 28, 3245–3253. [CrossRef] [PubMed]

15. Ladopoulos, T.; Zand, R.; Shahjouei, S.; Chang, J.J.; Motte, J.; Charles James, J.; Krogias, C. COVID-19: Neuroimaging Features of
a Pandemic. J. Neuroimaging 2021, 31, 228–243. [CrossRef] [PubMed]

https://doi.org/10.1001/jama.2020.1097
https://www.ncbi.nlm.nih.gov/pubmed/31999307
https://doi.org/10.1136/thorax.58.8.686
https://www.ncbi.nlm.nih.gov/pubmed/12885985
https://doi.org/10.1007/s13365-021-00954-4
https://www.ncbi.nlm.nih.gov/pubmed/33528824
https://doi.org/10.1038/s41591-021-01283-z
https://www.ncbi.nlm.nih.gov/pubmed/33753937
https://doi.org/10.1038/s41598-021-92045-x
https://www.ncbi.nlm.nih.gov/pubmed/34162913
https://doi.org/10.1016/j.mayocp.2021.04.024
https://doi.org/10.1016/j.bbih.2020.100163
https://doi.org/10.1016/j.jpsychires.2020.06.022
https://doi.org/10.1038/s41598-022-07559-9
https://doi.org/10.3389/fneur.2021.699582
https://www.ncbi.nlm.nih.gov/pubmed/34393978
https://doi.org/10.1016/j.euroneuro.2021.03.019
https://www.ncbi.nlm.nih.gov/pubmed/33823427
https://doi.org/10.1093/braincomms/fcab295
https://www.ncbi.nlm.nih.gov/pubmed/35128398
https://doi.org/10.1111/ene.14775
https://www.ncbi.nlm.nih.gov/pubmed/33576150
https://doi.org/10.1111/jon.12819
https://www.ncbi.nlm.nih.gov/pubmed/33421032


Diagnostics 2023, 13, 2703 13 of 14

16. Hosp, J.A.; Dressing, A.; Blazhenets, G.; Bormann, T.; Rau, A.; Schwabenland, M.; Thurow, J.; Wagner, D.; Waller, C.; Niesen,
W.D.; et al. Cognitive impairment and altered cerebral glucose metabolism in the subacute stage of COVID-19. Brain 2021, 144,
1263–1276. [CrossRef] [PubMed]

17. Bertuccelli, M.; Ciringione, L.; Rubega, M.; Bisiacchi, P.; Masiero, S.; Del Felice, A. Cognitive impairment in people with previous
COVID-19 infection: A scoping review. Cortex 2022, 154, 212–230. [CrossRef]

18. Zeng, N.; Zhao, Y.-M.; Yan, W.; Li, C.; Lu, Q.-D.; Liu, L.; Ni, S.-Y.; Mei, H.; Yuan, K.; Shi, L.; et al. A systematic review and
meta-analysis of long term physical and mental sequelae of COVID-19 pandemic: Call for research priority and action. Mol.
Psychiatry 2023, 28, 423–433. [CrossRef]

19. Tavares-Júnior, J.W.; de Souza, A.C.; Borges, J.W.; Oliveira, D.N.; Siqueira-Neto, J.I.; Sobreira-Neto, M.A.; Braga-Neto, P. COVID-19
associated cognitive impairment: A systematic review. Cortex 2022, 152, 77–97. [CrossRef]

20. García-Sánchez, C.; Calabria, M.; Grunden, N.; Pons, C.; Arroyo, J.A.; Gómez-Anson, B.; Lleó, A.; Alcolea, D.; Belvís, R.; Morollón,
N.; et al. Neuropsychological deficits in patients with cognitive complaints after COVID-19. Brain Behav. 2022, 12, e2508.
[CrossRef]

21. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-Mental State”. A Practical Method for Grading the Cognitive State of Patients
for the Clinician. J. Psychiatr. Res. 1975, 12, 189–198. [CrossRef] [PubMed]

22. Anastasi, A. Psychological Testing, 5th ed.; Mc. Millan: New York, NY, USA, 1982.
23. Christensen, A.L. Luria’s Neuropsychological Investigation; Murksgaard: Copenhagen, Denmark, 1975.
24. Leon-Cariron, J.; Morales, M. Luria’s Memory Words Test-Revised A Study of Regional Cerebral Blood Flow in Traumatic Brain

Injury Patients. Rev. Española De Neuropsicol. 2000, 2, 92–103.
25. Platonov, K. Psychology as You May Like It; Progress Publishers: Delhi, India, 1965; pp. 160–168.
26. Goodglass, H.; Kaplan, E.; Barresi, B. Boston Diagnostic Aphasia Examination; Lippincott, Williams & Wilkins: Philadelphia, PA,

USA, 2001.
27. Ceban, F.; Ling, S.; Lui, L.M.; Lee, Y.; Gill, H.; Teopiz, K.M.; Rodrigues, N.B.; Subramaniapillai, M.; Di Vincenzo, J.D.; Cao, B.; et al.

Fatigue and cognitive impairment in Post-COVID-19 Syndrome: A systematic review and meta-analysis. Brain Behav. Immun.
2022, 101, 93–135. [CrossRef] [PubMed]

28. Dong, F.; Liu, H.-L.; Dai, N.; Yang, M.; Liu, J.-P. A living systematic review of the psychological problems in people suffering from
COVID-19. J. Affect. Disord. 2021, 292, 172–188. [CrossRef] [PubMed]

29. Nakamura, Z.M.; Nash, R.P.; Laughon, S.L.; Rosenstein, D.L. Neuropsychiatric Complications of COVID-19. Curr. Psychiatry Rep.
2021, 23, 1–9. [CrossRef] [PubMed]

30. Butler, M.; A Pollak, T.; Rooney, A.G.; Michael, B.D.; Nicholson, T.R. Neuropsychiatric complications of COVID-19. BMJ 2020, 371,
m3871. [CrossRef] [PubMed]

31. Xu, H.; Zhong, L.; Deng, J.; Peng, J.; Dan, H.; Zeng, X.; Li, T.; Chen, Q. High expression of ACE2 receptor of 2019-nCoV on the
epithelial cells of oral mucosa. Int. J. Oral Sci. 2020, 12, 8. [CrossRef]

32. Takabayashi, T.; Yoshida, K.; Imoto, Y.; Schleimer, R.P.; Fujieda, S. Regulation of the Expression of SARS-CoV-2 Receptor
Angiotensin-Converting Enzyme 2 in Nasal Mucosa. Am. J. Rhinol. Allergy 2022, 36, 115–122. [CrossRef]

33. Zhang, Y.; Xiao, M.; Zhang, S.; Xia, P.; Cao, W. Coagulopathy and antiphospholipid antibodies in patients with COVID-19. N.
Engl. J. Med. 2020, 382, e38. [CrossRef]

34. Thomas, M.R.; Scully, M. Clinical features of thrombosis and bleeding in COVID-19. Blood 2022, 140, 184–195. [CrossRef]
35. Zanza, C.; Romenskaya, T.; Manetti, A.C.; Franceschi, F.; La Russa, R.; Bertozzi, G.; Maiese, A.; Savioli, G.; Volonnino, G.;

Longhitano, Y. Cytokine Storm in COVID-19: Immunopathogenesis and Therapy. Medicina 2022, 58, 144. [CrossRef] [PubMed]
36. Balcom, E.F.; Nath, A.; Power, C. Acute and chronic neurological disorders in COVID-19: Potential mechanisms of disease. Brain

2021, 144, 3576–3588. [CrossRef] [PubMed]
37. Guo, Y.; Korteweg, C.; McNutt, M.A.; Gu, J. Pathogenetic mechanisms of severe acute respiratory syndrome. Virus Res. 2008, 133,

4–12. [CrossRef] [PubMed]
38. Zhou, Z.; Kang, H.; Li, S.; Zhao, X. Understanding the neurotropic characteristics of SARS-CoV-2: From neurological manifesta-

tions of COVID-19 to potential neurotropic mechanisms. J. Neurol. 2020, 267, 2179–2184. [CrossRef] [PubMed]
39. Gareri, P.; Castagna, A.; Cotroneo, A.M.; Putignano, S.; De Sarro, G.; Bruni, A.C. The role of citicoline in cognitive impairment:

Pharmacological characteristics, possible advantages, and doubts for an old drug with new perspectives. Clin. Interv. Aging 2015,
10, 1421–1429. [CrossRef]

40. Zweifler, R.M. Membrane Stabilizer: Citicoline. Curr. Med. Res. Opin. 2002, 18, 14–17. [CrossRef] [PubMed]
41. Al-Kuraishy, H.M.; Al-Buhadily, A.K.; Al-Gareeb, A.I.; Alorabi, M.; Hadi Al-Harcan, N.A.; El-Bouseary, M.M.; Batiha, G.E.S.

Citicoline and COVID-19: Vis-à-vis conjectured. Naunyn-Schmiedeberg’s Arch. Pharmacol. 2022, 395, 1463–1475. [CrossRef]
42. Turana, Y.; Nathaniel, M.; Shen, R.; Ali, S.; Aparasu, R.R. Citicoline and COVID-19-Related Cognitive and Other Neurologic

Complications. Brain Sci. 2021, 12, 59. [CrossRef]
43. Stockburger, C.; Miano, D.; Pallas, T.; Friedland, K.; Müller, W.E. Enhanced Neuroplasticity by the Metabolic Enhancer Piracetam

Associated with Improved Mitochondrial Dynamics and Altered Permeability Transition Pore Function. Neural Plast. 2016, 2016,
8075903. [CrossRef]

44. Verma, D.K.; Joshi, N.; Raju, K.S.; Wahajuddin, M.; Singh, R.K.; Singh, S. Metabolic enhancer piracetam attenuates rotenone
induced oxidative stress: A study in different rat brain regions. Acta Neurobiol. Exp. 2015, 75, 399–411.

https://doi.org/10.1093/brain/awab009
https://www.ncbi.nlm.nih.gov/pubmed/33822001
https://doi.org/10.1016/j.cortex.2022.06.002
https://doi.org/10.1038/s41380-022-01614-7
https://doi.org/10.1016/j.cortex.2022.04.006
https://doi.org/10.1002/brb3.2508
https://doi.org/10.1016/0022-3956(75)90026-6
https://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1016/j.bbi.2021.12.020
https://www.ncbi.nlm.nih.gov/pubmed/34973396
https://doi.org/10.1016/j.jad.2021.05.060
https://www.ncbi.nlm.nih.gov/pubmed/34126309
https://doi.org/10.1007/s11920-021-01237-9
https://www.ncbi.nlm.nih.gov/pubmed/33725218
https://doi.org/10.1136/bmj.m3871
https://www.ncbi.nlm.nih.gov/pubmed/33051183
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.1177/19458924211027798
https://doi.org/10.1056/NEJMc2007575
https://doi.org/10.1182/blood.2021012247
https://doi.org/10.3390/medicina58020144
https://www.ncbi.nlm.nih.gov/pubmed/35208467
https://doi.org/10.1093/brain/awab302
https://www.ncbi.nlm.nih.gov/pubmed/34398188
https://doi.org/10.1016/j.virusres.2007.01.022
https://www.ncbi.nlm.nih.gov/pubmed/17825937
https://doi.org/10.1007/s00415-020-09929-7
https://www.ncbi.nlm.nih.gov/pubmed/32458193
https://doi.org/10.2147/CIA.S87886
https://doi.org/10.1185/030079902125000679
https://www.ncbi.nlm.nih.gov/pubmed/12365823
https://doi.org/10.1007/s00210-022-02284-6
https://doi.org/10.3390/brainsci12010059
https://doi.org/10.1155/2016/8075903


Diagnostics 2023, 13, 2703 14 of 14

45. Herrmann, W.M.; Stephan, K. Moving from the question of efficacy to the question of therapeutic relevance: An exploratory
reanalysis of a controlled clinical study of 130 inpatients with dementia syndrome taking piracetam. Int. Psychogeriatr. 1992, 4,
25–44. [CrossRef] [PubMed]

46. Waegemans, T.; Wilsher, C.R.; Danniau, A.; Ferris, S.H.; Kurz, A.; Winblad, B. Clinical Efficacy of Piracetam in Cognitive
Impairment: A Meta-Analysis. Dement. Geriatr. Cogn. Disord. 2002, 13, 217–224. [CrossRef]

47. Chouinard, G.; Annable, L.; Ross-Chouinard, A.; Olivier, M.; Fontaine, F. Piracetam in elderly psychiatric patients with mild
diffuse cerebral impairment. Psychopharmacology 1983, 81, 100–106. [CrossRef] [PubMed]

48. Wang, H.F.; Yu, J.T.; Tang, S.W.; Jiang, T.; Tan, C.C.; Meng, X.F.; Tan, L. Efficacy and safety of cholinesterase inhibitors and
memantine in cognitive impairment in Parkinson’s disease, Parkinson’s disease dementia, and dementia with Lewy bodies:
Systematic review with meta-analysis and trial sequential analysis. J. Neurol. Neurosurg. Psychiatry 2015, 86, 135–143. [CrossRef]
[PubMed]

49. Muresanu, D.F. Neuroprotection and neuroplasticity—A holistic approach and future perspectives. J. Neurol. Sci. 2007, 257, 38–43.
[CrossRef] [PubMed]

50. Möbius, H.J.; Stöffler, A. Memantine in Vascular Dementia. Int. Psychogeriatr. 2003, 15, 207–213. [CrossRef] [PubMed]
51. Kavirajan, H.; Schneider, L.S. Efficacy and adverse effects of cholinesterase inhibitors and memantine in vascular dementia: A

meta-analysis of randomised controlled trials. Lancet Neurol. 2007, 6, 782–792. [CrossRef]
52. Kishi, T.; Matsunaga, S.; Oya, K.; Nomura, I.; Ikuta, T.; Iwata, N. Memantine for Alzheimer’s Disease: An Updated Systematic

Review and Meta-analysis. J. Alzheimer’s Dis. 2017, 60, 401–425. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1017/S1041610292000887
https://www.ncbi.nlm.nih.gov/pubmed/1391670
https://doi.org/10.1159/000057700
https://doi.org/10.1007/BF00429000
https://www.ncbi.nlm.nih.gov/pubmed/6415738
https://doi.org/10.1136/jnnp-2014-307659
https://www.ncbi.nlm.nih.gov/pubmed/24828899
https://doi.org/10.1016/j.jns.2007.01.041
https://www.ncbi.nlm.nih.gov/pubmed/17331543
https://doi.org/10.1017/S1041610203009219
https://www.ncbi.nlm.nih.gov/pubmed/16191242
https://doi.org/10.1016/S1474-4422(07)70195-3
https://doi.org/10.3233/JAD-170424

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

