
SUMMARY
The rehabilitation of patients with chronic prosopagnosia that occurs following 
a stroke is a challenge for modern medicine. Dysfunction to the facial processing
areas is permanent and standard rehabilitation brings only limited improvement.
Therefore, therapists suggest reinforcing the compensatory strategies used by such
patients such as voice, figure, and gait recognition to help with the identification of
a particular person, which promotes their social functioning. New neurotechnologies,
especially QEEG/ERPs, displays of functional brain impairment in prosopagnosia, may
be helpful in developing an appropriate neurotherapy protocol and create the conditions
for other forms of rehabilitation in such patients. The purpose of our study was twofold:
1) to evaluate QEEG/ ERPs shows of post-stroke functional impairment associated with
prosopagnosia, 2) to construct a neurofeedback protocol based on these indices to sup-
port the neuropsychological rehabilitation of the case study described herein.
We present the case of a 23-year-old right-handed student of the Graphics Faculty
of the Academy of Fine Arts, with chronic associative prosopagnosia after infection
with SARS-CoV-2 followed by Covid-19 and a right hemisphere stroke. He was re-
ferred in April 2021 for diagnosis and therapy at the Reintegration and Training Cen-
ter of the Polish Neuropsychological Society (PTNeur). Six months earlier, in
October 2020, the patient had been admitted to the Infectious Disease Hospital.
COVID-19 was diagnosed based on coronavirus 2 (SARS-CoV-2) reverse transcrip-
tion PCR (RT-PCR) on a nasopharyngeal swab. The neurological examination re-
vealed muscle weakness on the left side of the body, slow and aprosodic speech,
preserved comprehension, and acute left homonymous hemianopsia, as well as
prosopagnosia and mirror symptom. The patient was sedated and mechanically
ventilated for six days. The CT-scan showed foci in the posterior part of the superior
temporal lobe and hyperintense changes in the blood supply area of the right middle
cerebral artery. After 30 days of hospitalization, the patient was discharged from
this hospital and referred to an outpatient rehabilitation center for five months. Ther-
apy improved his general condition but did not remove the chronic prosopagnosia:
a personal tragedy for the patient which prevented him from continuing his studies.
He was diagnosed at the PTNeur Reintegration and Training Center within the next
few weeks: (1). ophthalmologic examinations revealed no pathology; (2) neuropsy-
chological testing confirmed the presence of chronic apperceptive prosopagnosia; (3)
examination of event-related potentials (ERPs) revealed a large delay of the N170
wave, particularly on the right side, indicating a slowing of the rate of nerve impulses
in early face processing and a cause of prosopagnosia. The patient was referred for
rehabilitation: he participated in 20 sessions of individually tailored anodal transcranial
direct current stimulation (tDCS) twice a week for ten weeks, and in parallel, for indi-
vidualized  Prosopagnosia Symbolic Art Therapy provided once a week for ten weeks.
By the end of therapy, the patient was not only recognizing but also painting portraits
of faces. He returned to college, finished and defended a master’s thesis in Artistic
Drawing, in which facial presentation played an important role.
Quantitative EEG (QEEG) and event-related potentials (ERPs) neuromarkers helped
to understand the mechanism of prosopagnosia and to choose an individualized
protocol, thus the appropriate application of tDCS in our patient, which accelerated
the recovery of the ability to perform complex tasks and created the conditions for
Symbolic Art Therapy. Modern medicine can successfully use such a management
protocol in individuals with chronic prosopagnosia.
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INTRODUCTION
Since the first confirmed case in Wuhan, China, on December 31, 2019, the

novel coronavirus (SARS-CoV-2) has spread quickly, infecting 197 million people

in the world as of the end of July 2021. Research, since this first detection, has

indicated that people contracting the virus and developing coronavirus disease

(COVID-19), may suffer not only respiratory, and other organ challenges but also

a wide range of neurological and mental disorders and deficits (Borges do Nasci-

mento et. al 2020; Mao et al. 2020; Paniz-Mondolfi et al. 2020; Paterson et al.

2020; Pinzon et al. 2020; Rogers et al. 2020;Varatharaj et. 2020). Neurological

symptoms occur in approximately one-third of hospitalized patients with COVID-

19 (Engin et al., 2021). Among these symptoms, ischemic strokes due to throm-

botic complications are common in one-third of COVID-19 intensive care pa tients.

A higher incidence of large artery ischemic stroke has also been reported in

young patients without cardiovascular risk factors (Oxleyet al., 2020). Brain in-

volvement of severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)

is eventuated by several routes, including hematogenous spread, transsynaptic

entry through infected neurons, the olfactory nerve, ocular epithelium, vascular

endothelium, and an impaired blood-brain barrier. Besides the high angiotensin-

converting enzyme-2 (ACE2) binding affinity and FURIN preactivation, SARS-

CoV-2 maintains efficient neuronal entry while evading immune surveillance by

using basic in and neuropilin-1 receptors (DosSantos et al. 2020). 

Coronavirus disease 2019 (COVID-19) may increase the risk of an acute is-

chemic stroke (Merkler et al., 2019), similar to the increased risk of 3.2-fold to

7.8-fold seen within the first three days after other respiratory tract infections

(Warren-Gash et al., 2018). A review of the subject literature in April 2020

(Qureshi et al. 2020 ) showed that the proportion of patients with COVID-19 who

have an acute ischemic stroke, was estimated to be 4.9% (95% CI, no continuity

correction, 2.8%-8.7%) during the initial hospitalization. Using similar assump-

tions, an estimated 182 485 and 269 383 patients who have COVID-19 will also

have an ischemic stroke; so considering 9 988 254 patients who developed

COVID-19 in the world as of June 27, 2020 an estimated 21% to 31% of patients

with COVID-19 required hospitalization (Qureshi et al. 2021). Subsequently, sev-

eral small case series have reported the occurrence of an ischemic stroke in pa-

tients with COVID-19.7–12 (CDC Covid-Response Team). The increased risk of

ischemic stroke is probably multifactorial, with activation of coagulation and in-

flammatory pathways as reflected in increased fibrin D-dimer levels, erythrocyte

sedimentation rate, lactic acid dehydrogenase, and lymphopenia (Li et al. 2020;

Qin et al. 2020; Qureshi et al. 2021).

An international panel of stroke experts from 18 countries recommended fur-

ther studies to understand whether there are differences in the risk factors, man-

ifestations, response to treatment strategies, and outcomes in acute ischemic

stroke patients with COVID-19 (Aknin et al. 2021). Qureshi et al. (2021) identify

risk factors, comorbidities, treatment strategies, and outcomes in patients with
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an ischemic stroke derived from a large cohort of COVID-19 patients. They found

that acute ischemic stroke was infrequent in patients with COVID-19 and usually

accompanied by other cardiovascular risk factors. The risk of discharge to a des-

tination other than home or death increased 2-fold with the occurrence of an

acute ischemic stroke in patients with COVID-19. 

Knowledge about the effects of COVID-19 on the brain is rapidly accumulating

(Ellul et al 2020), as reflected in the increasing use of the term "neuro-COVID"

(Goldberg et al. 2020). Neurological manifestations are increasingly described,

including encephalopathy, neurocognitive symptoms (Helms al 2020; Mao et al.

2020; Hess et al., 2020) and speech/language disorders, such as aphasia (Pen-

sato et al. 2020). However, the pathogenic mechanisms of these symptoms are

still being debated in COVID-19 patients. Searching PubMed and Google scholar

for the terms' COVID-190, 'long COVID', 'SARS-CoV2', 'cognition', 'brain fog',

'aphasia', 'apraxia', 'agnosia' and 'prosopagnosia' highlights a growing body of

studies reporting health changes that persist beyond the acute and sub-acute

phases of post-COVID-19 infection, often termed 'long COVID'. Much of this work

includes small-scale studies and self-reported cognitive problems with little in-

formation regarding whether COVID-19 infection links up to objectively measured

cognitive deficits or how it differs from the respiratory symptom severity or hos-

pitalization status of the general population. Furthermore, many previous studies

have been limited insofar as they lack a sufficient scope and scale to account

for the key socio-demographic variables associated with COVID-19 illness, e.g.

age, racial-ethnic group, preexisting medical conditions and symptoms of de-

pression, anxiety or insomnia. However, analysis of the performance of cognitive

tests supported the hypothesis that COVID-19 has a multi-domain impact on

human cognition comprising the "Long COVID" cognitive symptoms that start at

the early-chronic phase (Hampshirea et al. 2021). One of these symptoms is

prosopagnosia that coexists with deficits of attention and perception, memory,

executive symptoms, aphasia, apraxia, agnosia, and anosognosia after a stroke

associated with SARS-CoV-2 infection and neuroCOVID-19 disease.

Prosopagnosia (from Greek prósōpon, meaning "face", and agnōsía, mean-

ing "non-knowledge"), also called face blindness, is a cognitive disorder of face

perception in which the ability to recognize familiar faces, including one's own

face (self-recognition) is impaired, while other aspects of visual processing (e.g.,

object discrimination) and intellectual functioning (e.g., decision-making) remain

intact. The incidence of prosopagnosia after a stroke is difficult to establish, but

in one clinical sample, about half of those who survived a right hemisphere stroke

had prosopagnosia (Cousins 2013). There are two types of prosopagnosia: (1)

acquired and (2) congenital (developmental). Acquired prosopagnosia results

from occipito-temporal lobe damage and is most often found in adults. This is

further subdivided into apperceptive and associative prosopagnosia. In congeni -

tal prosopagnosia, the individual never adequately develops the ability to reco -

gnize faces (Mayer, Rossion 2007). 
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A specific brain area usually associated with prosopagnosia is the fusiform

gyrus,which activates precisely in response to faces. The functionality of the

fusiform gyrus allows most people to recognize faces in more detail than similarly

complex inanimate objects. The right hemisphere fusiform gyrus is more often

involved in familiar faces recognition than the left. It remains unclear whether

the fusiform gyrus is only specific for the recognition of human faces or is it also

involved in highly trained visual stimuli (Gainotti & Marra 2011). Studies suggest

that the face recognition impairments caused by left hemisphere damage are

due to semantic defect blocking retrieval processes that are involved in obtaining

person-specific semantic information from the visual modality (Biotti et al. 2016).

Prosopagnosia might be associated with other disorders caused by lesions

of nearby brain areas and their neuronal connections: left hemianopsia (loss of

vision from the left side of space, associated with damage to the right occipital

lobe), achromatopsia (a deficit in color perception often linked with unilateral or

bilateral lesions of the temporo-occipital junction), and topographical disorienta-

tion (a loss of environmental familiarity and difficulties in using landmarks following

right hemisphere lesions of the posterior part of the parahippocampal gyrus and

anterior part of the lingual gyrus) (Gainotti & Marra 2011; Sanada et al. 2021).

De Renzi et al. (1991) has distinguished two types of acquired prosopagnosia:

(1) apperceptive (agnostic), (2) associative (semantic) (Table 1).

Prosopagnosia after infection by SARS-CoV-2, neuroCOVID-19 and stroke

effects the human brain for a long term with severe implications for cognition,

emotions and behavior (Pąchalska, Bednarek, Kaczmarek 2021). Unfortunately,

the articles devoted to the evaluation of the QEEG/ERPs indexes of functional

brain impairment after such a disease are scarce. It makes it difficult to construct

a proper neurotherapy protocol as well as to evaluate effectiveness of neurotherapy. 

The purpose of our study was twofold: (1) to evaluate the QEEG/ERPs neu-

romarkers of post-stroke functional impairment associated with prosopagnosia,

(2) to construct a neurofeedback protocol based on these indices to support the

neuropsychological rehabilitation of the case study described here.
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CASE STUDY
We present the case of a 23-year-old right-handed student of Graphics Fa -

culty at the Academy of Fine Arts, with chronic associative prosopagnosia after

infection by SARS-CoV-2 followed by Covid-19 disease, and a right hemisphere

stroke. He was referred in April 2021 for diagnosis and therapy at the Reintegra-

tion and Training Center of the Polish Neuropsychological Society (PTNeur). 

Six months earlier, in October 2020, the patient had developed a severe head -

ache, loss of smell (anosmia), loss of taste (ageusia), dizziness, fatigue, imbal-

ance, generalized weakness, a body temperature of 38.9°C, and, consequently,

he was admitted to the Infectious Diseases Hospital. 

Laboratory tests: COVID-19 was diagnosed based on coronavirus 2 (SARS-

CoV-2) reverse transcription PCR (RT-PCR) on a nasopharyngeal swab. Arterial

blood gas analysis and blood tests showed hypocapnic hypoxemia (PaO2/FiO2

= 268), an elevated D-dimer level (3.43 mg/L), lymphopenia, and elevated in-

flammatory markers (CSF-NF-L). Microbiology analysis of CSF was positive RT-

PCR for SARS-CoV-2, with unremarkable herpesvirus DNA [herpes simplex virus

types 1 and 2 (HSV1, HSV2), cytomegalovirus (CMV), Epstein–Barr virus (EBV),

human herpesvirus 6 (HHV6), and varicella zoster virus (VZV)], enterovirus DNA,

Gram stain, and bacterial culture. 

Neurological examination: muscle weakness on the left side of the body,

slow and aprosodic speech, preserved comprehension acute left homonymous

hemianopsia and prosopagnosia with mirror syndrome. 

Treatment: the patient started on oxygen therapy, hydroxychloroquine, low-

molecular-weight heparin, intravenous low-dose steroids, and antibiotics. The

next day, the neurological symptoms progressed and his respiratory status wors-

ened, requiring admission to an ICU. The patient was sedated and placed on

mechanical ventilation for 6 days. Due to a suspected a stroke, the patient un-

derwent a CT-scan, which confirmed the hyperintense lesions in the blood supply

area of the right middle cerebral artery. After 30 days of hospitalization, the pa-

tient was discharged and referred to an outpatient rehabilitation center for 5

months. Therapy improved his general condition but did not remove the chronic

prosopagnosia, which was a personal tragedy for the patient and prevented him

from continuing his studies.

In the next few weeks, he was diagnosed at the PTNeur Reintegration and

Training Center. On admission, he complained that he was heartbroken because

he still could not see people's faces; he did not go anywhere because he was

frightened by faceless people. He also repeatedly complained that a great tra -

gedy had befallen him since he could not see faces which prevented him from

continuing and completing his studies at the Faculty of Graphic Arts. The pro so -

pagnosia protocol was used in the diagnostic process: (1). CT-scan; (2). ophthal mo -

logic examinations; (3). neuropsychological testing; (4). examination of quan  titative

electroencephalography (QEEG) and event-related potentials (ERPs).
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The CT-scan showed visible pathology: the foci in the posterior part of the

superior temporal lobe and hyperintense lesions in the blood supply area of the

right middle cerebral artery (Fig 1 A & B). 

The ophthalmolgical tests did not show any visible pathology in the anterior

and posterior segment. The left eye globe was positioned at a slight exophthal-

mos (the right eye 15 mm; the left 16mm). Maps of nerve fibers and GCC com-

plexes did not show any pathology (Fig.2 A). The examination carried out using

2010 Carl Zeiss Meditec Humphrey Visual Field Analyzer revealed that the visual

field was normal for both eyes. Optical coherence tomography (OptovueRTVue

OCT) did not show any significant changes in the morphology of the macula and

nerve fiber layer (Fig. 2B and 2C).

Neuropsychological examination
The neuropsychological assessment using the Polish version of the Wechsler

Memory Test (WMS-III) showed only disturbances to the working memory. Logi -
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Fig. 1. CT-scan: A) Foci in the posterior part of the superior temporal lobe; (B) hyperintense lesions

in the blood supply area of the right middle cerebral artery.

Note: The lesions exist in the right hemisphere

Fig. 2. The ophthalmolgical tests: A). Maps of nerve fibers and GCC complexes, B). Maps of the

macula morphology in the right eye, C). Maps of the macula morphology in the left eye
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cal memory and spatial-visual memory both in instant and delayed reproduction

were not disturbed. However, examination with the use of the Cracow Face and

Objects Recognition Test (CFORT) (Pąchalska and MacQueen 2000) revealed

 severe apperceptive prosopagnosia. He was neither able to recognize or differ-

entiate even one from 20 famous and unknown faces depicted in images nor

able to recognize any emotions in those faces (fig. 3 A,B). But he perfectly man-

aged the part of the test that required the recognition of 20 objects (Fig. 3 C,D).

In real life situations, he could not even recognize the faces of his family and

friends. When he wanted to recognize people, he relied on external clues (cloth-

ing, hairstyle, scars, glasses, tone of voice, etc.) to identify them.

Neurophysiological testing

EEG recording
The electroencephalogram (EEG) was recorded with the Mitsar 21-channel

EEG system, with a 19-channel electrode cap with tin electrodes that included

Fz, Cz, Pz, Fp1/2, F3/4, F7/8, T3/4, T5/6, C3/4, P3/4, O1/2. The electro-cap was

placed on the scalp according to the standard 10–20 system. Electrodes were

referenced to linked earlobes (off-line), and the input signals were sampled at a

rate of 250 Hz (bandpass 0.5–30 Hz). The ground electrode was on the fore-

head. Impedance was kept below 5 kΩ. The patient was sitting in a comfortable

chair looking at a computer screen (17 inches) 1.5 meters in front of him. All

recordings were made by the first author of this article. The ERP wave forms
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Fig. 3. Sample Picture from the Face and Objects Recognition Test  (CFORT).

Source: Pąchalska & MacQueen 2000
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were averaged and computed off line, and trials with omission and commission

errors were automatically excluded.

Behavioral task 
The task consisting of 400 trials were sequentially presented to the subject

every three seconds. Three categories of visual stimuli were used: (1). 20 diffe -

rent images of animals – referred to later as A; (2). 20 different images of plants

– P; (3). 20 different images of people of different professions (presented to-

gether with an artificial "novel" sound), referred to as H. The trials consisted of

presentations of pairs of stimuli with inter-stimulus intervals of 1 s. The duration

of stimuli presentation was 100 ms. We used four trial categories: A-A, A-P, P-P,

and P-H. In the trials with A-A and P-P pairs, the first and the second stimuli were

identical (physically the same). The trials were grouped into four sessions, with

100 trials in each. In each session, a unique set of five A stimuli, five P and five

H stimuli was selected. Each session consisted of a pseudo-random presentation

of 100 pairs of stimuli, with an equal probability for each category and each trial

category (Kropotov 2016). The task was to press a button with the right hand to

all the A-A pairs as fast as possible, and to stop pressing in response to other

pairs. The patient performed 10 trials without recording to see if he understood

the instruction. He rested for a few minutes after completing 100 trials. Stimuli

occupied about 3.8° of the visual field around the center of the screen. Visual

stimuli (and were selected to have) had similar 2D sizes and luminosities. 

Artifact correction procedures 
Eyeblink artifacts were corrected by zeroing the activation curves of individual

independent components corresponding to eye blinks. These components were

obtained by the application of Independent Component Analysis (ICA) to the raw

EEG fragments as described in Kropotov (2016). Epochs with excessive ampli-

tude of filtered EEG and/or excessive faster and/or slower frequency activity

were automatically marked and excluded from further analysis. The exclusion

thresholds were set as follows: (1). 100 μV for non-filtered EEG; (2). 50 μV for

slow waves in the 0–1 Hz band; and (3). 35 μV for fast waves filtered in the band

20–35 Hz. In addition, we visually inspected the recordings and excluded the re-

maining artifacts.

EEG spectra
EEG spectra were computed for Eyes Open, Eyes Closed and the GO/NOGO

task conditions separately. The artifact free fragments of EEG were divided into

4 sec epochs with a 50% overlap. The Hanning time window was applied. The

EEG spectra were computed for each epoch and averaged. The Mean value

and standard deviations for each 0.25 Hz bin were computed. For comparison

of the EEG spectra pre and before intervention, the t-test was used.
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RESULTS
QEEG: Comparison of the EEG spectra of the patient in three conditions

(Eyes Open, Eyes Closed, and the cued visual GO/NOGO task) showed exces-
sive slow activity over the right posterior temporal electrode. Fig.4 depicts EEG

spectra differences between the patient and the grand average spectra for the

healthy control group (N=100).The maps of the difference curves are shown at

the bottom of Fig.4. at frequencies where the most significant deviations from

the control group were observed. It was found that besides the excessive 5 Hz

activity over T6 the patient also shows excessive mu-rhythm at C4. The EEG

traces of the abnormal patterns are presented at the top.

Behavior
The behavioral parameters of the patient in the cued GO/NOGO task are pre-

sented in Table 2. It can be observed that the patient is inconsistent in his re-

sponses. In line with behavioral abnormalities all executive components of ERPs

in response to GO and NOGO stimuli are reduced significantly in amplitude. Be-
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Fig. 4. The patient's EEG spectra deviations from the normative data. A: traces of EEG recorded

at C4 and T6 in the eyes open condition. B: EEG spectra difference curves (patient – healthy con-

trols) for C4 and T6 electrodes. C: Maps of EEG spectra differences (patient-grand average for the

healthy control group) for the two frequencies at which the most significant differences are found.

The small vertical bars below the curve indicate p<0.05 for the statistical significance level

Table 2. Comparison of the patient's behavioral parameters in the cued GO/NOGO task with the

normative data
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sides the executive components, the related visual components are found to be

significantly deviant from the normative data. 

Fig. 5 shows the patient's ERPs in response to the continue (animal) and dis-

continue (plant) cues in the trials. One can see a large delay of the N170 wave,
especially on the right side.

From prosopagnosia to new life
Taking into account the magnitude of this student's tragedy, and here caused

by his inability to continue his studies in the Department of Graphic Arts, a ther-

apy aimed at reducing his prosopagnosia was proposed. He took part in 20 ses-

sions of individually tailored anodal transcranial direct current stimulation (tDCS)

over the supplementary motor area (SMA) but not pre-SMA to promote short-

term visuomotor learning, as suggested by recent studies (Vollmann 2013; Para-

suraman, McKinley 2014). The neuromarkers obtained with the use of QEEG/

ERPs were helpful in choosing the appropriate protocol of tDCS: neurostimula-

tion with the use of this method was administered twice a week for 10 weeks.

He also took part in sessions of individually conducted Symbolic Art Therapy

(Pąchalska 1986) directed toward the reduction of prosopagnosia through the

vividness of the visual image of the faces (Kaczmarek 1991). This program was

administered once a week for 10 weeks, and the entire treatment lasted 10 weeks.
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Fig. 5. Delay of the visual related waves in the ERPs of the subject in comparison to healthy con-

trols. A: ERP wave forms in response to continuing cues (an image of an animal at the first place

in the trial) and discontinue cues (an image of a plant at the first place in the trial) for the patient

(green line) in comparison to the grand average for the healthy control group (red line) and the dif-

ference waves (blue line) with indexes of statistical difference (patient-norm). The large vertical

bars below the curves indicate p<0.001 for the statistical significance level. B: The maps of the dif-

ference waves computed for two different moments (162 and 196 ms) after the first stimulus pre-

sentation

4 Pachalska1_Layout 1  27.10.2021  11:40  Strona 10



Initially, the patient copied his previously drawn graphics of famous people

and a self-portrait (see: Fig. 6).

Despite many subsequent attempts at copying, the patient did not manage to

accomplish this task, and he became very frustrated. He could not understand

what was happening to him and why he had lost his previous abilities. On the

next copy of the portrait, he expressed this frustration with the words: I don't
know what on earth is here because I can't see it. Help me! (Fig. 7).
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Fig. 7. Art therapy: Subsequent copy attempts (A) a self-portrait taken before the disease; B) a se-

cond copy of a self-portrait made after the illness with commentary "I don't know what on earth is

here because I can't see it. Help me!

Fig. 6. Art therapy: first copy attempts (A) a self-portrait taken before the disease; B) a copy of 

a self-portrait made after the illness

4 Pachalska1_Layout 1  27.10.2021  11:40  Strona 11



As a second step, the subject was asked to analyze the pictures of famous

painters, especially the pictures of animals. The faces of horses were chosen by

the patient. He had to introduce the elements in the face. The results of six weeks

of such therapy are illustrated in Fig. 8.

In the third step, the patient was asked to draw a portrait of his own choice.

He chose to draw one of his favorite persons, who had helped in the process of

his diagnosis and therapy. Note that the patient marked all of the facial elements

(Fig. 9).
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Fig. 8. Symbolic Art Therapy: Subsequent copy attempts. A)  Patient's painting of the horse (after

2 weeks of treatment) note the perfection in painting and the absence of facial elements. B) Pa-

tient's painting of the horse (after 4 weeks of treatment): note the one eye that appears in the image.

C) Patient's painting of the horse (after 6 weeks of treatment):  this almost exact copy of the work

draws one’s attention

Fig. 9. Symbolic Art Therapy: Sketch for a portrait of the patient's doctor. Note that the patient has

marked all the facial elements
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To sum up: The case study described above shows that appropriate neuro -

stimulation and activities consistent with the patient's needs and interests have

resulted in recovery. Neurons and their connections, as we know, can make the

world or break the world of perception. In the case of our patient, it was possible

to create his world again, that is to restore his disturbed process of seeing and,

consequently, make it possible to paint portraits of faces. The patient's public test

came when he returned to his studies. His recovery enabled him to finish and

defend his master's thesis in Artistic Drawing, in which facial presentation played

an important role.

DISCUSSION
Our patient revealed prosopagnosia after an acute stroke lasting >24 hours.

The stroke was linked to symptoms of SARS-CoV-2 infection, and COVID-19.

He had a markedly elevated D-dimer level, which is associated with an increased

incidence of ischemic stroke (Mao et al. 2021; Markus &Brainin 2020; Frisulloet

al. 2020; Rubin et al. 2019; Rostami &Mansouritorghabeh 2020). His brain MRI

confirmed stroke and structural lesions nearby the areas of the visual cortex that

respond to images of faces in healthy human subjects (see: Rossion et al. 2003).

Neuroimaging studies have identified at least two bilateral areas of the extrastri-

ate visual cortex that respond to the images of faces in healthy human subjects.

These are the middle fusiform gyrus [the 'fusiform face area' (FFA)] and, more

posteriorly, the inferior occipital cortex ['occipital face area' (OFA)], with a right

hemisphere dominance (Rossion et al. 2003). However, it is not yet clear how

these regions interact with each other and whether they are all necessary for

normal face perception. Also the mechanisms underlying prosopagnosia are still

not fully recognized (Biotti et al. 2016). 

A great help in understanding these mechanisms are studies using functional

neuromarkers that allow for the assessment of cerebral performance in millisec-

onds, such as qEEG/ERPs (Pąchalska, Kaczmarek, Kropotov 2014; Kropotov

2016; Kopańska et al 2021). The ERP data show that the primary dysfunction

resides in the sensory system, in the way the patient's brain perceives the visual

world concerned with extracting information from the semantic memory. This

process takes place in the ventral visual stream, in the inferior temporal cortex

in particular. The information processing in the inferior temporal area is reflected

in the N170 wave of the visual-related ERPs. The delay in this process is a key

to understand prosopagnosia, and therefore the dysfunction observed in the pa-

tient described here. It should be also stressed that previous research revealed

that the brain and mind work in time, and any acceleration, as well as decel-

eration of this process, will cause dysfunction of a particular area of the web of

neuronal connection patterns.

Microgenetic Theory: Brain and Mind in Time
Apperceptive prosopagnosia can be explained as an error in the perception

process in terms of microgenetic theory that is, difficulties in processing the face
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in milliseconds and delays in this processing. The process of face perception in

a healthy person takes place in milliseconds, gradually recurring over time and

developing the perception of individual elements of the face because this is how

the brain works (Fig. 10).

To improve the disrupted process of perception, especially face perception in

our patient, we used an individually tailored program:

1. tDCS directed to improve the delayed information processing in the inferior

temporal area, as reflected in the N170 wave of the visual-related ERPs, in

accordance with the procedure elaborated by Kropotov 2016);

2. Symbolic Art Therapy, assuming that creativity is enormously adaptive for in-

dividuals and society (Pąchalska 1986).

To our satisfaction and the patient's joy, the neurostimulation and activities

consistent with the patient's needs and interests have resulted in recovery.

CONCLUSIONS
Individually-tailored tDCS given simultaneously with Symbolic Art therapy re-

sulted in the recovery of our patient with chronic prosopagnosia. The neuromarkers

in Quantitative EEG (QEEG) and Event related potentials (ERPs) made it possible

to delineate the mechanism of prosopagnosia and choose the tDCS protocol.

Noninvasive brain stimulation accelerated skill acquisition in complex tasks and

provided the conditions for Symbolic Art Therapy. After the combined therapy, the

patient took up his degree studies again and passed the master thesis in Artistic

Drawing, of which a significant component was the presentation of the face.

Fig. 10. The perception (P) at Tn is replaced at Tn+1 by another perception (Q), which may re-

semble or differ from that at Tn. Perceptual stability depends on resemblance; change depends

on difference. Within the perception (arrow, R), the mind/brain state at Tn+2 revives Tn+1 almost

completely, so that the image of P at Tn+2 is prior to the object (Q), and so on. Over a brief suc-

cession of mental states, P, Q, and R represent images of past perceptions revived to a decreasing

extent in the oncoming present and graded according to this revival. An eidetic image is a near-

complete revival. A memory image is a vague recurrence at some psychic distance from a present

object. At Tn+3, the series of images, P, Q, and R, form an order antecedent to the perception (S).

The perception and memory of serial order depend on the perception developing out of the long-

term memory. Serial order occurs within the present but depends on succession for the layering of

prior experience

Source: Pąchalska, MacQueen, Brown (2012)

4 Pachalska1_Layout 1  27.10.2021  11:40  Strona 14



REFERENCES
Aknin, L. B., De Neve, J.E., Dunn, E.W., Fancourt, D.E., Goldberg, E., Helliwell, J.F., Jones, S.P.,

Karam, E., Layard, R., Lyubomirsky, S., Rzepa, A., Saxena, S., Thornton, E.M., Vander,Weele,

T.J, Whillans, A. V., Zaki, J., Caman, O.K.,  Amor, Y.B. (2021). The Neurological Consequences

of Contracting COVID-19. The Lancet's COVID-19 Commission Mental Health Task Force.

Acta Neuropsychologica,19 (3), 301-305.

Biotti, F., Cook, R. (2016). Impaired perception of facial emotion in developmental prosopagnosia.

Cortex, 81, 126–36. doi:10.1016/j.cortex.2016.04.008.

Borges do Nascimento, I. J., Cacic, N., Abdulazeem, H. M., von Groote, T. C., Jayarajah, U., Wee -

ra sekara, I., Esfahani, M. A., Civile, V. T., Marusic, A., Jeroncic, A., Carvas Junior, N., Pericic,

T. P., Zakarija-Grkovic, I., MeirellesGuimarães, S. M., Luigi Bragazzi, N., Bjorklund, M., Sofi-Mah-

mudi, A., Altujjar, M., Tian, M., Marcolino, M. S. (2020). Novel coronavirus infection (COVID-19)

in humans: A scoping review and meta-analysis. Journal of Clinical Medicine, 9(4). https://doi.

org/10.3390/jcm9040941.

CDC Covid- Response Team. Severe outcomes among patients with coronavirus disease 2019

(COVID-19) – United States, February 12-March 16, 2020. MMWR Morb Mortal Wkly Rep.

2020;69:343–346. 

Cousins, R. (2013). Prosopagnosia after stroke: potentials for impairment and treatment. Top Stroke
Rehabil, Nov-Dec; 20(6), 471-477. doi: 10.1310/tsr2006-471. PMID: 24273293.

De Renzi, E., Faglioni, P., Grossi, D., Nichelli, P. (1991). Apperceptive and associative forms of pro -

sopagnosia. Cortex, Jun;27(2), 213-221. doi: 10.1016/s0010-9452(13)80125-6. PMID: 1879150.

DosSantos, M.F., Devalle, S., Aran, V., Capra, D., Roque, N.R., Coelho-Aguiar, J. de M., Spohr, T.C.L.

de S.E., Subilhaga J.G., Pereira C.M., D'Andrea Meira I., Niemeyer Soares FilhP., Moura-Neto,

V. (2020). Neuromechanisms of SARS-CoV-2: a review. Frontiers Neuroanatomy, 14(37).doi:

10.3389/fnana.2020.00037. 

Ellul, M. A., Benjamin, L., Singh, B., Lant, S., Michael, B. D., Easton, A., Kneen, R., Defres, S., Sej -

var, J., & Solomon, T. (2020). Neurological associations of COVID-19. The Lancet. Neurology, 19(9),

767–783. https://doi.org/10.1016/S1474-4422(20)30221-0.

Engin, A. B., Engin, E. D., &Engin, A. (2021). Current opinion in neurological manifestations of SARS-

CoV-2 infection. Current Opinion in Toxicology, 25, 49–56. https://doi.org/10.1016/j.cotox.2021.

03.004.

Frisullo, G., De Belvis, A.G., Marca, G.D., Angioletti, C., Calabresi, P. (2020).  Stroke integrated care

pathway during COVID-19 pandemic. Neurol Sci, 41, 1673–1675. 10.1007/s10072-020-04480-9.

Gainotti, G., Marra, C. (2011). Differential contribution of right and left temporo-occipital and anterior

temporal lesions to face recognition disorders. Front Hum Neurosci, Jun 1;5, 55. doi: 10.3389/

fnhum.2011.00055. PMID: 21687793; PMCID: PMC3108284.

Goldberg, D. L., Anenberg, S. C., Griffin, D., McLinden, C. A., Lu, Z., & Streets, D. G. (2020). Disen -

tangling the impact of the COVID-19 lockdowns on urban NO2 from natural variability. Geo-
physical Research Letters, 47(17). https://doi.org/10.1029/2020GL089269

Hampshirea, A., Trendera, W., Chamberlainb, S.R., Jollya, A.E., Grantd, J,E., Patricke, F., Mazibu koe,

N., Williamse, S.CR., Barnbye, J.M, Hellyera'e, P., Mehtae, M.A. (2021). Cognitive deficits in

people who have recovered from COVID-19. E Clinical Medicine (in Press).

Helms, J., Kremer, S., Merdji, H., Clere-Jehl, R., Schenck, M., Kummerlen, C., et al. (2020). Neuro-

logic features in severe SARS-CoV-2 infection. N Engl J Med. 382, 2268–70. doi: 10.1056/

NEJMc2008597.

Hess, D.C., Eldahshan, W., Rutkowski, E. (2020). COVID-19-related stroke. Transl Stroke Res.

11, 322–5. doi: 10.1007/s12975-020-00818-9.Kaczmarek, B.L.J. (1991). Aphasia in an artist:

A disorder of symbolic processing. Aphasiology5 (4-5), 361-371.

Kopańska, M., Banaś-Ząbczyk, A., Łagowska, A., Kuduk, B., Szczygielski, J. (2021). Changes in

EEG Recordings in COVID-19 Patients as a Basis for More Accurate QEEG Diagnostics and

EEG Neurofeedback Therapy: A Systematic Review. J Clin Med, Mar 22;10(6), 1300. doi: 10.

3390/jcm10061300. PMID: 33809957; PMCID: PMC8004106.

Pąchalska et al., Prosopagnosia after infection by SARS-CoV-2, neuroCOVID-19 and ischemic stroke

343

4 Pachalska1_Layout 1  27.10.2021  11:40  Strona 15



Kropotov, J.D.(2016), Functional neuromarkers for psychiatry. San Diego:Academic Press, Elsevier.

Li, Y., Li, M., Wang, M., Zhou, Y., Chang, J., Xian, Y., Wang, D., Mao, L, Jin, H., Hu, B. (2020). Acute

cerebrovascular disease following COVID-19: a single center, retrospective, observational

study. Stroke Vasc Neurol, 5, 279–284. doi: 10.1136/svn-2020-000431.

Mao, L., Jin, H., Wang, M., Hu, Y., Chen, S., He, Q., et al. (2020). Neurologic manifestations of ho -

spitalized patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurol. 77, 683–90.

doi: 10.1001/jamaneurol.2020.1127.

Mao, L., Jin, H., Wang, M., Hu, Y., Chen, S., He, Q., & Hu, B. (2020). Neurologic manifestations of

hospitalized patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurology, 77(6),

683-690.

Markus, H.S., Brainin, M. (2020). COVID-19 and stroke-A global World Stroke Organization per-

spective. Int J Stroke. 1, 361–4. 10.1177/1747493020923472.

Mayer, E., &Rossion, B. (2007). Prosopagnosia. In O. Godefroy & J. Bogousslavsky (Eds.), The be -
havioral and cognitive neurology of stroke (pp. 315–334). Cambridge University Press. https://

doi.org/10.1017/CBO9780511544880.017.

Merkler, A.E., Parikh, N.S., Mir, S., Gupta, A., Kamel, H., Lin, E., Lantos, J., Schenck, E.J., Goyal,

P., Bruce, S.S., et al. (2020). Risk of ischemicstroke in patients with coronavirus disease 2019

(COVID-19) vs patients with influenza. JAMA Neurol, 77, 1366–1372.

Oxley, T.J., Mocco, J., Majidi, S., Kellner, C.P., Shoirah, H., Singh, I.P, et al. (2020). Large-vessel stroke

as a presenting feature of covid-19 in the young. N Engl J Med. 382, e60. doi: 10.1056/NEJMc

2009787.

Paniz-Mondolfi, A., Bryce, C., Grimes, Z., Gordon, R. E., Reidy, J., Lednicky, J., Sordillo, E. M., &Fow -

kes, M. (2020). Central nervous system involvement by severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2). Journal of Medical Virology, 92(7), 699–702. https://doi.org/10.

1002/jmv.25915; 

Parasuraman, R., McKinley, R.A. (2014). Using noninvasive brain stimulation to accelerate learning

and enhance human performance. Hum Factors. Aug; 56(5), 816-824. doi: 10.1177/00187208

14538815. PMID: 25141590.

Paterson, R. W., Brown, R. L., Benjamin, L., Nortley, R., Wiethoff, S., Bharucha, T., Jayaseelan, D. L.,

Kumar, G., Raftopoulos, R. E., Zambreanu, L., Vivekanandam, V., Khoo, A., Geraldes, R., Chintha-

palli, K., Boyd, E., Tuzlali, H., Price, G., Christofi, G., Morrow, J., Zandi, M. S. (2020). The emer -

ging spectrum of COVID-19 neurology: Clinical, radiological and laboratory findings. Brain,

143(10), 3104–3120. https://doi.org/10.1093/brain/awaa240.

Pąchalska, M. (1986). Kompleksowy model rehabilitacji chorych z ogniskowym uszkodzeniem
mózgu i afazją całkowitą. Wyd. Monograficzne Nr 28. Kraków: AWF.

Pąchalska, M., Kaczmarek, B.L.J., Kropotov, J.D. (2014). Neuropsychologia kliniczna. Od teorii
do praktyki. Warszawa: Wydawnictwo Naukowe PWN. 

Pąchalska, M., MacQueen, B.D. (2000). Kwestionariusz Zachowań Osoby z Zespołem Czołowym.
Kraków: Fundacja na Rzecz Osób z Dysfunkcjami Mózgu.

Pąchalska, M., MacQueen, B.D., Brown, J.W. (2012). Microgenetic theory: Brain and mind in time,

In: Rieber R.W. (eds) Encyclopedia of the history of psychological theories, s. 675–708.

Springer, New York, NY. https://doi.org/10.1007/978-1-4419-0463-8_150.. 

Pensato, U., Muccioli, L., Pasini, E., Tappatà, M., Ferri, L., Volpi, L., Licchetta, L., Battaglia, S., Rossini,

G., Bon, I. Re, M.,C., Cirillo, L., Simonetti, L., Gramegna, L., Michelucci, R., Cortelli, P., Zini,

A., Bisulli, F., (2020). Encephalopathy in COVID-19 Presenting With Acute Aphasia Mimicking

Stroke. Frontiers in Neurology. 11,1664-2295. https://www.frontiersin.org/article/10.3389/

fneur.2020.587226. 

Pinzon, R.T., Wijaya, V.O., Buana, R.B., Al Jody, A., &Nunsio, P.N. (2020). Neurologic character-

istics in coronavirus disease 2019 (COVID-19): A systematic review and meta-analysis. Fron-
tiers in Neurology, 11, 1–11. https://doi.org/10.3389/fneur.2020.00565.

Qin, C., Zhou, L., Hu, Z., Yang, S., Zhang, S., Chen, M., Yu, H., Tian, D.S., Wang, W. (2020). Clin-

ical characteristics and outcomes of COVID-19 patients with a history of stroke in Wuhan,

China. Stroke, 51, 2219–2223. doi: 10.1161/STROKEAHA.120.030365.

Pąchalska et al., Prosopagnosia after infection by SARS-CoV-2, neuroCOVID-19 and ischemic stroke

344

4 Pachalska1_Layout 1  27.10.2021  11:40  Strona 16



Qureshi, A.I., Abd-Allah, F., Al-Senani, F., Aytac, E., Borhani-Haghighi, A., Ciccone, A., Gomez,

C.R., Gurkas, E., Hsu, C.Y., Jani, V., et al. (2020). Management of acute ischemic stroke in

patients with COVID-19 infection: report of an international panel. Int J Stroke,15, 540–554.

doi: 10.1177/1747493020923234.

Qureshi, A.I., Baskett, W.I., Huang, W., Shyu, D., Myers, D., Raju, M., Lobanova, I., Suri, M. F.K.,

Naqvi, S.H., French, B.R., Siddiq, F., Gomez, C.R. Chi-Ren Shyu. (2021). Acute Ischemic Stroke

and COVID-19. An Analysis of 27 676 Patients. Stroke, 52, 905–912. https://doi.org/ 10.1161/

STROKEAHA.120.031786 .

Rogers, J. P., Chesney, E., Oliver, D., Pollak, T. A., McGuire, P., Fusar-Poli, P., & David, A. S. (2020).

Psychiatric and neuropsychiatric presentations associated with severe coronavirus infections:

a systematic review and meta-analysis with comparison to the COVID-19 pandemic. The
Lancet Psychiatry, 7(7), 611-627.

Rossion, B., Caldara, R., Seghier, M., Schuller, A-M., Lazeyras, F., Mayer, E. (2003). A network of

occipito-temporal face-sensitive areas besides the right middle fusiform gyrus is necessary for

normal face processing. Brain: a journal of neurology, 126. DOI:10.1093/brain/awg241.

Rostami, M., Mansouritorghabeh, H. (2020). D-dimer level in COVID-19 infection: a systematic re -

view. Expert Rev Hematol, Nov. 13(11), 1265-1275. doi: 10.1080/17474086. 1831383. Epub 2020

Oct 12. PMID: 32997543

Rubin, D.B., Danish, H.H., Ali, A.B., Li, K., LaRose, S., Monk, A.D, et al. (2019). Neurological tox-

icities associated with chimeric antigen receptor T-cell therapy. Brain. 142, 1334–48. 10.1093/

brain/awz053.

Sanada, T., Kapeller, C., Jordan, M., Grünwald, J., Mitsuhashi, T., Ogawa, H., Anei, R., Guger, C.

(2021). Multi-modal Mapping of the Face Selective Ventral Temporal Cortex-A Group Study

With Clinical Implications for ECS, ECoG, and fMRI.Front Hum Neurosci. 15;15:616591. doi:

10.3389/fnhum.2021.616591. eCollection 2021.

Varatharaj, A., Thomas, N., Ellul, M. A., Davies, N. W. S., Pollak, T. A., Tenorio, E. L., Sultan, M., Eas-

ton, A., Breen, G., Zandi, M., Coles, J. P., Manji, H., Al-Shahi Salman, R., Menon, D. K., Nichol-

son, T. R., Benjamin, L. A., Carson, A., Smith, C., Turner, M. R., Plant, G. (2020). Neurological

and neuropsychiatric complications of COVID-19 in 153 patients: A UK-wide surveillance study.

The Lancet Psychiatry, 7(10), 875–882. https://doi.org/10.1016/S2215-0366(20)30287-X/.

Vollmann, H., Conde, V., Sewerin, S., Taubert, M., Sehm, B., Witte, O.W., Villringer, A., Ragert, P.

(2013). Anodal transcranial direct current stimulation (tDCS) over supplementary motor area

(SMA) but not pre-SMA promotes short-term visuomotor learning. Brain Stimul. Mar;6(2),101-

107. doi: 10.1016/j.brs.2012.03.018. Epub 2012 May 7. PMID: 22659022.

Warren-Gash, C., Blackburn, R., Whitaker, H., McMenamin, J., Hayward, A.C. (2018). Laboratory-con -

firmed respiratory infections as triggers for acute myocardial infarction and stroke: a self-con-

trolled case series analysis of national linked data sets from Scotland. EurRespir J.51, 1701794. 

Address for correspondence:
Maria Pąchalska

Chair of Neuropsychology and Neurorehabilitation

Andrzej Frycz Modrzewski Cracow University, Cracow, Poland

Herlinga-Grudzinskiego 1

30-705 Krakow

e-mail: neuropsychologia23@go2.pl

Pąchalska et al., Prosopagnosia after infection by SARS-CoV-2, neuroCOVID-19 and ischemic stroke

345

4 Pachalska1_Layout 1  27.10.2021  11:40  Strona 17



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


